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The ISRS 2007 Congress & Exhibition will take place in the Palace Hotel in San Francisco, USA. 
All the Congress activities including the exhibition, scientific sessions, accommodation and
networking events will be organized under the same roof.

This 5 star venue has a rich cultural history, opening its doors in 1875. It is centrally situa-
ted downtown close to the hotspots like Union Square, the Cable cars, Chinatown, SF
Museum of Modern Art and the Theater District.

� Address The Palace Hotel San Francisco
2 New Montgomery Street
San Francisco, California 94105-3402
United States
Website: www.sfpalace.com

� ISRS 2007 Floor Plan
First Floor: 
(Main congress & hotel entrance)

Registration desks & welcome area:
Regency Foyer (& office)

Plenary Sessions: Gold Ballroom

Main exhibition and catering areas:
Grand Ballroom

Coat Check: Regency Foyer

Second Floor:

Meeting rooms (Oral sessions, breakfast
seminars, satellite symposia):  
Twin Peaks N & S, Pacific Heights,
Telegraph Hills

Second exhibition area: Sunset Court
Poster area: Sunset Court

Speaker room & slide center: Marina
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Congress Program Overview

Sunday
24/06/07

Saturday
23/06/07

OPENING ADDRESS 
Gold Ballroom 

followed by 
WELCOME RECEPTION

and 
DRINK WITH EXHIBITORS

Grand Ballroom

SPONSORED SATELLITE
SYMPOSIUM

Accuray Incorporated

Twin Peaks

SPONSORED SATELLITE
SYMPOSIUM

Varian

Twin Peaks

SPONSORED SATELLITE
SYMPOSIUM

BrainLAB

Twin Peaks

PLENARY SESSION 1 - Gold Ballroom
Skull Base and Head and Neck Tumors

Body I
Pacific Heights

Meningiomas
Twin Peaks

Physics Topics
Telegraph Hills

COFFEE BREAK & EXHIBITION - Grand Ballroom

08.30 - 17.30

09.30 - 11.30

07.00 - 17.30

07.30 - 08.30

08.30 - 17.30

08.45 - 10.00

10.00 - 10.30

10.30 - 11.30

11.30 - 12.30

12.30 - 14.00

14.00 - 15.00

15.00 - 16.00

16.00 - 16.30

16.30 - 17.30

REGISTRATION DESKS

EXHIBITION

12.30 - 14.30

15.30 - 17.30

07.00 - 15.00

07.30 - 08.30

08.30 - 12.30

08.45 - 10.00

10.00 - 10.30

10.30 - 11.30

11.30 - 12.30

12.30 - 14.30LUNCH & EXHIBITION - Grand Ballroom

POSTER SESSION - Sunset Court

PLENARY SESSION 2 - Gold Ballroom
Radiosurgery Technical Advances

ORAL SESSION 4
• Skull Base Tumors Gold Ballroom
• Brain Metastases - Part 3 Twin Peaks
• Spinous and Parsaspinous Tumors - Part 2 Pacific Heights
• Pain Syndroms Telegraph Hills

ORAL SESSION 5
• Schwannoma - Part 1 Gold Ballroom
• Glioma Twin Peaks
• Body Radiosurgery Miscellaneous Topics Pacific Heights
• Intracranial Dosimetry and QA - Part 2 Telegraph Hills

BREAKFAST SEMINARS

ORAL SESSION 1
• Brain Metastases - Part 1 Gold Ballroom
• Spinous and Parsaspinous Tumors - Part 1 Twin Peaks
• Lung Tumors Pacific Heights
• Intracranial Dose Planning - Part 1 Telegraph Hills

ORAL SESSION 2
• Arteriovenous Malformation - Part 1 Gold Ballroom
• Meningioma Twin Peaks
• Liver and Lung Tumors Pacific Heights
• Intracranial Dose Planning - Part 2 Telegraph Hills

ORAL SESSION 3
• Brain Metastases - Part 2 Gold Ballroom
• Epilepsy Twin Peaks
• Intracranial Dosimetry and QA - Part 1 Pacific Heights

FREE EVENING

COFFEE BREAK & EXHIBITION - Grand Ballroom

Monday
25/06/07

PLENARY SESSION 3 - Gold Ballroom
Summary of Yesterday’s Abstracts

Radiosurgery for Malignant Tumors

Complications
Pacific Heights

Functional
Twin Peaks

Spine I
Telegraph Hills

COFFEE BREAK & EXHIBITION - Grand Ballroom

REGISTRATION DESKS

EXHIBITION

ISRS BOARD MEETING (for ISRS Board Members only) - Presidio

BREAKFAST SEMINARS

REGISTRATION DESKS

18.00 - 20.00

17.30 - 20.00

SPONSORED SATELLITE SYMPOSIUM

Elekta

Twin Peaks

12.30 - 14.30

0504

EXHIBITION



Congress Program Overview

Tuesday
26/06/07

Wednesday
27/06/07

PLENARY SESSION 6: CLOSING SESSION
Gold Ballroom

• Fabrikant awards
• Young investigator award 
• Best poster award
• Lottery

ORAL SESSION 6
• Pituitary - Part 1 Gold Ballroom
• Arteriovenous Malformation - Part 2 Twin Peaks
• Radiobiology Pacific Heights
• Extracranial Dose Planning Telegraph Hills

ORAL SESSION 7
• Brain Metastases - Part 4 Gold Ballroom
• Pituitary - Part 2 Twin Peaks
• Miscellaneous Radiosurgery Topics - Part 1 Pacific Heights
• Extracranial Dosimetry Telegraph Hills

ORAL SESSION 8
• Schwannoma - Part 2 Gold Ballroom
• Brain Metastases - Part 5 Twin Peaks
• General Clinical Experience Pacific Heights
• Extracranial Dose Planning, Dosimetry and QA Telegraph Hills

PLENARY SESSION 4 - Gold Ballroom
Summary of Yesterday’s Abstracts

Vascular Indications

AVMs
Twin Peaks

Brain mets
Pacific Heights

Body II
Telegraph Hills

COFFEE BREAK & EXHIBITION - Grand Ballroom

REGISTRATION DESKS

EXHIBITION

LUNCH & EXHIBITION - Grand Ballroom

BREAKFAST SEMINARS

07.00 - 17.30

07.30 - 08.30

08.30 - 17.30

08.45 - 10.00

10.00 - 10.30

10.30 - 11.30

11.30 - 12.30

12.30 - 14.00

14.00 - 15.00

15.00 - 16.00

16.00 - 16.30

16.30 - 17.30

17.30 - 18.00

19.00 - 22.00

POSTER SESSION - Sunset Court

COFFEE BREAK & EXHIBITION - Grand Ballroom

ORAL SESSION 9
• Trigeminal Neuralgia Gold Ballroom
• Miscellaneous Radiosurgery Topics - Part 2 Twin Peaks
• Other Dose Planning, Dosimetry and QA Pacific Heights

ISRS BUSINESS MEETING (for Society Members only) - Twin Peaks

ISRS 2007 CONGRESS PARTY
Old Federal Reserve Bank of San Francisco

07.00 - 14.00

07.30 - 08.30

08.45 - 10.00

10.00 - 10.30

10.30 - 11.30

11.30 - 12.30

12.30 - 13.30

ORAL SESSION 10
• Glioma and Brain Metastases Gold Ballroom
• Schwannoma - Part 3 Twin Peaks
• Miscellaneous Radiosurgery Topics - Part 3 Pacific Heights

ORAL SESSION 11
• Stereotactic Radiosurgery Technical Advances Gold Ballroom
• Miscellaneous Radiosurgery Topics - Part 4 Twin Peaks
• QA and Dosimetry Pacific Heights

PLENARY SESSION 5 - Gold Ballroom
Summary of Yesterday’s Abstracts

Radiosurgery Innovation and Evolution

Acoustics
Twin Peaks

Pituitary
Telegraph Hills

Spine II
Pacific Heights

COFFEE BREAK - Sunset Court

REGISTRATION DESKS

BREAKFAST SEMINARS

0706
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Welcome Messages
A word from the Local Organizing Committee of the ISRS 2007

Dear Colleagues,

On behalf of the Host and Organizing Committee we are pleased to welcome you to the 
8th bi-annual Congress and Exhibition of the Stereotactic Radiosurgery Society, in San
Francisco, California, USA.

The unique, multidisciplinary event will allow you to meet attendees from various countries
and to elevate and share your knowledge in the perpetually evolving field of Radiosurgery.
The diversified program will be covering a wide range of topics in cranial and extracranial
pathologies, radiology, new technologies, physics, etc.

W E L C O M E  T O  O U R  C I T Y  S A N  F R A N C I S C O

We are so pleased to welcome you to our city of San Francisco.  It is a favorite amongst
visitors to California, known for its hills, windy streets, cable cars and wonderful food. San
Francisco is built on 43 hills and is small by many city standards covering only 47 square
miles/125 square km. It is a city with a rich history, influenced today by a multitude of
cultures. Of course the Napa / Sonoma valleys are only 1 hour and 30 minutes to the north,
with the Monterey peninsula and Carmel valley the same distance to the south.  We hope
you enjoy this beautiful city and the surrounding areas during your time with us at the 
2007 ISRS Congress.  

T H A N K  Y O U

We would like to thank the scientific committee members that have put together such a
strong and well-balanced program covering the recent key developments in the field of
radiosurgery.

Also, the well-balanced program was made possible by the many submissions for lectures
and posters covering a wide range of topics in cranial and extracranial pathologies,
radiology, new technologies, physics and more.

The ISRS 2007 congress would not have been possible without the support of our corporate
sponsors and exhibitors. Please visit them at the ISRS 2007 Exhibition, located in the Grand
Ballroom. Also remember to sign up for the industry sponsored programs on Saturday and
Monday. 

We would also like to thank all of the participants whose very attendance makes this
meeting possible.  Thank you for making the trip to San Francisco and for demonstrating the
value of communicating ideas in the field of Radiosurgery. We wish you a stimulating and
scientifically productive congress.

Sincerely,

David Larson
Co-Chairman of the congress
Department of Radiation Oncology - 
Washington Hospital Gamma Knife 
Fremont - United States

A word from the President of the ISRS

On behalf of the Organizing Committee and leadership of the International Stereotactic
Radiosurgery Society, we welcome you to the 2007 meeting!

The venue for scientific interaction is superb and we know that you will enjoy all that San
Francisco has to offer.  San Francisco is renowned for its chilly summer fog, steep rolling
hills, an eclectic mix of Victorian and modern architecture, and its peninsular location
surrounded on three sides by the Pacific Ocean and San Francisco Bay.  Please take the time
to visit some of the famous landmarks including the Golden Gate Bridge, Alcatraz Island, the
cable cars, Coit Tower, and Chinatown.

The scientific program committee has put together a program that will emphasize both brain
and body radiosurgery, stereotactic imaging, new technologies, and fractionation
approaches. So much is happening in our field, and this meeting will be a superb
opportunity to evaluate clinical outcomes and new concepts.

I would like to thank the local organizing and host committee, David Larson and Michael
McDermott, who have worked so hard to plan, develop, and coordinate this 2007 meeting.

We received a record number of innovative abstracts for this year’s congress.  Authors of
the accepted abstracts are invited to submit formal manuscripts for consideration for
publication in Radiosurgery, the ISRS journal.

Please take time to visit the exhibits and explore new technologies. If you are not an ISRS
member, visit the registration area and obtain information on membership. On behalf of the
ISRS Board of Directors, we welcome you to San Francisco.

Sincerely,

Robert Smee
ISRS President
Dept. of Radiation Oncology - Prince of Wales Hospital
Randwick - Australia

Michael McDermott
Co-Chairman of the congress
Department of Neurological Surgery - 
UCSF - University of California 
San Francisco - United States
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ISRS 2007 Committees & Organizers
ISRS 2007 Local Organizing Committee

David Larson, M.D., Ph.D., FACR, FASTRO                                                                  
Co-Chairman of the congress
Co-Director, Washington Hospital Gamma Knife Program
Professor Emeritus, Departments of Radiation Oncology and Neurological Surgery,
University of California, San Francisco
Freemont, CA, USA

Michael McDermott, M.D., FRCSC                                                                             
Co-Chairman of the congress
Professor in Residence, Co-Director Gamma Knife Radiosurgery Program
Departments of Neurosurgery and Radiation Oncology, University of California, San Francisco
San Francisco, CA, USA

ISRS 2007 Scientific Committee

Scientific Secretariat & Professional Congress Organizer 

The official Scientific Secretariat & Professional Congress Organizer (PCO), appointed by the
local organizing committee of the ISRS 2007 to ensure the successful & efficient
administration of all the logistic aspects of the congress as well as abstracts management
is:

ICEO
International Congress and Event Organizers
122 avenue de l'Atlantique
1150 Brussels, Belgium
Phone: +32 (0) 2/779 59 59
Fax: +32 (0) 2/779 59 60
E-mail: info@iceo.be & isrs2007@iceo.be
Website: www.iceo.be

You can find the team members of ICEO at the registration desks located in the Regency
Foyer, first floor or in the congress venue.  They will be pleased to help you!Ed Law

United States

Leland Rogers
United States

Stieber Volker            
United States

Anthony DeSalles
United States

Yasushi Nagata
Japan

John Adler
United States

David Andrews
United States

Hidefumi Aoyama
Japan

John Buatti
United States

Eric Chang
United States

Steve Chang
United States

Chul-Koo Cho
Republic of Korea

Federico Colombo
Italy

Sebastiao Correa
Brazil

Daniel Devriendt        
Belgium

Sonja Dieterich
United States

John Flickinger
United States

Iris Gibbs
United States

Steve Goetsch
United States

Ben J.M. Heijmen
The Netherlands

Takehiro Inoue
Japan

Hidefumi Jokura
Japan

Brian Kavanagh
United States

Dong Gyu Kim
Republic of Korea

Mi Sook Kim
Republic of Korea

David Larson
United States

Peter Levendag          
The Netherlands

Dade L. Lunsford
United States

Michael McDermott
United States

Georg Norén
United States

Ian Paddick
United Kingdom

David Pan
Taiwan

Rafael Pfeffer
Israel

Dheerendra Prasad
United States

Jean Régis
France

Samuel Ryu
United States

Dennis Shrieve
United States

Robert Smee
Australia

Penny Sneed                 
United States

Timothy Solberg
United States

Paul Sperduto
United States

Roberto Spiegelmann
Israel

John Suh
United States

Kintomo Takakura
Japan

Sandra Vermeulen         
United States

Masaaki Yamamoto
Japan
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The ISRS Society Registration Information
About the ISRS

The International Stereotactic Radiosurgery Society was founded in 1991. It was organized
to promote the development of the field of stereotactic radiosurgery as follows:

• by encouraging mutual fellowship, goodwill and scientific collaboration between all
physicians and scientists actively involved in the field of stereotactic radiosurgery;

• by elevating and sustaining the education of all involved in radiosurgery;
• by establishing and promoting high standards for the treatment of patients with

radiosurgery;
• and by encouraging the accurate reporting of the results of radiosurgery.

Members of the International Stereotactic Radiosurgery Society - mostly neurosurgeons,
radiation oncologists and medical physicists - convene every two years to share clinical and
scientific progress in radiosurgery.
Visit our website : www.isrsy.org

Officers

Robert Smee, MD Roberto Spiegelmann, MD John Flickinger      
President Vice President Secretary/Treasurer
Australia Israel United States

Board Members

John Buatti Sandra Vermeulen Masaaki Yamamoto
Samuel Ryu Ed Shaw Josef Novotny
Marc Levivier

ISRS Congress 2009

During the 2007 Congress, a spectacular city and venue will be chosen for the 2009 ISRS
Congress, the 9th anniversary of the biennial congress!  This congress will include not-to-be-
missed scientific sessions and poster presentations on all aspects in the stereotactic
radiosurgery fields. There will be extensive exhibits as well as opportunities for meeting
colleagues and experts from the world at large.  Plan now to be a part of this hallmark
event!  More information will be available soon.  Check the ISRS website regularly for
updates at www.isrsy.org. 

ISRS Board Meeting (for Board Members only)

Monday June 25, 2007, 12.30 - 14.30, Presidio Room (second floor)

ISRS Business Meeting (for Society Members only)

Tuesday June 26, 2007, 17.30 - 18.00, Twin Peaks Room (second floor)

Registration Desks

The team will be pleased to help you with all queries regarding registration, congress
materials, hotel bookings, social arrangements and congress program.  If there is any way
in which we can make your stay more enjoyable, do not hesitate to ask us.

Location: First Floor of the Palace Hotel San Francisco, Regency Foyer

Opening hours: Saturday June 23, 2007 08.30 - 17.30
Sunday June 24, 2007 07.00 - 17.30
Monday June 25, 2007 07.00 - 15.00      
Tuesday June 26, 2007 07.00 - 17.30       
Wednesday June 27, 2007 07.00 - 14.00

Services available at the Registration Desks:

Pre-registered participants

For participants (members, non-members, one-day, scientific presenters, students, session
moderators & accompanying persons) who have already pre-registered for the congress and
paid their registration fees.

Payments & on-site registration

For all type of participants who register and pay their registration fees on-site, for
participants already registered who still have a balance to settle.

Sponsors & exhibitors

Assistance for sponsors and exhibitors (their company staff members).

General information

• For any hotel information arranged through ICEO, the conference organizer (for
bookings made in advance).  Late and on-site requests are subject to availability.  See
the hotel front desk directly for late or on-site  requests.

• For any information regarding the official congress social events (for bookings made in
advance).  Late or on-site requests are subject to availability.

• For any information regarding the ISRS Society

Payments for these activities can be made at the on-site registration desks.

Press

For journalists, press passes or any other related information, please go to the on-site desk.

Tourist information

You will find free tourist information about the San Francisco area at the registration desks.
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On-site Registration

On-site registration will open on Saturday June 23, 2007 at 08.30.

0n-site registration fees

Type of participants or event Fees
Members 800
Non-members 1050
Medical students and assistants 400
Residents 500
Accompanying persons 150
One-day registration 350
Exhibitors 500
Congress Party 140

The above fees are in US Dollars ($).

Payments

Payments are accepted only in US DOLLARS ($), by credit cards (Visa, Master/Eurocard and
American Express, exclusively) or cash (US Dollars only).

Checks, personal checks or money orders are not accepted.

Specific requirements

Students and assistants

A discounted fee is available for medical students and assistants up to 28 years old at the
time of congress as well as for residents.  A letter from the department chair that certifies
the student/resident’s status as well as a copy of the ID card with the complete registration
form are required.

Non-members

If you are not listed on the ISRS membership list, the organizers reserve the right to apply
the non-member registration fee.

Registration Fees Include

Registration Information

These items:

Name badge

Congress bag*

Specific congress information

Final Program & Book of Abstracts*

Access to:

Scientific program

Satellite symposia

Exhibition

Poster Sessions & Areas

Welcome Event 

Coffee breaks and lunches

Certificate of attendance**

Participants

�
�

�

�
�
�
�
�
�
�

Exhibitors

�

�
�(upon availability)

�(own company)

�
�
�
�

Accompanying
persons 

�

�

�

One-day

�
�(upon availability)

�
�(upon availability)

�(1 day)

�(1 day)

�(1 day)

�(1 day)

�(1 day)

�(1 day)

* For on-site registrations, exhibitors and one-day participants the full congress documen-
tation, the final program & book of abstracts and the congress bags are subject to avai-
lability. Exhibitors will receive one congress bag per booth.

** On resquest only.
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Congress Information 
& Services
Abstracts Catalogue

The abstracts are printed and listed in this final program. They will also be available on-line
through the conference website at www.isrs2007.org, after the Congress.

Accreditation

The ISRS 2007 Congress has applied for accreditation with the Commission on Accreditation
of Medical Physics Educational Programs (CAMPEP) for North American Physicists. 

For more information regarding the credits, please go to the on-site registration desks.

Awards

The winners of the Fabrikant, Young Investigator and Best Poster awards  will be recognized
and celebrated during the closing session, planned on Wednesday June 27, 2007 from 
12.30 - 13.30.

Badges

Name badges are used as passes.  Admission into the congress venue (speakers room,
entire first and second floors) is strictly restricted to registered participants wearing their
badges. You are also kindly requested to wear your badge during the official congress social
events.  

Exhibitors and accompanying persons are not entitled to enter in the conference rooms.

If the badge is lost, please go to the registration desk. Lost badges can be replaced at the
cost of $15  per badge.

The following badge colors are used at the congress:

Transparent: Delegates (members, non-members, on-site registrants, residents,
students, and scientific presenters)

Green: Accompanying persons
Yellow: One day participants
Blue: Sponsors and exhibitors
Black: Staff and organizers 

Bags Content

The congress bags for delegates include: the final program and book of abstracts,
documentation from the major congress sponsors, a city map and documentation about 
San Francisco.

The documentation for accompanying persons includes: tourist information, a map of 
San Francisco and documentation about the social program and the tours.

Please note that for on-site registrations, one-day participants and exhibitors, there is no
guarantee that the full congress documents and bags will be available for you.

Cancellation & Name change

Any cancellation of registration should be notified in writing to the Headquarter Secretariat
by email at isrs2007@iceo.be or by fax at +32 2 779 59 60 and will be subject to the
following conditions:

• Cancellations received by April 6, 2007: refund of fee minus a 20% administrative charge
and bank service charge deducted.  

• Cancellations received after April 6, 2007 and no-shows. No refund will be made
(including cancellation of social events). 

• Name change: registered participants who are unable to attend the congress may
nominate (free of charge) a substitute participant by notifying the Congress Secretariat in
writing before May 31, 2007. The registered participant must provide the last and first
name and the e-mail address of the new participant. However, we cannot change the
invoice or make any other changes. Substitutions after that date will not be allowed.

• All reimbursements will be made after the congress.

Catering

Registered delegates have free access to the congress catering area, organized in the
exhibition area (first floor, Grand Ballroom). On Wednesday June 27, 2007 the coffee break
will be in the Sunset Court as the exhibition is closed then.

Coffee breaks 10.00 - 10.30 Sunday June 24, 2007   
Monday June 25, 2007
Tuesday June 26, 2007
Wednesday June 27, 2007 
(in the Sunset Court, not the Grand Ballroom)

16.00 - 16.30 Sunday June 24, 2007   
Tuesday June 26, 2007

Lunches 12:30 - 14.00 Sunday June 24, 2007   
Tuesday June 26, 2007

Congress Information & Services
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Certificates of Attendance

You can collect your certificate of attendance at the registration desks beginning on 
Monday June 25, 2007 (during the registration desk opening hours). 

Coat Check

A coat rack near the registration desks is at your disposal during the congress opening
hours.  Please note that the organizers of the ISRS 2007 Congress and the Palace Hotel deny
any responsibility in case of losses and/or theft.  Participants with luggage should see the
hotel Bellman, located next to the Concierge Desk.

Disabled Persons

The Palace Hotel is easily accessible to disabled persons. The Hotel is fully ADA (American’s
with Disability Access) compliable and is equipped with disabled persons facilities
(appropriate access to conference rooms, elevators to access the different levels, disabled
persons restrooms on each floor, parking for disabled attendees). For special requests,
please contact the team at your disposal at the registration desks.

Display Areas

Display areas are situated in the registration area and exhibition area.

Disclaimer

The ISRS 2007 congress and/or its agent have the right for any reason beyond their control
to alter or cancel, without prior notice, the congress or any of the arrangements, timetables,
plans or other items relating directly or indirectly to the congress. ISRS 2007 congress and/or
its agent shall not, subject as after-mentioned, be liable for any loss, damage, expenditure
or inconvenience caused as a result of such alternation or cancellation. 

Dress Code

The dress code during the congress is business casual. The Congress Party dress code is
business attire.

First Aid

For any medical assistance or emergency service, please contact the registration desks (first
floor, Regency Foyer) immediately.

Congress Information & Services

Hotels

The 8th ISRS Congress & Exhibition will be held at the Palace Hotel San Francisco. This 
5-star venue has a rich cultural history, opening its doors in 1875. Most of the ISRS 2007
congress participants are staying at the Palace Hotel San Francisco. For further information
regarding your hotel booking or availability, please go to the registration desks (Regency
Foyer, first floor).

All the Congress activities including the exhibition, scientific sessions, accommodation and
networking opportunities will be held under one roof, at the Palace Hotel San Francisco.

The congress venue is centrally located downtown, close to hotspots such as Union Square,
the cable cars, Chinatown, SF Museum of Modern Art and the Theater District. The San
Francisco and Oakland International Airports are only 15 miles / 24 km away and are easily
accessible by public transport. 

Address:

2 New Montgomery Street Tel:   +1 (415) 512-1111
San Francisco, California 94105-3402 Fax:  +1 (415) 243-8062
United States E-mail: allison.barker@luxurycollection.com

Website: www.sfpalace.com

Internet Area & Wi-Fi

The ISRS 2007 Internet area is at your disposal inside the exhibition hall—the Grand
Ballroom (first floor).  It is located on the left hand side of the room from the entrance.  The
Internet area is sponsored by Elekta.  To avoid long lines or waiting time, users are kindly
required to limit the use of the workstation to 15 minutes per connection.

Wi-Fi service is also available throughout the Palace Hotel for a fee.  Please see the Front
Desk of the Palace Hotel for this service.  There is also a Business Center inside the Palace
Hotel. 

Language

The official language of the ISRS 2007 congress is English.  No simultaneous translation is
provided in the conference rooms.

Lost and Found

For lost and/or found items, please contact the registration desk (first floor).

Congress Information & Services
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Lottery

Delegates who registered through the website, www.isrs2007.org and who attended the
conference will be entered into a drawing to win a special prize from the ISRS Society.  The
drawing will be held on Wednesday during the closing session. The winner must be present
to receive the award.

Meeting Rooms

The scientific sessions of the ISRS 2007 and all related activities are exclusively held in the
Palace Hotel San Francisco meeting rooms.

The sessions are organized in the following meeting rooms:

Plenary sessions: Gold Ballroom

Oral sessions & Breakfast seminars: Gold Ballroom
Twin Peaks 
Telegraph Hills
Pacific Heights

Poster sessions: Sunset Court 

See maps on the inside front cover for the exact location of these meeting rooms.

Participants wishing to take part in discussions should raise their hand to be acknowledged
by the chairs of the session and go to the nearest microphone.

Cellular phones should be switched off and video or tape recording is prohibited. 

Meeting Point

The ISRS 2007 congress meeting point is located in the registration area (Regency Foyer, first
floor).

Message Board

Delegates have the opportunity to leave messages for other participants on the message
board located in the registration area (Regency Foyer, first floor).  You can pick up your
messages there.

Congress Information & Services

Parking

The Palace Garage is located just across the street and is open 24 hours.  Parking is charged
on an hourly basis. 

Please check rates with the Front Desk of the Palace Hotel.

Other parking facilities in the area are: 

1. Hearst Parking Center 
45 3rd Street (Tel: 415 989 4000)

2. Ellis-O´Farrell Garage
123 O´Farrell/Powell (Tel: 415 986 4800)

3. Fifth & Mission Yerba Buena Garage 
833 Mission/ Fifth (Tel: 415 982 8522)

4. Union Square Garage
333 Post/Geary (Tel: 415 397 0631) 

Prices and hours can change frequently, so the organizers strongly recommend you to
contact these facilities for up- to-date information.  

Personal Insurance

All participants should carry the proper travel and health insurance. The ISRS 2007 congress
cannot accept liability for any accidents or injuries that may occur at the congress.

Photocopy & Fax

The Palace Hotel Business Center also offers a full range of business services that are
available 24 hours a day/7 days a week to house guests.  Participants can also go to the
local copy stores below for larger jobs:

Kinkos American Legal Copy Copyedge                             
50 Fremont St. 333 Bush St. 163 Jessie St.
San Francisco, CA San Francisco, CA 94105 San Francisco, CA 94105
Tel:  +1.415-512-7766 Tel:  +1.415-777-4449 Tel:  +1.415-543-9898   

Press

Pre-registered journalists or journalists registering on-site should go to the registration
desks (first floor, Regency Foyer) to collect their press passes.  More information is available
at the registration desks (general information).

Congress Information & Services
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Security

Access within the congress floors during the congress hours is controlled by the security of the
ISRS 2007 Congress and it is limited to the participants wearing the congress badges.  The
Palace Hotel surveillance agents will ensure the general security of the hotel’s guests. The
exhibition area will be locked during the night but if any exhibitors leave any materials in the
exhibition areas, it is at their own risk.  Every reasonable precaution is taken in terms of safety
and security. However, as in all major cities and public areas, people should take special care
of their personal belongings. The responsibilities of the ISRS 2007 Congress and/or its agents
are limited.

Smoking

The 8th Bi-annual Congress of the International Stereotactic Radiosurgery Society is a non-
smoking conference. California State law prohibits smoking in all public places.  

Special Needs

For any special needs or dietary requests, please go to the on-site registration desks
(Regency Foyer, first floor). Special requirements for vegetarians or other diets can be
arranged upon request.

Vouchers

Pre-registered delegates will receive their vouchers for the Congress Party together with
their badges (distributed at the registration desks).

Congress Information & Services
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Scientific Program 
Introduction

The day by day scientific program is organized along calendar days in the following pages.

The overview chart is on pages 4-7.  This detailed day by day program contains all informa-
tion regarding day, time, session type, session number, meeting room, session title, mode-
rators, speakers and abstracts titles.

The book of abstracts is published at the end of this final program. It includes accepted
papers, listed in the chronological order of their presentation. 

Numbering of abstracts

The abstracts have been numbered by category. Poster session abstracts have been grouped
according to the poster category to which they relate.

Scientific Session Descriptions

BS / Breakfast seminars

Parallel breakfast seminars are taking place on the second floor, in the rooms Twin Peaks,
Telegraph Hills and Pacific Heights on: 

Sunday June 24  07.30 - 08.30
Monday June 25 07.30 - 08.30
Tuesday June 26 07.30 - 08.30
Wednesday June 27 07.30 - 08.30

A light continental breakfast is served in the respective meeting rooms to the attendees of
these sessions.

PL / Plenary sessions

Plenary sessions are all organized on the first floor, in the meeting room Gold Ballroom.
They are held by renowned experts on: 

Sunday June 24  08.45 - 10.00
11.30 - 12.30

Monday June 25 08.45 - 10.00
Tuesday June 26 08.45 - 10.00
Wednesday June 27 08.45 - 10.00 

12.30 - 13.30

OS / Oral Sessions

Oral sessions are located on the first and second floor, in the rooms Gold Ballroom, Twin
Peaks, Telegraph Hills and Pacific Heights and will take place on:

Sunday June 24  14.00 - 15.00
15.00 - 16.00
16.30 - 17.30

Monday June 25 10.30 - 11.30
11.30 - 12.30

Tuesday June 26 11.30 - 12.30
14.00 - 15.00
15.00 - 16.00
16.30 - 17.30

Wednesday June 27 10.30 - 11.30 
11.30 - 12.30

Poster Viewing

Posters are displayed on the second floor, in the room Sunset Court and are available dur-
ing the whole conference from Saturday June 23 at 18.00 to Wednesday June 27 at 14.00.

P / Poster Sessions

During the following sessions organized in the poster areas on the second floor, you are able
to meet the authors of the posters as well as some of the co-authors.

They will take place on:

Sunday June 24  10.30 - 11.30
Tuesday June 26 10.30 - 11.30

A poster board with a position number for identification purposes is available at the
entrance of the poster area. 

Moreover, an ICEO team member and/or hostess will be there to assist you.

Speakers Room & Oral Presenters Guidelines 

Speakers Room opening hours

Saturday June 23 08.30 - 17.30
Sunday June 24  07.00 - 17.30
Monday June 25 07.00 - 15.00
Tuesday June 26 07.00 - 17.30
Wednesday June 27 07.00 - 14.00
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Posters setup

All poster presenters must mount their posters in the correct location, on the boards provi-
ded on June 23 between 12.30 and 14.00. There will be attendants available to assist
with locating the correct board and to supply fixing/mounting materials.  Please ensure that
your poster is displayed on the correct poster board. Do not write or paint on the poster
boards.  The boards must be completely clean after posters are removed.  You will be
charged for any damages to your display panel.

Poster presenter help desk

During the mantling time, an ICEO team member and/or hostess will be there to assist you
with your poster board position and to provide you with poster stickers. 

Dismantling

You are requested to remove your poster at the end of the congress on June 27, between
14.00 and 15.00.  Any poster remaining after this time will be removed and discarded. The
congress cannot accept liability for lost and damaged posters.

Disclaimer & Guest Editor   

Disclaimer on the published scientific information

This program and book of abstracts have been produced using the author-supplied copy,
received by June 07, 2007. Every effort has been made to faithfully reproduce the abstracts
as submitted.

Editing has been restricted to some corrections of spelling and style where appropriate. ISRS
2007 assume no responsibility for any claims, instructions, methods or information con-
tained in the abstracts and title: it is recommended that these are verified independently.
Subscription cancellations may have been received after the publishing date. Therefore,
some change may occur in the scientific program, on-site, or in the posters numbering.
Missing numbers indicate abstracts either not submitted in time for publication, or those
subsequently withdrawn.

Guest editor and contact

The scientific program and book of abstracts have been organized and edited by Katia
Bultot, ICEO, in collaboration with the Scientific Committee.  For any inquiries regarding
published scientific information or for any other questions that arise after acceptance of a
paper, please contact her by e-mail isrs2007@iceo.be or inquire the scientific desk at the
time of the congress, located in the Speakers Room.

Location

The Speakers Room is located on the second floor, room Marina for the arrangement and
preview of presentations. A technician and an ICEO team member will also be at your dis-
posal in this room.

Guidelines

All presentations should be downloaded at the Speakers Room for distribution to the con-
ference rooms. It is not allowed to bring your presentations directly to the technical assis-
tants in the meeting rooms.

Speakers are requested to be present in their presentation room at least 10 minutes before
the start of the session.

The presentations run with PowerPoint only.

The technical equipment and software in the Speaker Room is both PC and MAC compati-
ble. In order to avoid any delay, speakers are kindly requested to hand in their presentation
on an electronic support (CD-ROM, USB key, DVD, zip disc, floppy disk or folder) at the
speakers room at least two hours prior to their session. If your session starts early in the
morning, please bring the presentation by 16.00 the day before (by 12.30 on Monday if
your session is on Tuesday).

If you have any questions, please contact the team of technicians at your disposal in the
Speakers room.

Equipment in the meeting rooms

All meeting rooms are equipped with a data projector and a computer. A technician is
planned in each meeting room. Speakers do not need to bring their own laptop.

Poster Presenters Guidelines  

At least one of the authors must be present during both poster sessions. We encourage you
to come with many of your co-authors.

Awards

During both poster sessions the scientific committee members will circulate and discuss
poster subjects in order to select candidates for Poster Awards. Be prepared to discuss all
aspects of your work.

Size and font

The poster should be no larger than 90 cm (wide) by 150 cm (tall). As a courtesy to all poster
presenters we ask the poster presenter to respect this size limit.

A font size that is easily readable from a distance of up to two meters should be used.
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Daily Scientific Program

Saturday 23/06/07

09.30 - 11.30 SPONSORED SATELLITE VARIAN - Silver sponsor - Twin Peaks

Trilogy Treatment Image-Guided Radiosurgery – 
The Multidisciplinary Medical Team Approach

John F. Alksne, MD
Professor of Surgery & Founding Chief
Division of Neurological Surgery

Kevin Murphy, MD
Medical Director of Radiation Oncology
Director of Business Development
Assistant Professor of Radiation Oncology
Department of Radiation Oncology

Todd Pawlicki, PhD
Associate Professor
Director of Medical Physics and Clinical Operations
Department of Radiation Oncology

12.30 - 14.30 SPONSORED SATELLITE ACCURAY - Platinum sponsor - Twin Peaks

Introduction to Accuray and the CyberKnife Robotic Radiosurgery 
System
Euan S. Thomson, PhD
President and CEO, Accuray, Inc.

CyberKnife Radiosurgery for Arterovenous Malformations: 
Series of 200 Patients
Federico Colombo, MD, PhD
Vicenza Hospital, Vicenza, Italy

Stereotactic Radiosurgery with Real-Time Tumor Motion Tracking 
in the Treatment of Small Peripheral Lung Tumors
Brian Collins, MD
Georgetown University Hospital, Washington DC

Saturday
23/06/07
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Sunday 24/06/07

07.30 - 08.30 BREAKFAST SEMINAR

BS 1-1 Body I Pacific Heights
Moderator: Peter Levendag (The Netherlands)
Karyn Goodman (United States)
Joost Nuyttens (The Netherlands)
Brian Kavanagh (United States)

BS 1-2 Meningiomas Twin Peaks
Moderator: Michael McDermott (United States)
Bruce Pollock (United States)
L. Dade Lunsford (United States)
Robert Smee (Australia)

BS 1-3 Physics Telegraph Hills
Moderator: Ian Paddick (United Kingdom)
Steven Goetsch (United States)
David Wikler (Belgium) 
Matthias Guckenberger (Germany)

08.45 - 10.00 PLENARY SESSION 1 Gold Ballroom

PL 1 Skull Base and Head and Neck Tumors
Moderators: Sam Ryu (United States)

Roberto Spiegelmann (Israel)

Acoustic neuroma radiosurgery: lessons learned in 1242 patients
L. Dade Lunsford (United States)

Hypofractionated stereotactic radiotherapy (h-srt) for skull base 
meningioma: initial clinical experience
Reinhard Wurm (Germany)

Non-surgical management of meningiomas involving the cavernous 
sinus
Robert Smee (Australia)
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Virtual HDRsm CyberKnife Radiosurgery for Prostate Cancer: 
Dose-Volume Characteristics, Medical Management 
and Preliminary Clinical Evaluation
Don Fuller, MD
San Diego CyberKnife Center, San Diego, CA

15.30 - 17.30 SPONSORED SATELLITE BRAINLAB - Gold sponsor - Twin Peaks

Respiratory Gating with Novalis Shaped Beam Surgery
Dr. Reinhard E. Wurm
Charité Universitätsmedizin, Berlin

FSR Dose Optimization for the Treatment of Acoustic Neuromas
Dr. David Andrews
Thomas Jefferson University Hospital

Frameless Intracranial Stereotactic Radiosurgery Using the 
BrainLAB Novalis Treatment
Dr. Ron Warnick
Mayfield Clinic

Dedicated Radiosurgery with Novalis - 
A success story with no compromises
Jean Hooks
General Manager Oncology Solutions

18.00 OPENING SESSION

Robert Smee
President of the ISRS Society

David Larson
Co-chairman of the 2007 ISRS Congress

Michael McDermott
Co-chairman of the 2007 ISRS Congress



Development of consensus-based guidelines for metastatic brain tumor 
radiosurgery
Ajay Niranjan (United States)

Radiosurgery for brain metastases : a 6 years follow up comparing RPA, 
SIR and BSBM patients stratification systems.
Daniel Devriendt (Belgium)

Prognostic criteria for patients with cerebral metastases treated with 
Gamma Knife radiosurgery
Bodo Lippitz (Sweden)

Twin Peaks Spinous and paraspinous tumors - Part 1
OS 1-2 Moderators: Yoshimasa Mori (Japan)

Arjun Sahgal (United States) 

Single fraction radiosurgery of malignant spinal canal compromise; 
radiographic tumor control and neurologic outcome
Samuel Ryu (United States)

Image-guided robotic radiosurgery for benign extramedullary tumors 
of the spine
Robert Dodd (United States)

Spinal radiosurgery for benign lesions
Jacqueline King (United States)

Clinical outcome evaluation of spinal radiosurgery for metastatic spine 
tumors
Moon-Jun Sohn (Republic of Korea)

Treatment of Spinal Tumors Using CyberKnife Fractionated Stereotactic 
Radiosurgery:  Pain and Quality of Life Assessment Following Treatment 
in 200 Patients
Juliet Seigle (United States)

Pacific Heights Lung tumors
OS 1-3 Moderators: Karyn Goodman (United States)

Peter Levendag (The Netherlands) 

The effect of novel molecularly targeted agents on normal lung after 
SBRT to pulmonary malignancies
Brian Kavanagh (United States)

The value of positron emission tomography and computed tomography 
(pet/ct) for stereotactic radiosurgery (srs) re-irradiation of head and neck 
cancers in treatment planning and response assessment in preliminary 
results
Regiane De Andrade (United States)

Dysphagia in patients with cancer of the oropharynx and nasopharynx 
boosted by BT or stereotactic radiation therapy: a dose-effect 
relationship?
Peter Levendag (The Netherlands)

10.30 - 11.30 POSTER SESSION Sunset Court see page 62

11.30 - 12.30 PLENARY SESSION 2 Gold Ballroom

PL 2 Radiosurgery Technical Advances
Moderators: Steven Goetsch (United States)

Dennis Shrieve (United States)

CyberKnife Evolution
John Adler (United States)

Radiosurgery of the head and neck with the worlds first fully robotized 
192 cobalt-60 source leksell Gamma Knife® perfexion™ in clinical use.
Jean Regis (France)

The Evolution of Linac Technology for Stereotactic Radiosurgery 
and Stereotactic Body Radiation Therapy
Tim Solberg (United States)

14.00 - 15.00 ORAL SESSION 1

Gold Ballroom Brain metastases - Part 1
OS 1-1 Moderators: Hidefumi Aoyama (Japan) 

Manabu Tamura (Japan) 

Gamma Knife surgery for 1-4 brain metastases without prophylactic 
whole brain radiation therapy
Toru Serizawa (Japan)

Gamma Knife radiosurgery for brainstem metastases: the UCSF 
experience
Penny Sneed (United States)
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First report of tumor-tracked radiosurgery for stage IA non-small cell 
lung cancer
Brian Berger (United States)

Single fraction stereotactic radiotherapy for the treatment of stage I 
non-small cell lung cancer (nsclc)
Loo Bill (United States)

Four-dimensional lung tumor tracking during stereotactic radiotherapy 
with the Cyberknife: early results
Joost Nuyttens (The Netherlands)

Stereotactic body radiation therapy for lung metastases: mature survival 
outcome data
Martin Fuss (United States)

Telegraph Hills Intracranial dose planning - Part 1
OS 1-4 Moderator: Steven Goetsch (United States) 

Treatment planning with the Gamma Knife perfexion: comparisons 
with previous Gamma Knife models
Ian Paddick (United Kingdom)

A comparison of frameless and frame-based radiosurgery: system 
accuracy and clinical experience
Tim Solberg (United States)

Functional relationship between the volume of a near-target peripheral 
isodose line and its dose value for Gamma Knife radiosurgery
Lijun Ma (United States)

Dose volume histograms measurement in stereotactic radiosurgery and 
radiotherapy
Josef Novotny (United States)

15.00 - 16.00 ORAL SESSION 2

Gold Ballroom Arteriovenous malformation - Part 1
OS 2-1 Moderators: Federico Colombo (Italy)

Ramiro Del Valle (Mexico)

Gamma Knife radiosurgery for AVMS in children: a 13-year experience
David Hung-Chi Pan (Taiwan)

Modification of the radiosurgery-based arteriovenous malformation 
grading scale
Bruce Pollock (United States)

Multivariate analysis of factors potentially affecting obliteration 
following AVM radiosurgery
John Flickinger (United States)

Failure of AVM radiosurgery and true image fusion of angiogram for 
precise identification of the nidus during frameless radiosurgery
Hiroshi Inoue (Japan)

Twin Peaks Meningioma
OS 2-2 Moderators: Randy Jensen (United States) 

Jeffrey Wu (United States)

A comparison of early complications for patients with convexity and 
parasagittal meningioma treated with either stereotactic radiosurgery or 
fractionated stereotactic radiotherapy
Joseph Chen (United States)

Management of meningiomas away from the cavernous sinus
Robert Smee (Australia)

Fractionated stereotactic radiotherapy of meningiomas. first results of 
the assessment of quality of life.
Martin Henzel (Germany)

Gamma Knife surgery for cavernous sinus meningioma
Dong-Gyu Kim (Republic of Korea)

Fractionated stereotactic radiation (FSR) for meningiomas involving the 
optic apparatus
Raphael Pfeffer (Israel)

Pacific Heights Liver and lung tumors
OS 2-3 Moderators: Morten Hoyer (Denmark)

Alejandra Mendez Romero (The Netherlands)

Phase I dose escalation study of Cyberknife stereotactic radiosurgery for 
liver malignancies
Karyn Goodman (United States)
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Stereotactic body radiotherapy for central lung tumors: a retrospective 
account of toxicity
Merete Paludan (Denmark)

Use of platinum embolization coils for targeting liver lesions in 
stereotactic body radiotherapy/radiosurgery.
David Roberge (Canada)

Stereotactic radiosurgery in the treatment of liver metastasis from 
colorectal cancer: acute toxicity and cea response
John O'Connor (United States)

Hypofractionated conformal radiotherapy (HCRT) for primary and 
metastatic lung cancers with small dimension: efficacy and toxicity,
preliminary reports
Valentina Pinzi (Italy)

Telegraph Hills Intracranial dose planning - Part 2
OS 2-4 Moderator: Almon Shiu (United States)

Use of pre-surgical MRI in the treatment planning of tumors with dural 
attachments for Gamma Knife radiosurgery
Arjun Sahgal (United States)

Comparison of the dose distribution in different stereotactic 
radiosurgery systems
Thierry Gevaert (Belgium)

Advantages of arc modulation optimization algorithm (AMOA) 
compared to ''step&shoot'' IMRT and SRT
Marcus Fischer (Germany)

Comparative study of co-planar verses non co-planar beams for 
intensity modulated radiotherapy [IMRT]
Margaret Schneider (Australia)

New scoring system and a novel method of plan quality evaluation and 
comparison
Janna Menhel (Israel)

Comparing Gamma Knife planning to conventional IMRT planning; first 
results of an ongoing study
Esther Raaijmakers (The Netherlands)

16.30 - 17.30 ORAL SESSION 3

Gold Ballroom Brain metastases - Part 2
OS 3-1 Moderators: Daniel Devriendt (Belgium)

Masaaki Yamamoto (Japan)

Stereotactic radiosurgery of the post-operative resection cavity 
for brain metastases
Scott Soltys (United States)

Adverse radiation effects after Gamma Knife radiosurgery of cerebral 
metastases in patients surviving more than ten months
Bodo Lippitz (Sweden)

Correlation of clinical and radiological outcome of renal cell carcinoma 
brain metastases treated with SRS
Jeffrey Wu (United States)

Stereotactic radiosurgery as primary management of patients 
with brain metastases from melanoma or renal cell carcinoma
Dennis Shrieve (United States)

Are four or fewer tumors, as a criterion for brain metastasis 
radiosurgery, based on good science?
Masaaki Yamamoto (Japan)

Twin Peaks Epilepsy
OS 3-2 Moderators: Hiroshi Inoue (Japan)

Bruce Pollock (United States)

Reversal of the epileptic encephalopathy epilepsy in hypothalamic 
hamartomas: a prospective trial of Gamma Knife surgery in 65 patients
Mariko Nagai (France)

Long term efficacy of Gamma Knife radiosurgery in mesial temporal lobe 
epilepsy
Jean Regis (France)

Analysis of stereotactic Gamma Knife treatment for intractable epilepsy 
(report 166 cases)
Botao Xu (China)

Unique Gamma Knife surgical strategy for mesial temporal lobe 
epilepsy: a clinical trial based on recent findings and new parameters
Motohiro Hayashi (Japan)
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Radiosurgery of hypothalamic hamartomas long-term follow-up of the 
seizure outcome
Kida Yoshihisa (Japan)

Clinic and eeg study of Gamma Knife treatment on intractable epilepsy 
guided by pet or meg locating epileptogenic foci.
Junchao Liang (China)

Pacific Heights Intracranial dosimetry and QA - Part 1
OS 3-3 Moderator: Ian Paddick (United Kingdom)

3d-dosimetric verification of stereotactic radiotherapy (SRT) and intensity 
modulated arc therapy (AMOA) with bang gel
Manuel Todorovic (Germany)

Incidental dose to surrounding tissue of cranial radiosurgery targets: 
comparison of intensity-modulated radiosurgery (IMRS) versus dynamic 
conformal arc (DCA)
Jian-Yue Jin (United States)

Monte Carlo simulation dose calculation for intensity modulated 
radiosurgery (IMRS)
Karl Chan (Australia)

System integration test for linac radiosurgery - methods and long term 
results
Harald Treuer (Germany)

Dose distribution profiles comparison of the Gamma Knife and 
accelerator SRS techniques
Alfred Strash (United States)

Absorbed dose measurement of a Gamma Knife based on standards of 
absorbed dose to water
Hyun-Tai Chung (Republic of Korea)
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07.30 - 08.30 BREAKFAST SEMINAR

BS 2-1 Complications Pacific Heights
Moderator: John Flickinger (United States)
Penny Sneed (United States)
Hiroshi Inoue (Japan)
Mariko Nagai (France)

BS 2-2 Functional Twin Peaks
Moderator: Kida Yoshihisa (Japan)
Nick Barbaro (United States)
Jean Regis (France)
Motohiro Hayashi (Japan)

BS 2-3 Spine I Telegraph Hills
Moderator: Eric Chang (United States)
Iris Gibbs (United States)
Sam Ryu (United States)
Arjun Sahgal (United States)

08.45 - 10.00 PLENARY SESSION 3 Gold Ballroom

PL 3 Radiosurgery for malignancy
Moderators: Peter Levendag (The Netherlands)

John Flickinger (United States)

Summary of yesterday's abstracts
Michael McDermott (United States)

Multi-institutional prospective randomized comparison of stereotactic 
radiosurgery plus upfront whole brain radiation therapy versus 
stereotactic radiosurgery alone for the treatment of solitary and multiple 
brain metastases
Hidefumi Aoyama (Japan)

Radiosurgery for brain metastases from breast cancer: lack of influence 
of WBRT or number of metastases on survival or FFP
Michael McDermott (United States)
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Phase I/II study of stereotactic spine radiation therapy for spinal 
metastasis and its pattern of failure
Eric Chang (United States)

4-d stereotactic radiotherapy for early stage non-small cell lung cancer 
(nsclc): clinical outcome and toxicity in 172 patients treated in a single 
institution
Frank Lagerwaard (The Netherlands)

A Danish phase II trial on stereotactic body radiotherapy for 
cholangiocarcinoma
Morten Hoyer (Denmark)

10.30 - 11.30 ORAL SESSION 4

Gold Ballroom Skull base tumors
OS 4-1 Moderators: Mike McDermott (United States)

Raphael Pfeffer (Israel)

Craniopharyngioma: the role of radiosurgery in multi-modality 
management
L. Dade Lunsford (United States)

Evidence-based approach to fractionated stereotactic radiotherapy for 
skull base tumors
Surbhi Jain (United States)

Gamma Knife radiosurgery for cushingís disease
Jason Sheehan (United States)

Long-term follow-up of clivus and foramen magnum meningiomas 
treated with stereotactic radiosurgery (SRS)
Kita Sallabanda Diaz (Spain)

Image-guided micro radiosurgery for brain tumors to avoid underlying 
dysfunction of the surrounding vital structures: advantages of using ciss 
with gadolinium enhancement
Motohiro Hayashi (Japan)

Twin Peaks Brain metastases - Part 3
OS 4-2 Moderators: Cheng-Ying Shiau (Taiwan)

Sharon Spencer (United States)

The role of surgery after Gamma Knife radiosurgery for melanoma
Kevin Hsieh (United States)

A new prognostic index and comparison to three other indices for 
patients with brain metastases: an analysis of 1960 patients in the 
RTOG database
Paul Sperduto (United States)

Local tumor control after post-resection radiosurgery to the tumor bed 
in patients with brain metastases
John Fiveash (United States)

Distribution of brain metastases in relation to the hippocampus: 
implications for neurocognitive functional preservation
Wolfgang Tomé (United States)

Robotic radiosurgery for the treatment of radioresistant brain 
metastases
John Borchers (United States)

Tomotherapeutic intensity-modulated radiosurgery for patients with 
brain metastases: an outcomes analysis
Martin Fuss (United States)

Pacific Heights Spinous and paraspinous tumors - Part 2
OS 4-3 Moderators: Iris Gibbs (United States)

Sam Ryu (United States)

Image-guided robotic radiosurgery provides excellent palliation of new 
and recurrent spinal metastases
Iris Gibbs (United States)

Clinical results of spinal radiosurgery for benign spinal tumors
Moon-Jun Sohn (Republic of Korea)

Spinal radiosurgery for malignant lesions
Michael Selch (United States)

Cyberknife extracranial radiosurgery for benign spinal tumors: 
University of California San Francisco preliminary experience
Arjun Sahgal (United States)
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Stereotactic radiotherapy for spinal lesions using Novalis system
Yoshimasa Mori (Japan)

Telegraph Hills Pain syndromes
OS 4-4 Moderators: Ajay Niranjan (United States)

Botao Xu (China)

Robotized micro-radiosurgery with APS for essential trigeminal 
neuralgia: evaluation and analysis of 150 patients
Motohiro Hayashi (Japan)

Gamma Knife radiosurgery on pituitary stalk and gland for intractable 
cancer pain: clinical results in 18 cases
Jung-Kyo Lee (Republic of Korea)

Clinical evaluation of idiopathic trigeminal neuralgia patients treated 
with Cyberknife radiosurgery
Sigita Burneikiene (United States)

Dosimetry and early outcomes in radiosurgery for primary trigeminal 
neuralgia
Mojgan Hodaie (Canada)

Gamma Knife radiosurgery of the trigemnial nerve and sphenopalatine 
ganglion for cluster headache
Kenneth Ott (United States)

11.30 - 12.30 ORAL SESSION 5

Gold Ballroom Schwannoma - Part 1
OS 5-1 Moderators: Martin Henzel (Germany)

Kenneth Ott (United States)

Longterm hearing preservation for vestibular schwannoma after 
Gamma Knife radiosurgry - analysis for patients with initial subnormal 
hearing -
Manabu Tamura (Japan)

Long-term hearing preservation and tumor control after radiosurgery 
for intracanalicular vestibular schwannomas
Ajay Niranjan (United States)

Linac radiosurgery for vestibular schwannomas: 
the Sheba medical center experience
Roberto Spiegelmann (Israel)

Twin Peaks Glioma
OS 5-2 Moderators: Christopher Duma (United States)

Paul Sperduto (United States)

Salvage radiosurgery of recurrent high grade glioma: 
radiographic tumor control and clinical outcome
Mehul Patel (United States)

Role of adjunct penicillamine therapy in the control of high grade 
glioma recurrence by radiosurgery
Mazdak Alikhani (Islamic Republic of Iran)

Is fractionated radiotherapy necessary for all patients 
with malignant glioma?
Masaaki Yamamoto (Japan)

Improved survival in malignant glioma following 
Gamma Knife radiosurgery
Michael Torrens (Greece)

Stereotactic radiosurgery for pleomorphic xanthoastrocytoma
Tomoyuki Koga (Japan)

Gamma Knife surgery for focal brainstem gliomas
Jason Sheehan (United States)

Pacific Heights Body radiosurgery miscellaneous topics
OS 5-3 Moderators: Misook Kim (Republic of Korea)

Joost Nuyttens (The Netherlands)

Evaluation of Cyberknife as a noninvasive prostate HDR dosimetry 
delivery mechanism - feasibility and early clinical observations
Donald Fuller (United States)

Partial breast irradiation (PBI) delivered with external beams in one 
single fraction after conservative surgery: early report on acute/late 
toxicity
Stefano Arcangeli (Italy)

Image guided real-time respiratory gated hypofractionated stereotactic 
body radiotherapy (H-SBRT) for liver and lung tumors: initial experience
Reinhard Wurm (Germany)
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Imaging resolver localization for whole body stereotaxy using 
tomotherapy
Mark Young (United States)

Curative robotic stereotactic radiotherapy for extracranial, 
extrapulmonal, extrahepatic, and extraspinal tumors: early results
Joost Nuyttens (The Netherlands)

Stereotactic body radiotherapy (SBRT) in stage I non-small cell lung 
cancer (nsclca): feasibility and early results in the community setting
Bryan Goss (United States)

Telegraph Hills Intracranial dosimetry and QA - Part 2
OS 5-4 Moderator: Tim Solberg (United States)

Spatial quality assurance for flat panel detectors-based digital 
subtraction angiography in radiosurgery
David Wikler (Belgium)

Commissioning a Leksell Gamma Knife perfexion unit
Ian Paddick (United Kingdom)

Standard external beam planning system for streotactic treatments 
with a mini mlc: the modelling and evaluation process
Geert Pittomvils (Belgium)

Postoperative evaluation of the clinical accuracy of targeting 
of Gamma Knife procedures
Laurence Abeloos (Belgium)

12.30 - 14.30 SPONSORED SATELLITE ELEKTA - PLATINUM SPONSOR - Twin Peaks

Stereotactic radiosurgery update - Precisely what is needed
Moderator: Professor David Larson, MD, PhD, 

University of California, San Francisco, United States

Spinal radiosurgery - clinical and technical indications
Assistant Professor MD, PhD, Jason Sheehan, Lars Leksell Center 
for Gamma Knife Radiosurgery
University of Virginia, Charlottesville, United States

Potential of Elekta Axesse™
Matthias Guckenberger
University of Wuerzdurg, Germany

Latest achievement in Stereotactic radiosurgery
Professor David Larson, MD, PhD, University  of California, 
San Francisco, United States

Radiosurgery with the worlds first fully robotized 192 Cobalt-60 source 
Leksell Gamma Knife® PerfeXion™ in clinical use
Professor Jean Régis, MD, University Hospital La Timone, 
Marseille, France

FREE AFTERNOON
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Tuesday 26/06/07

07.30 - 08.30 BREAKFAST SEMINAR

BS 3-1 AVMs Twin Peaks
Moderator: L. Dade Lunsford (United States)
Federico Colombo (Italy)
John Flickinger (United States)
Bodo Lippitz (Sweden)

BS 3-2 Brain mets Pacific Heights
Moderator: Penny Sneed (United States)
Masaaki Yamamoto (Japan)
Daniel Devriendt (Belgium)
Paul Sperduto (United States)

BS 3-3 Body II Telegraph Hills
Moderator: Joost Nuyttens (The Netherlands)
John O’Connor (United States)
Reinhard Wurm (Germany)
Kim Huang (United States)

08.45 - 10.00 PLENARY SESSION 4 Gold Ballroom

PL 4 Vascular indications
Moderators: Iris Gibbs (United States)

Hiroshi Inoue (Japan)

Summary of yesterday's abstracts
David Larson (United States)

Robotic radiosurgery for arteriovenous malformations: 
series of 200 patients
Federico Colombo (Italy)

The Stanford experience with Cyberknife radiosurgical ablation 
of intramedullary spinal cord AVMs
John Adler (United States)

AVM Radiosurgery: a 20 Year Perspective 
L. Dade Lunsford (United States)
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Dynamic definition of the AVM's critical zone for radiosurgery
Ramiro Del Valle Robles (Mexico)

The rationale and results of stereotactic radiosurgery 
for brain cavernous malformation
Aftab Khan (United States)

10.30 - 11.30 POSTER SESSION Sunset Court see page 62

11.30 - 12.30 ORAL SESSION 6

Gold Ballroom Pituitary - Part 1
OS 6-1 Moderators: Mazdak Alikhani (Islamic Republic of Iran)

Basil Hassouneh (Canada)

Gamma Knife radiosurgery for patients with residual or recurrent 
nonfunctioning pituitary adenomas: results from a 15-year experience
Joseph Cochran (United States)

Gamma Knife radiosurgery is a successful adjunctive treatment 
in cushingís disease
Jean Régis (France)

Gamma Knife radiosurgery for adrenocorticotropic hormone (ACTH) 
producing pituitary adenomas after bilateral adrenalectomy
Jason Sheehan (United States)

Hormone response is more rapid after Gamma Knife radiosurgery 
than fractionated radiation therapy for secreting pituitary tumors.
Carolyn Kim (United States)

Retrospective comparison of fractionated radiotherapy and stereotactic 
radiosurgery for pituitary adenoma
Jung-Il Lee (Republic of Korea)

Twin Peaks Arteriovenous malformation - Part 2
OS 6-2 Moderators: Bodo Lippitz (Sweden)

Christopher Duma (United States)

AVM obliteration dose-response for initial versus repeat radiosurgery
Oysul Kaan (United States)

Long-term analysis in Gamma Knife radiosurgery of brainstem AVM: 
the learning curve
Bodo Lippitz (Sweden)

Hypofractionated stereotactic radiation for giant AVMs
Antonio De Salles (United States)

Gamma Knife radiosurgical strategy for pediatric high-grade 
arteriovenous malformations: advantages of staged radiosurgery prior 
to targeting nidus proximal to the drainer
Motohiro Hayashi (Japan)

Pacific Heights Radiobiology
OS 6-3 Moderators: Markus W. Gross (Germany)

Junchao Liang (China)

Spinal cord tolerance to radiosurgical dose distributions: a swine model
Paul Medin (United States)

Ultrastructural study of cortex and hippocampus of epilepsy rats 
after exposed with low-dose Gamma Knife radiosurgery
Junchao Liang (China)

The effects of thalidomide and radiation on rat endothelial cells, 
the potential for reducing the latent time post AVM radiosurgery
Frederik Vernimmen (South Africa)

Clinically significant low-dose hyper-radiosensitivity in a case 
of primary central nervous system dysgerminoma
Dirk Van den Berge (Belgium)

Telegraph Hills Extracranial dose planning
OS 6-4 Moderators: Cynthia Chuang (United States)

Matthias Guckenberger (Germany)

Biological plan optimization for stereotactic treatment of liver tumors
Ben Heijmen (The Netherlands)

Four dimensional treatment planning for stereotactic body radiotherapy
Matthias Guckenberger (Germany)

A comparison of Novalis and Cyberknife radiosurgery treatment 
planning quality for vertebral body metastases
Lijun Ma (United States)
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Improved Cyberknife treatment planning for multiple adjacent vertebral 
body metastases for extracranial radiosurgery
Arjun Sahgal (United States)

14.00 - 15.00 ORAL SESSION 7

Gold Ballroom Brain metastases - Part 4
OS 7-1 Moderators: Willard Kasoff (United States)

Paul Sperduto (United States)

Comparison between retrospective and prospective use of 
BSBM system’s classification with a 6 years follow up for patients 
with brain metastases treated by Leksell Gamma Knife radiosurgery.
Daniel Devriendt (Belgium)

Repetitive Gamma Knife radiosurgery for metastatic brain tumors -
comparison of the effectiveness according to the original tumor sites-
Satoshi Suzuki (Japan)

Intensity-modulated tomotherapy with stereotactic radiosurgery 
for brain metastases: the value of c11-methionine-pet images 
in treatment planning
Masayuki Matsuo (Japan)

Stereotactic radiosurgery for ovarian cancer brain metastases: 11-year 
experience at a single institution
Willard Kasoff (United States)

Hypofractionated stereotactic radiotherapy for large metastatic brain 
tumors using Gamma Knife
Yoshinori Higuchi (Japan)

Twin Peaks Pituitary - Part 2
OS 7-2 Moderators: Steven Chang (United States)

John Fiveash (United States)

Outcome of Gamma Knife radiosurgery in 82 acromegalic patients : 
correlation with initial hypersecretion
Jean Régis (France)

Gamma Knife radiosurgery for medically and surgically refractory 
prolactinomas
Jason Sheehan (United States)

Gamma Knife radiosurgery treatment plan quality correlates with 
tumor volume but not with biochemical control rates of functioning 
pituitary tumors
Carolyn Kim (United States)

Gamma Knife radiosurgery for the treatment of pituitary tumors: 
an early Canadian experience
Basil Hassouneh (Canada)

The effect of marginal doze in rate of serum GH (growth hormone) 
decrase in radiosurgery of GH producing adenoma 3 to 6 months later
Mazdak Alikhani (Islamic Republic of Iran)

Pacific Heights Miscellaneous radiosurgery topics - Part 1
OS 7-3 Moderators: Mehul Patel (United States)

Peter Whitfield (United Kingdom)

Role of stereotactic radiosurgery in the management of intracranial 
hemangioblastoma
Ajay Niranjan (United States)

Radiosurgery for hypothalamic hamartoma epilepsy
Vladimir Zaccariotti (Brazil)

Stereotactic radiation for palliative treatment of solitary lesions 
in primary and secondary CNS lymphoma
Sean Armin (United States)

Case report: Gamma Knife radiosurgical treatment of a 
catecholamine-secreting glomus jugulare tumor
William Castrucci (United States)

Gamma Knife radiosurgery for cavernous sinus cavernous hemangiomas
Selcuk Peker (Turkey)

To retreat or not to retreat: can methionine pet resolve this issue?
Masaaki Yamamoto (Japan)
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Telegraph Hills Extracranial dosimetry
OS 7-4 Moderator: Lijun Ma (United States)

SBRT of lung tumours: Monte Carlo simulation with penelope of dose 
distributions including breathing motion and comparison with different 
planning systems
Vanessa Panettieri (Spain)

Dosimetric effect of isocenter shift and patient rotation errors in 
image-guided stereotactic radiotherapy for metastatic spine patients
Almon Shiu (United States)

Dose distribution comparison for the treatment of spinal metastases 
using Cyberknife versus IMRT stereotactic body radiotherapy
Almon Shiu (United States)

A dose failure analysis of paraspinal metastases treated wtih image 
guided high dose intensity modulated radiotherapy
Yoshiya Yamada (United States)

15.00 - 16.00 ORAL SESSION 8

Gold Ballroom Schwannoma - Part 2
OS 8-1 Moderators: Motohiro Hayashi (Japan)

Reinhard Wurm (Germany)

Vestibular schwannomas followed for more than 100 months 
after Gamma Knife radiosurgery
Hidefumi Jokura (Japan)

Transient expansion after Gamma Knife surgery for acoustic neurinoma
Osamu Nagano (Japan)

Stereotactic radiosurgery and fractionated stereotactic radiotherapy 
of acoustic neurinomas. comparison of tumor volume shrinkage
Martin Henzel (Germany)

Radiosurgery of intracranial schwannomas comparative study 
on radiological and functional control with various tumors
Kida Yoshihisa (Japan)

Conformal stereotactic radiosurgery for vestibular schwannoma
Reinhard Wurm (Germany)

Gamma Knife stereotactic radiosurgery for acoustic neuromas: 
the effect of isodose on treatment results
Mohammad Ali Bitaraf (Islamic Republic of Iran)

Twin Peaks Brain metastases - Part 5
OS 8-2 Moderators: Kevin Hsieh (United States)

Penny Sneed (United States)

Single fraction stereotactic boost to the post-operative site in lieu 
of whole brain radiation in metastatic brain disease
Russell Fuhrer (United States)

Tumor seeding following stereotactic biopsy of brain metastases: 
implications for radiosurgery?
Patrick Hanssens (The Netherlands)

The response of metastases to radiosurgery in relation to length 
of follow up and tumour size
Michael Torrens (Greece)

Ommaya reservoir placement followed by Gamma Knife surgery 
for large cystic metastatic brain tumors
Yuji Yamanaka (Japan)

Stereotactic radiosurgery to the resection cavity following removal 
of brain metastasis
Andrew Kanner (Israel)

Pacific Heights General clinique experience
OS 8-3 Moderators: Kita Sallabanda Diaz (Spain)

Robert Smee (Australia)

Stereotactic intensity modulated radiotherapy (IMRT) as a new 
treatment modality
Robert Smee (Australia)

Personal experiences of 3000 patients treated with microsurgery, 
Gamma Knife and Cyberknife radiosurgery
Hiroshi Inoue (Japan)

Radiosurgery and stereotactic radiotherapy in children
Jose Suarez-Campos (Mexico)

Tu
es

da
y

26
/0

6/
07

5352

Tuesday
26/06/07

Scientific Program Scientific Program



15 years experience of radiosurgery in middle east, militay hospital
Riyadh, Saudi Arabia
Ahmad Najib Ashraf (Saudi Arabia)

Intensity modulated as an useful tool in radiosurgery and stereotactic 
radiotherapy
Jose Suarez-Campos (Mexico)

Stereotactic radiosurgery of head and neck
Miron ‰rámka (Slovakia)

Telegraph Hills Extracranial dose planning, dosimetry and QA
OS 8-4 Moderator: David Wikler (Belgium)

Hypofractionated stereotactic body radiation therapy for lung and liver 
lesions using image guided gating and audio-visually guided voluntary 
breath-hold
Nadine Linthout (Belgium)

Utilization of image guided radiation therapy equipment to enhance 
stereotactic body radiation therapy commissioning
Julian Perks (United States)

Evaluation of real time positioning accuracy during spinal radiosurgery
Dong-Joon Lee (Republic of Korea)

Critical structure doses in Cyberknife fractionated radiosurgery of the 
prostate: dose-volume histogram analysis and comparison with 
hypofractionated IMRT
Matthew Witten (United States)

Assessment of head scatter factors (HSF) for small fields in radiosurgury
Mahmoud Allahverdi (Islamic Republic of Iran)

Extracranial image guided stereotactic radiotherapy using the xknife 
system
Satish Jaywant (United States)

16.30 - 17.30 ORAL SESSION 9

Gold Ballroom Trigeminal neuralgia
OS 9-1 Moderators: Mariko Nagai (France)

Kenneth Ott (United States)

Stereotactic radiosurgery (SRS) for trigeminal neuralgia: clinical, 
radiological and dosimetric characteristics of patients presenting 
immediate pain relief
Alessandra Gorgulho (United States)

The impact of dose rate on outcomes of Gamma Knife radiosurgery 
in patients with face pain
Sharon Spencer (United States)

Analysis of treatment parameters in recurrent trigeminal neuralgia 
patients treated with Cyberknife radiosurgery
Sigita Burneikiene (United States)

Treating trigeminal neuralgia with the Cyberknife: single center 
experience
Michael Lim (United States)

Twin Peaks Miscellaneous radiosurgery topics - Part 2
OS 9-2 Moderators: Russel Fuhrer (United States)

Pouya Tahsili-Fahadan (Islamic Republic of Iran)

Can we use Gamma Knife radiosurgery for pregnant women
Alireza Zahiri (Islamic Republic of Iran)

Quality of life after Gamma Knife radiosurgery for benign indications: 
a prospective analysis
Vipul Takkar (United States)

Radiosurgical transection of the posterior corpus callosum in a child 
with epilepsy
Matthew Smyth (United States)

Implementation of the radiosurgery treatment and follow-up (ratrefo) 
database
Panagiotis Nomikos (Greece)

A case for stereotactic radiosurgery in patients with chemical 
dependency
John Borchers (United States)
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Pacific Heights Other dose planning, dosimetry and QA
OS 9-3 Moderator: Andreas Mack (Germany)

Dynamic Gamma Knife radiosurgery
Shuang Luan (United States)

Evaluation of patient setup accuracy by Novalis system in stereotactic 
radiosurgery
Naoki Hayashi (Japan)

A new miniature ion chamber for output calibration of stereotactic 
radiosurgery units
Jagdish P. Bhatnagar (United States)

A computational algorithm for the dose gradient and homogeneity 
to define the characteristic of the Gamma Knife treatment planning 
using differential dose volume histogram data
Won Seop Seo (Republic of Korea)

Wednesday 27/06/07

07.30 - 08.30 BREAKFAST SEMINAR

BS 4-1 Acoustics Twin Peaks
Moderator: Ramiro Del Valle Robles (Mexico)
Douglas Kondziolka (United States)
Jean Regis (France)
Roberto Spiegelmann (Israel)

BS 4-2 Pituitary Telegraph Hills
Moderator: Bruce Pollock (United States)
Jeremy Rowe (United States)
Penny Sneed (United States)
Jung Lee (Korea)

BS 4-3 Spine II Pacific Heights
Moderator: Iris Gibbs (United States)
Steven Chang (United States)
John Adler (United States)
Moon-Jun Sohn (Korea)

08.45 - 10.00 PLENARY SESSION 5 Gold Ballroom

PL 5 Radiosurgery innovation and evolution
Moderators: Bodo Lippitz (Sweden)

William Wara (United States)

Summary of yesterday's abstracts
Paul Sperduto (United States)

Multiple sclerosis and trigeminal facial pain: results with Gamma Knife 
radiosurgery
Dennis Campbell (United States)

Optic radiation tractography integrated into Gamma Knife radiosurgery
Keisuke Maruyama (Japan)

Hyperbaric oxygen in the management of brain edema associated 
with stereotactic radiosurgery
Jose Suarez-Campos (Mexico)

Tu
es

da
y

26
/0

6/
07

5756

W
ednesday
27/06/07

Scientific Program Scientific Program



Radiosurgery for primary central nervous system lymphoma (PCNSL)
Clark Chen (United States)

Myocardial ablation by stereotactic radiosurgery: clinical, physiologic, 
and histologic correlation
Douglas Wong (United States)

Quality of life after stereotactic body radiation therapy for primary 
and metastatic liver tumors
Alejandra Mendez Romero (The Netherlands)

10.30 - 11.30 ORAL SESSION 10

Gold Ballroom Glioma and brain metastases
OS 10-1 Moderators: John Flickinger (United States)

Yoshinori Higuchi (Japan)

An overview of Karolinska university hospitals comprehensive strategy 
for the treatment of grade III gliomas
Bodo Lippitz (Sweden)

Patterns of Cyberknife treatment failure for primary and recurrent 
glioblastoma multiforme. Multicenter experience
Sigita Burneikiene (United States)

Eight-year experience using MR-SPECT- and flair-directed “leading edge” 
stereotactic radiosurgery for the treatment of glioblastoma multiforme: 
a recursive partitioning analysis of survival advantage
Christopher Duma (United States)

Preliminary experience with Linac based SRS for the treatment of 
patients with brain metastases in a developing SRS unit
Peter Whitfield (United Kingdom)

Long term control of multiple metastases by periodically repeated 
Gamma Knife radiosurgery - case study
Michael Torrens (Greece)

Twin Peaks Schwannoma - Part 3
OS 10-2 Moderators: Satoshi Suzuki (Japan)

Michael Lawrence (United States)

Index score. A decision making process for treatment of vestibular 
schwanomas (VS)
Leoncio Arribas (Spain)

Current treatment strategy for acoustic schwannoma: image-guided 
and robotized micro radiosurgery
Motohiro Hayashi (Japan)

Radiosurgery conformity indices and acoustic neuroma volumes
Michael Lawrence (United States)

Conservative fractionation for Cyberknife treatment of acoustic neuroma
Vaibhav Patil (United States)

Linac-based radiosurgery for vestibular schwanomas: preliminary 
experience with the Varian z-med system in Chile
Jose Lorenzoni (Chile)

The treatment of a large acoustic tumor with fractionated stereotactic 
radiotherapy
Shearwood McClelland III (United States)

Pacific Heights Miscellaneous radiosurgery topics - Part 3
OS 10-3 Moderators: Daniel Devriendt (Belgium)

Valentina Pinzi (Italy)

Linac radiosurgery for glomus jugulare
Vladimir Zaccariotti (Brazil)

Radiosurgery of primary and recurrent cancers in the head and neck
Farzan Siddiqui (United States)

Comparison of stereotactic radiosurgery and gold grain implantation 
as salvage treatment for local failures of nasopharyngeal carcinoma: 
a matched-cohort analysis
Daniel Chua (Hong Kong)

New dose-planning technique using mr and methionine pet fusion 
images for malignant brain tumors
Masaaki Yamamoto (Japan)
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Combined use of tractography and Gamma Knife radiosurgery three 
dimensional treatment planning. initial experience
Robert Foroni (Italy)

11.30 - 12.30 ORAL SESSION 11

Gold Ballroom Stereotactic radiosurgery technical advances
OS 11-1 Moderators: Eric Chang (United States)

Kida Yoshihisa (Japan)

CBCT image guidance evolution for intracranial stereotactic 
radiosurgery/radiotherapy
Mostafa Heydarian (Canada)

Relocatable fixation systems in intracranial stereotactic radiotherapy: 
evaluation by serial CT scans and patient acceptance
Astrid Theelen (The Netherlands)

Novalis frameless image guided radiosurgery
Reinhard Wurm (Germany)

High-precision cranial stereotactic radiotherapy using cone-beam 
CT-guided target localization
Lars Praestegaard (Denmark)

Intensity modulated stereotactic radiosurgery: methods for pretreatment 
planning and outcomes
Randy Jensen (United States)

Twin Peaks Miscellaneous radiosurgery topics - Part 4
OS 11-2 Moderator: Masayuki Matsuo (Japan)

Comparative results of treatments for cavernous sinus cavernous 
hemangiomas
Jong Hee Chang (Republic of Korea)

Gamma Knife radiosurgery for choroidal hemangioma
Jung-Il Lee (Republic of Korea)

Gamma Knife radiosurgery for hemangiomas of the cavernous sinus: 
a seven-institute study in Japan
Masaaki Yamamoto (Japan)

Today's reimbursement environment as it applies to stereotactic 
treatment and management
Sally Eggleston (United States)

Pacific Heights QA and dosimetry
OS 11-3 Moderators: Josef Novotny (United States)

Peripheral dose measurement for Cyberknife radiosurgery with Linac 
shielding upgrade
Cynthia Chuang (United States)

3t MRI-scanners to be used in stereotactic radiosurgery
Andreas Mack (Germany)

Stereotactic orthogonal films can be used as an indication 
of linear accelerator ageing
Paul White (Australia)

Routine dosimetric verification of stereotactic treatments using 
Monte Carlo methods in a distributed computing environment
Tony Millin (United Kingdom)

12.30 - 13.30 PLENARY SESSION 6

PL6 Closing session
Moderators: Robert Smee (Australia)

Roberto Spiegelmann (Israel)

Fabrikant Lecture
Raising Questions and Answering Them: A Personal Approach 
to Radiosurgery
Douglas Kondziolka (United States)
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Sunday 24/06/07 - Tuesday 26/06/07

10.30 - 11.30 POSTER SESSION Sunset Court

P101 ACCURACY
Three-dimensional evaluation of the repositioning accuracy during 
fractionated stereotactic radiotherapy for intracranial lesions using 
non-invasive thermoplastic mask
Keiichiro Nishimura (Japan)

P102 BRAIN METASTASES
Risk factors for local failure requiring salvage neurosurgery 
after radiosurgery for brain metastases
Eduardo Weltman (Brazil)

P103 BRAIN METASTASES
Differential diagnosis of tumor recurrence and radiation necrosis 
after radiosurgery for brain metastases with mr perfusion imaging
Mitsuya Koichi (Japan)

P105 BRAIN METASTASES
Stereotactic irradiation for metastatic brain tumors from 
hepatocellular carcinoma
Masao Tago (Japan)

P107 EPILEPSY
Linac-based corpus callosotomy: one case report with fractional 
anisotropy measurement as a predictor of outcome
Sergio Moreno-Jimenez (Mexico)

P108 ESTHESIONEUROBLASTOMA
Combined endoscopic surgery and radiosurgery as treatment 
modality for olfactory neuroblastoma (esthesioneuroblastoma)
Wolfgang Kreil (Austria)

P109 GLIOMA
Stereotactic radiotherapy boost followed external beam 
radiotherapy for the treatment of glioblastoma multiforme
Kazutaka Yatsushiro (Japan)

6362

Poster Session
P110 GLIOMA

Helical tomotherapy treatment of glioblastoma multiforme 
using 11(c)-methionine pet
Kazuhiro Miwa (Japan)

P111 GLIOMA
Role of stereotactic irradiation in the treatment of patients 
with glioblastoma
Takayuki Matsuo (Japan)

P112 GLIOMA
A case showing effective radiosurgery for a radiation-induced 
glioblastoma
Kensaku Kamada (Japan)

P113 HEMANGIOBLASTOMA
Gamma Knife radiosurgery for intracranial hemangioblastoma
Dong Gyu Kim (Republic of Korea)

P114 HYPOTHALAMIC HAMARTOMA 
Stereotactic radiosurgery for hypothalamic hamartomas
Wolfgang Kreil (Austria)

P115 LUNG
Stereotactic body radiation therapy for early-stage lung cancer 
and small lung metastases using Novalis
Chisa Hashizume (Japan)

P116 LYMPH NODES
Isolated lymph node metastasis from colorectal cancer treated
by stereotactic radiation therapy
MiSook Kim (Republic of Korea)

P117 MENINGIOMA
Gamma Knife radiosurgery for benign skull base meningiomas - 
the Graz experience
Wolfgang Kreil (Austria)

P118 MENINGIOMA
Diffusion magnetic resonance imaging to predict meningioma 
response to stereotactic radiosurgery treatment
Chuan-Fu Huang (Taiwan)

P119 MENINGIOMA
Radiosurgery for histrogically-confirmed meningiomas
Kotaro Nakaya (Japan)

Poster Session



P120 MENINGIOMA
Internal carotid occlusion following Gamma Knife radiosurgery 
for cavernous sinus meningioma : case report
Laurence Abeloos (Belgium)

P121 PARAGANGLIOMA
Gamma Knife radiosurgery: the better treatment option 
for temporal bone paragangliomas?
Wolfgang Kreil (Austria)

P122 PARAGANGLIOMA
Stereotactic radiotherapy in paragangliomas: clinic-volumetric 
outcomes
Sergio Moreno Jimenez (Mexico)

P124 PROSTATE
Stereotactic radiation therapy of localized prostate cancer 
using Cyberknife
Chul-Koo Cho (Republic of Korea)

P125 QOL
III-phase diary study: patients responses to stereotactic 
radiosurgery
Janet Williams (Australia)

P126 RE-IRRADIATION
Radiosurgery and stereotactic radiotherapy in patients previously 
irradiated
Jose Suarez-Campos (Mexico)

P127 SCHWANNOMA
Evaluation of tumor response after Gamma Knife radiosurgery 
for residual vestibular schwannomas
Seung-Yeob Yang (Republic of Korea)

P128 TRIGEMINAL NEURALGIA
Repeated Gamma Knife radiosurgery for medically intractable 
trigeminal neuralgia
Wolfgang Kreil (Austria)

P129 VASCULAR
Results of combined management of intracranial AVM 
with embolization and Gamma Knife radiosurgery
Masahiro Izawa (Japan)

6564
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P130 VASCULAR
Evaluation of long-term efficacy and complications after Linac 
radiosurgery for intracranial arteriovenous malformations
Tomohito Hirao (Japan)

P131 VASCULAR
Gamma Knife surgery for cavernous sinus hemangioma
Dong Gyu Kim (Republic of Korea)

P132 VASCULAR
Gamma Gnife radiosurgery for dural arteriovenous fistulas
Hiroyuki Kenai (Japan)

P133 VASCULAR
The outcome of patients undergoing Linac-radiosurgical treatment 
for cerebral AVM during five years
Martin Malacek (Slovakia)

P134 BODY
Method for biopsy of the seminal vesicles and results in patients 
with prostate cancer
Panos Koutrouvelis (United States)

P201 PHYSICS
Evaluation of effective number of crucial vessels in arteriovenous 
malformation nidus based on clinical data and binomial modeling
Bahram Andisheh (Sweden)

P202 PHYSICS
Skull attenuation effect on Gamma Knife stereotactic radiosurgery
David Huang (United States) 

P203 PHYSICS
Quantitive verification of the patient positioning accuracy of Linac 
based stereotactic radiosurgery and radiotherapy treatments using 
multiple measurement methods
Ashley Richmond (United Kingdom)

P204 PHYSICS
The effect of onyx on the radiation dose during stereotactic 
radiosurgery
Gennady Neyman (United States)

Poster Session



P205 PHYSICS
The trigeminal neuralgia treatment accuracy with Cyberknife 
radiosurgery system
Jun Yang (United States)

P206 PHYSICS
Phantom studies to determine accuracy of the Cyberknife spinal 
radiosurgery using skeletal structure tracking
Anthony Ho (Hong Kong)

P207 PHYSICS
A method for the evaluation of dose distribution in stereotactic 
radiotherapy
Aleksandra Grzadziel (Poland)

P208 PHYSICS
The use of two dimensional diode arrays for treatment plan 
verification of intensity modulated radiosurgery
Jin-Beom Chung (Republic of Korea)

P209 PHYSICS
Quantitative assessment of IMRT treatment plan and delivery 
of BrainLAB ís Novalis stereotactic system
Javad Rahimian (United States)

P210 PHYSICS
Application of multiple respiratory sensor system to the gated 
radiotherapy
Tae-Suk Suh  (Republic of Korea)

P211 PHYSICS
Patients treated by model-C Gamma Knife with APS exposed 
less non-therapeutic irradiation
Shang-Ming Chiou (Taiwan)

P212 PHYSICS
A simple method of measurement of relative output factor 
of 4-mm collimator helmet of Leksell Gamma Knife
Jagdish Bhatnagar (United States)

P213 PHYSICS
Stereotactic planning vs conventional external beam radiotherapy 
lanning for pituitary radiotherapy
Allana Mackertich (Australia)
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Poster Session

P301 RADIOBIOLOGY
Influence of dosimetric parameters on the histological response 
after Gamma Knife radiosurgery in an experimental model 
of trigeminal nerve radiosurgery
Nicolas Massager (Belgium)

P302 RADIOBIOLOGY
Alpha/beta ratios for tumour shrinkage after fractionated 
and single-dose irradiation for neuromas and meningiomas
Martin Henzel (Germany)

P303 RADIOBIOLOGY
Influence of dose inhomogeneity inside the target volume 
on the histological response after experimental Gamma Knife 
adiosurgery in the rat striatum
Nicolas Massager (Belgium)

Poster Session
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Exhibition
Description

Companies display their products and services in the Exhibition located in the Grand
Ballroom on the first floor as well as in the Sunset Court on the second floor.  
The lunches and coffee breaks are also organized in the exhibition, Grand Ballroom.  

Exhibition Opening Hours

Saturday June 23, 2007 17.30 - 20.00 (Welcome Reception)
Sunday         June 24, 2007 08.30 - 17.30
Monday        June 25, 2007 08.30 - 12.30
Tuesday       June 26, 2007 08.30 - 17.30

Floor plans & List of Exhibitors 

Exhibition floor plan (Grand Ballroom, first floor)
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Exhibition

Exhibitors List by alphabetical order

15 Accuray Incorporated
1 American Radiosurgery, Inc.  

11 American Shared Hospital Services
17 BrainLAB

16, 13, 14 Elekta with Medical Intelligence and 3D-Line
8 IBA 

10 Integra Radionics
4 Orfit Industries
3 PTGR - GmbH
9 Siemens Medical Solutions USA  
5 Sun Nuclear

12 TomoTherapy, Inc.
2 Varian See other exhibitors on next page!
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Sponsors & Exhibitors
Business Activities

Exhibition floor plan (Sunset Court, second floor)

71

Exhibition

Exhibitors List by alphabetical order

4 Karger Publishers
3 Lippincott/Williams & Wilkins
1 National Brain Tumor Foundation
2 Standard Imaging, Inc.

The organizers of the 8th ISRS Congress gratefully acknowledge the support of the
following companies (in alphabetical order):

Accuray Incorporated
CyberKnife® Robotic Radiosurgery System - The CyberKnife Robotic Radiosurgery System
is the world’s first and only radiosurgery system capable of treating tumors anywhere in the
body with proven sub-millimeter accuracy.   Using image guidance technology and compu-
ter controlled robotics, the CyberKnife System is designed to continuously track, detect, and
correct for tumor and patient movement throughout the treatment.

1310 Chesapeake Terrace
Sunnyvale, CA 94089 
USA
www.accuray.com

American Radiosurgery, Inc.
Visit American Radiosurgery at Booth 1 to review the  Rotating Gamma System (RGS)™ for
Radiosurgery and the new EXPLORER 4D™ Treatment Planning system. Produced in 
the United States and the only competitor to the older Gamma Knife™, the RGS™ design
eliminates awkward helmets, provides more head treatment room, and incorporates IMRT.

16776 Bernardo Center Drive, Suite 203
San Diego, CA 92128
USA
www.radiosurgery.net

American Shared Hospital Services
For over 25 years, American Shared Hospital Services has been a leader in fee-per-use and
other alternative financing arrangements to hospitals.  American Shared extends its alterna-
tive financing concepts to radiosurgery, IGRT/IMRT and proton beam radiation therapy
devices.  

4 Embarcadero Center, Suite 3700
San Francisco, CA 94111
USA
www.ashs.com
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Sponsors & Exhibitors Business Activities Sponsors & Exhibitors Business Activities

BrainLAB
BrainLAB specializes in the development and marketing of image-guided medical technology
for the entire oncology spectrum: radiosurgery, radiotherapy, IGRT, Adaptive Gating, minima-
lly invasive surgery, local drug delivery. As one of the market leaders in medical technology,
BrainLAB provides innovative solutions that make treatments less invasive, more precise, and
cost effective.

Kapellenstrasse 12
85622 Feldkirchen
Germany
www.brainlab.com

Elekta with Medical Intelligence and 3D-Line
Elekta is an international medical-technology Group, providing meaningful clinical 
solutions, comprehensive information systems and services for improved cancer care and
management for brain disorders. Recent acquisitions as Medical Intelligence and 3 D-Line
has fortified our position in stereotactic innovative solutions.

Kungstensgatan 18 
SE-103 93  Stockholm
Sweden
www.elekta.com

IBA Particle Therapy
IBA has developed Radiotherapy solutions and dosimetry equipment to treat cancer with
the greatest accuracy. IBA is the undisputed leader in Particle therapy, offering more expe-
rience, more expertise and more commitment than anyone else.

Avenue Albert Einstein, 4 
1348 Louvain-la-Neuve 
Belgium
www.iba-group.com

Integra Radionics
Since 1938, Integra Radionics has been improving the future of medical technology by pro-
ducing innovative surgical devices. Radionics has become a world leader in the fields of neu-
rosurgery and radiation therapy by combining technical innovation with clinical experience. 

22 Terry Avenue 
Burlington, MA 01803 
USA
www.radionics.com

Karger Publishers
Publisher of medical/scientific books and journals, including the book series Radiosurgery
and Progress in Neurological Surgery; and the journals Pediatric Neurosurgery and
Stereotactic and Functional Neurosurgery.

26 West Avon Road               
PO Box 529
Unionville, CT 06086
USA
www.karger.com

Lippincott Williams & Wilkins Medical Publishers 
(aka Wolters Kluwer Publishers) 
Lippincott/Williams & Wilkins publishes the latest titles covering all specialties in medical
and nursing books, journals and multimedia products.   Please come by our booth to reserve
your copy of the forthcoming 5th edition of Principles and Practice of Radiation Oncology.  We
also carry the latest books from Thieme, McGraw-Hill, and Springer publishers. 

187 Ridgecrest Drive 
Napa Valley, CA  94558 
USA 
www.wolterskluwer.com

National Brain Tumor Foundation
The National Brain Tumor Foundation is a nationwide non-profit organization dedicated to
promoting a cure for brain tumors, improving the quality of life and giving hope to the brain
tumor community by funding meaningful research and providing patient resources, timely
information and education.

22 Battery Street, Suite 612
San Francisco, CA 94111-5520
USA
www.braintumor.org
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Sponsors & Exhibitors Business Activities Sponsors & Exhibitors Business Activities

Orfit Industries
Orfit Industries develops and produces patient fixation systems, consisting of thermoplastic
masks and hardware.  The RAYCAST® and PELVICAST® ranges consist of multipoint 
EFFICAST™ pre-cut masks and High Precision Hardware for head, neck and shoulder immo-
bilization and for the pelvic region.

Vosveld 9
2110  Wijnegem
BELGIUM
www.orfit.com

PTGR-GmbH
Quality Assurance in Radiosurgery and Stereotactic Radiotherapy

A main focus of our company-activities is quality assurance in radiosurgery and stereotactic
radiotherapy.  We develop QA tools suitable for all types of stereotactic applications (SRS,
SRT, ISRS, ISRT) for Gamma-Knifes as well as for adapted Linear Accelerators and further
stereotactic radiation devices including all necessary phantoms also for imaging modalities
(CT, MRI).

Gesellschaft für Radiologie - mbH
Ed. Spranger-Str. 27/2
72076 Tübingen
Germany
www.ptgr.de

Siemens Medical Solutions USA
Siemens Medical Solutions has pioneered numerous key innovations in the area of radiation
oncology, including IMRT and IGRT. Technologically advanced solutions such as the
ONCOR™ Linear Accelerator and the syngo® Suite for Oncology, provide clinically proven
outcomes in radiation therapy. Oncology Workflow Solutions™ for virtual simulation are
provided by the syngo RT Dosimetrist Workspace, based upon the award winning Siemens
syngo universal medical imaging platform. 

Oncology Care Systems
4040 Nelson Avenue
Concord, CA  94520
USA 
www.siemens.com/oncology

Standard Imaging, Inc.
Standard Imaging advances radiation quality assurance with solutions that help health care
professionals achieve the best possible outcomes by supporting a wide range of radiation treat-
ment applications, such as dosimetry, brachytherapy, IMRT, IGRT, and stereotactic radiosurgery.

3120 Deming Way
Middleton, WI 53562
USA
www.standardimaging.com

Sun Nuclear Corporation
Sun Nuclear produces radiation therapy quality assurance instrumentation. For SRS, inclu-
ding CyberKnife, Sun Nuclear’s SunBeamTM efficiently measures output, field-size, energy,
flatness, and symmetry in real time in one measurement and includes complete software
with our comprehensive ATLASTM database.

425A Pineda Court
Melbourne, FL 32940 
USA
www.sunnuclear.com

TomoTherapy, Inc.
The TomoTherapy® Hi-Art System® uniquely combines helical IMRT/IMRS with precision CT
imaging for unsurpassed conformality and setup/delivery accuracy.  Precise planning posi-
tioning, delivery, verification and Adaptive Radiotherapy software are all integrated into this
single revolutionary System for radiation therapy.  TomoTherapy Incorporated is based in
Madison, Wisconsin, USA, with European offices in Brussels, Belgium.

1240 Deming Way                    
Madison, WI  53717
USA
www.tomotherapy.com

Varian
Varian Surgical Sciences, a division of Varian Medical Systems, offers specialized non-inva-
sive tools for image-guided radiosurgery (IGRS). Designed to enhance the collaborative
efforts of surgeons, radiation oncologists and technical staff, these sophisticated tools serve
as a complement to traditional surgery. 

Varian Medical Systems: Surgical Sciences
Palo Alto, CA
USA
www.varian.com/vss
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Congress Social Program
Are you interested in one of the following activities and not yet registered? Come and visit
us at the registration desks (Regency Foyer, first floor).

All Congress participants and/or their accompanying persons are warmly invited to take part
in the ISRS special events, providing opportunities to socialize and network with colleagues
and friends from around the world in a relaxed atmosphere.

The following events are organized by the ISRS 2007 Congress: 

Saturday June 23, 2007 18.00 - 19.00 Opening ceremony & speeches 
in the Gold ballroom

19.00 - 20.00 Welcome reception in the exhibition 

Tuesday June 26, 2007 19.00 - 22.00 Congress Party 

ISRS 2007 Opening Ceremony and Walking reception 

The official Congress Opening and Walking Reception will be held at the Palace Hotel.  The
guests will enjoy the welcome speeches followed by a walking reception composed of
drinks, canapés, zakouskis and more in the exhibition. 

• Saturday June 23, 2007 (18.00 - 20.00) 
• Access to the welcome ceremony and reception is included in the Congress registration

fee. 

Participants are advised that they must wear their badges to this event.  

Opening Ceremony:  18.00 - 19.00 in the Gold Ballroom 

Welcome Speeches given by: Robert Smee, President of the ISRS Society
David Larson, Co-chairman of the 2007 ISRS Congress
Michael McDermott, Co-chairman of the 2007 ISRS Congress

Walking Reception:  19.00 - 20.00 in the Exhibition Room (Grand Ballroom, first floor)

ISRS 2007 Congress Party  

Tuesday June 26, 2007, 19.00 - 22.00

in The Bently Reserve (formerly called The Old Federal Reserve Building):
301 Battery St.
San Francisco, CA 94111

• Event subject to availability, by pre-registration only 

• Transportation will be organized from the Palace hotel and back 

The place:  We will be in the main hall of the newest, yet oldest, structure at Embarcadero
Center:  The Bently Reserve (formerly called The Old Federal Reserve Bank Building).  Did
you know that it was originally completed in 1924? This Monumental classical architecture
has been fully restored to its original splendor and is now included in the National Register
of Historic Places. 

The Bently Reserve is a fine example of San Francisco’s "banking temple" tradition and the
government’s penchant for monumental classical architecture during that era. Inside, you’ll
find one of the most dramatic staircases in San Francisco, a bronze and marble double stair-
way, which starts from two separate places and curves seamlessly down onto the gleaming
marble floor below.   

Everywhere you look you’ll see French and Italian marble (or a close facsimile). Expertly
painted faux marbling has transformed the two rows of 25-foot-tall Ionic columns that flank
the room into "rock-solid" architectural elements. The entry doors are solid bronze, and 
two original bronze chandeliers (designed by the architect) draw your eyes up to the awe-
inspiring 34-foot ceiling overhead.   

A culinary and gourmet experience:  We chose one of the best caterers in the city!  Join
us for a wine tasting and tour around California with Chardonnay, Sauvignon blanc, Chenin
blanc, Viogner, Riesling, Cabernet Sauvignon, Merlot, Pinot noir and more.    

Walk around the impressive themed buffets and cooking stations including hors d’oeuvres,
sushi, seafood, side dishes, grills, and more.  Finish with a cheese tasting, move around the
dessert buffets and do not leave before tasting the San Francisco Irish coffee.

Atmosphere:  We will listen and move to the rhythms of the Radiosurgery Jazz Quintet,
headed by Philip Weinstein, MD, during the evening.

Price:  The fee for this event is $ 140 USD (partially sponsored by the congress).  Advance book-
ing is required.  The vouchers for this event were distributed with the congress badges.  If you
have not yet registered to attend the congress party, please go to the Registration Desks on
Saturday June 23, 2007 as a limited number of tickets may still be available.  Participants must
present their voucher upon arrival at the event venue and must also wear their congress badges.

Program:  

18.30 First buses leave from the hotel to the venue 
(venue is only about 10 minutes away), 
second trip leaves from the Palace Hotel around 19.00

19.00 Wine served and buffets open

20.00 Keynote speech

No Stone Unturned: A Surfer's Approach to Seeking Optimal Health Care
Mark Renneker (United States)
Associate Clinical Professor, Department of Family and Community Medicine,
University of California, San Francisco
President of the Surfer's Medical Association

20.45 Dessert and coffee

22.00 Last buses leave the venue for the Palace Hotel

Congress Social Program
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About San Francisco
San Francisco is one of the main cities of California. This state is situated in the west of the
United States of America by the Pacific Ocean. San Francisco is built on 43 hills and com-
pacts 47 square miles/ 125 square km. It is a city with a rich history, highly influenced by a
multitude of cultures.  

Climate  

You can enjoy mild weather in this city the entire year. In June you can experience a tem-
perature between 12°C and 18°C (54 - 65°F).  In the mornings and evenings it can be foggy,
so it is best to dress in layers. The days are almost 15 hours long in June. Sunrise takes place
before 06.00 and the sun sets around 20.30. 

Credit cards and currency  

American Express, Visa, Euro/MasterCard and Diners are accepted in most shops, hotels and
restaurants. Travelers checks are also widely accepted. It is advisable to carry a passport,
identity card or some form of photo identification. Photo identification is sometimes
required in order to use your credit card.  The US dollar ($) is the official currency. 

Electricity  

Electricity in the United States is supplied at 110V. 

Language  

The official language spoken in the United States is English.  

Local time zone   

Pacific time zone (UTC/GMT –8h).

Public transportation in San Francisco   

The public transportation in San Francisco is called MUNI and consists of busses, ferries and
trains to get around (but not necessarily to get anywhere on time). If you want to choose a
reliable means of transportation, you should take the subway. The subway in San Francisco
is known as BART (Bay Area Rapid Transit). You can buy BART tickets at station vending
machines. For more information visit the website: www.bart.gov/index.asp or ask the
Concierge at the Palace Hotel.
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Tours & 
Accompanying Persons
The Palace Hotel will be happy to handle your request with special attention to every detail!

If you are willing to book specific plans or discoveries and you booked your stay at the
Palace Hotel in San Francisco, please go to the Concierge desk when checking in or when-
ever needed during your stay, or contact the palace.concierge@luxurycollection.com

A very few of the not to be missed highlights:

• If you have a day or half a day: San Francisco Tours, Alcatraz Tours, San Francisco Bay
Cruises, San Francisco City Tours, Muir Woods, Sausalito, Monterey, Carmel, pebble
beach, Golden Gate Bridge Bay Cruise, Wine Country Tour, Yosemite National Park Tour,
San Francisco Extended Helicopter Tour, Monterey, Carmel & Pebble Beach

• If you only have a few hours: Fisherman's Wharf, Palace of Fine Arts, The Presidio, Golden
Gate Park, Cliff House, Golden Gate Bridge, Twin Peaks, Mission Dolores, Nob Hill, Union
Square, Chinatown and North Beach.

• If it is only the time of an evening: passes, dinner shows, theater, …

Prepare your trip, the Chief Concierge: Jose Lopez and his team are ready to assist you!
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About San Francisco About San Francisco

Restaurants and Places to Be  

San Francisco is well known for the quality of food and selection of cuisine.  You will find a
list of restaurants, bars and clubs in the After Hours guide available in your congress bag.
You can also go to the registration desks for more information.  Palace Hotel guests may
also visit the hotel Concierge.

Safety tips   

Violent crime is not common in San Francisco except in certain neighborhoods that are
unlikely to be visited by tourists. However, as is true for most major US cities, one should
take all of common-sense safety precautions one would anywhere else.  Take a good street
map, and perhaps a mobile phone in case you get lost and avoid carrying large amounts of
money and/or displaying expensive jewellery. 

Shops  

Opening hours of shops in San Francisco vary widely. Many shops are open in the evenings
as well and at least some hours on Sunday. Please note that San Francisco adds an 8.5%
non-refundable sales tax on every item. 

Taxis  

You can catch a taxi from the entry of the Palace Hotel.  Telephone numbers for two local
taxi services are:

Yellow Cab:  +1.415.333.3333

Desoto:  +1.415.970.1300   

Tipping    

Restaurant prices are subject to a state tax of 7.5%, which is added to the bill at the end. A
service charge is not typically added, unless your dining party includes 6 or more (check
your bill). Tipping in restaurants usually runs from 10-20 %. 10 % denotes unhappiness with
the service, 15% is the norm for regular service, and 20% and up is for great service.
Bellhops are usually given $1 per bag for their help with luggage. Cabs/taxis: 10% -15% is
adequate. 

San Francisco Must-sees   

Chinatown

In this part of the city you will find exotic markets, nice restaurants and specialized stores
like ancient herb shops.  Around 9,000 people of Asian origin live in Chinatown.  For more
information visit the website: www.sanfranciscochinatown.com

Downtown/Union Square

• Cable cars 

These trolleys are famous worldwide and your visit to San Francisco would not complete
without experiencing a ride in one of them. For more information visit the website:
www.sfcablecar.com 

• Union Square 

This is the fashionable and hip area. It is the third largest shopping area in the United
States. For more information on this area visit the website: www.unionsquareshop.com

• The Asian Art Museum  

This museum has one of the largest collections in the Western world devoted exclusive-
ly to Asian art. You can find almost 15,000 treasures spanning 6,000 years of history,
representing cultures throughout Asia. For more information visit the website:
http://www.asianart.org/index.html 

Fisherman’s Warf and North Beach Area

• Pier 39 

In this entertainment area you can dine, shop and of course see the famous sea lions.
For more information visit the website: www.pier39.com 

• Alcatraz 

This is the famous federal penitentiary that was in operation from 1934-1963. The
island of Alcatraz is situated in the middle of the San Francisco Bay. It offers the visitors
a look at the prison that was off-limits for many years.  Attention: tickets for Alcatraz
are often sold out for as much as 2 weeks in advance so reserve your tickets online.
Visit the website for more information: www.alcatraztickets.com 

Golden Gate Area

• Golden Gate Park 

Gardens (like the Japanese Tea Gardens) museums, long coastlines etc. It is a quiet area
away from the busy city. For more information visit the website: www.sfgate.com/trav-
eler/guide/sf/neighborhoods/ggpark.shtm
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About San Francisco

• Golden Gate Bridge 

This bold orange bridge is the visual identification of San Francisco.  For more informa-
tion visit the website: www.goldengatebridge.org

• Fine Arts Museum of San Francisco 

This museum consists of two different museums namely “The Legion of Honor” and “De
Young”.  The “Legion of Honor” is situated near the Golden Gate Bridge in a Beaux-Arts
building overlooking the Pacific Ocean. You will find here mainly European art:
Decorative arts and paintings, ancient art and one of the largest collections of prints and
drawings in the country. Among others you can find here Rodin´s Thinker. “De Young”
is the oldest museum of San Francisco and is located in Golden Gate Park.  The collec-
tion consists of American paintings, art from Africa, Oceania and the Americas as well
as western and non-western textiles.   For more information on these museums please
visit the following website: http://www.thinker.org/fam/about/index.asp 

Haight-Ashbury/ Mission/ Castro Districts

• Twin Peaks 

From this point you have a 360° view of the City and the Bay. 

About San Francisco

Area Map
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Oral Presentation Abstracts
Oral Presentation Abstracts

Sunday 24/06/07

PLENARY SESSION 1 08.45 - 10.00

Skull Base and Head and Neck Tumors PL 1
Moderators: Sam Ryu (United States) Gold Ballroom

Roberto Spiegelmann (Israel)

Acoustic neuroma radiosurgery: lessons learned in 1242 patients PL1-1
L. Dade Lunsford (University of Pittsburgh, Neurological Surgery, United States) 
Ajay Niranjan (1) John Flickinger (1) Douglas Kondziolka (1) 
(1) University of Pittsburgh Medical Center, Pittsburgh, PA, United States

Introduction: Acoustic neuroma management options have expanded since the introduction of
Stereotactic Radiosurgery (SR). Optimal outcomes reflect long term tumor control, preservation of
cranial nerve function, and retention of quality of life. We reviewed our 19-year experience at the
University of Pittsburgh,

Methods and Materials: Between August 1987 and Jan 1, 2007, 1242 acoustic neuroma patients
underwent Gamma Knife radiosurgery using the U, B, or C models. 16% had undergone one or
more prior procedures. Dose selection, imaging, and dose planning techniques evolved but have
been stable for 13 years. Average tumor volume was 2.5 cc; marginal tumor doses were 12-14
Gy depending on volume and hearing status. 

Results: No patient sustained significant perioperative morbidity. Currently patients are dis-
charged the same day. Unchanged hearing preservation was possible in 50-70% of patients (up
to 90% in intracanalicular tumors). At long term followup some patients show late further hea-
ring loss. Facial neuropathy risks were reduced to less than 1% of patients. Trigeminal symptoms
were detected in 

Discussion: High resolution MRI imaging using volume and long TR sequences, appropriate dose
selection, and multiple isocoenter conformal volumetric radiosurgery characterize the current
methodology of Gamma knife radiosurgery. Long term followup now defines radiosurgery as one
of the primary managements for acoustic neuroma patients. Cranial nerve preservation and qua-
lity of life are maintained. Patients with larger tumors or those with trapped cisterns adjacent 
to the tumor require special consideration. Staged microsurgery-radiosurgery is an emerging
management for patients who present with larger tumors. 

Hypofractionated stereotactic radiotherapy (h-srt) for skull base meningioma: 
initial clinical experience  PL1-2
Reinhard E. Wurm (Charité-Universitätsmedizin Berlin, Stereotactic Radiosurgery and
Radiotherapy Programme, Department of Radiation Oncology Charité CVK a, Germany)  
Dirk. Scheffler(1)  Lorenz Schlenger (1) Daniel Agaoglu (1) Julia Ahlswede (1) Michail Plotkin (1) Volker
Budach (1) 
(1) Charité-Universitätsmedizin Berlin, Germany

Purpose: To assess the feasibility of hypofractionated Stereotactic Radiotherapy (H-SRT) for 
meningioma.

Methods: Forty-seven consecutive patients with skull base meningioma (median age: 63 years,
26-81 years, 32 women, 15 men) were prospectively treated with H-SRT either primarily, follow-
ing subtotal resection, or for recurrent disease between February 1998 and February 2001. The
median follow-up time was 71 months (60-85 months). The median target volume was 7.37 cm3
(4.3-45.7 cm3). All tumors were complex in shape and in close proximity to either cranial nerves,
optic apparatus, and brainstem. Target delineation and treatment planning was based on CT and
MRI image fusion. Patients were immobilized by a stereotactic head mask. Treatment was deli-
vered using individually shaped 6-11 non-coplanar static beams in 34 patients (72%) or 3-9 non-
coplanar dynamic conformal arcs in 13 patients (28%). In all patients the dose at isocenter was
limited to 35 Gy delivered in 7 fractions at 5 Gy per fraction and at the target periphery to 28 Gy.
The conformity index was 1.4-2.3 (median 1.7) and the homogeneity index 1.25 according to the
guidelines of the Radiation Therapy Oncology Group (RTOG). Follow-up clinical examination and
magnetic resonance imaging was performed at 3 and 6 months, and than every 6 months. Acute
and chronic toxicity was assessed using RTOG morbidity criteria. Tumor response was evaluated
by patient report, examination, and imaging. Overall survival, progression-free survival, and local
control were calculated using the Kaplan–Meier method. 

Results: The local control was 97%. Tumor shrinkage was noted in 32% of patients. On initial
presentation six patients complained about trigeminal neuralgia, five patients about functional
impairment of the third, forth or sixth cranial nerve and three patients about a grade II facial neu-
ropathy. The neurological status was improved in 32% and remained unchanged in 68% of
patients. One patient developed a corticosteroid responsive oedema in the target area eight
moths after treatment. A temporary facial nerve neuropathy was noted in another patient at 
12 months and a diplopia in two patients at six and eight months after treatment.

Conclusions: To date this study demonstrates that H-SRT is safe and effective in skull base menin-
gioma with only minimal overall morbidity and incidence of subacute and late side effects.

Non-surgical management of meningiomas involving the cavernous sinus PL1-3
Robert Smee (The Prince of Wales Cancer Centre, Department of Radiation Oncology, Australia) 
Janet Williams (1) Meg Schneider (1) 
(1) The Prince of Wales Cancer Centre, Australia

Objectives: An appropriate management option for meningiomas is resection, however involve-
ment of the cavernous sinus usually confers non-resectability. This review will evaluate a single
centre’s experience with treatment of this type of tumour.
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Methods: The meningioma database at The Prince of Wales Cancer Centre was sourced to deter-
mine those patients treated by any form of radiotherapy between 1990 to December 2004,
n=284. The eligibility feature was involvement of the cavernous sinus, not necessarily origin. All
patients had clinically progressive features, and/or imaging defined enlarging tumour. These cha-
racteristics defined 147 patients of whom 90 had radiotherapy as part of initial treatment, or 57
who had it at the onset of progressive disease. This population covers those treated by conven-
tional treatment, stereotactic radiosurgery (SRS), and stereotactic fractionated (SRT) approaches.
The decision to use SRS versus SRT was based on the volume of the meningiomas (median
5.65ccm versus 13.4ccm respectively) and/or proximity to optic chiasm.

Results: All patients had clinical features, or imaging demonstrating progressive disease, that
warranted treatment. The age range was 7 – 82 years with 110 (75%) females. Fractionated
treatment for 80 pts usually consisted of 50.4Gy in 28 fractions, for 56 radiosurgery patients it
was 14Gy, 10 pts had conventional radiotherapy. Median follow up is 39.5 months with a local
control figure of 95%. The majority of patients had symptomatic improvement, neurological
improvement more likely occurred where there was less than six months duration of dominant
features. Neurological complications occurred in less than 5% of patients. No second tumours
have yet been recorded in this population.

Conclusion: Meningiomas involving the cavernous sinus can rarely be completely resected.
Stereotactic irradiation offers a high likelihood of control, and should be considered as an alter-
native treatment.

The value of positron emission tomography and computed tomography (pet/ct) 
for stereotactic radiosurgery (srs) re-irradiation of head and neck cancers 
in treatment planning and response assessment in preliminary results PL 1-4
Regiane De Andrade (University of Pittsburgh, Radiation Oncology, United States) 
Dwight Heron (1) Steven Burton (1) Ajay Bhatnagar (1) Saiful Huq (1) 
(1) University of Pittsburgh, Radiation Oncology, United States

Purpose: The decision to re-irradiate a recurrent head and neck carcinoma is still a challenge espe-
cially due to dose limitation and the need for a precise target definition on a previously irradia-
ted and/or surgically violated tissue. Tith the potential now exist to more aggressively spare the
surrounding tissue that cannot tolerate additional irradiation.  This however requires accurate tar-
get volume to reduce injury to normal tissues and minimize the risk of marginal misses. PET has
an established role in the diagnosis of head and neck recurrence. The purpose of this study was
to evaluate the use of PET/ for target definition prior to SRS and to assess treatment response. 

Materials and Methods:  46 patients with locoregional head and neck tumors were treated with
SRS using the CyberKnife Frameless Radiosurgery System (Accuray Inc., Sunnyvale, CA) at the
radiation Oncology department of Shadyside Hospital in Pittsburgh, PA, USA. Patients were trea-
ted with a median total dose of 32Gy (10-44) and median volume 26.9cc (2.5-162). All patients
had previous irradiation, and a FDG-PET/CT for staging and treatment planning. Lesions visually
identified as local tumor recurrence by PET/CT were contoured as the clinical target volume (CTV)
without a margin on the planning CT scans. Patients were followed clinically and by FDG-PET/CT
to evaluate response.

Results:  Eighty percent of the patients had surgery associated with radiation and 26% had under-
gone multiple radiation courses prior to SRS. Most of the local tumor recurrences were poorly
visualized on the treatment planning CT due to fibrosis, necrosis, and edema from previous treat-
ments. The tumor definition obtained from hybrid PET/CT was superior compared to CTs for 44/46
lesions (95%) in determining the exact target location and extent. After a median follow-up of 
11 months (3-55.6), 21 patients died from progressive disease. Nineteen patients (46%) had
local control and 22 (53%) progressed inside treatment field, 4 patients had partial response, but
were not able for reassessment due to death.  Overall 15 patients had progressive disease out-
side treatment field, where 10 were distant metastasis. Nine patients received additional SRS
guided by the post-treatment PET/CT.  

Conclusion:  FDG-PET/CT accurately defined the target volume for stereotactic radiosurgery plan-
ning for head and neck re-irradiation. PET/CT provided valuable monitoring response and even
allowing for re-treatment. SRS is a reasonable treatment modality for palliation with a acceptable
local control rate of 41%.The benefit of FDG-PET/CT in target definition for recurrent HNC patients
support the potential for dose-escalation to further minimize in-field failures. A phase I dose esca-
lation study designed for similar patients to further reduce the in-field failures has been recently
completed and awaits analysis.

Dysphagia in patients with cancer of the oropharynx and nasopharynx boosted 
by BT or stereotactic radiation therapy: a dose-effect relationship? PL 1-5
P Levendag (Erasmus Medical Centre - Daniel den Hoed, Radiation Oncology, The Netherlands) 
David Teguh (1) Inge Noever (1) Peter Van Rooij (1) Connie De Pan (1) P Voet (1) Henri Van der Est (1)
Paul Schmitz (1) 
(1) Erasmus MC - Daniel den Hoed, The Netherlands

Relevance & Innovation: Dysphagia is a serious complaint frequently underreported. This study
assesses the relationship for oropharyngeal (OPC) and nasopharyngeal cancer (NPC), of the dose
to the muscular components of the swallowing apparatus, and the quality of life (QoL).

Approach: Between 2000-2006, 81 patients with OPC and 46 with NPC were treated by confor-
mal radiation therapy: 3DCRT, IMRT, BT and SRT (Cyberknife). The OPC were boosted after a dose
of 46 Gy by BT (22 Gy), with recently 6 tumors boosted by the Cyberknife (CBK: 17 Gy). In T3/T4
NPC, after a total dose of 70 Gy the primary is boosted by Stereotactic Radiation Therapy (SRT
[CBK: 11 Gy]), with T1/T2 tumors boosted by BT (11 Gy). Of the patients alive NED, 61 OPC and
17 NPC responded to - dysphagia related - QoL questionnaires; that is the Performance Status
Scales, H&N35, and M.D. Anderson Dysphagia Inventory. The superior, middle, and inferior con-
strictor muscle, the cricopharyngeus and the inlet of the esophagus, are considered mandatory
for swallowing. In these muscular structures, mean dose was calculated. Univariate and multi-
variate analysis were performed using the proportional odds model. 

Results: 42 OPC were boosted by BT, 6 by CBK and 13 by IMRT. Boosting with IMRT resulted in
more dysphagia as opposed to BT or SRT (CBK), 33%, 43% and 67% of patients responding to
H&N35, PSS and MDADI questionnaires apparently had severe dysphagia complaints. In contrast,
the average response when using BT or SRT (Cyberknife) was ±15%. Of the 17 responding NPC
patients, 9 were boosted by BT, and 8 by SRT (CBK inclusive). Patients boosted by BT or SRT (CBK)
reported severe complaints of dysphagia in 11%, 22%, 44%, vs. 13%, 63%, 25% for the H&N35,
PSS and MDADI, respectively. 
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Conclusion: For OPC, a dose-effect relationship with an increase of probability of severe dyspha-
gia of 19% with every additional 10 Gy was established. The multivariate analysis shows a sig-
nificant effect of BT (CBK) (~ dose) (p=0.05). One way to improve QoL is to early on constraint
the dose to be received by the swallowing muscles. This seems particularly important in NPC
patients: in fact, the reason for seeing more severe dysphagia in this group is because at the time
of the booster dose already 70 Gy had been applied to the primary and neck, and thereby the
chances of obtaining more sparing are becoming remote.

PLENARY SESSION 2 11.30 - 12.30

Radiosurgery Technical Advances PL 2
Moderators: Steven Goetsch (United States) Gold Ballroom

Dennis Shrieve (United States)

Cyberknife Evolution PL 2-1
John Adler (Stanford University Medical Center, United States) 

The CyberKnife is a dedicated radiosurgical system which exclusively utilizes image-guidance for
target localization. This system was the original and for many years the only commercially avail-
able technology that offered such functionality. The CyberKnife incorporates a six degree of free-
dom robotic manipulator which permits a particularly wide range of beam directions. This com-
bined with computer optimization, enables a type of intensity modulated irradiation that is best
described as “dose painting”. Moreover, the robotic-based mechanical system of this device per-
mits instantaneous sensors of respiratory movement to be incorporated into the targeting
scheme. As a consequence, the CyberKnife is also capable of dynamically, yet precisely, following
the movement of a target that moves throughout the respiratory cycle. This constellation of hard-
ware and software technologies has permitted radiosurgical ablation to be extended to a diverse
group of intra and extra-cranial conditions.

Although the CyberKnife as a product has been around since 1994, there have been numerous
recent system improvements. Nevertheless, this continuing evolution is very much in keeping
with the original vision of a non-invasive yet very accurate universal radiosurgical system. Some
of the specific hardware improvements of the past 2-3 years include: 1) Increasing the output of
the linear accelerator to 600 rad/min. 2) Better shielding of the Linac head to prevent leakage. 
3) A change in machine geometry to enable more solid angle in selecting beam directions. 4) The
introduction of a six degree of freedom robotic table to support the patient and automatically 
correct for perturbations in yaw.

There have been even greater changes in system software: 1) Treatment planning has been 
significantly improved and shortened with the introduction of the “Multi-plan Workstation” 
2) “X-sight Spine” software now makes the fiducialess yet highly accurate treatment of spine
lesions a routine procedure, 3) “X-sight Lung” software enables the fiducialess treatment of many
lung lesions, 4) Improved higher order algorithms for modeling respiration make possible more
accurate radiosurgery for lesions that move with breathing.

The above recent enhancements in the CyberKnife were motivated by either increasing the spa-
tial accuracy and/or dose conformality of radiosurgery, and simultaneously, reducing the length of
the procedure. The inevitable future evolution of the CyberKnife is likely to follow a similar path
while seeking to stay true to the original vision of a non-invasive yet very accurate universal
radiosurgical system.

Radiosurgery of the head and neck with the worlds first fully robotized 
192 cobalt-60 source leksell Gamma Knife® perfexionTM in clinical use PL 2-2
Jean Regis (APM, Functional Neurosurgery, France) 
Manabu Tamura (1) Cecile Guillot (1) Xavier Muracciolle (2) Denis Porcheron (1) 
(1) Functional Neurosurgery Timone University Hospital Marseille France (2) Radiation Oncology Timone
University Hospital Marseille France 

In order to strictly evaluate the new capabilities, advantages, disadvantages and limits of the
Gamma Knife® PerfeXion™, patients have been included in a prospective trial.

In 66 working days between July 10th and December 20th, 2006, 363 patients were operated by
Gamma Knife surgery in Timone University Hospital. Among these, 200 patients were eligible for
the comparative prospective study (informed consent signed, tumoral or vascular indication, no
previous radiosurgery or radiotherapy). In accordance with the blinded randomization process
100 patients were treated with 4C and 99 with PerfeXion (one patient excluded, radiotherapy
was performed before). 

No technical failure of the treatment procedure was encountered. The new dose planning system
led to the use of composite shots in 39,4% of the patients. The mean number of different colli-
mator sizes used was larger with PerfeXion than with 4C (1,91 and 1,52 respectively). The mean
number of isocenters used was lower (10,67 vs. 13,08). The median total treatment time 
(40,00 min vs. 60,00 min) and the median the radiation time (34,02min vs. 33,40 min) were 
significantly shorter with PerfeXion. The procedure was performed using only a single run in
98,99 % the PerfeXion cases and in 42,00 % of the 4C cases. Collision risk on the 4C forced us
to change the frame gamma angle for at least one shot in 24,00 % of the patients and led to
treatment in manual mode for at least one shot in 21,00 % of the patients. Collision risk requir-
ing technical adaptation was one time observed with PerfeXion (change of Gamma angle). In two
patients treated on PerfeXion the system required a direct collision check. PerfeXion is delivering
8.2 time less dose to the vertex, 10 time less to the thyroid, 12.9 less to the sternum and 15 time
less to the gonads.

This preliminary analysis of our prospective data indicates that procedures with PerfeXion were
collision-free even with extreme location of the lesion. The duration of the surgical procedure,
duration of nurse, physicist and physician intervention on the machine, and the duration of the
QA procedure are all dramatically reduced with the PerfeXion. Patient protection, already very
good with the Leksell Gamma Knife 4C, is strongly improved with the PerfeXion. In our expe-
rience, Leksell Gamma Knife PerfeXion technological advances will contribute to very significant
future progress in head and neck radiosurgery.
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The Evolution of Linac Technology for Stereotactic Radiosurgery 
and Stereotactic Body Radiation Therapy PL 2-3

Timothy Solberg (University of Nebraska Medical Center, United States) 
Paul Medin (1) 
(1) University of California, Los Angeles, CA , United States

Stereotactic radiosurgery was pioneered by Lars Leksell in 1951. Over the ensuing years, high-
dose irradiation of cranial neoplasms delivered in a single fraction has become a standard of care
in the treatment of brain tumors, vascular malformations, functional disorders, and pain. While
the earliest applications utilized kilovoltage x-rays, Leksell later abandoned x-rays for protons,
which offered superior dose localization properties. Throughout the 1960’s and 1970’s, thou-
sands of patients were treated with proton radiosurgery, albeit at only a handful of institutions
worldwide. Leksell subsequently developed the Gamma Knife, a technology which has treated
over 400,000 patients to date. Despite demonstrated clinical success, technological shortcomings
precluded the use of electron linear accelerators in radiosurgery applications for several decades.
In 1984, Osvaldo Betti described modifications to a conventional linac to enable radiosurgery. The
standard couch, the weakest link for mechanical precision, was replaced by curved rails on which
a special seat affixed with a stereotactic frame could travel. The device was later referred to (affec-
tionately) as the “cyclothrone.” The following year Federico Colombo reported on initial clinical
results of linac radiosurgery for brain tumors and AVMs. His experience also included a small
series of pediatric patients. The late 80’s saw continued development in technology for linac-
based radiosurgery, stimulated primarily by groups in Boston and Gainesville. Over the last two
decades, linac radiosurgery has evolved at a rapid pace, producing: dedicated linac devices for
stereotactic delivery, relocatable frames to facilitate fractionated delivery, “frameless” technolo-
gies, and the application to extracranial tumor sites.

The mid-90’s ushered in initial attempts at body radiosurgery, pioneered in two very different
ways by groups in Sweden and in the U.S. In Stockholm, Ingmar Lax and Henric Blomgren deve-
loped the stereotactic body frame. The system consisted of an immobilization box with embe-
dded CT fiducials, and a device for compressing the chest to limit respiratory motion. The
Karolinska group has successfully treated thousands of patients for malignancies in the chest and
abdomen, and the methodology has gone on to find broad acceptance at a number of centers
worldwide. In contrast, the system described by Allan Hamilton at the University of Arizona was
developed for the express purpose of treating spinal targets in a single fraction. The system con-
sisted of a shallow rigid box, in which patients were placed in a prone position. Under anesthe-
sia, small clamps were attached to one or two spinous processes adjacent to the intended target.
These clamps were rigidly attached to two semicircular metal arches which were also used to
define stereotactic coordinates. Imaging, planning and treatment were performed in a single set-
ting with rigid fixation for the duration of the procedure. This prototype spinal system was sub-
sequently used in the treatment of nine patients, all of whom had recurrent spinal disease. Doses
prescribed were understandably conservative, ranging from 8 to 10 Gy. Spinal radiosurgery, now
performed non-invasively with the aid of image guidance, is a rapidly growing modality for the
treatment of benign and malignant disease. Much higher doses than those initially used by
Hamilton can be delivered safely and effectively. 

Since its inception, linac radiosurgery has become a highly successful treatment for cranial and
extracranial disease and continues to revolutionize the traditional fields of neurosurgery and 

radiation oncology. There are numerous benefits to such a paradigm, including improved patient
outcomes and reduced healthcare costs. This presentation will review 25 years of progress in
linac radiosurgery with a focus on current state-of-the-art and future directions.

ORAL SESSION 1 14.00 - 15.00

Brain metastases - Part 1 OS 1-1
Moderators: Hidefumi Aoyama (Japan) Gold Ballroom

Manabu Tamura (Japan)

Gamma Knife surgery for 1-4 brain metastases without prophylactic 
whole brain radiation therapy OS 1-1-1

Toru Serizawa (Chiba Cardiovascular Center, Gamma Knife House, Japan) 
Yoshinori Higuchi (1) Osamu Nagano (1) Junichi Ono (1) Shinji Matsuda (2) Toshihiko Iuchi (3) Naokatsu
Saeki (4) 
(1) Department of Neurosurgery, Chiba Cardiovascular Center, Japan (2) Department of Neurology,
Chiba Cardiovascular Center, Japan (3) Division of Neurosurgery, Chiba Cancer Center, Japan (4)
Department of Neurological Surgery, Graduate School of Medicine, Chiba University, Japan 

Purpose: This study was deigned to evaluate results of stereotactic radiosurgery alone for 1-4
brain metastases without whole brain radiation therapy. Materials and Methods: Among 1404
cases with brain metastases treated with GKS at Chiba Cardiovascular Center from 1998 through
2006, 752 consecutive patients who satisfied the following 3 criteria were analyzed: 1) no prior
whole brain radiation therapy (WBRT), 2) a maximum of 4 brain metastases; 3) no symptomatic
carcinomatous meningitis. Large tumor tumors with more than 3.5cm in maximal diameter were
totally removed, or irradiated with hypo-fractionated stereotactic radiotherapy (10Gy / 3fraction,
every 2 weeks) using GK. All smaller lesions were treated with GKS without upfront WBRT. New
distant lesions, detected with follow-up MRI every two to three months, were appropriately re-
treated with GKS. Overall survival (OS), neurological survival (NS), qualitative survival (QS) and
new lesion-free survival (NLFS) were calculated and the prognostic values of the covariates were
obtained. 

Results: In total, 1265 separate sessions were required to treat 3574 lesions. The primary organs
were lung in 477 patients, gastro-intestinal tract in 126, breast in 55, urinary tract in 46, and 
others/unknown in 48. Mean survival time (MST) of OS was 1.34 years. MST according to RTOG-
RPA class were 3.34 years in class 1, 1.23 in class 2 and 0.74 in class 3. In multivariate analysis,
significant poor prognostic factors for overall survival were un-controlled systemic disease, poor
(<70) initial KPS score and male gender. NS and QS at 1 year were 89.8% and 83.7%, respec-
tively. MR finding of meningeal dissemination was significant prognostic factor for NS and QS.
NLFS at 6 months and 1 year were 77.3% and 57.1%. In 544 deceased cases, salvage treatment
times for new distant lesions were 0 in 366 (67.2%), 1 in 86 (15.8%), 2 in 53 (9.7%) and 3 in
39 (7.2%). WBRT was employed in 15 (2.0%) for cerebral or meningeal dissemination. 

Conclusion: GKS alone provides excellent results in selected patients with 1-4 brain lesions, 
without prophylactic WBRT. However, careful follow-up MR imaging and appropriate salvage

9190

Oral Presentation Abstracts



Oral Presentation Abstracts

treatment are essential to preventing neurological death and maintaining favorable activity of
daily life.

Gamma Knife radiosurgery for brainstem metastases: the UCSF experience OS 1-1-2
Norbert Kased (University of California, San Francisco, Radiation Oncology, United States) 
Kim Huang (1) Paula Petti (1) David Larson (1) Michael McDermott (2) Penny Sneed (1)
(1) Department of Radiation Oncology, University of California, San Francisco, United States (2)
Department of Neurological Surgery, University of California, San Francisco, United States 

Objectives: Brainstem metastases present a therapeutic challenge because of their critical loca-
tion. This study sought to assess outcomes in patients treated with Gamma Knife radiosurgery
(RS) for brainstem metastases.

Materials and Methods: We reviewed all patients with brain metastases treated with RS at the
University of California, San Francisco from 1991-2005 to identify patients who had RS to a brain-
stem metastasis. Survival time and freedom from progression (FFP) were calculated from the date
of RS using the Kaplan-Meier method.

Results: From 1991-2005, 882 patients underwent RS for brain metastases; 39 (4%) had RS to
41 brainstem metastases (6 midbrain, 30 pontine, and 5 medullary) in 39 sessions. Primary diag-
noses included 14 cases of lung cancer (1 small-cell), 10 melanoma, 9 breast cancer, 5 renal cell,
and 1 unknown. The median age was 55 years (range, 25-79). Eight patients (21%) were RPA
class 1, 29 RPA class 2, and two RPA class 3. Fifteen patients had RS alone, six had RS boost with
WBRT, and 18 had RS for recurrence after prior WBRT. To date, 35 patients have expired. Median
survival time was 9.3 months after RS with a one-year survival of 32%.

Median target volume was 0.26 ml (0.015-2.8 ml), treated volume 0.46 ml (0.014-3.0 ml), and
maximum tumor diameter 0.9 cm (0.4-2.1 cm). Median prescribed dose was 16 Gy (12-19.8 Gy)
at the 42-90% (median 50%) isodose contour. Follow-up imaging was available for 25 lesions
with a median of 6.9 months of imaging follow-up. One hemorrhage of a renal cell metastasis
and two cases of possible necrosis were scored as failures along with five cases of probable
tumor progression. Two patients with renal cell cancer had probable radiation necrosis 1-3
months after RS, with later tumor progression. Brainstem lesion FFP was 80% at six months, with
a median FFP of 17.2 months. A prescription dose of at least 16 Gy was associated with signifi-
cantly longer FFP (87% vs. 53% at 6 months; 79% vs. 0% at 1 year; p = 0.03). The actuarial risk
of necrosis was 17% at one year including the two cases of possible necrosis.

Conclusions: Brainstem location need not be a contraindication for RS for brain metastases; 16
Gy appeared to be an effective dose with acceptable toxicity.

Development of consensus-based guidelines 
for metastatic brain tumor radiosurgery OS 1-1-3
Ajay Niranjan (University of Pittsburgh, Neurological Surgery, United States) 
Tonya K. Ledbetter  (2) L. Dade Lunsford  (1) Richard L. Weiner  (2) Gail L. Rosseau  (2) David Schiff  (2) Andrew
E. Sloan  (2) Burton L. Speiser  (2) Sandra S. Vermeulen  (2) Harish Thakrar  (2) Rebecca L. Emerick (2) 
(1) University of Pittsburgh, United States (2) IRSA Consensus Group, United States

Objective: To develop a consensus-based radiosurgery practice guideline for patients with
metastatic brain tumors.

Methods and Materials: Members of the working group reviewed evidence-based medicine and
clinical experience to develop a draft guideline and provide scientific foundation for radiosurgery
for metastatic brain tumors. The working group consisted of neurosurgeons, radiation oncolo-
gists, neuro-oncologists and medical physicists. An initial draft was developed by a core group of
two members after obtaining data in an evidence gathering process. The draft was circulated
among committee members who reviewed and provided further recommendations. The final ver-
sion was drafted after a consensus analysis. 

Results: Stereotactic radiosurgery for brain metastases is typically employed with or without
whole brain radiation therapy. The optimal dose range for volumetric conformal stereotactic radio-
surgery has been largely established based on tumor anatomy, volume, estimated adverse radia-
tion risks, pre-existing neurological conditions, and prior history of radiation therapy. Minimum
doses to the margin of the brain metastases typically range from 12 - 24 Gy in a single fraction. 

We found level I evidence (three randomized trials) that a radiosurgery boost as compared with
WBRT alone significantly improves local brain control rate for patients with up to four metastases.
There is Level I evidence that radiosurgery with WBRT improves survival in selected patients with
a single brain metastasis. There is level I evidence that the ability to taper steroids to improve per-
formance was statistically better in the radiosurgery arm at 6 months. There is Level I evidence
that omission of WBRT results in decreased tumor control, both at the site of radiosurgery and
also in the remaining untreated brain. There is Level I to Level II-3 evidence that addition of
upfront WBRT in patients treated with radiosurgery as initial therapy does not improve survival
as compared with the use of WBRT as salvage therapy.

Conclusions: Specific recommendations are made regarding patient selection, treatment alterna-
tives, and adjuvant medical management. The appropriate use of radiosurgery is recommended
for those with metastatic brain tumors. The recommendations provided by this consensus guide-
lines methodology provide a framework for professional judgment and treatment selection alter-
natives.

Radiosurgery for brain metastases : a 6 years follow up comparing RPA , 
SIR and BSBM patients stratification systems. OS 1-1-4
Daniel Devriendt (Gamma Knife Center of Brussels, Erasme Hospital, Radiation Therapy,
Belgium) 
Jose Lorenzoni (1) Nicolas Massager(1) David Wikler (1) Francoise De Smedt (1) Philippe David (1) Paul
Van Houtte (1) Jacques Brotchi (1) Marc Levivier,(1) 
(1) Gamma Knife Center of Brussels, Erasme Hospital, Radiation Therapy, Belgium

Objective: to compare three stratification systems, the recursive partitioning analysis (RPA), the
score index for radiosurgery (SIR) and the basic score for brain metastases (BSBM) with a 6 years
follow up for patients with brain metastases and treated by radiosurgery.

Material and Methods: between December 1999 and December 2005, 267 patients with more
than 700 brain metastases were treated with a Leksell Gamma Knife model C. Median marginal
dose was 20 Gy at a median 50% isodose. There were 45% lung cancer, 22% breast cancer, 19%
melanoma and 15% others primary tumors.

Results: median survival (MS) for the entire population is 13 months. Univariate analysis confirms
the predictive value of the three systems. MS is 22 months for RPA class I, 12 months for RPA
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class II and 3 months for RPA class III, (p < 0,0001). According to SIR system, MS is 23, 12, 7
and 3 months for scores 8 to 10, 5 to 7, 4 and 0 to 3 respectively, (p < 0,0001). According to
BSBM system, MS is 23, 12, 7 and 3 months for score 3, 2, 1 and 0 points , respectively 
(p < 0,0001). The multivariate analysis has identified as significant factors : KPS, the status of
the systemic disease and the SIR model.

Conclusions: this comparative study confirms the usefulness of all three systems of classification
to predict the outcome of patients treated by radiosurgery. Patients who will benefit the most
from RS belong the groups RPA class I-II, SIR 5-10 and BSBM 2-3. Patients with BSBM score 0,
SIR score 0 to 3 and RPA class III have a MS around 3 months and are not likely to benefit from
radiosurgery. Although all three systems seems to be equivalent, BSBM is favored because of its
easier clinical application.

Prognostic criteria for patients with cerebral metastases treated 
with Gamma Knife radiosurgery OS 1-1-5

Bodo Lippitz (Karolinska Gamma Knife Center, Department of Neurosurgery, Sweden) 

Ernest Dodoo (1) Elfar Ulfarsson (1) Bengt Karlsson (2) Michael Soederman(3) Tiit Raehn(1) 
(1) Karolinska Gamma Knife Center, Department of Neurosurgery, Karolinska Hospital, Stockholm,
Sweden (2) West Virginia University Hospital Morgantown, Gamma Knife Center, United States (3)
Department of Neuroradiology, Karolinska Hospital, Stockholm, Sweden 

The current strategy for radiosurgically treated Swedish patients with multiple brain metastases
does not include prophylactic whole brain radiotherapy. This is not according to the policy of a
relevant prospective RTOG protocol 95-08, where radiosurgery is given as a boost after fractio-
nated whole brain radiotherapy (WBRT).

Objective: The current study was performed to provide baseline data for the radiosurgical
approach for brain metastases without prophylactic WBRT describing local tumor control, survival
and complication rate.

Patients and Methods: Between October 2001 and July 2004, 301 consecutive clinically unselec-
ted patients representing 1212 brain metastases were treated by Gamma Knife radiosurgery in
470 treatments at the Karolinska Hospital. Patients were followed with MRI in 3 months inter-
vals. In 713 tumors the length of patient survival allowed individual MRI tumor follow-up. The
documented circumstances showed a conclusive cause of death in 73% of patients. The median
age: 62 years (23.9-89.5years), median tumor diameter : 8mm (range1-68), median peripheral
dose: 22 Gy. Clinical neurological follow-up data were available in 91 % of patients (n=273). 

Results: Median survival of the entire group was 7.5 months. Patients presenting with single
metastases (n=110) had a significantly better prognosis than patients presenting with multiple
metastases (n=191), (12.5 mo vs. 5.6 mo; p70 had a significantly better prognosis (9.5 mo vs.
2.2mo; p

Local tumor control after Gamma Knife radiosurgery was achieved in 95% (680 / 713 tumors).
10.3 % (28/273) of patients showed a neurological deterioration due to the radiosurgically trea-
ted metastasis. 

Conclusion: Local control of the radiosurgically treated cerebral metastasis is highly reliable and
reproducible. Survival after radiosurgery is primarily dependent on the clinical status and progres-

sion of the systemic disease. Patients developing further remote tumors after initial radiosurgery
can be treated with several sessions of radiosurgery. Multiple radiosurgical sessions are consi-
dered less invasive and require only a short hospitalization. The outcome of this current unselec-
ted series was comparable and appeared even slightly superior to prospective protocols where
upfront WBRT is applied and radiosurgery only given as local boost.

Spinous and paraspinous tumors - Part 1 OS 1-2
Moderators: Yoshimasa Mori (Japan) Twin Peaks

Arjun Sahgal (United States)

Single fraction radiosurgery of malignant spinal canal compromise; 
radiographic tumor control and neurologic outcome OS 1-2-1

Samuel Ryu (Henry Ford Health System, Radiation Oncology, United States) 
Jack Rock (1) Rajan Jain(1) Shehanaz Ellika(1) Jian-Yue Jin(1) Joseph Anderson(1) Benjamin Movsas(1)  
(1) Henry Ford Health System, United States

Purpose: Spine radiosurgery has been shown to be effective for pain control of spine metastasis.
We extended radiosurgery to treat patients with spinal canal compromise and carried out Phase
II study to determine the clinical efficacy of radiosurgery for epidural spinal cord compression. 

Method: Total 67 patients with 93 lesions of spinal canal compromise were accrued. All patients
had pathology-proven malignancy and had epidural tumor seen on MRI or CT scan. For radio-
surgery, grossly visible tumor including the involved spine was treated with single fraction radio-
surgery dose of 14-20 Gy. Spinal cord dose constraint was 10 Gy to 10% partial volume of the
cord. Followup included neurological exam and imaging studies every 2 months. Endpoints were
radiographic tumor control and neurological outcome. Median followup time was 8 months 
(2-30 months).

Results: Objective radiographic tumor response was seen in 82% of patients. At 2 months 
followup imaging studies, complete response was in seen 27%, partial response in 30%, and
minimal response in 23%, and tumor progression in 6% at the adjacent spine level. Thecal sac
patency (= decompression effect) seen on T2-weighted MR image was improved in 82% of the
lesions. There was average 68% volumetric reduction of tumor. This tumor reduction improved
the thecal sac patency to average 75% following radiosurgery, compared to 45% before 
radisourgery (p<0.05). Majority of patients with neurological deficit prior to radiosurgery became
ambulatory with an improved neurological function or remained clinically stable. There was one
case of likely long-term spinal cord complication 13 months after radiosurgery.

Conclusion: Single fraction radiosurgery achieves significant epidural tumor response and decom-
pressive effect of spinal cord compression. Even minimal tumor response relieves the spinal cord
compression and potential neurologic improvement. Spine radiosurgery can be a viable treatment
option for spinal cord compression. 
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Image-guided robotic radiosurgery for benign extramedullary tumors 
of the spine OS 1-2-2

Steven Chang (Stanford University, Neurosurgery, United States) 
Robert Dodd (1) Iris Gibbs (2) Laurie Tupper (2) John Adler (1) Steven Chang (1) 
(1) Department of Neurosurgery, Stanford University, United States (2) Department of Radiation
Oncology, Stanford University, United States

Objectives: To present the outcomes of patients with benign extramedullary spinal tumors trea-
ted by Cyberknife radiosurgery

Methods: Between July 1999 and September 2006, 71 patients with 78 benign extramedullary
spinal tumors were treated at our institution with Cyberknfie radiosurgery. There were 
36 schwannomas, 26 meningiomas, and 16 neurofibromas. The mean tumor volume was 5.9 cc
(range: 0.136- 54.5 cc). The median prescribed dose was 20 Gy (range: 14 - 30 Gy) delivered in
an average 2 sessions (range 1-5). Patients were followed prospectively by clinical exam and
imaging at 6 - 12 monthly intervals after treatment. 

Results: Mean follow-up time was 2 years; 14 patients were followed more than 3 years. Sixty-
nine patients were alive at last follow-up. Radiographic progression was seen in 2 patients at 
1 year and 6 years after treatment, respectively. Five patients required surgery to the treated
region due to worsening symptoms or radiographic progression. Overall, >70% of patients
remained symptomatically stable or improved. Patients with schwannomas and meningiomas
experienced the best results; while clinical improvement in neurofibroma was less common. One
patient developed symptomatic spinal cord injury at 8 months. This patient is currently ambula-
tory with assistance at 3 years follow-up.

Conclusion: Image-guided robotic radiosurgery is a feasible and safe treatment for benign
extramedullary spinal tumors. Longer follow-up is needed to better appreciate the true risk of late
recurrence.

Spinal radiosurgery for benign lesions OS 1-2-3
Edward Mitchell (UCLA , Neurosurgery, United States) 
Antonio De Salles(1) Nzhde Agazaryan(2) Alessandra Gorgulho(1) John DeMarco(2) Stephen Tenn(2)
Kevin Lin(2) 
(1) UCLA Division of Neurosurgery, University of California, Los Angeles, United States (2) UCLA
Department of Radiation Oncology, University of California, Los Angeles, United States 

Introduction: Radiosurgery has become a mainstay treatment for benign intracranial lesions. As
spinal radiosurgery has been established and proven safe for malignant lesions, inoperable
benign lesions of the spine can be managed with this non invasive approach. 

Materials and Methods: Eighteen patients with 26 lesions were treated at UCLA with single frac-
tion spinal radiosurgery between January 2002 through October 2006. Nine were male and nine
were female. Mean age was 47.4 ± 21 years. The mean peripheral radiation dose was 12.3 ±
1.3 Gy prescribed to the 90% isodose line. The mean tumor volume was 2.9 ± 4 ml. The treat-
ment plan was accomplished using reverse planned Intensity Modulated Radiosurgery (IMRS)
fields in 5 lesions, forward planned dynamic arcs in 21. The mean follow-up period was 19 ±
12 months. All treatments were performed using the image-guided Novalis Body system and a
dedicated 6 MV linear accelerator equipped with a micromultileaf collimator. 

Results: No complications due to spinal radiosurgery were noted. Excluding treatments performed
within the last 6 months, 54% had symptomatic improvement, 15% had no symptoms prior to
treatment and remained asymptomatic, and 31% had stable symptoms. Imaging follow-up in this
group revealed stable tumor in 78% while 22% demonstrated regression. No patients treated for
benign lesions had symptomatic or imaging progression of their lesions. 

Conclusions: The known safe and effective doses for intracranial lesions can be applied to lesions
in the spine. Our results demonstrate that Novalis radiosurgery is an effective and low risk alter-
native for patients with benign lesions of the spine.

Clinical outcome evaluation of spinal radiosurgery 
for metastatic spine tumors OS 1-2-4

Moon-Jun Sohn (Inje University Ilsan Paik Hospital, Neurosurgery, Republic of Korea) 
Dong Joon Lee, Republic of Korea (1) Hye Ran Lee, Republic of Korea (2) C. Jin Whang, Republic of 
Korea (1) 
(1) Neurosurgery, Inje University Ilsan Paik Hospital (2) Internal Medicine, Inje University Ilsan Paik
Hospital 

Objective: The objective of this study is to assess the effects of spinal radiosurgery as either 
curative or palliative intent for improvement in quality of life and local tumor controls in advanced
cancer patients with spinal metastases.

Methods: Total twenty patients with metastatic spine tumors were treated with Novalis shaped
beam radiosurgery unit. Ten patients were treated to palliate medically intractable cancer pain
caused by spinal metastasis and the rest ten patients underwent spinal radiosurgery to achieve
local tumor control. We analyzed clinical prognostic factors using two surgical scoring systems,
Tokuhashi¡¯s and Tomita¡¯s system, developed to provide an optimal guideline for patient selec-
tion and to determine the aim of radiosurgery.

Results: There was a significant difference of median survival times between two groups 
(2 months vs. 19 months, palliative versus local control group, respectively, p < 0.0001, log rank
test). Mean Karnofski¡¯s performance score was improved from 69 to 85 in the curative group 
(p <0.0001, paired t-test). Overall average VAS of cancer pain was significantly improved from
8.4 to 2.0 in both groups (p <0.0001). Although no patient was indicated for the locally cura-
tive surgical procedures by the established scoring systems, 90% local tumor control was
achieved in the local control group. We modified the type 7 lesions (multiple metastases) of
Tomita¡¯s system into type 7a and type 7b. Comparing Kaplan-Meier survival according to the
type of tumor extent and KPS, single metastasis and less than three multiple metastasis (type 7a)
showed better outcome than over 3 multiple lesions (type 7b) in the local control group. There
were statistically significant differences in median survival length (6 months, 12.8 months, and
19.9 months; type 7b, type 7a , and type4-6, respectively, p<0.0065) among those groups. 

Conclusion: Image guided stereotactic spinal radiosurgery offers a safe and effective palliative or
local tumor control for metastatic spine tumors. For the palliative group, intractable cancer pain
was significantly resolved with radiosurgery in a short course. Number of metastases and type of
tumor extent also provide important prognostic determinants to improve survival and local tumor
control was successfully achieved during follow-up period in the local control group. 
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Treatment of Spinal Tumors Using CyberKnife Fractionated Stereotactic Radiosurgery:  
Pain and Quality of Life Assessment Following Treatment in 200 patients OS 1-2-5

J. J. Liao, MD, G. J. Gagnon, MD , N. M. Nasr, MD , I. Molzahn,  D. McRae, PhD, Juliet Seigle, MD,
Fraser. C. Henderson, MD; Departments of Neurological Surgery and Radiation Oncology;
Georgetown University Medical Center, Washington, DC 

Context: Benign and malignant tumors of the spine significantly impact the function and quality
of life of many patients. Standard treatment options including conventional radiotherapy and sur-
gery are often limited by anatomical constraints and prior treatment. Image-guided stereotactic
radiosurgery using CyberKnife is a novel approach in the multidisciplinary management of spinal
tumors.

Objective: To evaluate the effect of CyberKnife stereotactic radiosurgery on pain measures and
quality of life outcomes of patients with spinal tumors.

Design, Setting, and Participants: Prospective study of a cohort of 200 patients with benign or
malignant spinal tumors treated at Georgetown University Hospital between March 2002 and
September 2006. Patients were treated with the CyberKnife in the initial, post-operative, or 
re-treatment settings.

Intervention: Fractionated stereotactic radiosurgery using CyberKnife

Main Outcome Measure: Change in pain scores by visual analog scale, quality of life assessment
by SF-12 survey, and neurologic examination following treatment.

Results: Mean pain scores decreased significantly from 40.1 to 28.6 after the first month
(p<0.001) and remained significantly lower across the entire follow up period of four years. SF-
12 Physical Component scores did not significantly change throughout the follow up period, and
Mental Component scores remained normal for the duration of the study. Early side effects from
radiosurgery were mild and self-limited, and no late radiation toxicity was observed.  

Conclusion: CyberKnife stereotactic radiosurgery is a safe and effective modality in the treatment
of patients with spinal tumors. It offers durable pain relief and maintenance of quality of life with
a very favorable side effect profile.

Lung tumors OS 1-3
Moderators: Karyn Goodman (United States) Pacific Heights

Peter Levendag (The Netherllands)

The effect of novel molecularly targeted agents on normal lung 
after SBRT to pulmonary malignancies OS 1-3-1

Ari Ballonoff (University of Colorado, Radiation Oncology, United States) 
Ari Ballonoff(1) Brian Kavanagh(1) Tracey Schefter(1) 
(1) University of Colorado, United States

Background: Stereotactic body radiation therapy (SBRT) is a physically targeted anti-cancer treat-
ment that will be combined with novel molecularly targeted agents (TAs) in an upcoming
Radiation Therapy Oncology Group trial for early stage lung cancer. Given that the combination
of SBRT and TAs is unprecedented, we investigated whether TAs may affect the normal tissue
response in lung parenchyma after SBRT.

Methods: From a database of more than 200 patients previously treated with SBRT at the
University of Colorado, we identified patients who fit the following criteria: (1) primary or second-
ary lung tumor(s) treated with SBRT to 45-60 Gy in 3 fractions; (2) the administration of a TA 
during or within 8 months after SBRT; (3) post-treatment CT imaging 6-10 months after SBRT and
at least 2 months after the initiation of the TA; (4) no previous radiation to the thorax. We then
identified a cohort of matched controls for comparison based on histology, sex, and age. We
quantified the volume of post-SBRT dense fibrosis (DF) by volumetric assessment of tissue within
the lung parenchyma that was seen on post-SBRT CT images. The DF volume was analyzed for
correlation with normal lung dose-volume histogram parameters and compared between the two
groups.

Results: Among the 12 evaluable patients who received a TA, the agents used were gefitinib
(n=4), cetuximab (n=2), bevacizumab (n=2), erlotinib (n=1), sorafenib (n=1), imatinib (n=1)
and STA-4783 (n=1). The mean planning target volumes were similar between the case and con-
trol cohorts (TA: 56 cc, control: 65 cc, p=0.63). Similarly, the volume of lung receiving 10, 15,
20, 30, 40, and 50 Gy were similar between the two groups. However, the mean volume of DF
after SBRT was significantly higher in the TA group than in the control group (4.3 cc v. 30.5 cc,
respectively, p=0.017). The most significant difference between the TA group and the control
group appeared to be between the ratio of DF and V50 (p=0.009), suggesting that the V50 may
be the most important predictor of increased DF in these patients.

Conclusions: The use of TAs with SBRT appears to be associated with an increase in the volume
of DF on post-SBRT imaging. The clinical significance of increased DF is unknown, but should be
evaluated further in prospective trials. 

First report of tumor-tracked radiosurgery 
for stage IA non-small cell lung cancer OS 1-3-2
Brian Berger (Baylor University Medical Center, Baylor Radiosurgery Center, United States) 
Brian Collins(2) Richard Wood(1) Scott Cheek(1) John O'Connor(1) Shakun Malik(2) Erik Anderson(2)
Harold Urschel(1) 
(1) Baylor University Medical Center, United States (2) Georgetown University Medical Center, United
States 

Purpose: Phase II data is now available for medically inoperable early-stage lung cancer patients
using stereotactic body radiation therapy with abdominal compression techniques designed 
to limit respiratory motion. We present the first pooled report of radiosurgery using true tumor-
tracking for the narrowly defined subset of clinically staged IA non-small cell lung cancer (NSCLC).

Methods and Materials: From January 2005 to November 2006, twenty clinically staged IA biop-
sy-confirmed NSCLC were treated with frameless, tumor-tracked radiosurgery at Georgetown
University Hospital (Washington, DC) and Baylor University Medical Center (Dallas, TX). All
patients either refused surgery or were judged medically inoperable by a thoracic surgeon. Of the
twenty patients, 50% were adenocarcinoma, 15% squamous cell carcinoma, and 35% undiffe-
rentiated. The median tumor volume was 8.4 cc. The median dose was 60 Gy (45-60 Gy) deli-
vered in three fractions to the median isodose volume of 80% (57-85%). The median biological-
ly effective dose (BED) was 180 Gy (112.5-180 Gy) using ?/?=10. The median follow-up was 
12 months.
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Results: The freedom from severe (Grade III or higher) toxicity was 95% at 12 months. There were
no local treatment failures. The major response rate (complete and partial CT response) was 65%,
with 35% showing complete response by CT scan. Obscuring treatment effect was seen in 30%.
Kaplan-Meier overall survival at 2 years was 87%; median survival has not yet been reached.

Conclusions: Tumor-tracked radiosurgery yields a high rate of local control and survival for ino-
perable patients with Stage IA non-small cell lung cancer at one year. Severe toxicity is very low
with early follow-up. Future investigation into methods to assess response after high dose radio-
surgery is needed.

Single fraction stereotactic radiotherapy for the treatment 
of stage I non-small cell lung cancer (nsclc) OS 1-3-3

Jessica Donington (Stanford University , Cardiothoracic Surgery, United States) 

Bill Loo(1) Balasubramanian Narasimhan(1) Heather Wakelee(1) Richard Whyte(1) Quynh-Thu Le(1) 
(1) Stanford University, United States

Background: Stereotactic radiotherapy is a new treatment option for lung tumors in patients unfit
for surgery. We are reporting early results in inoperable patients with primary Stage I NSCLC treat-
ed with single fraction stereotactic radiotherapy (SFSRT) as part of a phase I dose escalation trial.

Methods: The cohort included medically inoperable patients with primary state I NSCLC.
Treatments were delivered via a robotic linear accelerator(Cyberknife, Accuray, CA). Prior to treat-
ment, CT-guided metallic fiducials were placed for image guided targeting. Targeted volume
encompassed the gross tumor plus 5 mm margins. 

Results: Twenty-two patients with NSCLC were treated (8 T1, 14 T2). Median age was 75 (range
51-83). Maximal tumor diameter ranged from 2.0 to 6.2 cm. Five patients was treated at 
15 Gy/fraction dose, one at 20 Gy, 11 at 25 Gy and five at 30 Gy. Follow up was complete in all
patients with a median of 21 months (range 5-37). Complications included pneumothorax fol-
lowing fiducial placement in one, grade 3 pneumonitis in 2 and 2 treatment related deaths. There
was no decline in pulmonary function in surviving patients. Overall survival at one and two years
was 77% and 47% (median 23 months). One-year freedom from local progression was 82%.
Local control was higher in T1 tumors (100%) and in those treated at >25 Gy dose (87%).

Conclusion: SFSRT is feasible and well tolerated in surgically unfit patients with Stage I NSCLC. It
provides excellent local control and promising early survival.

Four-dimensional lung tumor tracking during stereotactic radiotherapy 
with the cyberknife: early results OS 1-3-4

Joost Nuyttens (Erasmus MC-Daniel den Hoed Cancer Center, Radiation Oncology, The
Netherlands) 
John Praag (1) Micha Hoogeman (1) Peter Levendag (1) 
(1) Erasmus MC-Daniel den Hoed Cancer Center, The Netherlands

Purpose: Synchrony, the 4-dimensional respiratory tracking system of the CyberKnife requires
insertion of markers in or close to the tumor. Different methods of marker placement were used:
1) intravascular coil placement, 2) percutaneous intrapulmonal, 3) percutaneous extrapulmonal

placement (for fixed tumors to the thorax), and 4) the bronchoscopic placement. To evaluate these
techniques, we investigated the toxicity of the marker placement and the tumor response of the
treatment. Until now 65 tumors are treated, but because the follow up is too short, we report
results of the first 50 patients with 55 tumors.

Methods and Materials: Markers were placed in or around 55 tumors in 50 patients: 38 patients
had T1-3N0M0 lung cancer, 8 patients had 13 solitary lung metastases, and 4 patients were
treated with palliative intention (3 with recurrent lung cancer, one with metastatic lung cancer).
Platinum fiducials and intravascular embolisation coils were used as markers. In total, 161 mark-
ers were placed: 60 intrapulmonal for 24 tumors, 77 intravascular for 26 tumors, 20 extrapul-
monal for 4 tumors, and 4 markers in 1 with the bronchoscopic method. All tumors, except 5,
were peripheral. PTV = GTV + 5 mm. For early stage lung cancer, a total dose of 36-60 Gy,
(median dose: 60 Gy) was given in 3 fractions. Solitary lung metastasis were treated with a total
dose of 45-60 Gy (median dose: 45 Gy) in 3-5 fractions. For palliative treatment, a total dose of
30-49 Gy was given in 3-7 fractions (median dose: 30 Gy). The dose to the PTV was prescribed
to the 70-85% isodose line. The response was evaluated according to the RECIST criteria with a
CT 8 weeks after the last treatment and routinely thereafter. The median follow up was 4.4
months (range, 2-18). Thirty percent of the patients were > 79 years old.

Results: Five patients (10%) had a pneumothorax after intrapulmonal placement. A thorax drain
was placed in 4 patients. One patient complained of severe intrathoracal pain several hours after
intravascular coil placement and 5 patients complained of haemoptoe. The local control was
100%. Eight tumors had a complete response, 35 tumors a partial response, and 12 tumors a
stable disease. Of these 12 tumors, 6 tumors were solitary metastasis.

Conclusion: Low toxicity of marker placement was seen due to the 4 methods. CyberKnife tumor
tracking with markers is feasible and resulted in excellent tumor response.

Stereotactic body radiation therapy for lung metastases: 
mature survival outcome data OS 1-3-5
Martin Fuss (Oregon Health & Science University, Radiation Medicine, United States) 
CD Fuller (2) BJ (3) CR Thomas (1) 
(1) Oregon Health & Science University, United States (2) University of Texas Health Science Center at
San Antonio, United States (3) University of Utah, United States 

Background: Stereotactic body radiation therapy (SBRT) for a limited number of lung metastases
has been documented to be feasible and to yield excellent local tumor control. The aim of this
analysis was to report mature, long-term survival outcome data in a patient population with sys-
temic disease manifestation.

Materials: Between 8/01 and 11/04, 50 courses of SBRT were delivered in 39 patients (1 to 4
treatment courses/patient, median 1) for lung metastases (1-4 metastases, median 1) with 
maximum diameter.

Results: Kaplan-Meier estimated series mean and median survival was 20.4 and 17.3 months; at
analysis, 30/39 patients have expired. Median time to death was 13.1 months (1.8-43 months).
Cause of death was new metastatic disease to lung, liver and/or brain. At the time of death,
28/30 patients had documented local control of SBRT treated lesions. Survival in patients alive
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ranges from 4.3 to 45.4 months (mean 20.7, median 24.1 months). Four patients are alive with
imaging confirmed systemic disease progression, including 2 with local recurrence or lack of
response to SBRT.

Conclusions: SBRT in patients with a limited number of pulmonary metastases results in encou-
raging survival rates and may result in an increased long-term survival for a subset of patients.
However, cause of death in the majority of cases was systemic disease progression indicating that
SBRT can only be one tool in the multi-disciplinary disease management for this patient popula-
tion.

Intracranial dose planning - Part 1 OS 1-4
Moderator: Steven Goetsch (United States) Telegraph Hills

Treatment planning with the Gamma Knife Perfexion: comparisons 
with previous Gamma Knife models OS 1-4-1
Ian Paddick (Cromwell Hospital and London Gamma Knife Centre, Gamma Knife Centre, United
Kingdom) 

Objective: The new Leksell Gamma Knife Perfexion is the latest generation Gamma Knife, which
now includes automatic collimator selection and the capability to produce ‘composite shots’ via
its novel sector-based collimator assembly. Isocentre movement via its patient positioning system
(PPS) is much faster than with previous versions of Gamma Knife. The result of these improve-
ments combined with its increased efficiency makes the process of treatment planning different
from that used for previous models. Techniques used are investigated and explained, while the
results obtained are reported.

Methods: About 100 patients have been treated on the Perfexion, allowing us to investigate opti-
mal methods of treatment planning. This may include the use of composite shots and examples
of when and when not to use this technique are expounded.

Five complex targets originally planned with Leksell GammaPlan (LGP) 5.32 (Model B), were
replanned using LGP 5.34 (model 4C) and finally with LGP 8.0 PFX (Perfexion). Treatment para-
meters including the Conformity Index, Gradient Index1, beam on time, and treatment time were
compared between the three models.

Results: In each plan, the Perfexion outperformed previous models of Gamma Knife in terms of tar-
get coverage and conformity. Gradient indices were similar in all three machines, while beam on
time significantly increased for the Perfexion. However, the set up time saved by the PPS and auto-
matic collimation gave shorter total treatment times with the Perfexion, with a single exception.

Composite shots were found to be particularly useful for treating the intracanilicular portion of
vestibular schwannomas, resulting in higher conformity and lower doses to the cochlear. In the
treatment of meningiomas with dural tails, the composite shot feature provided greater target
coverage, with a lower volume of prescription dose outside the target. In the treatment of multi-
ple metastases, composite shots allowed more conformal treatment of each target, even when
the target was covered by a single isocentre.

Conclusion: Using the Perfexion highly conformal plans comprised of many isocentres, each of
differing collimator size and composition, can be created with relatively short treatment times.

This is a result of the Perfexion’s enhanced ability to shape isodose volumes, even for single
isocentres, combined with its ability to treat with more isocentres of smaller diameter in a 
reasonable treatment time.
References: 
1. Paddick I, Lippitz B: A simple dose gradient tool to compliment the conformity index: J. Neurosurg
(Suppl) 105:194-201, 2006.

A comparison of frameless and frame-based radiosurgery: 
system accuracy and clinical experience OS 1-4-2
Timothy Solberg (University of Nebraska Medical Center, Radiation Oncology, United States) 
John Mullins (2) Sicong Li (1) Susha Pilla i(1) Paul Medin (1) 
(1) University of Nebraska Medical Center, United States (2) University of Nebraska, United States 

Objectives: Image guided localization has the potential to improve accuracy and efficiency of
radiosurgery patient positioning without the requirement for rigid head fixation. The purpose of
this study was to assess the localization characteristics of a system for frameless, image guided
stereotactic radiosurgery, and to determine whether image guided localization is an acceptable
replacement for rigid head fixation.

Methods: A system for image guided “frameless” radiosurgery utilizing stereoscopic kilovoltage (kV)
x-ray image guidance for positioning of radiosurgery patients was recently installed in our clinic.
System accuracy was investigated by embedding a 4 mm radio-opaque sphere in an anthropomor-
phic head phantom which was in turn placed in a stereotactic head frame. A CT was obtained and
the sphere was selected as an isocenter using treatment-planning software. In the treatment room,
stereoscopic x-rays were obtained and fused with digitally reconstructed radiographs. The phantom
was positioned according to the resulting translations, and AP and lateral beams-eye-view films
were obtained using a 7.5 mm cone. Films were scanned and the offset of the sphere within the
projection of the circular field was determined using commercial dosimetry software.

To compare localization capabilities in a clinical setting, we retrospectively evaluated x-ray 
guided positioning of patients undergoing frame-based stereotactic irradiation. Patients were
positioned using the conventional methodology of aligning printed templates with the room
lasers. Stereoscopic localization x-rays were subsequently obtained and fused with the DRRs. The
resulting shifts, representing the difference between frame-based and frameless isocenter loca-
tions, were collected from 35 single fraction cases and 565 fractions from 37 SRT cases. 

Results: A vector displacement of σ = 0.39 mm relative to the “perfect” isocenter was observed
in “hidden target” phantom studies. Based on a sample population of 50, this provides assurance
that the observed mean is within ± 0.12 mm of the true mean at a 95% confidence level.

In patients for whom rigid fixation was used, a mean vector deviation of 1.02 mm (σ = 0.59
mm) was observed versus 2.36 mm (σ = 1.32 mm) for fractionated patients immobilized in a
reloca-table stereotactic mask. The largest component of this discrepancy (σ = 2.11 mm) was in
the superior/inferior direction. No systematic deviations were observed in phantom studies or sin-
gle fraction data.

Conclusions:  Image guided frameless localization is as accurate as rigid frame-based methods
and improves the accuracy of fractionated delivery. Further, the system is readily implemented
clinically and can improve workflow efficiency.
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Functional relationship between the volume of a near-target peripheral 
isodose line and its dose value for Gamma Knife radiosurgery OS 1-4-3
Lijun Ma (University of California San Francisco, Radiation Oncology, United States) 
Paula Petti (1) Vernon Smith (1) Lynn Verhey (1) Nicholas Barbaro (1) Michael McDermott (1) Kim Huang
(1) Jean Nakamura (1) Penny Sneed (1) David Larson (1) 
(1) University of California San Francisco, San Francisco, CA, United States

Objective: The volume of a near-target peripheral isodose line such as 10-Gy volume or 12-Gy
volume has been commonly used to correlate with radiation necrosis for Gamma Knife radio-
surgery. In this study, we report a simple functional relationship between the volume of a near-
target peripheral isodose line and its dose value. 

Method: Theoretical derivations were carried out based on the observation that the isodose distri-
butions of a single collimator can be approximated as concentrically expanding ellipsoidal surfaces.
From the linear combination of the dose distribution functions of different collimators (e.g. 4-mm,
8-mm, 14-mm, and 18-mm), the analytical relationship between a near-target peripheral isodose
volume and its dose value was obtained. The assumptions for the model were that no plugs were
used and the dose was prescribed to a peripheral isodose line such as 50% of the maximum dose.
We tested the relationship on multiple patient plans, including those from a multi-institutional
patient trial for Gamma Knife radiosurgery of temporal lobe epilepsy with closely matched target
sizes and prescription isodose volumes (mean 6.3 cc, range from 5.9 cc to 7.1 cc). 

Results: To second order approximation, the volume of a near-target peripheral isodose line (V)
relates to its dose value (D) as follows: V/V0= (D/D0)-3/2, where V0 is the volume of the pre-
scription isodose line and D0 is its value. By fitting the patient data, we have V/V0= (D/D0)-n,
where n=1.496+/-0.164 at 95% confidence level, showing excellent agreement with the theo-
retical prediction. The relationship was found to be generally applicable for isodose lines ranging
from 40% to 80% of the prescribed dose (e.g., 20% to 40% isodose lines if 50% of the maxi-
mum dose was taken as the prescription isodose line). 

Conclusion: The volume of a near-target peripheral isodose line for Gamma Knife radiosurgery
relates to its isodose value in a similar fashion as the volume of a sphere relates to the inverse 
of its surface area. Such a predictable relationship justifies the use of a single near-target 
peripheral isodose line (e.g., one half of the prescribed dose) as an indicator of the dose to the
normal brain for controlled studies of Gamma Knife radiosurgery.

Dose volume histograms measurement in stereotactic radiosurgery 
and radiotherapy OS 1-4-4
Josef Novotny (UT Southwestern Medical Center, Radiation Oncology, United States) 
Jitka Semnicka (1) Josef Novotny Jr (2) Vaclav Spevacek (3) Jiri Garcic (4) Steiner Martin (4) Libor Judas
(5) 
(1) Medical Physics Department, Na Homolce Hospital, Prague, Czech Republic (2) UT Southwestern
Medical Center – Department of Radiation Oncology, Dallas, TX, United States (3) Faculty of Nuclear
Science and Physical Engineering – Department of Dosimetry and Application of Ionizing Radiation, CTU
in Prague, Czech Republic (4) Masaryk Memorial Cancer Institute – Medical Physics Department, Brno,
Czech Republic (5) General Faculty Hospital in Prague – Department of Radiation Protection, Prague
Czech Republic 

Dose volume histograms (DVHs) represent important tool when evaluating final treatment plan
calculations for both planned target volume (PTV) and organ at risk (OAR). Currently there is not
routinely available dosimeter that would be able to measure full three- dimensional dose distri-
butions. Polymer gel dosimeter has potential to capture the whole three-dimensional dose distri-
bution delivered in arbitrary phantoms simulating patients. In this work we focused on DVHs
measurement in stereotactic radiosurgery (SR) performed with the Leksell gamma knife and
stereotactic radiotherapy (SRT) performed with linear accelerator 6 MV Varian Clinac 2100 C/D in
conjunction with BrainLAB stereotactic system using modified BANG gel and magnetic resonance
imaging (MRI). The gel composition was following: 5% gelatine, 3% acrylamide, 3% N,N’-methy-
lene-bisacrylamide, 5 mM tetrakis (hydroxymethyl)-phosphonium, distilled water. Special water
filled head phantom that allowed inserting and fixing polymer gel dosimeter flasks inside the 
volume was used to simulate entire treatment process (imaging (CT, MRI), treatment planning,
treatment delivery). Altogether eleven different treatment plans were generated for both Leksell
Gamma Knife and BrainLAB stereotactic system and sequentially irradiated. Irradiated samples
were evaluated on Siemens EXPERT 1T MR scanner in the transmitter/receiver head coil. A mul-
tiple spin-echo sequence with 16 equidistant echoes was used. The parameters of the sequence
were as follows: TR 2000 ms, TE 22.5 – 360 ms, slice thickness 2 mm, FOV 500 mm, pixel size
1.95 mm, one acquisition. Irradiated samples were scanned together with calibration vials
immersed in water filled container and thus provides calibration vials response for each indivi-
dual slice through the whole volume (about 60 slices with 2 mm thickness). Data pre-processing
and DVHs calculation was run under MatLab. Integral and differential DVHs were calculated 
for all eleven irradiated samples. Relatively good agreement between TPS calculations and gel
measurements was observed. The highest deviations were observed at low and high dose
regions (i.e. below 1.5 Gy and around maximum delivered dose of 8 Gy). Polymer gel dosimeter
demonstrated to be useful and unique tool for DVHs verification. However, further research has
to be devoted to noise reduction during MRI polymer gel measurement.

ORAL SESSION 2 15.00 - 16.00

Arteriovenous malformation - Part 1 OS 2-1
Moderators: Federico Colombo (Italy) Gold Ballroom

Ramiro Del Valle (Mexico)

Gamma Knife radiosurgery for AVMS in children: a 13-year experience OS 2-1-1
David Hung-Chi Pan (Taipei Veterans General Hospital, Department of Neurosurgery, Taiwan) 

Objective: Intracerebral AVMs in children represents a special challenge of treatment because the
younger the patients, the more substantial cumulative life-long risks of hemorrhages, morbidities
or even mortality if untreated. Between 1993-2006 we have performed Gamma Knife radio-
surgery (GKS) in 662 AVM patients, of them 120 were children at the age ranged 2-17. The treat-
ment results of these pediatric patients were analyzed and compared to adult cases.

Methods: The location of 120 pediatric AVMs showed 66 (55%) were in cerebral hemispheres,
other 54(45%) were deeply located in basal ganglia, thalamus, corpus callosum and brain stem
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region. Hemorrhage before treatment occurred in 85(71%) patients, while 30(25%) had history
of epilepsy. According to AVM volumes, 37 were small (

Results: Seventy-one AVM patients had received final follow-up angiograms 2-4 years after GKS.
The result showed complete obliteration (CO) was achieved in 55(77.5%) patients, other 5(7%)
were subtotal and 11(15.5%) were partial obliterations. Kaplan-Meier analysis at the 50th month
showed 90% CO rate in small, 75% in medium and 50% in large AVMs. Large, deep AVMs asso-
ciated with higher incidence of radiation induced edema. The annual bleeding rate in pediatric
AVMs after treatment was 1.85%, compared to 3.08% in adult cases. Neurological complication
rate in pediatric patients was 4.8% due to post-radiosurgical brain edema or hemorrhage. There
was only one mortality (1%) due to hemorrhage in a 15 y/o boy 18 months post-treatment.

Conclusion: GKS is emerging as an option for the treatment of pediatric AVMs. Our experience
suggests GKS is effective for treating AVMs as large as 30ml with acceptable risks. For some
extremely large, high flow or fistulous AVMs, endovascular embolization before radiosurgery or
staged radiosurgery may be required.

Modification of the radiosurgery-based arteriovenous 
malformation grading scale OS 2-1-2
Bruce Pollock (Mayo Clinic, Neurological Surgery, United States) 
John Flickinger (1) 
(1) University of Pittsburgh Medical Center, United States

Objective: The radiosurgery-based arteriovenous malformation (AVM) grading scale was deve-
loped to predict patient outcomes after radiosurgery. The grading scale was based on multi-
variate analysis of patient factors treated between 1987 and 1991 using angiography alone for
dose planning. Notably, outcomes were more accurately predicted using a three-tiered ranking of
location compared to a simpler two-tiered description based on deep (basal
ganglia/thalamus/brainstem) versus other. Subsequent testing has demonstrated the radio-
surgery-based AVM grading system to be a valid instrument for predicting outcomes after AVM
radiosurgery for patients with deeply located AVMs and for pediatric patients. Moreover, although
the system was developed at centers using the Gamma Knife, it has also been effective at pre-
dicting the outcomes after LINAC-based AVM radiosurgery. The purpose of this study was to test
this grading scale using location as a two-tiered variable.

Methods: Regression analysis modeling on the original cohort of 220 patients from the University
of Pittsburgh using location as a two-tiered variable resulted in the following equation: AVM
score = (0.1)(volume, cc) + (0.02)(age, years) + (0.5)(location; basal ganglia/thalamus/
brainstem=1, other=0). Testing of the modified system was performed on 202 patients having
AVM radiosurgery from 1990 to 1999 at the Mayo Clinic with dose planning based on a combi-
nation of stereotactic angiography and MRI. The mean patient age was 38.7 years, the mean
AVM volume was 8.1 cc, and 42 patients (21%) had deep AVMs. The mean modified AVM score
was 1.69. The mean patient follow-up was 69 months. 

Results: The modified AVM scale correlated with both the percentage of patients with AVM 
obliteration without new deficits (2.00, 52%) (R2=0.94, P2.00, 35%) (R2=0.99, P<0.01).

Conclusions: Modification of the radiosurgery-based AVM grading system using location as a
two-tiered variable did not detract from the accuracy of the scale when tested on a cohort of

patients using both angiography and MRI for dose planning. Further testing of this grading scale
by independent centers and is still required to validate this classification scheme.

Multivariate analysis of factors potentially affecting obliteration 
following AVM radiosurgery OS 2-1-3

John Flickinger (University of Pittsburgh School of Medicine, Radiation Oncology, United States) 
Kaan Oysul (1) Douglas Kondziolka (2) Ajay Niranjan (2) Ann Maitz (2) Sait Sirin (2) L. Dade Lunsford,
United States (2) 
(1) Dept of Radiation Oncology, University of Pittsburgh School of Medicine, United States (2) Dept of
Neurological Surgery, University of Pittsburgh Schoold of Medicine , United States

Purpose: To identify factors potentially affecting obliteration of AVMs following radiosurgery. 

Methods and Materials: We reviewed 582 intracranial AVM patients with >3 yr follow up after
initial gamma knife radiosurgery (mean 59 months, maximum 204 months). Mean marginal dose
was 20 Gy (range 12-32 Gy). Treatment volume varied from 0.065-42 mL (median 3.32 mL).

Results: Obliteration following initial radiosurgery was documented in 397/582 cases (68.2 %)
either by angiography (n=248) or by MR alone (n=149). Multivariate analysis correlated AVM
obliteration with marginal dose (p) 

Conclusion: AVM obliteration is primarily a function of the marginal dose administered and unaf-
fected by other factors, except for prior embolization, which may compromise targeting of the
AVM nidus. 

Failure of AVM radiosurgery and true image fusion of angiogram 
for precise identification of the nidus during frameless radiosurgery OS 2-1-4

Hiroshi Inoue (Institute of Neural Organization, Restorative neurosurgery and Radiosurgery,
Japan) 

Objective: Repeat radiosurgery is required in some patients for a residual nidus after the initial
treatment. The cause of such treatment failure were evaluated, and the benifits of recently esta-
blished procedures using true image fusion of stereo-angiogram in frameless radiosurgery are
reported. 

Patients & Methods: One hundred fourteen of 324 patients of AVMs treated with radiosurgery
were followed up for more than 10 years. Seventy-six of the 114 patients were examined angio-
graphically and eleven of these with residual nidi underwent repeated treatments. For exact eva-
luation of the nidus and precise dose planning in radiosurgery, rotation stereo-angiography were
performed in recent 30 patients. Axial images of 1-3 mm thickness obtained from stereo-
angiogram were fused to contrast-enhanced CT and MR angiogram. 

Results: No volume changes were noted at the time of the repeat treatment in four patients and
volume reduction was noted in seven. The exact location of the nidus could not be precisely iden-
tified in three patients because of the small low-flow AVMs in these cases. Precise nidus evalua-
tion was difficult and incorrect in four patients because of embolization or feeder clipping
attempts prior to the radiosurgery. The quality of usual angiograms and MR images obtained 
during frame-based radiosurgery was also influenced due to the metal effects and limitation of
examination time in these cases. Not only the nidus but also the feeding arteries and draining
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veins were identified on axial images of stereo-angiograms. Axial images of enhanced MR
angiogram closed to those of stereo-angiograms. However, axial images of stereo-angiogram
were superior, especially for tiny AVMs and large AVMs with dilated draining veins. 

Conclusion: Main cause of treatment failure was miss-identification of the nidus. True image
fusion of angiogram was developed using stereo-angiography. Precise identification of the nidus
is possible on MR images fused with true axial images of angiogram. The incidence of treatment
failure caused by miss-identification of the nidus could be reduced in this true image fusion of
angiogram.

Meningioma OS 2-2
Moderators: Randy Jensen (United States) Twin Peaks

Jeffrey Wu (United States)

A comparison of early complications for patients with convexity 
and parasagittal meningioma treated with either stereotactic radiosurgery 
or fractionated stereotactic radiotherapy OS 2-2-1

Joseph Chen (Southern California Permanente Medical Group, Dept. Neurological Surgery,
United States) 
Michael R. Girvigian (1) Michael J. Miller (1) Javad Rahimian (1) 
(1) Southern California Permanente Medical Group, United States 

Objective: Convexity and parasagittal (CPS) meningioma patients treated with stereotactic radio-
surgery have been shown to be at risk for post-treatment symptomatic peritumoral edema (SPTE).
We sought to analyze the pattern of this complication and compare this with the SPTE expe-
rienced in our patients treated with fractionated stereotactic radiotherapy.

Materials and Methods: From January 2003 to October of 2005, 32 patients were treated with
CPS meningioma. 30 patients with a total of 38 lesions had sufficient follow up for analysis.
Group A (n=14) patients were treated with single fraction stereotactic radiosurgery (SRS), and
Group B (n=16) patients were treated with fractionated stereotactic radiotherapy (FSRT). The
lesion volume was different between the two groups with Group B median volume (7.46 cm3)
larger than Group A (2.84 cm3), p = 0.0008. Conversely the age, follow-up, gender, prior sur-
gical events, number of lesions, tumor location, and atypical histology did not differ between
these groups. The median marginal dose for patients in Group A was 14 Gy (12.5 to 18 Gy). For
Group B, 6 patients received a median marginal dose of 50.4 Gy in 28 fractions, and 10 patients
received a marginal dose of 25 Gy in five fractions.

Results: Seven of the 30 patients treated in this series developed post-treatment SPTE. The inci-
dence of SPTE in Group A (6/14) patients was significantly higher than Group B (1/16), p =
0.031. The median time to onset of SPTE in the 6 Group A patients was 4 months. In Group B,
one patient had an onset of SPTE in 3 months. On univariate analysis, larger tumor volume (p =
0.0014), and tumor margin dose age > 14 Gy in SRS patients (p = 0.031) was associated with
onset of SPTE. Age, previous surgery, and tumor location were not associated with onset of SPTE.

Conclusion: Despite larger lesion volumes, FSRT is associated with less risk of posttreatment SPTE
than SRS for patients with CPS meningiomas in our series. For patients treated with SRS, smaller

volume and dose will be required to compare late complications and tumor control rates in these
patients.

Management of meningiomas away from the cavernous sinus OS 2-2-2
Robert Smee (The Prince of Wales Cancer Centre, Department of Radiation Oncology, Australia) 
Janet Williams (1) Meg Schneider (1) 
(1) The Prince of Wales Cancer Centre, Australia

Introduction: Surgical resection remains the prime treatment approach for intracranial menin-
giomas. This review will focus on those patients who received a form of radiotherapy as part/all
of their treatment where the meningioma was not involving the cavernous sinus.

Materials and Methods: The discriminatory point for eligibility in this study is that no part of the
meningioma involved the cavernous sinus. There were 136 eligible patients of a total of 162
meningiomas treated. Treatment approaches included conventional radiotherapy, stereotactic
radiosurgery, and fractionated stereotactic radiotherapy. Data reviewed included sites of origin,
duration and type of symptoms, prior treatment, and benefit of irradiation, defined as lack of pro-
gression, and clinical improvement. Median follow-up is 128 months.

Results: Of 136 patients there were 92 females and 44 males with an age range of 2-87 years
(median 57 years). Sites of involvement were sagittal sinus 31, convexity 26, petrous ridge 24,
frontal 21, and others 33. Symptoms were present for 12 months in 57 with 14 patients being
asymptomatic. Headache was a dominant clinical symptom present in 60, with 44 having cranial
nerve involvement. Treatment was (with median dose) SRS in 69 (14Gy), SRT in 42 (47.8Gy) and
CRT in 25 (50.40Gy). There were 16 patients with atypical or malignant tumours. Excluding these
the local control rate is 95%. No patients had worsening headaches, although after all treatment
5 patients had worsening of seizures. Only 6 patients were scored as having greater than 25%
decrease in diameter of the meningioma. For the atypical/malignant group local rate is 80%.

Conclusion: A proportion of patients with meningiomas will have irresectable or progressive 
disease. For these patients (stereotactic) irradiation is an appropriate option with a high likelihood
of local control.

Fractionated stereotactic radiotherapy of meningiomas. first results 
of the assessment of quality of life OS 2-2-3
Martin Henzel (Philipps University Marburg, Department of Radiation Oncology, Germany) 
Helmut Sitter (2) Markus W. Gross (1) Rita Engenhart-Cabillic (1) 
(1) Department of Radiation Oncology, Philipps University Marburg, Germany (2) Department of
Theoretical Surgery, Philipps University Marburg, Germany 

Introduction: Fractionated stereotactic radiotherapy (SRT) is well established in the treatment of
skull base meningiomas and offers long-term local control of >90%. This prospective study aims
to assess the quality of life (QoL) during SRT and follow-up.

Methods: 2005-2006 29 patients were treated with SRT. 23 patients underwent previous ope-
rations, 6 patients primary SRT. QoL was assessed with Medical Outcome Study Short Form 36.
This questionnaire comprises 36 items measuring patient’s response in 8 health domains (physi-
cal functioning, physical role functioning, bodily pain, general health, vitality, social functioning,
emotional role functioning and mental health) summarized in “Physical Component Summary”
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(pcs) and “Mental Component Summary” (mcs). QoL was evaluated before, at the end, 6 and 12
months after SRT. Treatment planning was based on CT- and MRI scans with a slice thickness of
1-3 mm. Treatment was delivered by a linear accelerator with 6 MV photons. Daily dose was 1.8
Gy, median cumulative dose was 54.0 Gy. Local control, toxicity and symptomatology were eva-
luated half-yearly by clinical examinations and MRI scans. 

Results: For QoL 6 months follow-up data were available from 29 patients and 12 months fol-
low-up data from 11 patients. Considering pcs and mcs there were no significant differences
before, at the end, 6 and 12 months after SRT. Patients undergoing previous operations had a
significant better mcs before SRT (p=0.02), at the end (p=0.03) and 6 months after SRT
(p=0.03) compared to patients undergoing primary SRT. These patients had a stable disease con-
sidering their main symptoms. Considering previous operations correlated with pcs there were no
significant differences compared to patients treated with primary SRT. There was no significant
correlation between age, gender, improvement of symptoms and QoL (p>0.05). Local control
was 100%. Clinically significant severe acute or any late toxicity was never seen. 9/29 patients
improved their main symptoms, 20/29 were stable. None developed any worsening.

Conclusion: SRT does not affect the QoL of the patients during the treatment and follow-up
whereas patients undergoing previous operation had a better “Mental Component Summary”.
There was no significant correlation between age, gender, improvement of symptoms and QoL.

Gamma Knife surgery for cavernous sinus meningioma OS 2-2-4

Hyun-Tai Chung (Seoul National University Hospital, Department of Neurosurgery, Republic of
Korea) 
Chi-Heon Kim (1) Sun Ha Paek (1) 
(1) Seoul National University Hospital, Department of Neurosurgery, Republic of Korea

Objective: Although neurosurgical technique and instruments have been improved, surgery for
cavernous sinus meningioma is still challenging considering morbidity and mortality. One of the
recent trends is subtotal resection followed by radiotherapy or radiosurgery. The authors present
results of gamma knife radiosurgery (GKS) for meningioma as a primary or an adjuvant treatment. 

Material and Methods: From January 1998 to December 2006, 50 patients underwent GKS for
cavernous sinus meningioma. Among them, clinical follow-up was available in 39 patients (14
male, 25 female). Mean age was 48 years (range 14 ~ 70). Common symptoms and signs were,
ocular symptom 26, vision change 20, trigeminal symptom 10, and headache 11. GKS was per-
formed as a primary treatment in 25. Sekhar¡¯s classification was as followed: grade I; 5, grade
II; 10, grade III; 13 and grade IV; 11. Four lesions were extensive according to Sekhar¡¯s classi-
fication. Mean tumor volume was 7.1cc (range 0.5 ~ 26.2) and mean radiation dose was 12.7
Gy (range 5 ~ 16). Dose to optic apparatus was limited to less than 8Gy. Median follow up 
period was 17 months (range 6 ~ 90). 

Results: Tumor size was decreased in 14, stationary in 22 and progressed in 3 patients (tumor
control rate 92%). In progressed cases, two cases were adjuvant treatments and the other case
was a primary one. Actuarial control rate was 91 % and 85% for 1 year and 5 years, respective-
ly. There was no statistically significant prognostic factor for tumor control. Three progressing
lesions are under close observation because all of them are asymptomatic. Neurological symp-

toms and signs were improved in 16 patients. There was no patient with aggravated symptom
and no permanent complication. Transient complication occurred in three patients (2 trigeminal
symptoms and one visual disturbance) and subsided after short-term steroid medication. 

Conclusion: Present results show that GKS is effective for tumor control with minimal complica-
tion as primary or adjuvant therapy for cavernous sinus meningioma. Subtotal resection followed
by GKS is also a good choice for an unfeasible meningioma for GKS that invades cavernous sinus

Fractionated stereotactic radiation (FSR) for meningiomas 
involving the optic apparatus OS 2-2-5
Raphael Pfeffer (Sheba Medical Center, Radiation Oncology, Israel) 
Janna Menhel (1) Dror Alezra (1) Roberto Spiegelmann (2) 
(1) Oncology Institute, Sheba Medical Center, Israel (2) Radiosurgery Unit, Sheba Medical Center, Israel 

Objectives: To assess the clinical and radiological results of FSR in the treatment of optic nerve
sheath or skull base meningioma impinging on optic apparatus treated at Sheba Medical Center
since beginning our program in November 2002.

Methods: Until November 2006 fifteen patients with optic nerve sheath (ons) meningioma and
51 patients with skull base meningioma (41 predominantly cavernous sinus, 5 petroclival, 
5 parasellar) presenting with visual symptoms or with lesions impinging on optic apparatus were
treated. Age ranged from 26-75 years (median 55 years). 29 paients with non ons meningiomas
had undergone previous surgery. Patients were immobilized in a removable frame and underwent
MRI and CT planning after image fusion. Treatment was delivered using dynamic arcs (typically 
4 arcs) with the M3 micro-multileaf collimator. A dose of 1.8 Gy per fraction was calculated to the
90% isodose line. The PTV included all GTV with 3 mm margins. The prescription dose covered
the entire GTV and at least 95% of the PTV. The total dose was 50.4-54 Gy and the optic nerve
dose was limited to 56 Gy. Follow up was by clinical symptoms, ophthalmologic exam and 
annual MRI.

Results: Acute toxicity was mild and limited to fatigue (8 patients) headaches (3 patients) and
nausea (1 pt) and in all patients responded to low dose dexamethasone. Twenty five patients pre-
sented with vision impairment attributed to the meningioma (non-surgical). Vision improved in
19, was stable in 5 and worsened in 1 patient. No visual impairment was seen in patients pre-
senting without visual symptoms. Eight patients reported subjective visual improvement on com-
pletion of their radiotherapy course and improved vision was noted within 6 months of complet-
ing radiotherapy in most responding patients. Of 47 patients who have undergone MRI one year
following treatment, none have shown tumor progression. 

Conclusions: Within the limitations of the short follow up of our series, FSR is an effective and
safe treatment for patients with optic nerve sheath or skull base meningioma impinging on the
optic pathway.
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Liver and lung tumors OS 2-3
Moderators: Morten Hoyer (Denmark) Pacific Heights

Alejandra Mendez Romero (The Netherlands)

Phase I dose escalation study of cyberknife stereotactic radiosurgery 
for liver malignancies OS 2-3-1
Karyn Goodman (Memorial Sloan-Kettering Cancer Center, Radiation Oncology, United States) 
Ellen Anderson (2) Kate Maturen (2) George Yang (2) Iris Gibbs Minor Outlying Islands (2)
George Fisher (2) Albert Koong (0) 
(1) Memorial Sloan-Kettering Cancer Center, United States (2) Stanford University Medical
Center, United States 

Radiotherapy for liver tumors has been limited by the low tolerance of the liver to radiation. In
this study, we evaluated the safety of single-fraction stereotactic radiosurgery (SRS) using
CyberKnife for patients with primary and metastatic liver malignancies and assessed efficacy by
radiographic response as a secondary endpoint. 

Patients with either non-metastatic primary tumors of the liver, including hepatocellular carcino-
ma (HCC) or intrahepatic cholangiocarcinoma (IHCC), or metastatic liver tumors were enrolled on
this Phase I dose escalation study. CT-guided percutaneous placement of gold fiducials was per-
formed for targeting purposes. Treatment plans were generated using the Accuray CyberKnife
treatment planning system. The radiation dose was escalated from 18 Gy to 30 Gy increasing by
increments of 4 Gy. Acute and late toxicities were scored and response to treatment was deter-
mined by serial CT and/or PET scanning. 

Between 2/04 through 11/06, 22 patients have been enrolled and 28 targets treated at 4 dose
levels, 18 Gy (n=3), 22 Gy (n=8), 26 Gy (n=12), 30 Gy (n=4) and one patient received 24 Gy
to one site. A total of 36 identifiable lesions were treated within these targets. Eighteen patients
had metastatic disease involving the liver, 2 patients had IHCC, and 2 had recurrent HCC. The
mean treatment volume was 40.5 cc (range 0.8 – 146.6 cc). With a median follow-up of 
8 months (range 0-23 months), grade 1 toxicity was reported by 9 patients: nausea (n=5),
abdominal pain (n=1), fatigue (n=2), and low grade fever (n=1). Grade 2 toxicity occurred in
2 patients who developed duodenal ulcers/GI bleeds, at 1 month and 8 months post-CyberKnife.
Follow-up scans were available for 21 patients. Of 34 treated lesions, there was a complete
response of 8 lesions, interval decrease in size of 14 lesions, stable disease for 4 lesions, and local
progression of 8 lesions. Six patients have died of distant disease, one patient died of progres-
sion of a primary liver tumor. 

It is feasible and safe to deliver stereotactic radiosurgery to malignant liver lesions. A maximum
tolerated dose (MTD) was not reached in this study. This modality demonstrated promising local
tumor control with minimal toxicity. As systemic agents become more effective in prolonging sur-
vival among patients with metastatic disease, aggressive local therapy with SRS could ultimately
impact overall survival.

Stereotactic body radiotherapy for central lung tumors: 
a retrospective account of toxicity OS 2-3-2
Merete Paludan (Aarhus University Hospital, Department of Oncology, Denmark) 
Cai Grau, Denmark (1) Morten Høyer, Denmark (1) 
(1) Aarhus University Hospital 

Background: Due to casuistic reports on excess toxicity, thoracic stereotactic body radiotherapy
(SBRT) is widely withheld from patients with tumors located close to the proximal bronchial tree.
Data is scarce, however, and the feasibility of SBRT for centrally located lung malignancies an
issue yet to be explored.

Material and Methods: During an 18-month period, seven consecutive patients received SBRT for
centrally located lung tumors at our department. A central dose of 45 Gy was prescribed in three
or five fractions. Based on case reports and computed tomography scans, an analysis was made
of SBRT-associated toxicity according to NCI Common Terminology Criteria for Adverse Events
v3.0.

Results: Six patients completed SBRT while one patient interrupted his treatment after two frac-
tions. Median follow-up was 7.0 months (range 0.3-19.8 months). A median of 2.5 follow-up CT
scans were available for the patients that completed their treatment (range 2-5). At 3 months
post-SBRT, radiological signs of toxicity showed in three patients (43%) with pulmonary infiltrates
and/or reduced dimensions of bronchial-bronchiolar structures. Late pulmonary toxicity was 
radiologically verified in five patients (71%) that exhibited minimal to patchy fibrotic and
atelectatic changes. All cases of radiological pulmonary toxicity were Grade 1. Clinical evidence
of radiation-induced toxicity was recorded in five patients (71%). Pulmonary events were a Grade
2 pneumothorax and a Grade 3 pneumonia. Skin toxicity was recorded in one patient with a
Grade 1 hyperpigmentation. Grade 1 pain in an area corresponding to a field entrance was
observed in the same patient. The patient who interrupted his treatment reported acute Grade 3
abdominal pain. One patient with a tumor located in close proximity to the oesophagus exhibit-
ed a Grade 2 dysphagia at the 6-month follow-up visit. The efficacy of SBRT was high with local
tumor control in all six patients available for response evaluation.

Conclusion: A high incidence of low-grade toxicity can be expected in patients with centrally
located lung tumors following SBRT. Radiological signs of pneumonitis and pulmonary fibrosis
rarely translate into clinical toxicity. This study supports a more liberal use of SBRT for patients
with centrally located lung tumors, but the toxicity profile should be characterized in the setting
of a controlled clinical trial. A phase I trial of SBRT for centrally located lung tumors is underway
in the Scandinavian Study Group on Stereotactic Radiotherapy.
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Use of platinum embolization coils for targeting liver lesions 
in stereotactic body radiotherapy/radiosurgery OS 2-3-3
David Roberge (McGill University Health Center, Radiation Oncology, Canada) 
Russell Ruo (1) William Parker (1) Horacio Patrocinio (1) David Valenti (2) 
(1) Department of Medical Physics, McGill University Health Center, Canada (2) Department of
Radiology, McGill University Health Center, Canada 

Introduction: Liver lesions cannot be directly visualized at the time of radiation treatments. Metal
markers are often used as surrogates of tumor location. When treatments are delivered using
isocentric linear accelerators, these markers should ideally be visible on megavoltage portal ima-
ging — even when pre-treatment kilovoltage imaging is available.

Material and Methods: Two patients with hepatomas scheduled for stereotactic liver radiothera-
py were implanted with platinum coils (Nester Embolization Coils, Cook Medical Inc.,
Bloomington, Indiana). The coils consisted of 0.889 mm (diameter) by 14 cm (length) wires
which, by looping 11.7 times, nominally produce 4 mm emboli. For each patient two coils were
inserted percutaneously into the liver parenchyma adjacent to the lesion.

Treatment simulation was carried out with patients in a body frame and imaged using 3.0 mm
slices on a single-slice respiratory-gated CT-scan. The coils were outlined on the CT images to
ease identification on digitally reconstructed radiographs. Registration to pre-implantation images
was used to help with tumor outlining.

The patients were treated with 3-5 fractions. Portal images were obtained prior to and during
treatment using 6 MV photons and an amorphous silicon electronic portal imaging device (Varian
medical systems, Palo Alto, California). All images were acquired in the same respiratory phase
as the CT simulation.

Results / Discussion: Coil insertion was followed by mild transient hepatalgia in 1 patient. For all
8 fractions the coils were visible in all setup and treatment portals (14 in total). Imaging during
the gated treatments increased our confidence in tumor targeting and adequacy of respiratory
gating.

By their nature, the coils produce a mass much larger than the bore of the needle used for their
placement. Because of the coil configuration, migration is felt to be unlikely. Implantation of more
coils should permit better correction of possible rotational positioning errors.

Conclusions: We have found platinum coils to be a useful aid to the targeting of intrahepatic
lesions treated with liver radiosurgery/radiotherapy.

Stereotactic radiosurgery in the treatment of liver metastasis 
from colorectal cancer: acute toxicity and cea response OS 2-3-4
John O'Connor (Baylor University Medical Center, Baylor Radiosurgery Center, United States) 
Brian Berger (1) Robert Goldstein (2) 
(1) Baylor University Medical Center, Baylor Radiosurgery Center, United States (2) Baylor University
Medical Center, Transplant Service, United States 

Background: Liver metastasis from colorectal cancer has a poor prognosis and in select patients
surgical resection can improve survival. Stereotactic radiosurgery is increasingly used to treat liver
metastasis in patients unable to undergo surgery. This study evaluates the acute tolerance and
CEA response to stereotactic radiosurgery for liver metastasis from colorectal cancer.

Methods: From April 2005 until November 2006, twenty-four patients with 27 liver metastasis
from a colorectal primary were treated with stereotactic radiosurgery. Twenty patients had metas-
tasis from a colon primary and four patients from a rectal primary. The median age of patients
was 61 years (range 44-88). The median tumor size was 39cc and the median prescription iso-
dose volume is 51cc. Most patients received radiosurgery in three fractions with a median dose
of 39 Gy (range 24-54 Gy). Three patients received single fraction radiosurgery to median dose
of 19 Gy (range 18-20 Gy). The dose was prescribed to a median isodose line of 62% (range 55-
80). Most patients had a pre- and post-radiosurgery CEA. Toxicity was assessed using Common
Toxicity Criteria (CTC) guidelines version 3.0. The median follow is 12 months.

Results: Overall, 33% of patients developed acute toxicity following radiosurgery to liver metas-
tasis. The most common acute toxicities were nausea and fatigue. Nausea occurred in 4 (17%)
patients and fatigue occurred in 4 (17%) patients. All nausea and fatigue toxicities were < Grade
2. The only other side effect was skin erythema in 2 (8%) patients and both of these were Grade
1. The median pretreatment CEA was 7 µg/L (range 2-290) and decreased to a median value of
2 µg/L (range 1.3-102) following radiosurgery. Overall, 79% of patients had decreased CEA 
levels following radiosurgery.

Conclusions: Stereotactic radiosurgery for liver metastasis from a colorectal primary is a safe and
well tolerated procedure that can be performed with minimal acute toxicity. A high percentage of
patients had decreased CEA levels following stereotactic radiosurgery.

Hypofractionated conformal radiotherapy (HCRT) for primary and metastatic 
lung cancers with small dimension: efficacy and toxicity, preliminary reports OS 2-3-5

Maria Alessandra Mirri (National Cancer Center Regina Elena, Rome, S.C. Radioterapia
Oncologica, Italy) 
Giorgio Arcangeli (1) Valentina Pinzi (1) Marcello Benassi (1) Annelisa D'Angelo (1) Massimo Rinaldi (1)
Mauro Caterino (1) Giuseppe Schinaia (1) Lidia Strigari (1) 
(1) National Cancer Center Regina Elena, Rome, S.C. Radioterapia Oncologica, Italy

Innovation: To report clinical results from a cohort study of primary and metastatic lung cancers
with small dimension treated with hypofractionated conformal radiotherapy (HCRT). 

Approach: Between June 2003 and May 2006 a total of 37 patients affected by 39 primary or
secondary small (

Relevance: HCRT was administered as 40 Gy in 5 fractions over 2.5 weeks. 

Results: The mean follow-up is 24 months with 35% of the patients dead for disseminated 
disease. At the first follow-up, there were 19 partial response, 9 complete response, 7 stable 
disease, 2 progressive disease; due to disseminated disease two patients died before. 

27% of the patients experienced late treatment-related toxicities: 21% late G1 lung toxicity, 3%
late G2 lung toxicity , 3% late G3 heart toxicity (pericardial effusion).

In the group of Stage I NSCLC (16 Pts.), with a mean follow-up of 24 months, overall (partial and
complete) response rate was 90% with 20% of late toxicity (2 G1 lung, 1 G3 hearth). 

Local control and overall survival at 1 year were 92%; 5 patients failed distantly and 3 locally.

Conclusions: Mindful of the limited number of patients, HCRT demonstrates a high response rate
and good local control with minimal acute and late treatment related toxicities.
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Intracranial dose planning - Part 2 OS 2-4
Moderator: Almon Shiu (United States) Telegraph Hills

Use of pre-surgical MRI in the treatment planning of tumors 
with dural attachments for Gamma Knife radiosurgery OS 2-4-1
Arjun Sahgal (University of California San Francisco, Radiation Oncology, United States) 
Michael McDermott (2) Lijun Ma (1) David Larson (1) Paula Petti (1) Mitch Berger (2) Patricia Sneed (1) 
(1) University of California San Francisco, Department of Radiation Oncology , United States (2)
University of California San Francisco, Department of Neurologic Surgery, United States 

Introduction: Radiosurgical treatment for residual or recurrent meningiomas can be difficult as
post-surgical imaging is frequently complicated by post-surgical changes (scar). Fusion of pre-sur-
gical images to treatment planning images for tumors with dural attachments prior to Gamma
Knife radiosurgery may help in delineating the extent of dural attachments and, impact the trea-
tment volume by excluding post-surgical scar. We report our preliminary experience.

Methods: Three tumors (1 breast metastases, 2 meningioma) with documented dural-based
attachments were treated post-surgically with Gamma Knife radiosurgery. In each case the radio-
surgery target volume was questionable in the region of the dural attachment. In each case, rou-
tine pre-surgical Stealth-MRI images were fused to the Gamma Knife radiosurgery treatment plan-
ning MRI images with the aim to improve target delineation. 

Results: Characteristics of the three tumors referred for post-surgical radiosurgery were as follows:
(1) right parietal breast metastases with dural attachment and sub-total resection in that area, 
(2) recurrent meningioma adjacent to the superior sagital sinus with residual tumor at the falx
attachment, and (3) posterior frontal falx mid-line meningioma post-gross tumor excision with
dural pre-radiosurgery thickening/enhancement. Image fusion was automated, fast, and reliable
using the Gamma Knife treatment planning software. 

In each case, fusion of the immediate pre-surgical MRI with the radiosurgery treatment planning
MRI resulted in a significant change in the target volume. In the first two cases (1 and 2), fusion
allowed accurate delineation of the extent of the dural attachment to be treated. In the third case
(3), upon comparing on the fused images the area of dural enhancement on the treatment plan-
ning MRI with the initial tumor, it was clear that the area of enhancement represented post-
surgical change as it did not correspond to the initial area of dural attachment. 

Conclusion: Fusion of pre-surgical MRI for tumors with dural based attachments to pre-Gamma
Knife radiosurgery MRI imaging allows for accurate delineation of the site of dural attachment to
be treated. In one case fusion clarified post-surgical dural inflammatory change from an actual
area of concern for residual tumor. 

Comparison of the dose distribution 
in different stereotactic radiosurgery systems OS 2-4-2
Thierry Gevaert (Bordet Institute ULB, Radiophysics, Belgium) 
Carole Gallez (1) Dirk Verellen (1) Stephane Simon (2) Bruno Vanderlinden (2) Nicolas Massager (3) Guy
Storme (1) Marc Levivier (3) 
(1) AZ VUB - department Radiotherapy , Belgium (2) Bordet Institute ULB - department Radiophysics,
Belgium (3) Erasme Hospital ULB - department Radiosurgery, Belgium 

Objective: The purpose of this work is to investigate the influence of beam collimation on the
treatment planning comparing different systems: the Gamma Knife-system (using 201 collimators
of 4 different sizes), the Novalis-system (using micro-multileaf collimators) and a standard linac
system (using circular cones). The analysis is limited to schwannoma, meningioma and arteriove-
nous malformation.

Methods: The delineated CT images of fifteen patients treated with the Novalis system are used
for this study. The linac based systems (micro-multileaf versus circular cones), both simulated on
the Novalis planning system, were first compared. The necessary data to compare the systems
are supplied by the dose-volume histogram calculated by the treatment planning systems. Based
on these histograms, an index of conformity (CI), which is the ratio of the total irradiated volume
on the planning target volume, and a dose heterogeneity (DH), which is the ratio of the diffe-
rence between the maximal and minimal dose to the mean dose to the target volume, were used
to make an evaluation. The same strategy will further be applied to the Gamma Knife system by
exporting the delineated CT images to the Gamma Knife planning system.

Preliminary results: For the spherical lesions, comparable results have been observed between
both linac based techniques. For the irregular shaped lesions, the CI for the circular cone method
seemed to be worse than the micro-multileaf method (1.87 versus 1.21 on average). The DH
shows a more dose homogeneity for the micro-multileaf method (0.97 for the circular cone and
0.26 for the micro-multileaf on average). The latter is also reflected in the maximal dose (ranging
between 37.25 and 49 Gy for the circular cone method and 26.75 for the micro-multileaf
method, with a prescription dose of 20 Gy at the 80% isodose). Further results based on Gamma
Knife planning will also be presented.

Conclusions: Beam shaping results in homogeneous radiation of spherical as well as for irregular
shaped lesions with a micro-multileaf collimator and introduces a large amount of dose inhomo-
geneity for irregular shaped lesions with a circular cone collimator. For spherical lesions, the inves-
tigated approaches yield comparable results with an advantage for the circular cone collimator;
for irregular shaped lesions, the micro-multileaf collimator is superior, both with respect to treat-
ment efficiency and target coverage. The data need further impressions with the Gamma Knife
planning.
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Advantages of arc modulation optimization algorithm (AMOA) 
compared to ''step&shoot'' IMRT and SRT OS 2-4-3
Marcus Fischer (University Medical Center Hamburg-Eppendorf, , Germany) 
Manuel Todorovic (1) Roberto Pellegrini (2) Manuela Duglio (2) Marek Maryanski (3) Rainer Schmidt (1) 
(1) University Medical Center Hamburg-Eppendorf, Germany (2) 3D Line Medical Systems S.r.l. , Italy (3)
MGS Research, United States 

Introduction: Since 2002 conformal stereotactical irradiation and IMRT of brain tumours is per-
formed at the University Medical Center Hamburg-Eppendorf. The first installation in Germany of
a DynART System from 3D Line (Milan, Italy) (a double focused µMLC together with the treatment
planning ERGO++ and the special algorithm AMOA - Arc Modulation Optimization Algorithm)
gives us the possibility to perform an intensity modulated arc therapy like IMAT, where the field
contour is continously changing while the gantry is rotating and the intensity modulation is
achieved by superimposing several arcs. The purpose of this study is to compare the dosimetric
characteristics of AMOA, Step&Shoot IMRT and 3DCRT.

Material and Method: The Micro-Multileaf Collimator (DMLC) from 3D Line has 24 independent-
ly controlled leaf-pairs made of tungsten with a width of 4,7 mm and a maximum field size of
11.3x10.1 cm2 at the isocentre. The special algorithm AMOA (Arc Modulation Optimization
Algorithm) is part of the 3D Line DynART System within the treatment planning system
ERGO++. We compared AMOA plans with IMRT(CMS) and 3DCRT(BrainLAB) plans for a tumour
of a concave shape around the brainstem. The measurements were made in a water equivalent
QA-Phantom (EasyCube, Euromechanics) with radiographic films (GafChromic) and BANGGel.

Results: Compared to 3Dconformal radiotherapy, intensity modulated arc therapy with AMOA
achieves a better dose homogeneity in the target and a significantly lower dose exposure of nor-
mal tissue. Compared to Step&Shoot IMRT, AMOA plans show a better dose homogeneity in nor-
mal tissue. An AMOA plan results in more homogeneous zones in the target volume because of
multiple beams. The dose homogeneity in the normal tissue is significantly better when planning
with AMOA. Arc modulation leads to lower doses in the surrounding normal tissue.

Conclusion: The dosimetric investigations prove the advantages of AMOA for Radiotherapy. In
principle, intensity modulated arc therapy with AMOA is suitable for the same tumours than
Step&Shoot IMRT. Furthermore, a better dose conformity is shown to achieve a better adaption to
concave TV around an OAR. Due to the continous irradiation while rotating the gantry, the treat-
ment time is reduced to nearly 1/3 compared to Step&Shoot IMRT. One of the main advantages
is that the DynART system (DMLC + ERGO++ TPS with AMOA) is only an “add-on” for an
already existing linac and does not require a dedicated treatment machine.

Comparative study of co-planar verses non co-planar beams 
for intensity modulated radiotherapy [IMRT] OS 2-4-4
Margaret Schneider (Prince of Wales Hospital, Radiation Oncology, Australia) 
Robert Smee (1) Karl Chan (1) Janet Williams (1) 
(1) Prince of Wales Hospital, Radiation Oncology, Australia

Introduction: Intensity modulated radiotherapy[IMRT] has been available as a treatment modali-
ty at Prince of Wales Hospital since 2000. This treatment technique has been routinely used for
cranial stereotactic cases in our department, for both single fraction cases[IMRS-63 cases] and

fractionated cases[IMRT-235 cases]. This technique has become the treatment of choice due to
the ability to deliver a high dose to the target volume verses superoir sparing of normal tissue
and organs at risk[OAR]. The objective of this study is to assess whether beam placement will
improve the final IMRT/IMRS plan with respect to normal tissue/OAR sparing.

Method: A conventional co-planar IMRT plan was developed with 4 or five beams, for 10
IMRT/IMRS cases. A non co-planar plan was also produced for each case using Xknife RT3 plan-
ning software. For the co-planar plans, the beams were positioned so that entry and exit beams
did not coincide. No effort was made to avoid the critical structures or OAR. For the non co-pla-
nar plans, beams were positioned using BEV[beams eye view] to avoid the OAR's as much as pos-
sible with up to 3 couch angles. and 4-6 beams. For competing plans, the same number of beams
were used where possible, as well as using the same priorities and penalties within the IMRT
planning module. The resultant DVH's for the OAR's were compared in order to assess which plan
was better able to spare the OAR's.

Results: In most cases, the non co-planar plans demonstated up to a 50% or better reduction in
dose to the OAR's whilst providing similar coverage to the target volume.

Discussion: We have demonstated an advantage in reducing the dose to critical structures by
using a non co-planar beam arrangement. Treatment time is 2-5 minutes longer when using a
non co-planar appropach because of couch movement. The sparing of normal tissue is significant.
Many of the patients having IMRT/IMRS have had previous radiotherapy. In this group of patients,
the critical/normal/OAR's have previously been treated.It is vital that we can offer the treatment
that best spares these tissues. We also treat paediatric cases, where it is also vital that we can
deliver a curative dose to the target whilst giving minimal exposure to the critical tissues sur-
rounding the target volume.

New scoring system and a novel method 
of plan quality evaluation and comparison OS 2-4-5
Janna Menhel (Sheba Medical Center, Oncology, Israel) 
Dror Alezra (1) Raphael Pfeffer (1) Roberto Spiegelmann (1) 
(1) Radiosurgery Unit, Dept of Neurosurgery, Sheba Medical Center, Israel 

Objectives: We propose a two-dimensional plan-evaluation tool, allowing visualization of target
coverage, critical organ sparing and dose conformity in a single plot. The new approach inte-
grates both volumetric and dosimetric data to review all relevant information for plan quality eva-
luation for several plans simultaneously.

Methods: Treatment plans were created to evaluate the differences in dose distribution for
Dynamic Arcs (DA) and Intensity modulated fields for 17 patients with Cavernous Sinus
Meningioma. Optic nerves were considered Organ at Risk (OAR) with dose limited to 1.8Gy/frac-
tion. DA was delivered with 4 arcs and IMRT with 12 beams to 50.4Gy, in 1.8Gy/fraction 
prescribed to the 85% isodose line. 

We implemented a novel scoring system for target coverage and OAR sparing, based on Dose
Volume Histograms (DVH) . General formulation for the SCORE is defined as 

FULL_SCORE= Target_Score – OAR_Score, 
Where Target_Score=1-(1- Vptv )*(1- PTVmin / PD) 
and OAR_Score= Voar * (OARmax – OARtol)/PD, where 
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Vptv - the partial target volume, receiving at least the prescribed dose, 
PTVmin - minimum target dose, 
PD - prescription dose level, 
Voar - OAR volume receiving overdose, 
OARmax - OAR maximum dose, 
OARtol - OAR tolerance level. 

All these terms have simple geometrical meaning on DVH graphs. 

We present a new 2D graphical representation of SCORE's system versus Conformity Index (CI,
Lomax), which improves our ability to assess trade-offs of the different plans in a simple visual
way. For each plan we propose a 2 points graph: Target_Score and Full_Score versus CI. The
length of the line between the two points and its position is correlated to the effectiveness of
Target coverage and OAR's sparing. The comparison analysis includes both dose and
volume–related target coverage, OAR sparing and overall plan conformity. 

Results: The proposed evaluation SCORE’s system for quantitative plans comparison was tested
and showed a good correlation to target coverage indices, being highly efficient for the evalua-
tion of a specific OAR sparing. 

SCOREs-CI plots revealed that the IMRT technique was superior to DA in 47% of cases, and infe-
rior in 17.5% of cases. The remainder would be adequately treated with either approach.

Conclusions: The proposed method distinguishes between plans in terms of target coverage, con-
formity and OAR sparing, integrating volumetric and dosimetric information. Our approach can
be implemented for several OARs, providing the physician with a time-efficient method for plan
evaluation and comparison. 

Comparing Gamma Knife planning to conventional IMRT planning; 
first results of an ongoing study OS 2-4-6
Esther Raaijmakers (Dr. Bernard Verbeeten Institute, The Netherlands) 
Mieke Bijveld (1) Marion Essers (1) 
(1) Dr. Bernard Verbeeten Instituut, The Netherlands 

Authors have discussed whether Intensity Modulated RadioTherapy (IMRT) is equivalent to
GammaKnife-treatment. For a fair comparison the same patient studies should be imported in
both Treatment Planning Systems. Clear criteria for optimal treatment planning and plan compa-
rison should be used. The objective of this study was to compare treatment plans for small
intracranial lesions and to evaluate the effect of problems that were encountered when compa-
ring these plans.

Three patient image studies (CT and MRI) (2 meningeoma, 1 accoustic neuroma), acquired for the
purpose of the patients GammaKnife treatments (LGP ELEKTA), were also imported in a conven-
tional planning system (XiO CMS). Target volumes: 0.14-9.6 cc. Comparison was done using
Dose Volume Histograms (DVH), comparison indices [Feuvret et. al.], and subtraction of dosema-
trices and gamma-index [Low et. al.]

Results show that IMRT plans result in adequate dose distributions, and that IMRT plans can be
compared to LGP plans. Differences in dose distributions may be introduced that to some extend are
caused by the different data handling of the two systems. These will be discussed individually. 

- As the conventional planning is performed on the CT images, the MRI is registered to the CT;
thus reformatting images, decreasing the image resolution. This yielded volume differences (up
to 0.9 cc or 10%), which can result in DVH differences.

- When creating DVH-values in LGP, the resolution of the calculation matrix is decreased as 
volumes increases. This resulted in different volumes for the same target in the high dose regions
(up to 0.1cc or 10%) within one program. This might influence the outcome of the conformity
indices.

- Also planning outcomes are influenced by the dose prescription. In GammaKnife planning it is
custom to prescribe a dose to an isodose (<100%), so that the absolute maximum dose is 100%.
No homogeneity constraints are implemented. In IMRT planning, the prescription dose is 100 %
(sometimes 80 to 85%) and dose in the target is kept as homogeneous as possible. The absolute
maximum, can be more than 100%. We will show that these different constraints can result in
different IMRT plans.

Comparing plans of a linear accelerator beam planning system with the outcome of LGP is, 
however possible, not trivial. All the above issues need to be addressed. Choices made, need to
be described and might influence the outcome of the comparison.

ORAL SESSION 3 16.30 - 17.30

Brain metastases - Part 2 OS 3-1
Moderators: Daniel Devriendt (Belgium) Gold Ballroom

Masaaki Yamamoto (Japan)

Stereotactic radiosurgery of the post-operative resection cavity 
for brain metastases OS 3-1-1
Scott Soltys (Stanford University, Radiation Oncology, United States) 
John Adler (1) John Lipani (1) Paul Jackson (1) Clara Choi (1) Putipun Puataweepong (1) Scarlett White
(1) Iris Gibbs (1) Steven Chang (1) 
(1) Stanford University, United States 

Approach: The results of adjuvant stereotactic radiosurgery (SRS) without the use of whole brain
irradiation (WBI) following surgical resection of brain metastases are reviewed.

Methods: Patients who received SRS to the surgical cavity following resection of a brain metas-
tasis, deferring the use of immediate post-operative WBI, were retrospectively identified. Patients
who had received prior WBI were excluded from analysis. SRS was performed in 1-5 sessions,
targeting the resection cavity and post-operative residual tumor with a 0-2 mm margin. Crude
and actuarial rates of local control at the treated site and appearance of new metastases distant
from the treated site based on post-treatment neuroimaging were recorded.

Results: 76 patients who met the inclusion criteria were treated from 1998 – 2006. 30%, 66%,
and 4% of patients were RPA class I, II, and III, respectively. The most common tumors were lung
(42%), melanoma (18%), and breast (16%). Treatment was delivered in a single session in 78%
of patients, with 2 to 5 sessions used in the remainder. SRS was delivered to a mean marginal
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dose of 18.6 Gy (range 15-30 Gy), mean maximum dose of 23.8 Gy (range 17.8-40.5 Gy) to an
average tumor volume of 9.8 cm3 (range 0.1-66.8 cm3) to a 78% median isodose line. With a
mean follow-up of 14.8 months (2.0-80.0 months), 69 patients had follow-up imaging available
greater than 2 months after treatment. Crude overall local and distant failure rates were 14%
(10/69 patients) and 49% (34/69), respectively. Actuarial local control rates at 6 and 12 months
were 88% and 79%. On univariate analysis, only the treatment factor of increasing conformality
index (CI) was significant for improved local control, with the top quartile (CI >1.51) with local
control of 100% compared to 62% for the remainder. Volume, dose and number of sessions were
not significant. Median overall survival was 16.2 months.

Conclusion: In this retrospective series, SRS to the resection cavity resulted in a crude local failure
rate of 14%, compared to 46% for observation and comparable to the 10-20% for WBI as pre-
viously reported in trials by Patchell et al. Given the apparent improved local control with less con-
formal plans, we recommend inclusion of 2mm margin on the resection cavity with this technique.

Adverse radiation effects after Gamma Knife radiosurgery of cerebral metastases 
in patients surviving more than ten months OS 3-1-2
Bodo Lippitz (Karolinska Gamma Knife Center, Department of Neurosurgery, Sweden) 
Ernest Dodoo (1) Elfar Ulfarsson (1) Bengt Karlsson (2) Michael Soederman (3) Tiit Raehn(1) 
(1) Karolinska Gamma Knife Center, Department of Neurosurgery, Karolinska Hospital, Stockholm,
Sweden (2) West Virginia University Hospital Morgantown, Gamma Knife Center (3) Department of
Neuroradiology, Karolinska Hospital, Stockholm, Sweden 

Adverse radiation effects (ARE) are considered the most important limiting factors in radiosurgery
of cerebral metastases. So far it has been impossible to identify criteria to predict the occurrence
of ARE after treatment of metastases. 

Objectives: The aim of this study was to analyze the occurrence of Adverse Radiation effects after
radiosurgery and to study their clinical significance. Diagnostic options are described and poten-
tial dose volume relations are analyzed. 

Patients and Methods: Between October 2001 and July 2004, 301 patients representing 1212
brain metastases were treated by Gamma Knife radiosurgery at the Karolinska Hospital (470 treat-
ments). Tumors were followed with MRI in 3 months intervals. Due to the inherent latency for
ARE only patients potentially qualifying for the occurrence of ARE, i.e. patients surviving more
than 10 months (n=100) with tumors larger than 10 mm (n=150) were selected for detailed
dose volume analysis. ARE was defined as secondary increase of contrast enhancement and/or
edema after initial size reduction of the tumor.

Results: In the entire group (n=713) ARE occurred at a median of 9.4 months (3-37). In the
group with survival >10 months ARE was seen in 28 % (42/150), 43% of tumors with ARE
(n=18) caused neurological symptoms. FDG-PET was used to differentiate between ARE and
local tumor recurrence. 27 tumors (18%) were interpreted as reactive ARE, 10 % of tumors
(15/150) showed signs for recurrence. FDG-PET was generally considered conclusive, but in three
cases PET showed a false positive result for recurrence. In several patients, ARE were transitory
with spontaneous regressions. 

Dose volume statistics showed a significant relation between the occurrence of ARE and irradiated volu-
me (p<0.0013). The volume of the irradiated healthy tissue, the tumor volume, the 

volumes of the 16, 12 and 10 Gy isodoses were all dependent variables: Therefore all showed a signi-
ficant correlation to ARE. Maximum dose and conformity index did not prove to be determinants for ARE.

Conclusion: The risk for adverse radiation effects or local recurrences is low when the established
criteria concerning dose and tumor volume are applied. However, the risk for adverse radiation
effects is higher thanoften assumed in patients with longer survival . ARE do not necessarily cause
neurological symptoms. ARE can show spontaneous regression and are not identical with radia-
tion necroses. FDG-PET can be applied for further diagnostic differentiation between ARE and
tumor recurrence. 

Correlation of clinical and radiological outcome 
of renal cell carcinoma brain metastases treated with SRS OS 3-1-3
Jeffrey Wu (David Geffen School of Medicine at UCLA, Radiation Oncology and Neurosurgery,
United States) 
Alessandra Gorgulho (1) Nzhde Agazaryan (2) Michael T. Selch (2) Antonio A.F. De Salles(1) 
(1) Department of Neurosurgery, David Geffen School of Medicine at UCLA , United States (2)
Department of Radiation Oncology, David Geffen School of Medicine at UCLA, United States 

Purpose: To characterize changes in contrast-enhancing volumes of renal cell carcinoma (RCC)
brain metastases following stereotactic radiosurgery (SRS) and to correlate these changes with
clinical outcomes. 

Methods: Twenty-one patients (15 male; median age, 64 years; all RPA II) with 68 brain metas-
tases of RCC primary were treated with LINAC SRS and had at least one MR imaging follow-up
study greater than 22 weeks after treatment. Median radiosurgical dose was 18 Gy prescribed 
to the 90% isodose line; five patients also received whole brain radiation therapy. Median MRI
follow-up was 11.2 months (range 5-49). Patient charts were retrospectively reviewed and 
contrast-enhancing volumes were contoured using Brainscan software.

Results: Surgical intervention was required in four lesions at one year follow-up, and 10 lesions
overall, resulting in a local control rate of 94% (64/68 lesions) at one year and 85% (58/68) over-
all. Patient survival was 83% (15/18) and 65% (11/17) at one and two years, respectively.
Median survival was 24.8 months (range 6-58) after first SRS. Fifty-four lesions with both short-
(36 weeks) radiological progression: 14/54, 26%. Lesions with early enlargement demonstrated
a local control rate of 95% (18/19) at one year, and 79% (15/19) overall; median survival was
32.9 months. Lesions with late radiological progression required surgical intervention in 6/14
cases (43%) and had a median survival of 37.2 months; these lesions were histologically diag-
nosed as radiation necrosis or gliosis in four cases and viable renal cell carcinoma in two cases.
Notably, 86% (12/14) of the lesions with late radiological progression occurred in patients who
had received SRS for >7 lesions. 

Conclusions: LINAC SRS is an effective treatment modality for RCC brain metastases, resulting in
long-term survival and good local control. Enlargement of contrast enhancement on serial MR
imaging after SRS occurs both in early (36 weeks) follow-up. Neither finding is associated with
significant impact on overall survival. Early enlargement is typically transient and may be 
managed non-operatively. Late radiological progression is more likely to demand surgical atten-
tion, whether for radiation necrosis or recurrence of viable tumor.
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Stereotactic radiosurgery as primary management of patients 
with brain metastases from melanoma or renal cell carcinoma OS 3-1-4
Dennis Shrieve (Huntsman Cancer Institute/University of Utah, Radiation Oncology, United
States) 
Randy Jensen (1) Lisa Hazard (1) Annabelle Shrieve (1) Merideth Wendland (1) Wolfram Samlowski (1) 
(1) Huntsman Cancer Institute, United States 

Brain metastases occur frequently in patients with metastatic melanoma or renal cell carcinoma.
Control of brain metastases is important in these patients to allow them to proceed to systemic
therapy.  We hypothesized that early diagnosis and aggressive treatment of brain metastases with
SRS in these patients could permit delivery of early systemic therapy, spare many patients whole
brain radiotherapy (WBRT) and ultimately lead to improvement of survival.  Between 4/20/1999
and 1/23/07 156 radiosurgery (SRS) procedures were performed on 115 patients with brain
metastases from melanoma or renal cell carcinoma.  Of these, 95 patients with 252 newly diag-
nosed metastases were treated either with radiosurgery alone (81) or combined with WBRT.
Local control follow-up was available for 202 lesions with 46 local failures.  The median time to
failure was 14.5 months compared to 7.1 months for 72 lesions treated after failing previous
radiotherapy (p<0.05).  Overall median survival for these 95 patients was 8.9 months following
diagnosis of brain metastases with no significant difference between patients with MEL or RC.
Survival was similar regardless of whether WBRT was used as part of initial therapy.  Overall sur-
vival by RPA class was apparently improved compared to published results for patients treated
with WBRT:  RPA I median survival (MS) not reached; RPA II MS = 8.9 months, RPA III MS = 4.7
months.  These results are most similar to published data for patients treated with surgery and
WBRT for single brain metastases.  Sixty-nine of 81 (77%) patients initially treated without WBRT
had never received WBRT by last follow-up.  WBRT-free survival was 55% at 2 years following
diagnosis.  We have found that aggressive screening for brain metastases in patients with high
risk melanoma or renal cell carcinoma is important.  SRS treatment alone for patients with ¡Ü5
brain metastases is well tolerated and leads to excellent local control while sparing a majority of
patients WBRT.  This approach allows patients to proceed to systemic therapy in a rapid fashion
with excellent overall survival.

Are four or fewer tumors, as a criterion for brain metastasis radiosurgery, 
based on good science? OS 3-1-5
Masaaki Yamamoto (Katsuta Hospital Mito GammaHouse, Japan) 
Bierta E. Barfod (1) Yoichi Urakawa (1) 
(1) Katsuta Hospital Mito GammaHouse , Japan

Introduction: It is widely accepted that patients with brain metastases (METs) who have no more
than four tumors are good candidates for radiosurgery (RS). However, debate continues as to
whether this criteron is based on solid scientific data. The relationship between tumor numbers
(TNs) and median survival times (MSTs) was analyzed based on our own series of brain MET
patients. 

Patients: A consecutive series of 1209 cancer patients with brain METs, who underwent gamma
knife RS during the 1991-2004 period, was studied. There were 455 females and 754 males.
Mean age at the time of RS was 63 years, range 19 to 92 years. The most common primary tumor
was lung (62.3%), followed by breast (10.1%), lower alimentary tract (8.5%), kidney (5.0%),

upper alimentary tract (4.3%), female genital organs (1.7%), skin (0.8%), others (4.6%) and
unknown (2.6%). Mean and median TNs were 7 and 3, respectively, range one to 74.

Results: The MST of all 1209 patients was 27 weeks. The Kaplan-Meier method was used to com-
pare 20 pairs of groups based on TNs; one vs two or more, two or less vs three or more, three
or less vs four or more, -----, and 20 or less vs 21 or more. In each of the 20 groups, the MSTs
of patients with fewer tumors were significantly longer than those of patients with higher TNs
(p<.0001). Twenty other pairs of groups, based on TNs, were also assessed by this method; one
vs two, two vs three, three vs four, ------, and 20 vs 21. Among the 20 groups, the only pair
showing a significant MST difference was one vs two (p=.0002); no significant differences were
detected for the other 19 pairs.

Conclusion: On the basis of these MST analyses, there is no solid foundation for the generally
accepted criteron, i.e., TNs exceeding four, for using whole brain radiotherapy instead of RS.

Epilepsy OS 3-2
Moderators: Hiroshi Inoue (Japan) Twin Peaks

Bruce Pollock (United States)

Reversal of the epileptic encephalopathy epilepsy in hypothalamic hamartomas: 
a prospective trial of Gamma Knife surgery in 65 patients OS 3-2-1
Mariko Nagai (Timone hospital, Neurosurgery, France) 
Jean Regis (1) 
(1) Timone hospital, France 

Objective: Drug registant epilepsy associated with hypothalamic hamartoma (HH) can be cured
by microsurgical resection of the lesion. Morbidity and mortality risks of microsurgery in this area
are significant. Gamma Knife Surgery (GKS) reduced invasivity seems to be well adapted. In view
of the severity of the disease and risks of surgical resection it is crucial to evaluate GKS for this
indication.

Methods: Sixty five patients have been included prospectively since October 1999 including 
31 operated by GK more than 3 years ago. The median age was 17.25 years (range: 3-50; mean
19.27) at the time of GKS. Range of maximum diameter was from 7.5 to 23 mm with only 3 lar-
ger than 18mm. The median marginal dose was 17 gy(14-20).

Results: A satisfactory follow up is available for 27 patients. Among those 59.2% have an excel-
lent result with a dramatic behavioural and cognitive improvement and are completely seizure
free (37%) or have only rare non disabling seizures (22,2%). No permanent neurological compli-
cation have been observed so far; 3 patients have presented a transient poi^kilothermia. A
microsurgical approach have been performed in 4 patients (14.8%) with quite large HH and poor
efficacy of radiosurgery (2 cured and 2 failures). The radiosurgical treatment have been carried
out twice in 9 patients. From the radiological point of view the majority (28/31) of our patients
did not have any obvious MR change (slight decrease in 2 and asymptomatic local high T2 
signal in 1). No patient till now has presented permanent complication. No cognitive worsening
(specially no short term memory deficit), no appetite stimulation or weight gain, no thyroxyne
blood level lowering, no hypernatremia, no visual field deficit were observed.

125124

Oral Presentation Abstracts



Oral Presentation Abstracts

Conclusion: Our first results indicate that GKS is as microsurgical resection and very much safer 
in small type I, II and III. GKS also allows to avoid the vascular risk related to radiofrequency
lesioning or stimulation. The disadvantage of radiosurgery is its delayed action. Longer follow-up
is mandatory for a serious evaluation of the role of GKS.

Long term efficacy of Gamma Knife radiosurgery 
in mesial temporal lobe epilepsy OS 3-2-2
Jean Regis (APM, Functional Neurosurgery, France) 
Fabrice Bartolomei, France (2) Motohiro Hayashi, Japan (3) Manabu Tamura, Japan (3) Patrick Chauvel,
France (2) 

Background: Gamma Knife radiosurgery (GK) has been proposed as a alternative to classical
microsurgery in mesial temporal lobe epilepsy (MTLE)

Short term follow up studies have reported encouraging results but long term efficacy is not
known.

Objective: to report the efficacy and tolerance of GK radiosurgery in MTLE after a follow up > 
5 years.

Methods: Patients with a follow up > 5 years having MTLE and treated with a marginal dose of
24 gy were included in the study.

Results: 15 patients were included. Eight were treated on the left side and 7 on the right. The
mean follow up is 8 years (range 6-10 y). At the last follow up, 11/16 (73%) were “seizure free
(Engel class I) ( 5/16 in class IA, 6/16 in class IB). Seizure cessation occurred with a mean delay
of 12 months (+- 3) after GK, often preceded by a period of increasing aura or/and seizure occur-
rence (6/15 patients). The mean delay of appearance of the first neuroradiological changes was
12 months (+-4). 9 patients (60%) experienced mild headache and were placed on corticosteroid
treatment for a short period. All patients initially seizure free, experienced a relapse of isolated
aura (10/15, 66%) or/and complex partial seizures (10/15; 66%) during AED tapering. Restoration
of treatment leaded to a good control of seizures.

Conclusion: GK is an effective treatment for MTLE. Results maintain over time with no additional
side effects.

Analysis of stereotactic Gamma Knife treatment 
for intractable epilepsy (report 166 cases) OS 3-2-3
Botao Xu (Liu Hua Qiao Hospital, Neurosurgical Department, China) 

Objective: To review and observe the result of gammaknife treatment for 166 cases of intractable
epilepsy, and evaluate the value and reliability of the method. 

Methods 166 cases of intractable epilepsy were treated with gammaknife. The epileptogenic
focus was localized by characteristic of epileptic seizure, EEG, PET/CT or magnetic encephalogra-
phy, CT or MRI. Marginal dose of 10~12Gy to icencenter curve of 40~60% was managed when
target equaled only epileptogenic focus, and 16~20Gy to 40~50% was managed to homola-
teral amygdale and hippocampus if necessary. 

Results The follow-up time were 6~128 months, averaged 50.0. 30~37.4% was classified as
grade Wieser I and II that looked on curing, 39.3~53.1% as grade III and IV on effective treat-

ment, and 15.7~27.1% as grade V and VI on ineffective treatment. The seizure frequency was
declined from 5.1±2.9 per month pre-gammaknife to 1.1±0.8 per month 12 months after treat-
ment, and to about 0.9 per month till end of followup. Radioactive cerebral edema, the main
complication whose incidence rate was 5.4%, was all relieved after symptomatic treatment. 

Conclusion Gammaknife treatment for intractable epilepsy can bring good effect, caused no 
serious complications, and should regarded as a good choice.

Unique Gamma Knife surgical strategy for mesial temporal lobe epilepsy: 
a clinical trial based on recent findings and new parameters OS 3-2-4
Motohiro Hayashi (Tokyo Women's Medical University, Neurosurgery, Japan) 
Koutaro Nakaya (1) Taku Ochiai (1) Shoji Yomo (1) Nokriko Tamura (1) Masahiro Izawa (1) Tomokatsu
Hori (1) Kintomo Takakura (1) 
(1) Tokyo Women's Medical University 

Purpose: Intractable epilepsy, especially Mesial Temporal Lobe Epilepsy (MTLE), has not common-
ly been treated by Gamma Knife surgery. However, large ongoing clinical studies have been con-
ducted in Europe and America which have found that many patients are eligible. To treat MTLE
patients with Gamma Knife, preoperative evaluation of MTLE is essential and necessary for tar-
geting. Also, location, method (choice of isocenter), target volume and dose settings should be
considered. In the clinical studies mentioned above, expansion of irradiation area from archeo-
cortex to entorhinal cortex is suggested with the marginal dose of 20 to 24Gy. Volume of radia-
tion is set to less than 7-8cc in consideration of possible complications, but there is no specific
finding. In this circumstance, 5 MTLE patients were treated with our original treatment strategy
at our institution and Asan Medical Center.

Method: Stereo-EEG is basically performed as a preoperative evaluation to precisely determine
epileptogenic zone, propagation pattern and semiology. A retrospective study in Marseille
revealed the importance of sufficient radiation to collateral fissure cortex. Therefore, volume of
radiation is set to be less than 7cc within the target area. Peripheral dose is currently set to 22Gy.
Additionally, in view of sufficient radiation to each location, 80% high isodose area is considered
to occupy within the target as evenly and widely as possible to homogenize dose distribution. At
this point, a new and unique parameter, �gunit energy�h (energy volume per unit volume) should
be noted.

Results: Among 5 cases, 3 cases were Engel class1, 1 case was class2 (at 1 year follow-up) and
1 case was class 4. No severe radiation injury was found on image. There was also no report of
any complications.

Conclusions: More cases with longer follow-up will set standard criteria for Gamma Knife surgery
for MTLE patients.
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Radiosurgery of hypothalamic hamartomas long-term 
follow-up of the seizure outcome OS 3-2-5
Kida Yoshihisa (Komaki City Hospital, Chief Neurosurgeon, Japan) 
Koike Shozi (1) Hasegawa Toshinori (1) Yoshimoto Masayuki (1) 
(1) Komaki City Hospital, Japan 

Hypothalamic hamartomas are relatively rare congenital tumor and present peculiar clinical symp-
toms like convusive and gelastic seizures, mental retardation, various abnormal behaviors as well
as precocious puberty. We have treated 8 cases of symptomatic hypothalamic hamartomas with
gamma knife. There are 7 males and one female, ages ranging from 2 to 28 years (mean of 14.3
years). All the patients present with convulsive and gelastic seizures, and some of them showed
abnormal behaviors and precocious puberty. At radiosurgery hypothalamic tumors, 8 to 22 mm
in diameter (mean 13.5 mm), were treated with the mean maximum and marginal doses of 32.9
Gy and 18.5 Gy respectively. In general an entire tumor coverage was intended, but a few were
partially covered.because of the tumor size as well as nearby eloquent structures like optic nerve
and hypothalamus. With the mean follow-up of 53.7 months after the radiosurgery, generalized
seizures were well controlled in 6 out of 8 cases, but gelastic seizures were not always controlled.
In order to achieve an excellent seizure control and a favorable neurological outcome, marginal
dose more than 18 Gy with total tumor coverage is definitely required. In conclusion, radiosurgery
can play a role in treating hamartomas since the neurological outcome and the seizure control are
apparently improved.

Clinic and eeg study of Gamma Knife treatment on intractable epilepsy 
guided by pet or meg locating epileptogenic foci OS 3-2-6
Junchao Liang (Liu Hua Qiao Hospital, Neurosurgical Department, China) 
Botao Xu, China (2) 

Objective To evaluate the clinic effect and EEG changes in intractable epilepsy treated by gamma
knife guided by PET or MEG Locating Epileptogenic Foci. Subjects and Methods 33 cases of
intractable epilepsy were treated by Leksell-C gamma knife, and 30 of them with follow-up data
were analyzed in this clinic trial. By way of EEG examination, 26 patients showed the abnormal
recordings. The epileptogenic foci were determined with PET in 22 cases and with MEG in 8
cases, classified as PET group and MEG group, with seizure frequency 4.8±1.9 and 4.6±2.2 per
month respectively. The target was localized by characteristic of epileptic seizure, EEG, PET/CT or
magnetic encephalography, CT or MRI. 8~13Gy peripheral dose and 16~45Gy center dose were
managed. The radiation area was a little larger than that PET or MEG indicated as epileptogenic
foci. The effects of gamma knife treatment were valuated according to the EEG data after radio-
surgery with interval period of 3 months. The efficacy of radiosurgery with gamma knife was clas-
sified as grade I to IV with the standard of International Epilepsy Association. 

Results In 6~19 months of follow-up, there were 10 cases (33.3%) with free from seizure (grade
I-II), 14 cases (46.7%) with a little seizures (grade III-IV), 4 cases (13.3%) with seizures as pre-
radiosurgical treatment (grade V) and 2 cases (6.7%) with increasing of seizures (grade IV). The
total effective rate was 80.0%. A markedly decreasing of seizure was found after 6 months fol-
low-up in both PET and MEG groups (P<0.01), decreasing to 2.0±1.3 and 1.8 ±1.1 per month
after 12 months respectively. According to EEG follow-up data, there were 12 cases (48.0%) with

normal recording, 9 cases (36.0%) with improving recording, 2 cases (8.0%) with no change of
recording and 2 cases (8.0%) with more seizures recording. A significant decreasing of seizures
on EEG recording was seen between before radiosurgery and after 3 months follow-up. No 
significant difference was seen between PET and MEG localizing epileptogenic foci. 

Conclusion Gamma knife could achieve satisfactory effect in treating intractable epilepsy with PET
or MEG localizing epileptogenic foci, and EEG examination could play important role in the 
follow-up. 
Intracranial dosimetry and QA - Part 1 OS 3-3
Moderators: Ian Paddick (United Kingdom) Pacific Heights

3d-dosimetric verification of stereotactic radiotherapy (SRT) 
and intensity modulated arc therapy (AMOA) with bang gel OS 3-3-1
Manuel Todorovic (University Medical Center Hamburg-Eppendorf, , Germany) 
Marcus Fischer (1) Roberto Pellegrini (2) Manuela Duglio (2) Marek Maryanski (3) Rainer Schmidt (1) 
(1) University Medical Center Hamburg-Eppendorf, Germany (2) 3D Line Medical Systems, Milano, Italy
(3) MGS Research, Inc., Madison, CT, United States 

Introduction: The capability of commercial BANG® gel (MGS Research, Inc., Madison, CT, USA) for
external beam dose verification like IMRT and AMOA is investigated in this paper. Compared to
films, BANG gel provides true 3D dose distributions in a tissue-equivalent medium. New tech-
niques like AMOA require a high accuracy of dose calculation and delivery. To verify the accura-
cy of delivery we compared the results of the BANG gel measurements read out with commercial
OCTOPUS™ laser CT scanner (MGS Research, Inc., Madison, CT, USA) to those obtained using the
established GafChromic EBT films (two-dimensional). The calculated dose distributions were ge-
nerated by the treatment planning system ERGO (3DLine Medical Systems, Milano, Italy).

Method and Materials: SRT and AMOA treatment planing for a typical head and neck case was
performed. The verification measurements were done using a µMLC manufactured by 3DLine in
combination with a Siemens Primus. The BANG gel was placed using a special adapter in our
multi-purpose phantom (EasyCube, Euromechanics, Schwarzenbruck, Germany) used for the film
measurements. The read out of the BANG gel was done using the OCTOPUS scanner. The Scanner
is designed for imaging 3D distributions of optical attenuation coefficient distributions in BANG
gel for use in 3D dose distribution measurements. The GafChromic EBT films were scanned after
irradiation using a flatbed scanner (Epson) and compared with the data provided by the BANG
gel using self written MatLab routines. Also voxel-by-voxel comparison of measured (BANG gel)
and calculated (ERGO) dose distribution was done. 

Results: The use of polymer gel for verification of SRT and intensity modulated arc therapy AMOA
was validated. The results for both treatment types will be presented. As the GafChromic EBT is
the established method for SRT and IMRT verification in our department, we first compared the
2D dose distributions derived from the GafChromic EBT with the BANG gel measurements. In the
second step, we compared the calculated dose distributions (SRT and AMOA) with the true 3D
data derived from the BANG gel. The gel measured dose distributions will be presented in com-
parison with the calculated plans. 

Conclusion: We found BANG gel dosimetry to be suitable for SRT and AMOA. The results
obtained with BANG gel dosimetry are comparable to the measurements from GafChromic films.
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The combination of Bang Gel and the OCTOPUS laser-based CT scanner is a very promising
approach to the verification of true 3D dose distributions. 

Incidental dose to surrounding tissue of cranial radiosurgery targets: 
comparison of intensity-modulated radiosurgery (IMRS) versus dynamic 
conformal arc (DCA) OS 3-3-2
Jian-Yue Jin (Henry Ford Hospital, Radiation Oncology, United States) 
Shidong Li, (1) Qing Chen, (1) Benjamin Movsas, (1) Samuel Ryu, (1) 
(1) Henry Ford Hospital, Dept. of Radiation Oncology, Detroit, MI, United States

Introduction: Intensity modulated radiosurgery (IMRS) and Dynamic conformal arc (DCA) therapy
are commonly used for linear accelerator based cranial radiosurgery. Both techniques achieve
excellent conformity and coverage of the target. However, the dose fall-off pattern may not be
uniform depending on the technique. This study compares the incidental dose outside the target
volume for these two techniques.

Methods: Fifteen cranial lesions with the target volume ranging from 0.16-18 (5.2+-6.2) cm3
were compared for IMRS and DCA methods for radiosurgery using Brainscan treatment planning
system. Three separate plans were created for each lesion. Plan-A used IMRT of 9 co-planar
beams; plan-B used IMRT of 9 non-coplanar beams; and plan-C with 5-arcs DCA. The area sur-
rounding the target was contoured as several 2 mm shells 0, 2, 4, and 6 mm beyond the target.
Conformity index and Dose-volume histograms (DVH) of the target, and DVH of each shell were
computed. Because the normal tissue in the shells could contain components of sub-clinical 
disease, equivalent uniform doses (EUD) were calculated for normal structure as well as tumor to
represent DVHs of these shells. 

Results: The mean and standard deviation of the conformity index was 1.57+-0.36, 1.56+
-0.37, and 1.63+-0.24 for plans A, B and C, respectively. For different lesions, the EUD of simi-
lar shell increased with the target volume. The EUD for normal tissue in each shell differed slight-
ly among the three plans. For the shell 4mm from the target, it was 73%+-9%, 72%+-9%, and
71%+-9% for plans A, B and C respectively. However, the EUD for tumor differed significantly
among the 3 plans. It was 57%+-15%, 71%+-11%, and 75%+-7% for plans A, B and C
respectively, for the 2 mm shell, and was 20%+-5%, 44%+-12% and 52%+-12% for the 4 mm
shell. 

Conclusion: The IMRS plan had slightly higher incidental dose for normal tissue, but significantly
lower incidental dose for potential sub-clinical disease outside the target. This suggests that inci-
dental dose to the surrounding area could be a factor for evaluation of cranial radiosurgery plans.

Monte Carlo simulation dose calculation 
for intensity modulated radiosurgery (IMRS) OS 3-3-3
Karl Chan (The Prince of Wales Cancer Centre, Department of Radiation Oncology, Australia) 
Meg Schneider (1) Robert Smee (1) 
(1) Department of Radiation Oncology, The Prince of Wales Cancer Centre, Australia

Introduction: Intensity Modulated Radiosurgery (IMRS) has been implemented in our centre since
2003. The IMRS treatments are carried out by a Radionics Mini Multi Leaf Collimator (MMLC) on
a Primus Siemens Linear Accelerator. The leaf width is 4mm at the isocentre. It is used to treat the

tumour size around 4cm to 8cm in diameter or in irregular shape. The Radionics Xknife RT3 plan-
ning computer system is for planning. The MMLC can conform to the tumour better than the Cone
method in traditional Stereotactic Radiosurgery (SRS). It spares more healthy tissue from radiation
damage. Because the treatment area is small, the beams geometry are complicated and air 
cavity may be involved, it is necessary to have an independent check of the planning system by
Monte Carlo Simulation (MCS).

Methods: A Monte Carlo Simulation code called MCBEAM from Fox Chase Cancer Care Centre is
used in this project. The planning system is Radionics Xknife RT3. A program was developed to
convert the planning information ( CT images, structures, gantry angles, couch angles, collimator
angles, monitor unit and multi-leaf-collimator information etc) from Radionics format to Radiation
Therapy Oncology Group (RTOG) format which can be read by the MCBEAM. The MCBEAM can
generate dose distributions and Dose Volume Histogram (DVH) for comparison with Radionics
Xknife planning computer.

Results: The DVH and isodoses from MCBEAM can be compared with the Xknife RT3. From the
DVH, the dose coverage of 90% of the tumour volume agrees with MCS within 3%. But the MCS
predicts higher dose inside the tumour volume (about 7% higher). The result is reasonably good
especially when air cavity is within the treatment area.

Discussion & Conclusions: The DVH from Monte Carlo Simulation matches with Xknife RT3 with-
in 3% percents for 90% of tumour volume. The Monte Carlo predicts a hotter spot inside the tar-
get volume but it is clinically insignificant. 
References:
1. C.M. Ma ,(1999) Clinical implementation of a Monte Carlo treatment planning system. Med. Phys.
26(10), October 1999.

System integration test for linac radiosurgery - 
methods and long term results OS 3-3-4
Harald Treuer (University of Cologne, Dept. of Stereotaxy, Germany) 
Moritz Hoevels (1) Klaus Luyken (1) Stefan Hunsche (1) Rolf-Peter Müller (2) Volker Sturm(1) 
(1) University of Cologne, Dept. of Stereotaxy , Germany (2) University of Cologne, Dept. of
Radiotherapy, Germany 

Radiosurgery for intracranial targets requires high spatial accuracy and conformity to achieve an
optimal control probability and to minimize the risk for the healthy surrounding tissue. But the
spatial accuracy of the treatment is limited by errors which may occur in each step in the chain of
processes beginning with stereotactic imaging and ending with dose delivery. Thus, a compre-
hensive quality assurance program is required which should include an end-to-end test for veri-
fication of the successful integration of all components and procedures.

Since 1991 we performed system integration tests on a regular base. Therefore, a head phantom
containing a radiochromic film was fixed to the stereotactic frame and treated much the same as
a patient – CT-imaging, target definition, dose planning, positioning at the linac and dose deli-
very. In-house software was then used for evaluating the test measurement. For registration of
the measured dose distribution to the stereotactic system a minimum of four fiducials were used.
The fiducials were visible on CT and x-ray as small signals and on the dose maps by the embed-
ding film punctures. After registration of the measured dose map to the stereotactic coordinate
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system a second dose map was derived from the calculated dose cube of the treatment planning
system (STP3.5/Virtuoso, Leibinger). Tri-linear interpolation was used for this purpose. From this
dose maps containing the planned and the measured dose distributions the overall spatial accu-
racy of the radiosurgical procedure were derived from a second registration of the two dose dis-
tributions by maximizing the mutual information. The resulting shift vector and rotation angle of
the second registration were interpreted as the two-dimensional projection of the target point
deviation and the inclination angle. The accuracy of the calculated dose distribution was assessed
using the gamma-index.

In total 38 measurements were performed. The mean deviation in x was 0.30 +/- 0.74 mm, in
y –0.09 +/- 0.73 mm and in z 0.01 +/- 0.69 mm. This resulted in a mean planar shift of the
target point of 0.86 +/- 0.46 mm, from which the expected three-dimensional shift was estima-
ted as 1.05 +/- 0.56 mm. Thus, the observed target point deviations were in average less than
1.3 mm, an accuracy requirement recently derived from dose response analysis for AVMs and
metastases [1].
[1] Treuer H et al. Radiother. Oncol. 81(2006)25-32

Dose distribution profiles comparison of the Gamma Knife 
and accelerator SRS techniques OS 3-3-5
Ahmad Kuwaifi (CJW Medical Center, Radiation Oncology, United States) 
Ahmad Kuwaifi (1) Thomas Eichler (1) David Penberthy (1) Sahni Singh (1) 
(1) CJW Medical Center, United States 

Targeting accuracy, doses to tissues surrounding the target, conformity, dose uniformity, and ease
of delivery represent important and competing interests in the delivery of stereotactic radiation.
Development in the use of linear accelerator based stereotactic radiosurgery (SRS) continues, and
is driven by the desire to maximize the range of use of this expensive equipment. Linear accele-
rators used primarily for radiation therapy are often used for radiosurgery, and in many treatment
facilities are the only devices available for radiosurgery. The targeting of lesions is accomplished
in several ways and the accuracy of different methodologies used for treatment is under conti-
nuing debate. Regardless of “centering accuracy,” radiation dose fall off is of great concern 
within the brain, and anywhere else in the body where a target may be in close proximity to 
critical anatomic structures.

In this study, the dose distributions for the Varian Trilogy stereotactic radiosurgery system using
circular cones and the 120-leaf Millennium multi-leaf collimator are compared to the dose distri-
bution of the Elekta Gamma Knifeâ. The 16-centimeter diameter spherical polyethylene phantom,
commonly used for Gamma Knife dose calibration, was adapted for use in making Trilogy SRS
measurements. Trilogy cone profiles were computer modeled in order to generate profiles consis-
tent with realistic treatment arcs. Modeled profiles and profiles determined by direct film 
measurements compared favorably. Such modeled and measured profiles for circular cone colli-
mated accelerator beams demonstrated profiles with an increase in full width at half maximum
over nominal cone dimension by 20 percent. The percentage increase in the dose distribution
width was greater below half maximum intensity. The amount of spread in the dose distribution
is related to the arc degrees chosen but typical clinical values were studied.

Dose distribution distinctions clearly exist among the Gamma Knife, cone and multi-leaf beam SRS
systems. These distinctions may be exploited to selectively optimize therapy for maximum bene-
fit for the treatment of lesions in the brain and throughout the body. The specific clinical indica-
tions to take advantage of the physical differences of the treatment dose distributions warrants
further study.

Absorbed dose measurement of a Gamma Knife based 
on standards of absorbed dose to water OS 3-3-6
Hyun-Tai Chung (Seoul National University Hospital, Department of Neurosurgery, Republic of
Korea) 
Dong Gyu Kim, Republic of Korea 

Purpose: The absorbed dose of a Gamma Knife based on an international code of practice for
dosimetry based on the standards of absorbed dose to water, IAEA TRS-398, was measured using
a water phantom.

Material and Methods: By using a commercially available water phantom (CNMC Radiosurgery
Verification Phantom: RSVP) and a pin-point ion chamber (Capintec PR05-P), the absorbed dose
to water at the focus of a Gamma Knife Type C was measured. After that the ion chamber was
fixed at central portion of the RSVP, CT images of the phantom with slice thickness of 1.25 mm
were obtained. The CT images were transferred to the Gamma Knife treatment planning program
(Leksell Gamma Plan V5.34 : LGP) and coordinates of the target point were obtained. Absorbed
doses to water per minute at the focus of the Gamma Knife were measured for 8mm, 14mm, and
18mm collimator helmets. The results were compared with absorbed doses based on the air
kerma and those of the treatment planning program.

Results: With the 14mm and 18mm collimator helmets, the absorbed doses per minute to water
at the focus of the Gamma Knife were about 1% less than absorbed doses calculated based on
the air kerma but closer the values provided by LGP. With the 8mm collimator helmet, absorbed
doses based on absorbed dose to water and air kerma showed 7% lower values than the LGP.

Conclusion: Measuring the absorbed dose to water at the center of a Gamma Knife based on the
standards of absorbed dose to water was shown to be practical. However, a more sophisticated
phantom fully satisfying the condition of IAEA TRS-398 should be used for a final conclusion.
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PLENARY SESSION 3 08.45 - 10.00

Radiosurgery for malignancy PL 3
Moderators: Peter Levendag (The Netherlands) Gold Ballroom

John Flickinger (United States)

Multi-institutional prospective randomized comparison of stereotactic radiosurgery 
plus upfront whole brain radiation therapy versus stereotactic radiosurgery 
alone for the treatment of solitary and multiple brain metastases PL 3-1
Hidefumi Aoyama (Hokkaido University Graduate School of Medicine, Radiology, Japan) 
Hiroki Shirato (1) Masao Tago (2) Keiichi Nakagawa (2) 
(1) Hokkaido University Graduate School of Medicine, Japan (2) University of Tokyo Hospita, Japan l 

Background: In patients with 1 to 4 brain metastases, it is unclear whether adding upfront whole
brain radiation therapy (WBRT) to stereotactic radiosurgery (SRS) has beneficial effects on morta-
lity or neurological function compared with SRS alone.

Methods: Between October 1999 and December 2003, we randomly assigned 132 patients who
had 1 to 4 brain metastases (each less than 3 cm in diameter) to receive WBRT with SRS (65
patients) or SRS alone (67 patients). The primary endpoint was overall survival. Secondary end-
points included brain tumor recurrence (BTR), salvage brain treatment, the functional preserva-
tion, and cause of death.

Results: The median survival time was 7.5 months in WBRT + SRS arm and 8.0 months in SRS
alone arm, corresponding to 1-year actuarial survival rates of 38.5% (95% CI: 26.7-50.3) in the
WBRT+SRS arm, and 28.4% (95% CI: 17.6-39.2) in the SRS-alone arm (P=0.42). The 12-month
BTR rate was 46.8% in the WBRT+SRS arm and 76.4% in the SRS-alone arm (P<0.001). Salvage
brain treatment was less frequently required in the WBRT+ SRS arm (15%) than in the SRS-alone
arm (43%)(P<0.001).  Death was attributed to neurologic causes in 22.8% of patients in the
WBRT+SRS arm and in 19.3% of those in the SRS-alone arm. There were no significant diffe-
rences in systemic and neurologic functional preservation.

Conclusions: The omission of WBRT has no impact on survival in patients with 1 to 4 brain metas-
tases, but intracranial relapse occurs considerably more frequently. Consequently, salvage treat-
ment is frequently required when upfront WBRT is omitted.

Radiosurgery for brain metastases from breast cancer: 
lack of influence of WBRT or number of metastases on survival or FFP PL 3-2
Penny Sneed (University of California San Francisco, Radiation Oncology, United States) 
Devin K. Binder (2) Penny K. Sneed, United Arab Emirates (1) David A. Larson (1) Mitchel S. Berger (1)
Michael W. McDermott (1) 
(1) University of California San Francisco, United States (2) University of California Irvine, United States 

Relevance: Given recent advances in systemic therapy for breast cancer and the possibility that
results of radiosurgery (RS) +/- whole brain radiotherapy (WBRT) may differ in this chemo- and
radiotherapy-responsive tumor type, we reviewed our RS experience in patients with brain metas-
tases from breast cancer with emphasis on the influence of WBRT and number of brain metas-
tases on outcome.

Approach: 101 patients with brain metastases from breast cancer underwent Gamma Knife RS at our
institution 1991-2001. Survival and freedom from progression (FFP) were estimated using the
Kaplan-Meier method measured from the date of diagnosis of brain metastases in patients with
newly-diagnosed brain metastases and from the date of RS in patients with recurrent brain metas-
tases. Prognostic factors were evaluated with the log-rank test and Cox proportional hazards models.

Results: The median patient age was 50 years and median KPS 90; 72% of patients were RPA
class 2. Among 50 patients with newly-diagnosed brain metastases, the median survival was
14.1 months and survival was not influenced by adjuvant WBRT (p = 0.54) or number of brain
metastases (p = 0.41). Median survival times were 14.1, 9.7, 37.0, 15.5, and 17.6 months for
patients with 1, 2, 3, 4-6, or >6 brain metastases. On multivariate analysis, the strongest pre-
dictor for survival was control of the primary breast tumor (p = 0.015) followed by absence of
extracranial metastases (p = 0.10). Surprisingly, upfront WBRT did not appear to influence CNS
FFP. The median time to development of new brain metastases was 16.9 months for RS alone vs.
12.7 months for RS + WBRT and the median CNS FFP was 13.2 months for RS alone vs. 12.5
months for RS + WBRT.

Among 51 patients with recurrent brain metastases, median survival times were 11.6 months
overall and 12.2, 11.6, 8.0, 6.3, and 17.0 months for patients with 1, 2, 3, 4-6, or >6 brain
metastases (p = 0.92). On multivariate analysis, the strongest predictor for survival was smaller
total target volume.

Conclusion: In this limited series, number of metastases was not a prognostic factor for survival
in breast cancer patients with newly-diagnosed or recurrent brain metastases, and the omission
of upfront WBRT did not appear to affect CNS FFP in patients with newly-diagnosed brain metas-
tases. This unexpected finding merits further study.

Phase I/II study of stereotactic spine radiation therapy 
for spinal metastasis and its pattern of failure PL 3-3
Eric Chang (The University of Texas M. D. Anderson Cancer Center, Radiation Oncology, United
States) 
Almon Shiu (1) Ehud Mendel (2) Leni Mathews (1) Anita Mahajan (1) Pamela Allen (1) Jeffrey Weinberg
(1) Barry Brown (1) Xin Shelly Wang (1) Shiao Woo (1) Laurence Rhines (1) 
(1) The University of Texas M. D. Anderson Cancer Center, United States (2) Ohio State University, United
States 

Objectives: To report safety, efficacy and patterns of failure data from a Phase I/II study of stereo-
tactic body radiotherapy (SBRT) for spinal metastases.

Methods: Sixty-three cancer patients were treated using near-simultaneous CT image-guided
SBRT. Spinal MRI was done at baseline and at each follow-up visit. National Cancer Institute (NCI)
Common Toxicity Criteria 2.0 assessments were used to assess toxicity. 
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Results: The median tumor volume of 75 treated spinal metastases was 37.4 cc (range, 1.6-358).
No neuropathy or myelopathy has been observed with a median follow-up of 8 months (range,
0.25 - 30.5). Actuarial 1-year freedom from tumor progression was 85% for all tumors. By his-
tology, it was 97% and 69% for non-renal cell (RCC) histology and RCC histology respectively
(p=0.018). Pattern of failure analysis showed two primary mechanisms: 1) recurrence in the
bone adjacent to the site of previous treatment 2) in the epidural space adjacent to the spinal
cord. Grade 3-4 toxicities were limited to acute Grade 3 nausea, vomiting and diarrhea (n=1);
Grade 3 dysphagia and trismus (n=1), and Grade 3 non-cardiac chest pain (n=1). There was no
subacute or late Grade 3-4 toxicity.

Conclusions: The data support the safety, and high degree of efficacy of SBRT for spinal metas-
tases from a variety of tumor types except RCC, which was more difficult to control. It appears
prudent to more routinely treat the bony elements posterior to the vertebra because of the pos-
sibility of progression in these structures. For patients who have not been previously irradiated,
more liberal spinal cord dose constraints than those utilized in this study may be applied in the
future to minimize failures in the epidural space. Finally, additional study focused on dose esca-
lation is needed to determine whether tumor control for RCC can be improved. 

4-d stereotactic radiotherapy for early stage non-small cell lung cancer (nsclc): 
clinical outcome and toxicity in 172 patients treated in a single institution PL 3-4
Frank Lagerwaard (VU University medical center, Radiation Oncology, The Netherlands) 
Niels Haasbeek (1) Ben Slotman (1) Suresh Senan,(1) 
(1) VU University medical center, The Netherlands

Hypofractionated stereotactic radiotherapy (SRT) for stage I NSCLC has been performed at the VU
University medical center since April 2003. To date, 240 patients have been treated and followed
using a fixed schedule of up to 4 follow-up CT scans in the 2 years following treatment. The first
172 patients, with 183 primary lung tumors followed-up for at least 3 months have been ana-
lyzed for outcome and toxicity.

Materials and Methods: Target definition was based upon internal target volumes (ITV) derived
using 4-dimensional CT scans that allow for use of individualized margins for tumor mobility. A
3mm margin was added to the ITV to derive the planning target volume (PTV). Treatment was
performed using a Novalis and the online setup Exactrac-system (BrainLAB, Feldkirchen,
Germany). Treatment was delivered using 8-12 non-coplanar fields with micro-multileaf shield-
ing. Fractionation schemes were 3 x 20 Gy for T1 tumors, 5 x 12 Gy for T1 tumors adjacent to
the thoracic wall or mediastinum, and T2 tumors, and 8 x 7.5 Gy for lesions adjacent to the peri-
cardium or hilus, prescribed at the 80% isodose. Included were 140 T1 tumors (77%) and 43 T2
(23%) tumors. All but three patients underwent FDG-PET scans as part of the staging procedure.

Results: Overall actuarial survival at 1 and 2 years was 82% and 64%. Local relapse was
observed in 5 patients, resulting in a crude local control rate of 97%. The actuarial regional-
failure-free survival at 1 and 2 years was 93% and 79%. The corresponding numbers for distant
failure-free survival were 82% and 71%. Early toxicity was mild, with fatigue (29%), nausea
(12%) and chest pain (8%) being the most frequently encountered side effects. Late toxicity was
uncommon with grade 3 radiation pneumonitis in 6 patients (3%). Rib fractures and chronic pain

syndromes at the chest wall were observed in two patients each. SRT did not adversely affect any
of the QoL scales measured during follow-up. 

Conclusions: Local control rates in excess of 90% are achieved using SRT, which is an effective
alternative to surgical resection in patients who are marginally fit for operation or in patients
refusing surgery. The incidence of severe early or late toxicity is low. Regional and/or distant 
failure is the most common pattern of relapse despite pre-treatment FDG-PET staging. Updated
follow-up results will be presented. 

A Danish phase II trial on stereotactic body radiotherapy 
for cholangiocarcinoma PL 3-5
Morten Hoyer (Aarhus University Hospital, Department of Oncology, Denmark) 
Henrik Roed (2) Jorgen Petersen, (1) Anders Traberg (1) Cai Grau (1) Svend Aage Engelholm (2) Hans
Von der Maase (3) 
(1) Aarhus University Hospital, Denmark (2) Copenhagen University Hospita, Denmark l 

Cancers of the bile duct system are rare and challenging tumors. They often have an intracanali-
cular growth pattern. Surgical resection is considered the only possible cure, but only few patients
present with resectable tumors at the time of diagnosis. Even among patients undergoing resec-
tion the prognosis is modest and non-resectable patients have short expected survival, usually
between 3 and 6 months. In the present study, stereotactic body radiotherapy (SBRT) is tested in
a phase II trial in order to evaluate efficiency and toxicity of the treatment. 

The trial included 27 patients with non-resectable cholangiocarcinoma. All patients had cytolo-
gical proven adenocarcinoma of the bile duct system. Imaging before treatment included abdo-
minal- and thoracic CT-scan, ERCP and MRCP. Operability was evaluated by a multidisciplinary
liver tumor board. The material consisted of 13 males and 15 females with a median age of 68
(35-85) years. All patients had endoscopic biliary stents for drainage before treatment. Definition
of the tumor volume was based on the pretreatment imaging and guided by the position of the
stent on a contrast enhanced treatment planning CT-scan. The patients were immobilized by the
Elekta stereotactic body frame with an inbuilt abdominal compression device for respiration con-
trol (n=26) or a custom made body frame (n=1). SBRT was given by standard linear accelerator
with multi-leaf collimator. Central dose was 15 Gy x 3 with 95% coverage of the clinical tumor
volume and 67% coverage of the planned tumor volume. Overall treatment time was 5-8 days. 

The median follow-up time was 4.1 years. Local control evaluated by abdominal CT-scan 2 years
after treatment was 64%. Median survival was 9.4 months with survival rates of 46, 25, 15 and
10% 1, 2, 3 and 4 years after SBRT, respectively. Cholangitis was frequent, but most possibly
related to the biliary drainage. Five patients suffered from symptoms related to duodenal ulcera-
tion, 10 patients had nausea, 7 had pain and 3 skin reaction, all WHO>=2. 

In conclusion, SBRT may result in long term survival in patients with non-resectable cholangio-
carcinoma. It may be an option for a selected group of patients.
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ORAL SESSION 4 10.30 - 11.30

Skull base tumors OS 4-1
Moderators: Mike McDermott (United States) Gold Ballroom

Raphael Pfeffer (Israel)

Craniopharyngioma: the role of radiosurgery 
in multi-modality management OS 4-1-1
L. Dade Lunsford (University of Pittsburgh, Neurological Surgery, United States) 
Ajay Niranjan (1) Richard Singleton (1) Douglas Kondziolka (1) John C. Flickinger (1) 
(1) University of Pittsburgh Medical Center, Pittsburgh, PA, United States 

Introduction: Craniopharyngiomas represent a difficult problem for patients and their physicians.
During the last 20 years, we have evaluated minimally invasive treatment options in the manage-
ment of patients with craniopharyngiomas, most of whom require multi-modality management
strategies.

Methods and Materials: During a 20 year interval, 63 patients (31 females, 32 males, age range
5 to 82) underwent gamma knife radio surgery as part of a multi-modality management plan for
their tumors. Patients initially underwent microsurgical or endoscopic removal, or stereotactic
biopsy. Fractionated external beam radiation therapy was performed in only four patients in addi-
tion to radiosurgery. Both solid and cystic components were covered with prescription isodose. A
median margin dose of 13 Gy was prescribed to tumor margin. Optic nerve and chiasm dose was
kept below 8 gy.

Results: In long term follow-up, the risk of visual field deficits was low when high resolution
MRI’s with volumetric highly conformal radiosurgery was possible. Tumor control rates for the
solid components of craniopharyngioma tumors exceeded 90%. However, some patients required
additional management by cyst aspiration or intracavitary irradiation, or in rare cases repeat
endoscopic surgery. Most patients had pre-existing endocrine deficits after their initial microsur-
gical approach, but the risk of additional endocrinopathy in patients with preserved pituitary axes
was less than 20%. 

Discussion: Craniopharyngiomas represent some of the most difficult problems encountered 
in skull base surgery. Because of their critical location, complete removal is often not possible
without significant endocrinological, cognitive or visual deficits. Recurrence rates are high.
Monocystic craniopharyngiomas can be managed effectively by intracavitary irradiation. Small
volume solid component tumors (even close to the optic chiasm) can be treated effectively by
highly conformal radiosurgery using small beam diameters. As a minimally invasive adjunct 
strategy, gamma knife radiosurgery improves visual and endocrinological preservation.

Evidence-based approach to fractionated stereotactic radiotherapy 
for skull base tumors OS 4-1-2
Surbhi Jain (H. Lee Moffitt Cancer Center, Neurosurgery, United States) 
J Pearlman (1) S Sarangkasiri (1) D Smith (1) F Vrionis (1) S Brem (1) 
(1) H. Lee Moffitt Cancer Center, Tampa, FL, United States 

Background: The development of modern linear accelerators with advanced software has
improved the ability to manage tumors located at the skull base pose, a traditionally challenging
area for neurosurgeons. We reviewed the published literature with fractionated stereotactic radio-
therapy (FSRT), illustrated with examples from our own institution. 

Methods and Material: A comprehensive literature search was conducted from 1980 through
December 2006 using Medline and Pub Med. Patients with primary, residual or recurrent skull
base lesions were included in this study. Patients with life expectancy of less than three months
were excluded from this review. A successful dose plan is integrated in terms of tumor volume,
tumor shape, proximity of the normal structures, target localization, repositioning accuracy of the
fixation device. A radiological regression of about 2-mm shrinkage in the tumor diameter in the
follow-up scans was considered as good response. 

Results: The Medline and Pubmed database queries identified 134 publications. Review of the
published articles that met inclusion criteria identified 25 SRT and skull base lesions related publi-
cation determined between 2001 and 2006 by 22 different investigators. The results can gene-
rally be summarized in three major categories: (1) The FSRT was well tolerated in majority of the
treated patients. Almost all treated patients returned home after simulation and the fractioned
radiation course. (2) No severe toxicities have been documented. Only minor side effects, such as
alopecia, skin erythema, headaches, and nausea, vomiting are observed. (3) Favorable response
with respect to tumor shrinkage was seen along with clinical improvement in pituitary adenomas,
schwannomas, cavernous sinus meningiomas, Petroclival meningiomas, meningiomas in the
other skull base locations, Craniopharyngioma, chordomas, chondrosarcomas, esthesioneuro-
blastomas, nasal and paranasal carcinomas, cavernous hemangiomas, and paragangliomas. 

Conclusion: FSRT is safe and efficacious for a variety of skull base lesions. Our preliminary expe-
rience using the Novalis linear accelerator system illustrates some of these principles in terms of
feasibility and safety. A multidisciplinary skull base tumor team should consider all treatment
alternatives for patients with cranial base tumors, and the therapeutic regimen should be tailored
to each individual case. Carefully controlled long term outcome status will be of particular value
in future treatment plans. 

Gamma Knife radiosurgery for cushingís disease OS 4-1-3
Jason Sheehan (University of Virginia, Neurosurgery, United States) 
Jay Jagannathan (1) Nader Pouratian (1) Edward Laws (1) Ladislau Steiner (1) Mary lee Vance (1) 
(1) university of Virginia , United States

Objective: This study addresses the efficacy and safety of Gamma Knife Radiosurgery (GKRS) in
patients with ACTH-secreting pituitary adenomas. 

Methods: A review of data collected from a prospective GKRS database between January 1990
and March 2005 was performed in patients with Cushing’s disease. All but one patient under-
went surgical resection for their pituitary tumor, without achieving remission. Successful
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endocrine outcome of GKRS was defined as a post-treatment normal 24-hour urinary free corti-
sol concentration (UFC) after a minimum of one year follow-up. Patient records were also evalua-
ted for changes in tumor volume, new hormone deficiencies, vision, cranial nerve neuropathies
and radiation induced imaging changes were also assessed. Ninety evaluable patients received
Gamma Knife radiosurgery, with a mean endocrine follow-up of 45 months (range 12-121
months). Mean dose to the tumor margin was 23 Gy (Median 25 Gy).

Results: Normal 24-UFC levels were achieved in 49 patients (54%), at an average time of 13
months after treatment (range 2-67 months). In the 49 patients who had visible tumor on the
planning MRI, a decrease in tumor size was seen in 39 patients (80%); in 7 patients there was
no change in size. Tumor growth occurred in 3 patients. Ten patients (20%) experienced a relapse
of Cushing’s disease after initial remission; the mean time to recurrence was 27 months (range
6-60 months). Seven of these patients had repeat Gamma Knife radiosurgery, with three patients
achieving a second remission. New hormone deficiencies developed in twenty patients (22%),
with hypothyroidism being the most common post-Gamma Knife endocrinopathy. Five patients
developed new visual deficits, or cranial nerve III, IV or VI deficits, two of whom had received
prior conventional fractionated radiation therapy, and four of whom had received previous GKRS.
Radiation-induced changes on MRI were observed in three patients; one had symptoms attribu-
table to these changes. 

Conclusion: Gamma Knife radiosurgery offers a favorable risk-benefit ratio for persistent Cushing’s
Disease. Adenomas with cavernous sinus invasion that are not amenable to surgical resection are
amenable to the Gamma Knife. These results demonstrate the value of combining two neurosur-
gical treatment modalities– microsurgical resection and Gamma Knife radiosurgery in the ma-
nagement of pituitary adenomas.

Long-term follow-up of clivus and foramen magnum meningiomas treated 
with stereotactic radiosurgery (SRS) OS 4-1-4
Kita Sallabanda Diaz (IMO, Instituto Madrilrño de Oncologia, Radiosurgical Unit, Spain) 
Jose Carlos Bustos Perez de Salcedo, Spain (1) Jose Angel Gutierrez Diaz, Spain (2) Cesar Beltran, Spain
(3) Carmen Peraza, Spain (4) Jose Miguel Delgado-Rodriguez, Spain (5) Jose Samblas Garcia, Spain (6) 

Objectives: The authors reviewed the clinical and radiological outcome of 32 patients with Clivus
and Formamen Magnum Meningioma treated with SRS. The follow up-period was from 2 to 
11 years, mean 6, 5 years.

The patients age were from 24 to 77 years, (mean age 52 years), 24 female (67%) and 8 male
(33%) Tumor volume, from 65 mm to 48.255 mm, the mean tumor volume was 13.831 mm.

Twenty tumors were located only in the Clivus, six tumors extended into the Cavernous Sinus and
in six patients the tumor was located into the Foramen Magnum region.

Subtotal resection was previously performed in 16 patients (50%).

Methods: All the patients were treated with 6Mv LINAC SRS200 and Brain Lab 3D plan system. 

The margin dose was from1200cGy to 1600 cGy, (mean 1390 cGy), in 26 patients the margin
dose was 1400 cGy. The isodosis of 90% on the tumor margin was used to prescribe in 
21 patients. Mean maximum dose deliver was1831cGy, from 1346cGy to 4343cGy.

We use different types of collimators from 5mm to 35mm, in 23 patients the tumor volume was
covered with only one isocentre, in 8 patients with 2 and in one patient with 3 collimators

Follow-up controls of the tumor volume and neurological status were performed every 6 months
or one year.

Results: During the follow-up the tumor volume reduced in 22 patients (69%), remained stable
in 7 patients (22%) and increase in 3 patients (9%).

Only in one case was necessary to perform a microsurgical resection to avoid the tumor growth,
7 years after the SRS.

From 30 patients with neurological symptoms before the SRS; 16 patients (53%) improved the
neurological status, 11 patients (43%) remained stable and 3 (4%) eventually worsened.

Both patients without symptoms remained stable after the treatment.

Conclusions: To determined the efficacy of SRS treatment in slow growth tumors like menin-
giomas it is mandatory a long-term follow up of neurological conditions and tumor volume

SRS provide a safe and effective management strategy for Clivus and Foramen Magnum menin-
giomas being a clear alternative of microsurgical removal.

Image-guided micro radiosurgery for brain tumors to avoid underlying dysfunction 
of the surrounding vital structures: advantages of using ciss 
with gadolinium enhancement OS 4-1-5
Motohiro Hayashi (Tokyo Women's Medical University, Neurosurgery, Japan) 
Koutaro Nakaya (1) Taku Ochiai (1) Shyoji Yomo (1) Noriko Tamura (1) Tomokatsu Hori (1) Kintomo
Takakura (1) 
(1) Tokyo Women's Medical University, Japan 

Rationale: Gamma Knife surgery is one of the �gimage guided surgeries�h for brain tumors.
Precise tumor visualization is required to complete dose planning to control tumor progression.
In particular, surrounding vital structures should also be defined more clearly for the tumors to
keep their underlining function. Recently, we selected the special sequence of MRI dedicated to
skull base tumors. We report the usefulness of it from a technical point of view and its clinical
evaluation.

Methods and Results: For skull base and suprasellar tumors, we prefer to use gCISS 0.5mm slices
with gadolinium enhancement h. Each structure adjacent to the tumor was visualized more clear-
ly than that of without gadolinium, because tumor became lucid on the MRI without changing
the findings of surrounding structures after gadolinium injection. For skull base tumors, we could
visualize cranial nerves in not only cisternal portion but also intracavernous portion, which distin-
guished the tumor. Finally, we performed optimal dose planning in every tumor to keep high con-
formity and selectivity to keep their underlying function.

Conclusions: We could establish optimal dose planning for brain tumors with dedicated sequence
of MRI. This technique will decrease the risk of producing new neurological deficits in patients
treated by Gamma Knife.
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Brain metastases - Part 3 OS 4-2
Moderators: Cheng-Ying Shiau (Taiwan) Twin Peaks

Sharon Spencer (United States)

The role of surgery after Gamma Knife radiosurgery for melanoma OS 4-2-1
Kevin Hsieh (Nyu medical center, Neurosurgery, United States) 
Stephen Rush (2) Lee Tessler (1) Jessica Comiskey (1) Joshua Marcus (3) John Golfinos (1) 
(1) NYU Dept Neurosurgery , United States (2) NYU Dept Radiation Oncology, United States (3) NYU
School of Medicine, United States 

Introduction: Gamma knife surgery (GKS) is increasingly being used as first line treatment for brain
metastases from melanoma (BMM). However, there is a limited amount of information and no
systematic study of surgical resection after GKS for BMM. We sought to determine risk factors for
progression, incidence of subsequent surgery, and patient outcome after resection. 

Methods: A retrospective chart review was performed on all patients that underwent GKS as the
primary mode of treatment for BMM from September 1997 through present. Some patients had
lesions which progressed after GKS and ultimately required open surgery. Indications include:
hemorrhage, tumor progression, and progressive edema associated with residual enhancing
lesions. Other considerations regarding suitability for surgery include performance status and
extent of other disease. 

Results: 72 patients who underwent GKS for BMM were identified. There were a total of 191
lesions treated with GKS. 15 of 72 patients (21% of patients) who underwent GKS for BMM
underwent surgical resection of a treated lesion at a median of 5 months after GKS (range: 2-12
months). This represented 9% of all lesions that underwent GKS. There were no surgical morta-
lities. 

Six of 15 (40%) of the surgical lesions were located in the temporal lobe although temporal
tumors accounted for only 20% of all tumors. 18% of temporal tumors eventually progressed to
surgery. 2 surgical lesions were in the occipital lobe and 5 surgical lesions were located in the
parietal lobe, which accounted for 14 % of all parietal lesions. Although frontal tumors represen-
ted 40% of total tumors, only 2 lesion (2%) required surgery. 

Pathological review confirmed viable tumor in 14/15 (93%) of specimens with additional areas of
necrosis in 3 (20%) specimens. The indications for surgery include growth of tumor (100% of
patients), hemorrhage (44%), and edema (19%). 

The surgical group had a median survival of 12 months while the nonsurgical group had a me-
dian survival of 6 months. 5 patients had preoperative symptoms directly attributed to radio-
graphic changes. 3/5 had significant postoperative improvement of symptoms. 

Conclusions: 15 of 72 (21%) patients progressed to surgery after GKS for BMM. No mortalities 
or morbidities were noted in the surgical group. Although an increased survival time is likely 
secondary to selection bias, this suggests that careful selection of surgical patients can play a sur-
gical patients can play a meaningful and safe role in disease and symptom pallation.

A new prognostic index and comparison to three other indices for patients 
with brain metastases: an analysis of 1960 patients in the RTOG database OS 4-2-2
Paul Sperduto (Methodist Hospital, Radiation Oncology, United States) 
Brian Berkey (1) Laurie E. Gaspar  (2) Minesh Mehta (3) Walter Curran (4) 
(1) Radiation Therapy Oncology Group, United States (2) University of Colorado Health Science Center,
Department of Radiation Oncology, United States (3) University of Wisconsin, Department of Human
Oncology, United States (4) Thomas Jefferson University, Department of Radiation Oncology, United
States 

Purpose: To introduce a new prognostic index for patients with brain metastases and compare it
to three published indices. Treatment for brain metastases varies widely, thus a sound prognos-
tic index is important to guide both clinical decision-making and outcome research.

Methods: A new index was developed because of limitations in the three existing indices and
because new data (RTOG 9508) is available since the others were developed. All four indices
were then compared using the RTOG database of 1960 patients with brain metastases from five
randomized trials. The ability of the four indices to distinguish its separate classes was determined
statistically. The advantages and disadvantages of each index are discussed.

Results: The Recursive Partitioning Analysis and the new Graded Prognostic Assessment (GPA)
had the most statistically significant differences between classes (p < 0.001 for all classes). 

Conclusions: The new index, the GPA, was as prognostic as the RPA, and more prognostic than
the other indices. Of the four indices, the GPA is the least subjective, most quantitative and most
current. Future clinical trials should prospectively compare the GPA to the RPA to validate these
findings.

Local tumor control after post-resection radiosurgery to the tumor bed 
in patients with brain metastases OS 4-2-3
John Fiveash (University of Alabama at Birmingham, Radiation Oncology, United States) 
Anna Hutchins, United States (0) James Markert, United States (0) Sharon Spencer, United States (0)
Robert Nordal, United States (0) P.E. Young, United States (0) Barton Guthrie, United States (0) 

Objectives: To determine the local tumor control for brain metastases undergoing resection and
post-operative (adjuvant) radiosurgery to the resection cavity.

Methods: Eligible patients were identified from the Gamma knife database at the University of
Alabama at Birmingham 10/95-8/2006. Eligible patients included those with newly diagnosed or
recurrent brain metastases who underwent a gross total or near total resection and received post-
operative radiosurgery to the resection cavity. Postoperative MRI on day 1 was utilized to judge
the extent of resection. Excluded patients include those who had only a tumor biopsy or who
were treated with radiosurgery at the time of tumor progression postoperatively, or who received
adjuvant whole brain RT (WBRT). Radiosurgery was administered with the Leksell Gamma Knife
(models U and C). Local tumor control was defined as the absence of increasing T1 enhancement
within the tumor cavity or dura adjacent to the cavity. The Kaplan Meier method was utilized to
estimate the actuarial rate of local tumor control. Patients undergoing WBRT due to regional CNS
progression and not local tumor progression were censored at the time of WBRT.

Results: Thirty-eight patients received postoperative radiosurgery after surgical resection. Tumor
types included NSCLC (37%), breast cancer (16%), melanoma (24%), and other. The median vo-
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lume of resected cavity on the day of radiosurgery was 9.2 cc (range 1.8-26.0). The prescription
dose was 12-18 Gy generally to the 50% isodose line. The median time interval between surgi-
cal resection and radiosurgery was 26 days. The median radiographic follow-up was 31 weeks.
Eleven of the thirty-eight (29%) patients developed a local tumor recurrence. The one year actu-
arial local control was 63% (+/- 9.6%) and the median time to local tumor progression was not
reached. The most common pattern of local failure was a nodular tumor recurrence at the mar-
gin of the treatment volume. On univariate analysis neither the volume of the resection cavity nor
the prescription dose was predictive of local tumor control.

Conclusions: Postoperative radiosurgery after tumor resection may modestly improve local tumor
control in selected patients. Limitations include target volume definition and volume of cavity and
adjacent dura that can be safely treated. Prospective trials should be performed to determine the
relative value of the various forms of adjuvant postoperative radiation (single fraction radio-
surgery, WBRT, brachytherapy).

Distribution of brain metastases in relation to the hippocampus: 
implications for neurocognitive functional preservation OS 4-2-4
Wolfgang Tomé (University of Wisconsin Medical School, Department of Human Oncology and
Medical Physics, United States) 
Ghia Amol (1) Wolfgang Tomé (1) Sayana Thomas (1) Geroge Cannon (1) Deepak Khuntia (1) John Kuo
(2) Minesh Mehta (1) 
(1) University of Wisconsin School of Medicine and Public Health, Department of Human Onclogy,
United States (2) University of Wisconsin School of Medicine and Public Health, Department of
Neurosurgery, United States 

Purpose: With the advent of intensity-modulated radiotherapy, the ability to limit the radiation
dose to normal tissue offers an avenue to limit side effects. This paper seeks to delineate the dis-
tribution of brain metastases with relation to the hippocampus for the purpose of exploring the
viability of tomotherapy-guided hippocampal sparing therapy to potentially reduce neurocogni-
tive deficits from radiation.

Materials and Methods: The pre-radiotherapy T1-weighted, post-contrast axial MR images of one
hundred patients who received whole brain radiotherapy, stereotactic radiosurgery or a radiosur-
gical boost following whole brain radiotherapy between 2002 and 2006 were examined. We
contoured brain metastases as well as hippocampi with 5 mm, 10 mm and 15 mm expansion
envelopes. 

Results: Of the 272 identified metastases, 3.3% (n=9) were within 5 mm of the hippocampus.
86.4% of metastases were greater than 15 mm from the hippocampus (n=235). The most com-
mon location for metastatic disease was the frontal lobe (31.6%, n=86). This was followed by
the cerebellum (24.3%, n=66), parietal lobe (16.9%, n=46), temporal lobe (12.9%, n=35),
occipital lobe (7.7%, n=21), deep brain nuclei (4.0%, n=11) and brainstem (2.6%, n=7). 

Conclusions: Of the 100 patients, 8 had metastases within 5 mm of the hippocampus. Hence, a
5 mm margin around the hippocampus for conformal avoidance whole brain radiotherapy repre-
sents an acceptable risk, especially since these patients in the absence of any other intracranial
disease could be salvaged using stereotactic radiosurgery.

Robotic radiosurgery for the treatment of radioresistant brain metastases OS 4-2-5
Wendy Hara (Stanford University , Radiation Oncology, United States) 
Phuoc Tran (1) Gordon Li (1) Balasubramanian Narasimhan (1) John Adler (1) Steven Chang (1) Iris C.
Gibbs (1) 
(1) Stanford University, United States 

Objective: We set out to evaluate the efficacy of robotic stereotactic radiosurgery (SRS) for patients
with radioresistant brain metastases treated at our institution. 

Methods: We conducted a retrospective review of all patients treated by image-guided radio-
surgery between March 1999 and December 2005. Sixty-two patients with 145 brain metastases
of renal cell carcinoma or malignant melanoma were identified. Patients were followed clinically
and radiographically. Radiation treatment and quality parameters were recorded including tumor
dose, size, volume, and conformality indices. 

Results: Mean follow up 10.5 months. Forty-four patients had malignant melanoma; 18 patients
had renal cell carcinoma. Mean age 57, median KPS 80. Patients had RPA classification I (6 pts),
II (52 pts), III (4pts). 53% (33 pts) had been treated systemically with either chemotherapy or
immunotherapy, 53% (33 pts) were taking steroids at treatment, and 69% (43 pts) presented
with neurologic symptoms from the brain metastases. Mean tumor volume 1.47cc (0.023-
35.7cc); mean prescribed dose 20Gy. 

Sixteen lesions were treated with a combination of surgery with radiosurgical boost. Seventeen
patients had been previously treated with whole brain radiotherapy (WBRT). Five patients were
treated with planned WBRT and SRS. Although the treated lesions were locally controlled, three
of these five patients died of neurologic progression. 

After the initial course of SRS, 29 patients progressed intracranially at a median time of 6.4
months. Of those, 16 patients died of neurologic causes; six died of systemic disease; four died
of unknown causes; and three are alive. Crude local control of treated lesions was 94% (136/145)
after initial treatment. Of patients who locally progressed in the treated lesion, six patients
received salvage therapy: two with SRS; one with WBRT and surgery; one with SRS and surgery;
two with surgery alone. Three patients had no salvage treatment and all died of systemic failure.
Ultimate local control was 97% (141/145 lesions). 

Median survival from SRS was 8.2 months, with 11 patients alive at last follow-up. Actuarial sur-
vival at 6 months was 57%, and 37% at 1 year. Radiographic evidence of radiation necrosis
developed in four (6%) patients. 

Conclusions: Robotic SRS provides excellent local control for radioresistant brain metastases.
Intracranial failure was associated with increased risk of neurologic death. While WBRT impac-
ted intracranial control, neither survival nor neuro-specific survival was affected. Ultimately sur-
vival is dictated by systemic control, emphasizing the need for better systemic therapies.
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Tomotherapeutic intensity-modulated radiosurgery for patients 
with brain metastases: an outcomes analysis OS 4-2-6
Martin Fuss (Oregon Health & Science University, Radiation Medicine, United States) 
Sam J Wang (1) Mehee Choi (2) Bill J Salter (3) Clifton D Fuller  (2) 
(1) Oregon Health & Science University, United States (2) University of Texas Health Science Center at
San Antonio, United States (3) University of Utah, United States 

Purpose: To evaluate outcomes of patients with brain metastases treated by tomotherapeutic
Intensity Modulated Radiosurgery (IMRS).

Methods and Materials: We analyzed outcomes of 79 patients (33-83 years, median 57) with 209
brain metastases treated between 2000 and 2005 using a serial tomotherapeutic intensity modu-
lated radiotherapy treatment (IMRT) planning and delivery system (Nomos Corp., Cranberry
Township, PA) that was optimized for IMRS. Overall survival was calculated using Kaplan-Meier
analysis. To determine the effects of prognostic variables on survival, univariate and multivariate
analyses using proportional hazards were performed to assess the effects of age, tumor size, whole
brain irradiation, presence of multiple brain metastases, and presence of extracranial disease.

Results: A median prescription dose of 18 Gy was delivered using 2-4 couch angles over 4-24
rotational arcs. The median overall survival was 6.4 months. In both univariate and multivariate
analyses, age greater than 60 years was the only statistically significant variable that affected sur-
vival (p=0.019, p=0.021). The mean conformity index (prescription isodose volume/planning
tumor volume) was 1.09, and the mean homogeneity index (maximum dose/prescribed dose)
was 1.13. Average treatment time was 45 minutes.

Conclusions: The overall survival of patients in this first outcome study of tomotherapeutic IMRS
for brain metastases is comparable to published reports of patients treated with other radio-
surgery modalities. We conclude that tomotherapeutic IMRS can be used effectively to treat
patients with brain metastases.

Spinous and paraspinous tumors - Part 2 OS 4-3
Moderators: Iris Gibbs (United States) Pacific Heights

Sam Ryu (United States)

Image-guided robotic radiosurgery provides excellent palliation 
of new and recurrent spinal metastases OS 4-3-1
Iris C. Gibbs (Stanford University , Radiation Oncology, United States) 
Robert Dodd (1) Steven Chang (1) Laurie A. Tupper (1) John Adler (1) 
(1) Stanford University, United States 

Objective: Conventional radiotherapy is generally effective in providing relief of painful spinal
metastases. However, many patients will develop further tumor progression with neurologic dete-
rioration and require additional therapy. 

Here we present clinical results of image-guided robotic radiosurgery using the Cyberknife
(Accuray, Inc., Sunnyvale, CA) to treat metastatic spinal tumors. 

Materials/Methods: From 1996 ¨C 2006, 128 patients with 162 spinal metastases were treated
using the Cyberknife at our institution. Over 90% of patients had previous treatment, including
prior radiotherapy. Image-guided radiosurgery treatment was delivered in 1-5 fractions to total

doses of 16-25 Gy. Care was taken to limit the volume of the spinal cord receiving >8 Gy in a
single fraction to less than 0.5cm3. Patients were followed clinically and radiographically for at
least 3 months or until death. Pain was assessed using a visual analog scale.

Results: With follow-up of up to 48 months, over 85% of patients experienced improved symp-
toms after treatment. Three patients (2%) developed treatment-related spinal cord injury. Analysis
of dose-volume and clinical parameters failed to identify predictors of spinal cord injury. However,
it is noteworthy that no complication occurred in patients when the volume of spinal cord
exposed to a BED3 of ¡Ü 58 Gy was ¡Ü0.15 cm3.

Conclusion: Image-guided robotic radiosurgery is safe and provides excellent palliation of new
and recurrent spinal metastases. These results are comparable to emerging data of other institu-
tions.

Clinical results of spinal radiosurgery for benign spinal tumors OS 4-3-2
Moon-Jun Sohn (Inje University Ilsan Paik Hospital, Neurosurgery, Republic of Korea) 
Dong Joon Lee (1) C. Jin Whang (1) 
(1) Neurosurgery, Inje University Ilsan Paik Hospital, Republic of Korea 

Introduction: With the advent of image guided navigation technologies, it emphasizes the role of
spinal stereotactic radiosurgery (SRS) for treating spinal tumors. As a primary and alternative or
adjuvant treatment modality for spine tumors, spinal SRS has become an important surgical tool
in neurosurgical fields. As an adjuvant or alternative treatment, spinal radiosurgery can afford
minimizing the surgical injuries and morbidities in terms of minimally invasive surgical planning.
The objective of this study is to provide optimal patient¡¯s selection and decision making options
in the treatment of benign spine tumors with minimally invasive concepts.

Patients and methods: Using Novalis shaped beam radiosurgical unit, total 120 cases of spinal
tumors were treated for 7 years. We retrospectively analyzed 33 patients of benign spinal tumors
who underwent the single session or hypofractionated spinal radiosurgery. According to the ini-
tial therapeutic planning, the patients were divided into three groups; planned primary radio-
surgery group (A), planned minimally invasive surgery for adjuvant radiosurgery group (B) and
conventional surgery without considering subsequent adjuvant radiosurgery group (C).
Radiological findings, clinical outcomes and surgical morbidities were evaluated.

Results: Pathological diagnosis of benign spinal tumors included neurogenic tumors (60%),
meningioma (17%), followed by ependymoma (14%), chordoma (14%), hemanioblastoma (3%),
and cavernous hemangioma (3%). Mean tumor volume was 4210mm3 (70 ~ 173140 mm3).
Median prescribed dose was 13 Gy at 80% isodose line. Spinal cord irradiation more than 6 Gy
was 0.12 cm3. Mean follow up period was over 2 years. 

Spinal radiosurgery was performed for 22 patients as a primary treatment modality. 7 patients
underwent combined surgery planning for adjuvant Radiosurgery (Group B), and the rest 4
patients (Group C) were referred for the treatment of residual tumors after the conventional sur-
gery. Surgical co-morbidities of Group C were massive intraoperative bleeding (1 case), iatrogenic
blood dyscrasia (1 case), and neurological deficits (2 cases). There were no acute and early or
delayed late radiation complications during follow up periods after the spinal radiosurgery. Most
of the patient showed stable or decreased tumor volume following the radiosurgery during the
follow-up periods. 
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Conclusions: Image-guided spinal stereotactic radiosurgery provides a safe and effective primary,
adjuvant and alternative treatment modality for benign spinal tumors. It also can afford to elimi-
nate surgical morbidities, the secondary operation for residual tumors and invasive procedures
such as extensive decompression for tumor excision followed by spinal instrumentation.

Spinal radiosurgery for malignant lesions OS 4-3-3
Edward Mitchell (UCLA , Neurosurgery, United States) 
Antonio De Salles (1) Nzhde Agazaryan (2) Alessandra Gorgulho (1) John DeMarco (2) Stephen Tenn (2)
Michael Selch (2) 
(1) UCLA Division of Neurosurgery, United States (2) UCLA Department of Radiation Oncology, United
States 

Introduction: Radiosurgery is well-established as a treatment option for malignant intracranial
lesions. Adoption of spinal radiosurgery has been slower due to the difficulty in target localiza-
tion. Previous localization methods utilized implanted markers or specialized frames. Advances in
infrared tracking, on-line portal visualization and image fusion technology permit accurate place-
ment of a spinal column target at the isocenter of a linear accelerator without requirement for
fiducial markers. In this series, we examine the safety and efficacy of LINAC-based spinal radio-
surgery for patients with metastatic lesions. 

Materials and Methods: Twenty-eight patients with 39 lesions were treated at UCLA with single
fraction spinal radiosurgery between January 2002 through October 2006. Seventeen were male
and 11 were female. Mean age was 57.4 ± 14 years. The mean peripheral radiation dose was
12.2 ± 1.7 Gy prescribed to the 90% isodose line. The mean tumor volume was 32.0 ± 40.1
ml. The treatment plan was accomplished using reverse planned Intensity Modulated
Radiosurgery (IMRS) fields in 24 lesions, forward planned dynamic arcs in 13, and conformal
beams in two. The mean follow-up period was 10.8 ± 8.6 months. All treatments were per-
formed using the image-guided Novalis Body system. 

Results: No complications due to spinal radiosurgery were noted. Excluding treatments performed
within the last 6 months, 39% had symptomatic improvement, 13% had no symptoms at the
time of radiosurgery and remained asymptomatic, 13% had no change in their symptoms. Thirty-
five percent had symptomatic deterioration due to tumor progression. On imaging follow-up, 5%
had improvement, 47% had no change and 42% had local progression.

Conclusions: The development of image guided systems has resulted in improved physical tar-
geting, enabling the use of single-fraction radiosurgery with a linear accelerator. The dose used
was proven to be safe, as no undo effects were observed. Higher doses are likely necessary to
improve control rate of malignant lesions. 

Cyberknife extracranial radiosurgery for benign spinal tumors: 
University of California San Francisco preliminary experience OS 4-3-4
Arjun Sahgal (University of California San Francisco, Radiation Oncology, United States) 
Chris Ames (2) Dean Chou (2) Kim Huang (1) Cynthia Chuang  (1) Paula Petti (1) Lijun Ma (1) Phillip
Weinstein (2) David Larson (1) 
(1) University of California San Francisco, Deptartment Radiation Oncology, United States (2) University
of California San Francisco, Deptartment Neurosurgery, United States 

Objective: Spine Radiosurgery (SR) may be a treatment option for some patients with benign
spinal tumors. We evaluate our preliminary experience using the Cyberknife Radiosurgery System. 

Methods: Since 2003, we identified 16 consecutively treated patients comprising 19 benign
spinal tumors, and performed a retrospective chart review. Histologic types included neurofibro-
ma (11), chordoma (4), hemangioma (2), and meningioma (2). Three patients had
Neurofibromatosis Type 1 (NF1). One tumor (chordoma) had been previously irradiated, and not
considered in the local failure analysis. Local failure, for the remaining 18 tumors, was based cli-
nically on symptom progression and/or based on imaging. All patients had follow-up imaging.

Results: Median follow-up is 25 months (2-37) and one patient (with NF1) died at 12 months
from a stroke. Indications for spine SR consisted of either adjuvant to subtotal resection (5/19),
primary treatment alone (12/19), or as a boost following external beam radiotherapy (1/19). 

The median total dose/number of fractions/prescription isodose to the gross tumor volume was
21 Gy (10-30)/3 (1-5)/80% (42-87). The median tumor volume was 7.6 cc (0.2-274.1). The me-
dian V100 (volume V receiving 100% of the prescribed dose) and maximum tumor dose was 95%
(77-100) and 26.7 Gy (15.4-59.7), respectively. 

Three tumors progressed at 2, 4, and 36 months post-SR (n=18). Two tumors were neurofibro-
mas (in both NF1 patients), and the third, a solid intramedullary hemangioblastoma. The 12-
month freedom from progression is 89% (C.I.= 63%-97%). Based on radiologic follow-up, 2
tumors had MRI documented progression, 3 had regressed, and 13 were unchanged (n=18). No
acute grade 3-5 toxicity was observed. A spontaneous tumor cyst 2 months post-SR may repre-
sent sub-acute radiation toxicity. No late toxicity has been observed.

Conclusion: With short follow-up, local control and morbidity following spine RS for benign spinal
tumors appear acceptable. Greater doses for neurofibromas in patients with NF1 may be required
to improve local control. Further follow-up is required to determine long-term outcomes.

Stereotactic radiotherapy for spinal lesions using Novalis system OS 4-3-5
Yoshimasa Mori (Nagoya Kyoritsu Hospital, Nagoya Radiosurgery Center, Japan) 
Chisa Hashizune (1) Tatsuya Kobayashi (1) Hayashi Naoki (1) Yuta Shibamoto (2) Natsuo Tomita (2)
Okamoto Sho (3) Jun Yoshida (3) 
(1) Naogya Radiosurgery Center, Nagoya Kyoritsu Hospital, Japan (2) Department of Radiology and
Radiation Oncology, Nagoya City University Graduate School of Medicine, Japan (3) Department of
Neurosurgery, Nagoya University School of Medicine, Japan 

We report preliminary experience of stereotactic radiotherapy (SRT) with Novalis for spinal lesions.
We treated 22 cases of spinal lesions including AVM (1), meningioma (2), ependymoma (1), giant
cell tumor (1), and metastasis (17 cases with 19 lesions). We treated a small cervical
intramedullary AVM and two intramedullary metastatic tumors by multi-circular beam SRT with
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cone collimator and treated the other 21 tumors by conformal multi-beam or intensity-modula-
ted multi-beam SRT with micro multi-leaf collimator. Two cases of recurrent thoracic meningioma
after multi-surgery and conventional fractionated external-beam radiation therapy were treated
with SRT. The patients were stable for 2 and 6 months after treatment and cease of progression
of paraparesis have been obtained so far. All regions of the spine received treatment in metasta-
sis cases; 5 cervical, 4 thoracic, 7 lumber, and 3 sacral. Isocenter dose of 30 to 40 Gy in 10 frac-
tions or 25 to 32.5 Gy in 5 fractions were delivered for metastases. The lesions were covered by
around 95% isodose. Indication of SRT was intractable pain in 5 cases, progression of neurolog-
ical deficits in 5 cases, and enlargement of lesion on imaging in 7 cases with 9 tumors. Three
patients died early after the SRT treatment from primary visceral cancers. No side effects due to
SRT were observed so far. In 2 patients with intractable radiating pain the patients�f symptoms
were relieved partially or completely during the follow-up period of 2 and 3 months. In 6 of 8
patients with imaging follow-up the tumors disappeared or shrank. Our observations suggest that
SRT as prescribed in patients with various spinal lesions is well-tolerated and with little to no 
significant morbidity. The authors await long-term follow-up data to determine late complications
and nidus obliteration or tumor control rate.

Pain syndromes OS 4-4
Moderators: Ajay Niranjan (United States) Telegraph Hills

Botao Xu (China)

Robotized micro-radiosurgery with APS for essential trigeminal neuralgia: 
evaluation and analysis of 150 patients OS 4-4-1
Motohiro Hayashi (Tokyo Women's Medical University, Neurosurgery, Japan) 
Koutaro Nakaya (1) Taku Ochiai (1) Mikhail Chernov (1) Noriko Tamura (1) Shyoji Yomo (1) Masahiro
Izawa (1) Tomokatsu Hori (1) Kintomo Takakura (1) 
(1) Tokyo Women's Medical University, Japan 

Rationale Gamma knife surgery (GKS) is a minimally invasive treatment for brain diseases, and is
currently used for functional disorders. At the end of 2002, refined Gamma knife system, �gModel
C-APS (automatic positioning system)�h was installed in our institute. This new system enables
automatic setting of every coordinate with 0.1 mm adjustment. We performed a comparative study
between the group of patients treated by APS and the one by manual coordination to evaluate the
efficacy and safety of APS treatment for essential trigeminal neuralgia (eTGN).

Materials and Methods: We completed a retrospective study of 270 patients with eTGN treated
by GKS. The target was localized on the retro-gasserian portion of the nerve with 90Gy at maxi-
mum. Among them, 152 patients were followed up more than 2 years. They were divided into
2 groups: pre-APS group (46pts), which was treated by Model B before 2002 and post-APS group
(106pts), which was treated by model C-APS since 2003. For each case, energy (integrated dose)
and unit energy (energy per nerve volume) of the irradiated nerve were calculated to investigate
both efficacy and complications.

Results: In post-APS group, initial severe pain (= electric discharge) free was observed in 98.1%,
and in 79.8% at the last follow-up with at least 2 years. Complete recurrence was observed in
1.9%, and postoperative complication was observed in 31.3%. In contrast, in pre-APS group, ini-
tial severe pain free was observed in 70.7%, and in 60.9% at the last follow-up. Complete recur-

rence was observed in 12.2%, and postoperative complication was observed in 37.0%. In this
study, no significant difference was found as to the complication rate between energy and unit
energy. Interestingly, however, we observed that when energy and/or unit energy is high, delayed
efficacy tends to appear faster (there was a significant difference in unit energy: P<0.05).

Conclusions: There is no doubt that precise dose planning, so-called �gRobotized micro radio-
surgery�h, is important for successful treatment. As indicated in this study, we assume that con-
sideration of �gunit energy�h may become one of essential factors to provide custom-made treat-
ment for patients with eTGN.

Gamma Knife radiosurgery on pituitary stalk and gland for intractable cancer pain: 
clinical results in 18 cases OS 4-4-2
Seok Ho Hong (Asan Medical Center, University of Ulsan, College of Medicine, Neurosurgery,
Republic of Korea) 
Seok Ho Hong (1) Wonchul Namgung (1) 
(1) Asan Medical Center, University of Ulsan, College of Medicine, Seoul, Korea 

The clinical results of gamma knife radiosurgery (GKS) on the pituitary stalk and gland in patients
with intractable cancer pain were analyzed to elucidate the efficacy and safety of this treatment.

Between July 2003 and January 2007, the total of 18 patients who suffered from cancer-related
pain underwent GKS on the pituitary gland. Indications for patients in this treatment were 1) can-
cer pain related to bone metastasis; 2) no other effective treatment for pain; 3) general condition
states as greater than 40 on Karnofsky Performanace Scale; 4) morphine effective for pain. The
mean age of the patients were 56.8 years (37 to 79 years) and the primary sites of malignancy
were the lung in 9, the prostate in 6, and the oropharyngeal area, breast, liver in one patient
each. The main location of the pain was axial region in 15, non-axial region in 3, the facial area
in one patient, respectively. The level of the pain was assessed using visual analogue scale (VAS)
prior to GKS, and one, 2, 3, 4, weeks, 2 months, and 6 months following GKS. GKS was per-
formed with maximum doses of 160 Gy on the pituitary stalk and gland.

The level of the pain prior to GKS was 8.5 (6 to 10) in VAS. The pain started to decrease 2 weeks
after GKS, resulting in significant reduction when measured at 4 weeks following GKS in all but
two patients (89%) who suffered pain in non-axial region. No adverse effect relating with GKS
procedures was observed 

GKS on the pituitary stalk and gland ameliorated cancer-related pain, particularly hormonal
dependent cancer pain related to bone metastsis, without major adverse effects and the lung can-
cer patients with pain originated from metastatic lesion in axial skeletal structures seemed to be
more suitable candidates
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Clinical evaluation of idiopathic trigeminal neuralgia patients treated 
with Cyberknife radiosurgery OS 4-4-3
Sigita Burneikiene (Boulder Neurosurgical Associates, Neurosurgery, United States) 
Michael Lim (2) Lee McNeely (3) Pantaleo Romanelli (4) Steven Chang (2) Melinda McIntyre (3) Laura
Fariselli (5) Sigita Burneikiene (1) Giovanni Broggi (5) Jeffrey Thramann (1) John Adler (2) 
(1) Boulder Neurosurgical Associates, Boulder, CO (2) Dept. of Neurosurgery, Stanford University School
of Medicine, Stanford, CA, United States (3) Rocky Mountain CyberKnife Center, Boulder, Colorado,
United States (4) Dept of Neurosurgery, Neuromed IRCCS, Pozilli, Italy; (5) Dept of Neurosurgery, Besta
Neurological Institute, Milan, Italy; 

Introduction: This retrospective multi-institutional study evaluated safety and efficacy of CyberKnife
radiosurgery for treatment of Trigeminal Neuralgia (TN). Radiosurgical treatment parameters were
analyzed in relation to pain control, complications and recurrence of the symptoms.

Innovation: Optimal treatment parameters were identified for patients who had sufficient and
sustainable pain relief with no severe or moderate complications including numbness. 

Methods: A total of 95 patients were treated for idiopathic TN between May 2002 and October
2005 at Stanford University (Stanford, CA), The Rocky Mountain CyberKnife Center (Boulder, CO)
and Neuromed (Pozilli, Italy). Levels of pain control (Boulder-Stanford Pain scale of 1=excellent,
2=moderate, 3=minimal), response rate, response rate, time to pain relief, occurrence of hypes-
thesia with respect to the radiosurgical treatment parameters were evaluated. 

Results: 71 patients (74.7%) had adequate pain relief initially. Additional 16 patients (16.8%) had
some pain relief, which was classified as mild. Median time to pain relief was 14 days (0.3–180).
Fifty (52.6%) patients still have experienced satisfactory pain relief at the mean 23.5 months
(range, 12 – 46) follow-up. A total of 45 (47.4%) had new post-treatment numbness: mild 19
(20%), moderate 15 (15.8%), severe 11 (11.6%).  Logistic regression analysis demonstrated that
the longer nerve treated (P<0.00001), higher Dmax (P=0.02), Dmin (P=0.006), and treatment
related numbness (P=0.0003) were predictive of pain relief. 

A total of 22 patients were identified in the optimal treatment outcome group. Median Dmax –
77.59 (70-85.37), median Dmin – 61.5 (56–70), and the median length of the nerve treated –
6 mm (5–12). A total of 13 patients (59%) had mild numbness in this group. 

Conclusion: Our results show a clear correlation between efficacy and length of nerve treated or
higher Dmax and Dmin. However, treating longer lengths of nerve and using higher radiation
doses also results in increased numbness. Optimal radiosurgical treatment parameters are
described in this study. 

Dosimetry and early outcomes in radiosurgery for primary trigeminal neuralgia OS 4-4-4
Mojgan Hodaie (University of Toronto, Division of Neurosurgery and Joey and Toby Tanenbaum
Family Gamma Knife Center, Toronto Western Hosp, Canada) 
May S. Sanaee  (1) Normand Laperriere  (2) Howard Michaels  (2) Andrei Damyanovich  (2) Young-Bin
Cho  (2) Cynthia Ménard   (2) Michael Cusimano  (1) Fred Gentili  (1) Michael Schwartz  (1) Mark
Bernstein  (1) 
(1) Division of Neurosurgery, University of Toronto, and Joey and Toby Tanenbaum Family Gamma Knife
Center, Toronto Western Hospital and University Health Network, Toronto, Canada (2) Department of
Radiation Medicine and Physics, Princess Margaret Hospital, Toronto and Joey and Toby Tanenbaum
Family Gamma Knife Center, Toronto Western Hospital and University Health Network, Toronto 

Introduction: We analyzed the relationship between dosimetry and pain outcomes in 40 patients
with primary trigeminal neuralgia treated with Gamma Knife radiosurgery between Sept 2005
and Jan 2007. 

Methods: All patients were prescribed a dose of 80Gy to DMax using a single isocenter and 4mm
collimation. Based on individual variation of anatomy of the cisternal segment of the trigeminal
nerve, different collimator plug patterns were employed to meet dose constraints for the brain-
stem (Max 15Gy to 1mm3). The following variables were analyzed: Age, gender, laterality, inte-
gral dose to nerve (Gy/volume, mJ), number of collimator plugs, dose rate (Gy/min), and location
of the isocenter in one of the following four segments: i)nerve entry zone; ii) midcisternal seg-
ment, iii) distal cisternal (retrogasserian) portion, and iv)gasserian ganglion. Pain outcome was
classified as: type I – no pain, no meds; type II – no pain, with meds; type III – less pain, with
meds; type IV – no significant pain relief. The values for dose rate and integral dose were com-
pared with and without the use of collimator plugs. The latter plan was calculated retrospective-
ly using the patient’s treatment plan with the collimator plugs removed. 

Results: Updated follow-up is available in 38/40 patients. Follow-up data ranged between 1.5
and 17 months. The majority of patients (66%) were pain free at time of last follow-up (37% Type
I, 29 % Type II, 18% Type III, 16% Type IV). Three patients experienced recurrence of their pain
at one year. No brainstem adverse events were observed. The effect of collimator plugging on
increasing integral dose to the trigeminal nerve appears to be small, with a maximum increase of
0.5 mJ for plans with over 90 plugs. The use of collimator plugging increased treatment time with
a reduction of the overall dose rate. We observed an average of 0.23 min increase in treatment
time per plug used, and a decrease of overall dose rate of up to 50% in plans that used exten-
sive plugging (up to 97 plugs). Neither dose rate nor integral dose appeared to be correlated to
pain outcomes. 

Conclusions: Reducing dose to brainstem by plugging collimators results in a small increase inte-
gral dose to the trigeminal nerve yet it substantially reduces the overall dose rate. Further long-
term data will be necessary to determine whether decreased dose rate correlates with long term
pain outcome.
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Gamma Knife radiosurgery of the trigemnial nerve 
and sphenopalatine ganglion for cluster headache OS 4-4-5
Kenneth Ott (San Diego Gamma Knife Center, , United States) 
David W. Hodgens, United States (2) Steve Goetsch, (3) 

Objectives: Cluster headache (CH) is a severe and disabling periodic pain disorder. Short periods
of periorbital pain are accompanied by parasympathetic effects: lacrymation, conjunctival injec-
tion, nasal congestion, etc. Medical treatment of episodic and chronic CH is usually effective, but
a small group of patients are refractory to medical treatment. The somatic and autonomic mani-
festations of CH have challenged the imaginations of surgeons. We report our initial experience
treating both the trigeminal nerve and sphenopalatine ganglion (SPG) for CH.

Methods: Between 1999 and 2006 we treated 6 patients with chronic or episodic CH with
Gamma Knife radiosurgery at the San Diego Gamma Knife Center. One patient was treated on
four occasions over a five year period. A 4 mm collimated isocenter was placed on the nerve entry
zone of the trigeminal nerve and a maximum dose of 85 to 97 Gy was prescribed for treatment.
A portion of the 12 Gy isodose curve overlapped the pons and the center of the 50% isodose
curve was 3 to 4 mm anterior to the junction of the nerve and the pons: the standard treatment
protocol for treating trigeminal neuralgia in our and other centers.

The sphenopalatine ganglion (SPG) was identified in the pterygopalatine fossa using the CT and
MR images. An 8 mm. isocenter with a maximum dose of 85 to 97 Gy was used to treat the gan-
glion. The optic nerves and chiasm received less than 8 Gy during radiation of the SPG . Patients
were discharged the morning of treatment.

Results: Five patients were available for results. Patients were followed from 7 years to 1 month.
Four individuals achieved significant pain relief and the remaining patient had 15% pain relief
after 3 months and is considering re-treatment. A fixed Horner’s syndrome disappeared in one
individual. Pain relief occurred within days to weeks. All patients followed more than one month
developed facial paresthesias many months after radiosurgery. None had anesthesia dolorosia. 

One patient, an attorney said “ You have saved my life. A business executive volunteered “You
have given me back my life.”

Conclusions: Radiosurgical treatment of both the trigeminal nerve and the SPG may be effective
in the control of refractory CH. The benign and non-invasive nature of radiosurgery, its effective-
ness combined with the suffering and disability of uncontrolled CH suggests more patients should
be offered a radiosurgical alternative. 

ORAL SESSION 5 11.30 - 12.30

Schwannoma - Part 1 OS 5-1
Moderators: Martin Henzel (Germany) Gold Ballroom

Kenneth Ott (United States)

Longterm hearing preservation for vestibular schwannoma after Gamma Knife 
radiosurgry - analysis for patients with initial subnormal hearing OS 5-1-1
Manabu TAMURA (Wakayama Medical University, Department of Neurological surgery, Japan) 
Jean Regis (1) Pierre-Hugues Roche (1) Jean Marc Thomassin (1) Christine Delsanti (1) Kenji Kubo, (2)
Yuji Uematsu (3) Toru Itakura (3) 
(1) Stereotactic and Functional Neurosurgery and ENT surgery, Timone University Hospital, Marseille,
France (2) Department of Neurosurgery, Koyo Hospital, Wakayama, Japan (3) Department of
Neurological surgery, Wakayama Medical University, Wakayama, Japan 

Objective: To evaluate the long-term hearing preservation of Gamma Knife Radiosurgery (GKS) for
Vestibular Schwannoma (VS) in patients with initially a subnormal hearing (Gardner-Robertson
class 1) and analyze the predictive factor for the hearing preservation. 

Material and Methods: Since July 1992 over 1700 vestibular schwannomas were treated by GKS
and followed in Marseille Timone University hospital. NF2 disease patients and previously surgi-
cally treated patients were excluded. Among the patients with subnormal hearing (GR1) at the
time of GKS, a minimum follow up of 3 years is available for 74 patients treated between July
1992 and January 2003 with marginal dose 13 Gy (max 11 years, average 55.6 months, 
median 48 months) and analyzed to evaluate hearing preservation after GKS and the predictive
factor for hearing preservation by the univariate and multivariate analysis.

Results: The average age was 47.5 years (range 17-76). According to Koos classification the
lesion treated was a stage I in 8 cases, stage II in 21, stage III in 43, stage IV in 2. The initial
symptom was hearing loss in 29 patients, tinnitus in 22, vertigo in 4, instability in 9. The medi-
an number of isocenter was 8 (range 2-45) and the median peripheral dose was 12.0 (range 9-
13) Gy. At latest follow up, 58 (78.4 %) patients had preserved a functional hearing (GR class 1
or 2), 37 of 74 (50.0 %) patients were still in GR class 1 (subnormal), while 5 (8.1 %) patients
had lost their audition (deafness). Three patients had failed tumor control and had resection sur-
gically and 2 patients were retreated with GKS. Tumor control was achieved in 93 % of the cases.
One patient suffered new facial palsy (in failed case) and 7 patients (1 transient) suffered trigem-
inal nerve injury. In statistic analysis, an initial symptom different from hearing loss (p=0.002)
and lower dose to the cochlea (p=0.009) had significantly higher possibility to preserve GR1
hearing after GKS for long time. As to a preservation of function hearing (GR1 or GR2), no hear-
ing loss at initial sign (91.1 %), age under 50 (83.7 %) and dose to cochlea under 4 Gy (90.9 %)
show a tendency to predict it for a long time.

Conclusion: This study shows that Gamma Knife Radiosurgery have, on the long-term, a very
high probability of functional hearing preservation for patients presenting with unilateral VS.
Younger patients with no hearing loss as a first symptom, treated with low dose to the cochlea
are more likely to preserve on the long term a functional hearing.
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Long-term hearing preservation and tumor control after radiosurgery 
for intracanalicular vestibular schwannomas OS 5-1-2
Ajay Niranjan (University of Pittsburgh, Neurological Surgery, United States) 
David Mathieu (2) John Flickinger  (1) Douglas Kondziolka  (1) Jagdish Bhatnagar  (1) L. Dade Lunsford,
(1) 
(1) University of Pittsburgh, United States (2) Centre Hospitalier Universitaire de Sherbrooke, Canada 

Introduction: We retrospectively evaluated long-term hearing preservation and tumor control
rates after intracanalicular vestibular schwannomas radiosurgery.

Methods: At the University of Pittsburgh 161 patients (105 men, 57 women) underwent Gamma
Knife Radiosurgery (SRS) for intracanalicular tumor (confined to internal acoustic canal or projec-
ting intracranially upto 2 mm from internal acoustic meatus) between 1987 and 2003. The me-
dian patient age was 56 years (range, 22-89). Tinnitus was a presenting symptom in 108 (67%)
patients. Hearing was graded using the Gardner-Robertson (GR) classification and the classifica-
tion suggested by the Committee on Hearing and Equilibrium of the American Academy of
Otolaryngology-Head and Neck surgery (AAO-HNS). Highlights of current dose planning tech-
nique for intracanalicular lesions include use of 3-D SPGR and 3-D T2 weighted MR imaging, mul-
tiple 4-mm isocenters, and beam weighting. The median tumor volume was 0.192 cc (range,
0.05 to 0.464) and the median margin dose was 13 Gy (range 12-16). 

Results: Serviceable hearing was classified as AAO-HNS class A and B or GR class I and II. Of 73
evaluable patients with GR grade I, II, or III hearing prior to SRS, GR grade I, II or III hearing was
maintained in 62 (85%) at a median follow-up of 24 months (range=12-144). Of 29 evaluable
patients with initial AAO-HNS class A hearing, serviceable hearing was preserved in 21 (72.5%).
Of 35 patients who had pre-SRS GR grade I hearing, serviceable hearing was preserved in 26
(74.3%). Of 61 evaluable patients with GR grade I or II pre-SRS hearing serviceable hearing was
preserved in 35 (61%). Trigeminal nerve function was preserved in all patients. No patients devel-
oped a permanent facial paresis. Two patients noticed temporary facial spasms and facial nerve
paresis (HB Grade 2) which improved on a short course of corticosteroids. The tumor control rate
(freedom from additional intervention) was 99.3% (144/145). One patient underwent elective
surgical excision 18 months after radiosurgery due to tumor growth. Tumors regressed in 56
(35%), remained unchanged in 82 (51%) and showed slight initial enlargement (1-3 mm) fol-
lowed by stabilization in six patients. 

Conclusions: Radiosurgery is a minimally invasive management option for patients with intra-
canalicular tumors and provides high rate of long-term hearing preservation with minimal mor-
bidity. Radiosurgery is now considered the management of first choice for intracanalicular
acoustic tumors.

Linac radiosurgery for vestibular schwannomas: 
the Sheba medical center experience OS 5-1-3
Roberto Spiegelmann (Chaim Sheba Medical Center, Neurosurgery, Israel) 
Janna Menhel (1) Dror Alezra (1) Raphael Pffefer (1) 
(1) Chaim Sheba Medical Center , Israel

From 1993 through 2006 318 patients with acoustic neurinomas were treated with LINAC radio-
surgery at Sheba Medical Center. 51% were females. Tumor volumes ranged from 0.02 to 12 cc

(mean 2.35), diameter from 4 to 32 mm (mean 18.5). The mean duration of follow up was 44
months (12-156), although 69 patients were followed up for more than 5 years.

226 patients were treated with the BrainLAB M3: 65 with stationary beams, and 156 with the
dynamic arc paradigm. 97 patients were treated with cylindrical collimators with 1 to 5 isocen-
ters (mean 1.5). Dose to tumor margin ranged between 1100-2000 cGy (median 1250 cGy).
Doses were progressively reduced since 1995 from 1500 to 1250 cGy in an effort to increase
facial nerve and then hearing preservation. 

Results: Tumor control data were available in 238 patients (15 patients were lost to follow up and
the remainder (n 65) has yet to undergo follow up scanning). Although 11 patients had tumor
enlargement during the first few years of follow up, only 3 patients (0.9%) required surgery. Thus
99% of patients in this series have not required further treatment. Facial neuropathy was seen in
15 patients appearing in all within 13 months of treatment. Residual weakness was recorded in
9 (2.8%). Facial neuropathy correlated strongly with radiation dose to tumor margin, particularly
in larger tumors. Among 174 patients with profound hearing loss before treatment, only 4
regained serviceable hearing (2%). 63 patients had serviceable hearing at the time of radio-
surgery. Of them, 39 (62%) retained useful hearing by the end of follow up. 8 patients (2.5%)
experienced facial myoclonias during the first year of follow up. None of them developed facial
weakness. We could not detect any influence of treatment paradigm (cylindrical collimators ver-
sus dynamic rotation or conformal stationary beams) upon outcome.

Conclusion: LINAC – based radiosurgery has controlled effectively 99% of the tumors in this
series, with a low rate of (2.8%) of post-treatment new facial weakness and a 63% hearing
preservation rate. The use of the M3 allowed for shorter planning and treatment times without
affecting outcome.

Glioma OS 5-2
Moderators: Christopher Duma (United States) Twin Peaks

Paul Sperduto (United States)

Salvage radiosurgery of recurrent high grade glioma: 
radiographic tumor control and clinical outcome OS 5-2-1
Mehul Patel (Henry Ford Health System, Radiation Oncology, United States) 
Farzan Siddiqui  (1) Lisa Scarpace  (1) Jian-Yue Jin  (1) Tom Mikkelsen  (1) Benjamin Movsas  (1) Samuel
Ryu  (1) 
(1) Henry Ford Health System, United States 

Purpose: To determine the radiographic and clinical efficacy of single dose radiosurgery (SRS) and
fractionated stereotactic radiosurgery (FSRS) as salvage therapy for recurrent high grade glioma. 

Methods: A total of 36 patients with recurrent high grade glioma were treated with salvage
radiosurgery by either SRS or FSRT between March of 2001 and August 2006. 29 patients had
an initial diagnosis of Glioblastoma Multiforme. 7 patients were found to have had a malignant
transformation. All 36 patients had biopsy proven GBM at recurrence. SRS was performed with a
marginal dose of 18 Gy. FSRT was performed with a dose of 36 Gy in 6 fractions, twice weekly.
Twenty-six patients received SRS and 10 patients were treated with FSRT. No chemotherapy was
given during the radiosurgery. Overall, the median time from initial radiation therapy to salvage
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radiosurgery was 13.6 months (range from 1 to 119 months). Followup included MRI scans and
clinical exams every two months. The MRI scans and medical records were retrospectively
reviewed to determine radiographic tumor control and survival. 

Results: Overall median survival after salvage radiosurgery was 8 months. Median survival time
after SRS was 8.5 months, compared to 5.6 months after FSRT. The mean survival time after SRS
was 11.3 months compared to 5.5 months after FSRT (p =.02). The mean survival time in
patients with WHO grade III glioma was 9.4 months compared to 10.4 months in patients with
WHO grade IV glioma (p = .68). Of 26 patients treated by SRS, radiographic tumor response
and/or stable disease was seen in 9 (34.6%) and tumor progression was seen in 17 (65.4%). Of
10 patients treated by FSRT, radiographic tumor response and/or stable disease were seen in 4
patients and tumor progression was seen in 4 patients. 

Conclusion: Salvage radiosurgery is feasible for recurrent high grade glioma with radiographic
response and probable survival benefit with single dose radiosurgery.

Role of adjunct penicillamine therapy in the control 
of high grade glioma recurrence by radiosurgery OS 5-2-2
Pouya Tahsili-Fahadan (Iran Gamma Knife Center, , Iran, Islamic Republic of) 
Pouya Tahsili-Fahadan (1) Mohammad Ali Bitaraf (1) Maziar Azar (1) Farid Kazemi (1) Mahmoud
Allahverdi (1) Soraya Salmanian (1) Alireza Zahiri (1) Hossein Ashrafian (1) Khosro Parsa (1) 
(1) Iran Gamma Knife Center, Iran, Islamic Republic of 

Objectives: It has been shown that the survival of high grade glioma (HGG) patients is increased
by surgery followed by radiation therapy and radiosurgery for the remaining active foci. Besides,
experimental studies suggest the role of copper level reduction in the control of tumor growth
and angiogenesis. The aim of this prospective study was to determine the survival, tumor control
rate, and clinical outcome of stereotactic radiosurgery (SRS) in subsets of HGG patients undergone
adjunct penicillamine therapy, as a copper level lowering agent.

Methods: The Leksell Gamma Knife was used to treat 42 patients harbouring HGG (glioblastoma
multiforme and anaplastic astrocytoma) referred to our center from January 2005 to January
2007. All patients had undergone surgical resection and radiation therapy prior to SRS. 18
patients received 250-500 mg of penicillamine daily from the SRS day on (treatment group), and
the remaining 24 patients received placebo (control group). The mean age of patients was 48
and 39; and the median tumor volumes were 15 cc (range 3-15 cc) and 14.3 cc (range 5-20 cc),
in the control and treatment groups respectively. The median marginal dose applied to a mean
isodose volume of 50%, was 22 Gy (range 18–24 Gy). Inclusion criteria was minimum Follow-
up of 3 months. 

Results: In the control group, 7 patients expired due to infection, emboli and respiratory compli-
cations, and 8 patients experienced worsening in their clinical status (5 hemipegia, 3 aphasia and
4 significant cognitive deficits). However, in the penicillamine treated group, 3 patients died (2
due to infection and one for an unrelated aetiology); and worsening in signs and symptoms was
observed only in 3 (2 hemiparesis and 1 case of ataxia) that was significantly lower than control
cases. In the control group, neuroimaging data showed stable tumor size only in 4 patients

(16.6%), while in the remaining patients the tumor size increased. Interestingly, in the penicil-
lamine-treated group, follow-up imaging revealed that tumor size or enhancement had decreased
in 10 patients (55.5%), and the volume remained unchanged in the remaining eight cases
(44.5%). 

Conclusions: According to the authors’ experience, SRS along with adjunct penicillamine therapy
represents a useful therapeutic option to increase the survival, control the symptoms and may be
safely conducted in patients with HGG. Because of the tumor’s characteristics, however, long-
term follow-up data in more patients is warranted.

Is fractionated radiotherapy necessary for all patients with malignant glioma? OS 5-2-3
Masaaki Yamamoto (Katsuta Hospital Mito GammaHouse, , Japan) 
Bierta E. Barfod (1) Urakawa Yoichi (1) 
(1) Katsuta Hospital Mito GammaHouse, Hitachi-Naka, Japan 

Introduction: The clinical efficacy of gamma knife radiosurgery (GKRS) for initial management of
patients with malignant gliomas is not yet fully understood. Furthermore, according to a recent-
ly published article, there was no survival benefit for glioma patients who had fractionated radio-
therapy (fr-RT) plus RS booster, as compared with those who had fr-RT only. The next question is
whether all patients with malignant gliomas need fr-RT.

Patients: Among our consecutive series of 100 patients, with histologically verified malignant
gliomas (gr-III in 16, gr-IV in 24), who underwent GKRS between July, 1998 and June, 2005, 40
were selected for this study. All 40 patients underwent GKRS as one of the initial treatments in
combination with surgery and/or fr-RT. There were 20 females and 20 males. The mean age at
the time of GKRS was 65, range 31 to 83, years. The type of surgery was biopsy in 12 patients,
partial removal in 17 and subtotal removal in the other 11. Fifteen of the 40 patients received fr-
RT, the other 25 did not.

Results: Medical records of the 40 patients were reviewed in October of 2006; five patients were
alive, the other 35 confirmed to be deceased. Median survival times (MSTs, months) from the
time of GKRS until death were 15 in gr-III and 12 in gr-IV patients (p=. 1160). MSTs did not dif-
fer significantly between the two treatment strategies, GKRS only vs fr-RT plus a GKRS booster (12
vs 15, p=.9024). Also, there was no significant MST difference between these treatments in the
special subgroup of patients who underwent subtotal tumor removal; 30 for GKRS only and 24
for fr-RT plus GKRS (p=.2884). In the gr-III subgroup, MST was slightly longer in patients recei-
ving fr-RT (25 vs 11, p=.2626). On the other hand, in the gr-IV subgroup, MST was slightly
longer in patients not given fr-RT (12 vs 8, p=,5575)

Conclusion: Although a final conclusion awaits further studies, these preliminary results suggest
that there is no survival benefit for glioma patients receiving fr-RT plus RS booster, as compared
with those given GKRS only. GKRS may replace fr-RT in the initial management of selected
patients with malignant gliomas.
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Improved survival in malignant glioma following Gamma Knife radiosurgery OS 5-2-4
Michael Torrens (Hygeia Hospital, Gamma Knife Department, Greece) 
Panos Nomikos (1) 
(1) Hygeia Hospital, Greece 

Objective: Despite a negative assessment of the value of radiosurgery by ASTRO (Tsao et al 2005),
several recent studies have suggested subgroups of malignant glioma patients may benefit from
such treatment. The present small study was performed to evaluate our results in relation to this
controversy. 

Patients and Methods: The study includes 18 glioma cases with a follow up greater than 3
months which were all salvage treatments after recurrence. There were 5 cases of Grade III and
13 cases of Grade IV, 6 females and 12 males, age 33-79 with Karnowsky score 50-100 (ave-
rage 75). 11 cases had undergone craniotomy and partial removal and all cases had been trea-
ted with whole brain radiotherapy (WBRT). The volumes treated ranged from 0.7cc to 44.6cc
(mean 10.5cc), the treatment dose was from 12-25 Gy (mean 20 Gy).

Results: Ôhe results were assessed by estimating survival probability by the Kaplan Meier method
and comparing this with historical controls (Curran 1993). We cannot report mean survival
because 8/18 patients are still alive. Our results show that the chance of surviving >2 years from
diagnosis is 50.4% with salvage Gamma Knife treatment compared with less than 20% for his-
torical controls. The only complication of treatment observed was the induction of focal epileptic
seizures which occurred in 3 patients.

Conclusion: Although this is an uncontrolled study, the magnitude of benefit (30%) may be more
significant than the obvious selection bias. A randomised controlled study is much needed.

References. Tsao MN, Mehta MP, Whelan TJ et al. The American Society for Therapeutic Radiology
and Oncology (ASTRO) evidence based review of the role of radiosurgery for malignant glioma.
Int J Radiat Oncol Biol Phys 2005; 63: 47-55.

Curran WJ et al. Recursive partitioning analysis of prognostic factors in three radiation oncology
group malignant glioma trials. J Nat Cancer Inst 1993: 5; 704-710.

Stereotactic radiosurgery for pleomorphic xanthoastrocytoma OS 5-2-5
Tomoyuki Kouga (The University of Tokyo Hospital, Department of Neurosurgery, Japan) 
Keisuke Maruyama (1) Tomoki Todo (1) Masahiro Shin (1) Junji Shibahara (2) Masao Tago (3) Nobuhito
Saito (1) 
(1) Department of Neurosurgery, The University of Tokyo Hospital, Japan (2) Department of Pathology, The
University of Tokyo Hospital, Japan (3) Department of Radiology, The University of Tokyo Hospital, Japan

Pleomorphic xanthoastrocytomas(PXAs) are morphologically distinctive cerebral gliomas, corres-
pond histologically to WHO grade ‡U, and they account for less than 1% of all astrocytic neo-
plasms. Although they behave in a less malignant fashion basically, some cases are accompanied
by anaplastic features showing high mitotic activities, and they recur frequently with malignant
transformation leading patients to death. The efficacy of adjuvant radiotherapy with or without
chemotherapy is still uncertain. We present a case of PXA with anaplastic features treated and
locally controlled with gamma knife radiosurgery(GKS).

A 47-year-old woman presented with convulsion was found to have a large tumor in the right
frontal lobe, and underwent total removal. Histological findings of the extirpated specimens

showed that the tumor was mainly composed of spindle cells with fibrillary cytoplasm and reti-
culin fibers were observed around individual or grouped tumor cells. Round or polygonal cells,
large pleomorphic cells and multinucleated giant cells are scattered, MIB-1 labeling index was 4%
as a whole, but higher in some areas. The lesion was pathologically diagnosed as PXA with
anaplastic features. 

Sixteen months after the first operation, focal relapse at the primary site was noted and treated
with GKS irradiating 20Gy at the margin of the tumor. Forty-one months after the first operation,
intrathecal dissemination was observed. A nodular lesion in the cervical spinal cord was surgical-
ly removed. Histological examination of this recurrent tumor revealed increased cellularity and
MIB-1 labeling index rose up to 10%. Dissemination resulted in relapses of several nodular
lesions apart from the primary tumor at different times. Totally, we performed GKSs 6 times for 7
lesions during the clinical course. Though the lesions treated with GKSs were well controlled, dif-
fuse dissemination along the craniospinal axis progressed and the patient died 66 months after
the onset. Histological inspection of the autopsy specimens suggested malignant transformation
of the tumor to glioblastoma.

Although this case of PXA with anaplastic features resulted in an unfavorable clinical outcome
due to diffuse craniospinal dissemination, GKSs at each time of the relapses were effective for the
purpose of local control of the disseminated tumors. GKS for disseminated PXA is considered to
be rational to control the tumor locally and to hinder the neurologic deterioration caused by
intrathecal dissemination.

Gamma Knife surgery for focal brainstem gliomas OS 5-2-6
Jason Sheehan (University of virginia, Neurosurgery, United States) 
Chun po Yen (1) Melita Steiner (1) Greg Patterson (1) Ladislau Steiner (1) 
(1) university of Virginia, United States

Objective: Focal tumors are a distinct subgroup of brainstem gliomas and they usually feature an
indolent clinical course. In the event of tumor progression, the management remains a major
challenge for neurosurgeons. Observing the asymptomatic tumors with imaging studies, while
inserting a shunt if required was the usual management in the past. Microsurgical extirpation has
been advocated recently. With the advent of Gamma Knife, it became an alternative to micro-
surgery. The present report assesses clinical and imaging outcomes in 11 patients with a focal
brainstem glioma treated by us between 1990 and 2001. 

Patients and Methods: There were 4 males and 7 females with a mean age of 22.4 years.
Histopathological diagnoses including 3 pilocytic astrocytomas and 3 non-pilocytic low-grade
gliomas were secured by surgical resection of the tumor in 2 patients and by stereotactic biopsy
in 4. In 5 patients, the diagnoses were based on clinical and imaging findings. The tumors were
located primarily at midbrain in 10 patients and pons in 1. Mean tumor volume treated at the
time of Gamma Knife surgery was 3.0 cm3. The usual peripheral dose varied between 10 and
15.4 Gy (mean 11.2 Gy). Two adult patients received a low prescription dose because Gamma
Knife surgery was used as a boost in conjunction with fractionated external-beam radiation.
Average number of isocenters used was 3.4.

Results: The mean follow-up was 82.1 months. The tumors disappeared in 3, shrank more than
75% in 3 and diminished in size between 25 to 50% in 2 patients. One of them experienced tran-
sitory extrapyramidal symptoms and fluctuant impairment of consciousness from somnolence to161160
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coma for 6 months. The patient became asymptomatic and is now a healthy college student with
excellent performance. The others either remained stable or improved clinically during the follow-
up. Tumor progression occurred in 3 patients with one having hydrocephalus requiring a ventricu-
loperitoneal shunt and two showing neurological deterioration.

Conclusion: Gamma Knife surgery may be used as a primary treatment or an adjunct to open sur-
gery for focal brainstem gliomas.

Body radiosurgery miscellaneous topics OS 5-3
Moderators: Misook Kim (Republic of Korea) Pacific Heights

Joost Nuyttens (The Netherlands)

Evaluation of Cyberknife as a noninvasive prostate HDR dosimetry 
delivery mechanism - feasibility and early clinical observations OS 5-3-1
Donald Fuller (Radiation Medical Group, Inc., , United States) 
Chad Lee (1) Steven Hardy (1) Haoran Jin (1) 
(1) Radiation Medical Group, Inc , United States

Objectives: Based on successful treatment of prostate cancer with High Dose Rate (HDR)
brachytherapy monotherapy, we initiated an IRB-approved CyberKnife (CK) monotherapy proto-
col, using HDR fractionation (38Gy/4fx), deliberately introducing “HDR-like” heterogeneity to ma-
ximize CK peripheral zone exposure, while minimizing urethra and rectum exposure. In this study
we compare protocol CK versus simulated HDR brachytherapy dosimetry for identical prostate tar-
get volumes, and describe early CK monotherapy protocol clinical observations.

Methods: 9 consecutive patients treated with CK from July - November 2006 are studied; 8
receiving protocol CK monotherapy and 1 receiving a CK boost, all normalized to the CK
monotherapy protocol dose. For each, a corresponding simulated HDR plan using dicom-trans-
ferred common contour sets was designed on the Varian Varisource® computer, using 15-20 
simulated HDR catheters, matching median PTV V100 values within 0.8%, simultaneously mini-
mizing HDR urethra and rectal wall exposure.

Results: Median CK prescription isodose line was 59% (54 - 67%). Respective median CK vs. HDR
PTV: D90 - 39.7Gy vs. 41.2Gy; V100 - 96.4% vs. 95.6%; V125 - 41.2% vs. 67.7%; V150 6.5%
vs. 37.5%. Respective median CK vs. HDR urethra: Dmax - 44.3Gy vs. 50.2Gy; D10 - 41Gy vs.
47.2Gy; D50 - 38.8Gy vs. 45Gy. Bladder: Higher median D10 – CK; Higher median Dmax – HDR.
Respective median CK vs. HDR rectal wall: V80 - 1.3cc (0.3 - 4.0) vs. 2.5cc (0.7 - 3.3); Dmax -
37.3Gy vs. 36.9Gy; D1 - 33.5Gy vs. 34.9Gy; D25 - 14.8Gy vs. 19.2Gy.

Second simulated CK iterations in 4 patients, increasing CK urethra dose to match corresponding
HDR dose, increased median CK V125 and V150 values to 59.2% and 31.3%, respectively.

Conclusion: There is similar prescription PTV isodose coverage by either modality, with a mode-
rately higher estimated uniform dose (EUD) for HDR. HDR was unable to simultaneously match
CK urethra dose limitation and maintain PTV coverage. Both modalities created similar maximum
rectal wall doses, while CK created more rapid rectal dose fall-off further beyond the PTV. When
CK urethra dosing was increased to match HDR, differences in the PTV EUD effectively disap-
peared, while rectal dose parity between modalities was maintained. This study suggests CK may
indeed effectively recapitulate HDR dosimetry.

Clinical evaluation reveals a median 50% one month PSA decrease in the first 8 CK monothera-
py protocol patients, with self limited, primarily urologic sequellae.

Partial breast irradiation (PBI) delivered with external beams in one single 
fraction after conservative surgery: early report on acute/late toxicity OS 5-3-2
Stefano Arcangeli (Ifo , Radiotherapy, Italy) 
Paola Pinnaro, Laccarino Giuseppe, Landoni Valeria, Soriani Antonella, Giordano Carolina, Arcangeli
Giorgio 

Object: This phase II trial evaluates the feasibility of a partial breast irradiation (PBI) after conser-
vative surgery delivered in one only fraction using external beam photons with patient in prone
position.

Methods: eligibility criteria included: patients with less than 3 cm non-lobular unifocal breast car-
cinoma who underwent conservative surgery; postmenopausal status; age more than 48 years.
Patients with more than 3 positive axillary nodes, extracapsular extension, positive surgical mar-
gins, extensive intraductal component were excluded. To treat patients in prone position a spe-
cial in-home made positioning device was used. This device basically consists of a table with an
“ad hoc” aperture through which the breast of interest hangs down. With patient in prone posi-
tion with its involved breast inserted into the table aperture, axial CT images of the breast were
acquired and transferred to the Vision contouring workstation (Varian Medical System) where the
structures of interest were outlined.

The clinical target volume (CTV) was the tumor bed as indicated by surgical clips plus 1.5 cm mar-
gin except when it lays in proximity of the chest wall or skin. The planning target volume (PTV)
included the CTV plus a 3 mm margin for setup errors. A total dose of 21 Gy, delivered in only
one fraction, was prescribed to the mean PTV dose. The study protocol was approved by the insti-
tutional ethic committee. Written informed consent was obtained from each patient.

Results: From March 2006 to January 2007 20 eligible patients were enrolled. Median age was
70 years (range, 52 – 89 years). 19 patients were staged as pT1 and 1 patient as pT2. Nodal sta-
tus was pN0 in 19 patients and pN1 in 1 patient. Dose-volume analysis of the target coverage
showed that the 95% of the prescribed dose encompassed, on an average, the 98% of the
Planning Target Volume (range: 94.1% - 99.8%). Ipsilateral lung and heart received no dose in
18 out of 20 patients (90%). No acute side effects i.e. no change over were observed.

Conclusions: This initial report confirms the IORT observatrion that also with external photon
beam PBI delivered in a single fraction is safe and well tolerated.

Image guided real-time respiratory gated hypofractionated stereotactic 
body radiotherapy (H-SBRT) for liver and lung tumors: initial experience OS 5-3-3
Reinhard E. Wurm (Charité-Universitätsmedizin Berlin, Stereotactic Radiosurgery and
Radiotherapy Programme, Department of Radiation Oncology Charité CVK a, Germany) 
Franz Gum (1) Stefan Erbel  (1) Scheffler Dirk  (1) Lorenz Schlenger  (1) Daniel Agaoglu  (1) Reinhard
Schild  (1) Bernhard Gebauer  (1) Michail Plotkin  (1) Volker Budach  (1) 
(1) Charité-Universitätsmedizin Berlin, Germany 

Purpose: To evaluate our initial experience with real time image guided respiratory gated H-SBRT
for liver and lung tumors.
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Material and Methods: The system combines a stereoscopic X-ray imaging system (ExacTrac® X-
Ray 6D) with a dedicated conformal stereotactic radiosurgery and radiotherapy linear accelerator
(Novalis) and Exactrac® Adaptive Gating for dynamic adaptive treatment. Moving targets are
located and tracked by x-ray imaging of implanted fiducial markers defined in the treatment plan-
ning computed tomography (CT). The marker position is compared with the position in verifica-
tion stereoscopic x-ray images using fully automated marker detection software. The required
shift for a correct, gated set-up is calculated and automatically applied. We present our accept-
ance testing and experience in 30 patients with liver and lung tumors. For treatment planning CT
and Fluorodeoxyglucose-Positron Emission Tomography (FDG-PET) as well as magnetic resonance
imaging (MRI) taken at free breathing and expiration breath hold with internal and external fidu-
cials present were used. Patients were treated with 8-11 consecutive fractions 74.8-79.2 Gy. 

Results: Phantom tests demonstrated targeting accuracy with a moving target to within +/-
1mm. Inter- and intrafractional patient set-up displacements, as corrected by the gated set-up and
not detectable by a conventional set-up, were up to 30 mm. Inter- and intrafractional axial set-
up displacements were argest in the cranio-caudal direction and rotational errors in the sagittal
plane. The mean total 3D displacement was 1.9 mm +/- 0.7 mm with a range of 0.3-4.9 mm.
Verification imaging to determine target location during treatment showed an average marker
position deviation from the expected position of up to 4 mm on patients. 

Conclusion: This evaluation shows the accuracy of the system and feasibility of image guided
real-time respiratory gated H-SBRT for liver and lung tumors.

Imaging resolver localization for whole body stereotaxy using tomotherapy OS 5-3-4
Mark Young (Sharp Healthcare Grossmont Hospital, Radiation Oncology, United States) 
Tyrone Hardy (1) Barry Uhl (1) Kelly Dewitt (1) Steven Goetsch (1) Tyler Fisher (1) Suzi Topalian (1) Jining
Zhou (1) 
(1) Sharp Healthcare Grossmont Hospital, United States 

Objective: Assessment of the positioning accuracy is important to characterize in the implemen-
tation of Stereotactic Radiosurgery (SRS). The accuracy of a whole body imaging resolver stereo-
tactic localizer was evaluated for the purpose of delivering conformal radiotherapy with non-inva-
sive fixation for hypo-fractionated treatment regimens. A fractionated stereotactic radiotherapy
(SRT) system utilizing the Tomotherapy Hi-Art system and the MIDCO BodyLoc Whole Body
Stereotactic Localizer has been implemented into treatment protocols for improved accuracy. 

Method: Measurements of clinical positioning utilizing the MVCT image registration capability of
the Tomotherapy system was individually evaluated and compared to other similar published
data. Using both Monte Carlo simulations and phantom target studies, the Bodyloc systems’
imaging resolver accuracy for anatomical localization and patient positioning accuracy was also
evaluated as a supplemental component for our proposed SRT system. The BodyLoc uses kVCT
and/or MRI for localization. After assessing patient positioning accuracy of the individual compo-
nents of our SRT system, these components were then combined and evaluated as a functional
SRT system. 

Summary: Results of the Tomotherapy system clinical positioning study showed the mean three
dimensional positioning displacements for conventional setup for prostate, head and neck and
brain treatments were 9.8 mm, 5.5 mm and 3.2 mm respectively. This compared favorably with

published data. Evaluation of the BodyLoc systems’ imaging resolver accuracy at known QA mark-
er levels within the system demonstrated a mean three dimensional positioning displacement of
1.0 mm for 1 mm voxel length imaging studies and 2.1 mm for 2 mm voxel length imaging stu-
dies. Utilizing a combination of the BodyLoc system for initial setup and the MVCT registration for
final positioning verification during clinical treatment resulted in a mean vector displacement of
1.2 mm. 

Conclusion: Tomotherapy MVCT image registration improves target localization and patient posi-
tioning over conventional methods. The system accuracy is approximately ±1 voxel length.
However, the Tomotherapy system is limited by its minimum voxel length of 2 mm, which restricts
its resolution of anatomical dimensions. The system accuracy of the MIDCO BodyLoc Whole Body
Stereotactic Localizer is also approximately ±1 voxel length. Typically voxel lengths for diagnos-
tic imaging studies (kVCT, MRI) for stereotactic work may be as fine as 0.5 mm. This allows finer
resolution of structural dimensions using the BodyLoc system. Therefore, the combination of the
high resolution stereotactic image resolver fiducial system and immobilization with Tomotherapy
MVCT image guidance results.

Curative robotic stereotactic radiotherapy for extracranial, extrapulmonal, 
extrahepatic, and extraspinal tumors: early results OS 5-3-5
Joost Nuyttens (Erasmus MC-Daniel den Hoed Cancer Center, Radiation Oncology, The
Netherlands) 
Micha Hoogeman, (1) Peter Levendag (1) 
(1) Erasmuc MC-Daniel den Hoed Cancer Center, The Netherlands

Purpose: To investigate the early results after and the toxicity from curative stereotactic radiothe-
rapy treatment with the CyberKnife for extracranial, extrapulmonal, extrahepatic, and extraspinal
locally recurrent or solitary metastatic tumors.

Methods and Materials: 15 patients were treated with curative intention: 6 patients had a metas-
tases in the paraaortic or pelvic lymphnodes (both 3 patients). Four patients had a metastases in
the belly (2 patients), retroperitoneal fat (1 patient) and muscle (1 patient). The primary tumors
of these 10 metastases were gynecological and rectal tumors, sarcomas and a melanoma. One
patient had a metastases of an unknown primary tumor in the rib. Four patients had an inope-
rable local recurrent rectal cancer or sarcoma (both 2 patients). The patient with the metastases
in the muscle was the only patient with other metastases but the metastases were not progres-
sive. PTV = GTV + 2-3 mm. The dose to the tumors varied from 10 fractions of 4 Gy up to 3
fractions of 20 Gy (median dose/fraction: 7 Gy; median number of fractions: 5), and depended
on the proximity of bowel and the maximum allowed dose in the bowel of 6 Gy/fraction. The dose
to the PTV was prescribed to the 75-85% isodose line. The median follow up was 13 months
(range, 2-19 months). The median age was 57 years. The local control and disease free survival
was calculated according to the Kaplan Meier Method.

Results: The 19-months local control and survival was 100%. The 19-months disease free sur-
vival was 59%. Three patients were diagnosed with new metastases and 2 patients were diag-
nosed with progression of tumor at the primary site. Acute side effects were seen in 5 patients:
2 patients had transient lymphe oedema in the leg (total dose: 36 and 45 Gy in 3 fractions); 1
patient complained of pain in the belly and nausea during and shortly after the treatment (total
dose: 42 Gy in 6 fractions), and 1 patient complained of radiation dermatitis. Late toxicity as rec-
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tal bleeding was seen in 1 patient with a local recurrent rectal carcinoma, with an accumulated
EQD2 dose of 144 Gy3. Two patients complained of chronic painful subcutaneous fibrosis.

Conclusion: Curative stereotactic robotic radiotherapy for extracranial, extrapulmonal, extrahepa-
tic, and extraspinal locally recurrent or solitary metastatic tumors is feasible and results in excel-
lent local control. The maximum allowed dose to the bowel of 6 Gy/fraction is safe.

Stereotactic body radiotherapy (SBRT) in stage I non-small cell lung cancer (nsclca): 
feasibility and early results in the community setting OS 5-3-6
Bryan Goss (New Mexico Cancer Center, Radiation Oncology, United States) 
G Franklin (1) T Sokolowski (1) EB Kline (1) D Harrington (1) J McGrath (1) R Schanbarger (1) M Vann (1)
A Taylor (1) 
(1) New Mexico Cancer Center, United States 

Introduction: Stereotactic Body Radiotherapy has shown promise for stage I lung cancer with high
rates of local control and few side effects. Most reports have been from academic centers with lit-
tle reported from community physicians. Because SBRT is now medicare approved for early stage
lung cancer and many community cancer centers have the technology to deliver this therapy, it is
important to review the technique and results.

We have treated ten patients with Stage I non-small cell lung cancer with Stereotactic Body
Radiotherapy (SBRT) between 2/06-10/06 in the community setting. Patients were selected for
treatment because they were medically inoperable or refused surgery. 

Approach/Methods: Prior to treatment planning, patients underwent placement of subcutaneous
gold fiducials using CT guidance. Subsequently patients were immobilized in a vacuum stereotac-
tic body bag (Medical Intelligence, Germany)to minimize tumor/patient motion. CT scan was com-
pleted in the stereotactic body bag (using slow axial scanning to include tumor motion in target
contouring) for radiation planning and prior to each radiation treatment. Planning was completed
in Eclipse Treatment Planning system (Varian, Palo Alto). Gross tumor Volume(GTV) was contoured
using CT lung windows and expanded to Planning Tumor Volume(PTV) by 10mm Cranial/caudal
and 5mm axial. Stereotactic plans were developed using 7 to 11 non-coplanar beams. 

Pretreatment Stereotactic 3D localization was completed using Radiocam passive infrared camera
system (Varian, PaloAlto CA ). Portal images were obtained using cine mode and fiducials were
used to make fine adjustments to isocenter. Treatment delivery was completed on the Varian
2100EX Linear Accelerator with 120 leaf collimator. Patients received either 20 Gy x 3 fractions
(7) or 12 Gy x 5 fractions (3) depending on normal tissue constraints. Cine mode portal imaging
was used to monitor tumor position in real time during the entire treatment. 

Results: Median age was 77.4 years. Median follow up for the group was 6.5 months (7.3
mean). Crude local control was 100%. Distant Metastases occurred in 10% (imaging only). Side
effects included pneumonitis in 1 patient requiring oral steroids for 1 week and skin breakdown
in 1 patient from vacuum bag pressure.

Conclusion: Stereotactic Body Radiotherapy for Stage I NSCLCA is feasible, safe and effective in
the community setting, but requires a dedicated team of physicians, physics staff, and therapists
to deliver quality treatment. Longer term follow-up is needed to calculate cause- specific and
overall survival.

Intracranial dosimetry and QA - Part 2 OS 5-4
Moderators: Tim Solberg (United States) Telegraph Hills

Spatial quality assurance for flat panel detectors-based digital 
subtraction angiography in radiosurgery OS 5-4-1
David Wikler (ULB Erasme Hospital, Gamma Knife Center, Belgium) 
Thierry Gevaert (2) Marc Op De Beeck (1) Francoise De Smedt (2) Boris Lubicz (1) Marc Levivier (1) 
(1) Gamma Knife Center, ULB Erasme Hospital , Belgium (2) Bordet Institute, Belgium 

Introduction: New Digital Subtraction Angiography (DSA) systems installed in clinical settings are
now using flat panel detectors (FPD) instead of an Image Intensifier (II) fluorescent screen tube.

For stereotactic radiosurgery of vascular malformations, geometric distortions greater than 1mm
caused by the II had to be taken into account. Specific hardware and software was needed to cor-
rect for pincushion effect due to the peripheral concavity of the II and S-type effect caused by the
earth magnetic field deflecting the electron beam in the II. If FPD is known as distortion free, the
new DSA systems imaging chain is a combination of complex devices and digital image process-
ing that can lead to image quality degradation. Artifacts can originate from various sources such
as detector and readout array design, panel design (monolithic, tiled), correction method for bad
pixels or antiscatter grid.

To approve the use of this new DSA imaging device for stereotactic radiosurgery, we designed
and performed a spatial quality assurance test.

Materials and Methods: The FPD DSA system tested is the Philips Allura Xper FD20/10 using
Cesium Iodide (CsI) crystal scintillators and a-Si photodiodes.

Acquisition of a radio-opaque divisions ruler with stereotactic fiducials (Elekta DSA coordinator
box) was performed in frontal and lateral modes with 7 various typical neuroangiographic set-
tings (FD=22-25cm, frame rate=2 or 3 images/s, 1024x1024 pixels, eventual application of
wedge-shaped filter). A modified subtraction weighting was applied to allow detection of fidu-
cials. Images were DICOM transferred to the planning workstation (Elekta LGP) as an XA object.
The stereotactic geometric registration transform was computed with manual detection of fidu-
cials and mean fiducials registration error (FRE) was reported for each acquisition mode. The
worst acquisition settings images in terms of mean FRE were selected and stereotactic coordi-
nates of ruler centimetric divisions were measured in frontal and lateral images. Euclidean dis-
tances between adjacent divisions were computed. Mean and maximum division distances were
reported as the geometrical quality assurance factor.

Results: Mean FRE was between 0.1 mm and 0.2 mm for all acquisition modes. Mean division
distance = 0.014 mm and maximum division distance = 0.083 mm

Conclusion: Quality Assurance for new FDP DSA imaging devices can be performed with a sim-
ple experimental paradigm. Results suggest that geometric distortion correction software is no
longer mandatory with FDP technology.
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Commissioning a Leksell Gamma Knife perfexion unit OS 5-4-2
Ian Paddick (Cromwell Hospital and London Gamma Knife Centre, Gamma Knife Centre, United
Kingdom) 

Objective: The new Leksell Gamma Knife Perfexion is a redesigned Gamma Knife which now
includes automatic collimator selection and the capability to produce ‘composite shots’ via its
novel collimator assembly. Isocentre movement via its patient positioning system (PPS) implies a
greater reliance on modern technology for treatment accuracy. In addition, the ability to turn
beams ‘off’ during patient movement may dramatically reduce extraneous radiation exposure le-
vels experienced by the patient during the treatment process. The verification of dosimetry, posi-
tioning accuracy and radiation protection in this new unit presents new challenges to the physi-
cist. The experience gained during commissioning tests and clinical use will be shared.

Methods: Dosimetry.

Complex dose plans which included composite shots and different gamma angles were devised
and used to irradiate GafChromic EBT film. Isodoses generated from these films were compared
with those produced by GammaPlan.

Positional accuracy

A Leica laser tracker was used to verify to position of the PPS at 130 different coordinates. In addi-
tion, GafChromic film and a scanning diode were used to verify focal point accuracy at coordi-
nates (100,100,100). A ‘square test’ devised to measure focal accuracy at other coordinates was
used to increase confidence in the system. 

Radiation protection

Background exposure rates at different couch, door and collimator positions were measured and
compared with those of the model B/C Gamma Knife.

Results: Isodoses produced using GafChromic film matched those generated by GammaPlan 
within experimental error.

The mean error of the PPS for all 130 positions was 0.083mm, the maximum error was 0.19mm.
The traditional GafChromic pin test with the 4mm collimator gave an error of 0.05mm at coordi-
nates (100,100,100).

Extracranial exposures are of the order of 10 times lower than those of the Model B/C.

Conclusion:  Dosimetrical and geometrical accuracy of the Perfexion can be verified using the
above tests. The need for these additional tests to verify system performance is all the more
essential considering the increased complexity and greater automation of this new Gamma Knife.

Standard external beam planning system for streotactic treatments 
with a mini mlc: the modelling and evaluation process OS 5-4-3
Geert Pittomvils (Ghent University Hospital, Department of radiotherapy, Belgium) 
Frederik Crop  (2) Leen Paelinck  (1) Nick Reynaert  (2) Werner De Gersem  (1) Marc Coghe  (1) Carlos
De Wagter  (1) Wilfried De Neve  (1) 
(1) Ghent University Hospital, Department of Radiotherapy, Gent, Belgium (2) Ghent University,
Department of Medical Physics, Gent, Belgium 

Approach and relevance: Because of its known accurate dose prediction in regions of electronic
disequilibrium, the Pinnacle 7.4f convolution superposition dose engine was selected for stereo-

tactic treatment planning. The used external treatment planning systems however is primarily not
designed for the small field sizes used in stereotactic treatments. Monte Carlo is the method of
choice for the evaluation of the used collapse cone algorithm and is combined with detector
based and grafchromic film based dosimetry.

Innovation: Ghent University Hospital investigated the feasibility of the Pinnacle 7.4f external
beam planning system based on a collapsed cone based calculation algorithms for stereotactic
treatments.

Results: Only manual modelling, based on an energy modelling of a 1x1 cm2 field, resulted in
clinical acceptable results (2%) was necessary. Monte Carlo based methods, taking in account the
lack of electron equilibrium in small fields and the complete design of the treatment head and
mini-MLC, is the method of choice for verification of the treatment plan algorithm accuracy.
Consistent data (<2%/2mm) were obtained between the detector based and Monte Carlo based
results for the output factors, leaf transmission, depth dose curves and profiles.

Overall treatment verification of a plan using 14 static beams with an average aperture of
0.7x0.7cm2 for the treatment of a 0.2cc lesion in a homogeneous spherical phantom resulted in
a 2%/2mm correspondence between Monte Carlo based isodoses and the measurements
obtained by grafchromic films dosimetry for 96.6% of the dose voxels. A similar correspondence
between the collapse cone based isodoses and de doses registered with grafchromic film was
obtained for 96.2% of the voxels. 

Conclusions: The collapse cone convolution algorithm of Pinnacle 7.4.f was capable of modelling
the beam data within the generally accepted criteria (2%/2mm) for stereotactic applications. 
This commissioning is a first step in implementing high precision extra cranial stereotactic appli-
cations where the collapse cone algorithm is the state of the art in regions of large electronic 
disequilibrium.

Postoperative evaluation of the clinical accuracy of targeting 
of Gamma Knife procedures OS 5-4-4
Laurence Abeloos (Hopital Erasme, Neurosurgery, Center Gamma Knife, Belgium) 
Françoise Desmedt  (1) David Wikler  (1) Daniel Devriendt  (1) Marc Levivier  (1) Nicolas Massager  (1) 
(1) Gamma Knife Center, Erasmus Hospital, Brussels, Belgium 

Purpose: The efficiency of radiosurgery is related to a high precision of targeting. We used
GammaPlan MultiView® to assess the true clinical accuracy of targeting of radiosurgical treatment
with the Leksell Gamma Knife®, and to assess the radiation dose associated with the area of 
focal contrast enhancement on the trigeminal nerve root following radiosurgery for trigeminal
neuralgia. 

Methods & Materials: a) The imaging of 63 patients treated by Gamma Knife was used to mea-
sure the imprecision associated with the frameless co-registration of images with GammaPlan
MultiView®. b) In 65 patients treated for trigeminal neuralgia by Gamma Knife, the follow-up MRI
that showed focal contrast enhancement of the trigeminal nerve was co-registered to the MRI of
the radiosurgical planning. The accuracy of targeting was assessed by deviation between the
coordinates of the intended target and the center of the enhancement on MRI. The isodose that
covered the whole enhancement was measured. 
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Results: a) The median inaccuracy of the frameless co-registration with GammaPlan MultiView®

was of 0.3-0.6 mm in each axis and 0.88 mm in Euclidean space. b) The median deviation of the
target during trigeminal neuralgia radiosurgery was 0.3-0.5mm in each axis and 0.91mm in
Euclidean space. The median radiation dose at the limits of contrast enhancement of trigeminal
nerve root was 77 Gy. 

Conclusions: GammaPlan MultiView® allows co-registration of frameless image series with a sub-
millimetric precision. The Gamma Knife radiosurgery procedure has a median clinical targeting
accuracy of less than 1mm. Focal enhancement of trigeminal nerve after radiosurgery may occur
in areas of high-dose irradiation. 

Tuesday 26/06/07

PLENARY SESSION 4 08.45 - 10.00

Vascular indications PL 4
Moderators: Iris Gibbs (United States) Gold Ballroom

Hiroshi Inoue (Japan)

Robotic radiosurgery for arteriovenous malformations: 
series of 200 patients PL 4-1
Federico Colombo (S. Bortolo Hospital, Radiosurgery, Italy) 
Leopoldo Casentini   (1) Carlo Cavedon  (2) Paolo Francescon  (2) 
(1) Radiosurgery, S. Bortolo Hospital, Vicenza, Italy (2) Departmeny Of Medical Physics, S. Bortolo
Hospital, Vicenza. Italy 

Approach: Since February 2003 We use the Cyberknife for treating arteriovenous malformations
(AVMs) with a procedure that allows automatization. 

Relevance and innovation: angiographic data are imported into the treatment planning by core-
gistering CT and 3D rotational angiography (3DRA). Radiological density of nidus vessels is deter-
mined first by placing a density evaluation cursor and moving it into the nidus volume.
Delineation of AVM nidus contour is performed slice by slice on axial sections of 3DRA, emplo-
ying the contouring function with an appropriate image density filter. Due to the high contrast of
angiography images obtained by direct, intra-arterial contrast injection, target delineation can be
completed automatically, under physicians supervision. With the same image fusion procedure,
fMR can be employed for automatic contouring of cerebral critical regions that entail dose con-
straints. Once determined radiation dose to be delivered to the target volume and dose con-
straints to critical structures, inverse treatment planning function is utilized for calculating the
treatment plan.

Results: Cyberknife radiosurgery has been employed in a series of 200 patients affected by cere-
bral AVMs. AVM nidus volume varied from 0.1 to 42 ml (mean 4.4 ml). Radiation doses
employed ranged from 23 to 30 Gy (mean 25.2 Gy) and reference isodose from 70 to 85%. Single
session irradiation has been performed in 180 pts. In 20 large (>8 ml) and/or critically located
AVMs, prescribed radiation dose has been delivered in 2-4 fractions. One adverse effect of the
irradiation procedure was observed (0.5% complication rate). Three bleeding occurrences have
been observed so far in treated patients.

Among 58 patients with target volumes < 8 ml and follow up > 24 months, angiographic obli-
teration (cure) has been obtained in 91%. The single spinal AVM treated was completely oblite-
rated 36 months after CKS. This is also the single case in whom complete obliteration has been
obtained so far with a fractionated treatment.

Conclusions: We describe results obtained with a procedure that uses the Cyberknife inverse
treatment planning in combination with different imaging modalities for automatic delineation of
target and critical structures for treating AVMs. The procedure proved safe and contributed to the
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application of radiosurgery to more than 40 AVM patients that couldn’t have been treated by
other treatment modalities. Angiography-verified 24 months complete obliteration rate is higher
than that previously obtained with our LINAC based isocentric technique .

The Stanford experience with Cyberknife radiosurgical ablation 
of intramedullary spinal cord AVMs PL 4-2
John Adler (Stanford University, Neurosurgery, United States) 
Steven Chang (1) Christopher King (2) Scarlett White (1) Shakeel Buksh (1) Iris Gibbs (2) 
(1) Department of Neurosurgery, Stanford University, United States (2) Department of Radiation
Oncology, Stanford University, United States 

Objectives: Radiosurgical (SRS) ablation is a widely accepted treatment for many cerebral arte-
riovenous malformations (AVMs). The recent development of image-guided radiosurgery now
permits very accurate irradiation of the spine. Since 1997 selected spinal cord AVMs at Stanford
University have been treated with CyberKnife radiosurgery. The present retrospective study ana-
lyzed radiosurgical outcome in this group of patients. 

Methods: Twenty-three patients had either unresectable type II or III (1 cases) intramedullary
spinal cord AVMs (12 cervical, 8 thoracic, and 3 involving the conus medullaris). Thirteen patients
(57%) presented with hemorrhage, which was multiple in 6 cases. In the remaining 10 patients,
progressive myelopathy was the presenting symptom. Prior to radiosurgery, ten of 23 AVMs
(43%) underwent staged embolization for a median 3 sessions (range 1-7). The mean radiosur-
gical target volume was 2.8 cc (range 0.26-15 cc), which was treated with a mean marginal dose
of 2030 cGy (range 1600-2100 cGy) using a median 2 fractions/sessions (range 1-4). The mean
maximal intranidal radiosurgical dose was 2580 cGy, and varied from 2250-3000 cGy.
Radiosurgical dose (BED) was gradually escalated over the course of this study.

Results: Clinical follow-up now ranges from 4-83 months (mean 35 mo), while radiographic fol-
low-up averages 25.3 months (0-72). Although serial post operative MRI demonstrated notice-
able reduction in the volume of all AVMs over the course of follow-up, only 8 patients presently
underwent post SRS spinal angiography; among this group, three (a conus medullaris, mid tho-
racic, and mid cervical lesion), had complete angiographic obliteration. Our preliminary impres-
sion is that the likelihood of obliteration correlates with the effective radiosurgical BED and that
the introduction of 3D angiography may facilitate the more accurate delineation of an AVM tar-
get. To date, no patient suffered a rebleed after SRS and the clinical outcome was improved or
unchanged in 96% of patients. A single patient, who was neurologically severely impaired prior
to radiosurgery, deteriorated further at 9 months after SRS; MRI demonstrated a significant
decrease in flow voids and high signal in the adjacent spinal cord. This case appears to be an
example of radiation myelopathy. 

Conclusions: Our experience suggests that CyberKnife radiosurgical ablation is a relatively safe
and increasingly effective therapy for otherwise untreatable spinal cord AVM. Given the poten-
tially long latency for spinal cord complications, additional follow-up and further experience is
needed to confirm this impression.

AVM Radiosurgery: a 20 Year Perspective PL 4-3
L. Dade Lunsford (University of Pittsburgh Medical Center, Neurological Surgery, United States) 
Douglas Kondziolka (1) John C. Flickinger (1) Sait Sirin (2) Ajay Niranjan (1) 
(1) University of Pittsburgh Medical Center, Pittsburgh, PA, United States (2) Gulhane Military Medical
Academy, Ankara, Turkey 

Stereotactic radiosurgery has a prominent historical role for the management of small and deep
seated AVM’s. We have re-analyzed our comprehensive experience in order to provide further
outcome data related to the role of gamma knife radiosurgery in the management of AVMs found
in various brain regions. 

Methods and Materials: One thousand one hundred and twenty-nine patients (age range 2 to 
82 y) underwent one or more gamma knife procedures during an almost 20 year interval begin-
ning in 1987. Forty-six percent of patients presented with prior bleeds, 37% had headaches, and
28% had seizures. Embolization was performed in 18%, and one or more prior surgical proce-
dures were performed in 11%. AVM’s were treated in virtually all areas of the brain, including
both lobar and deep locations. The majority of AVM’s (67%) were Spetzler-Martin Grade II or III.
A single procedure was performed in 95%, a repeat radiosurgical procedure was performed in
12.5%, and prospective volumetric staged radiosurgery was performed in 41 patients (4.5%). 

Results: Imaging evaluation confirmed total obliteration in 78% of evaluable patients followed for
>36 months. In total 4% of patients sustained a hemorrhage after radiosurgery, 51% had
improved seizure control, 2.6% developed a new neurological deficit, 12% had symptomatic
post-radiosurgery edema, and 1.7% developed late cyst formation at the target site.

Discussion: Stereotactic radiosurgery is an established management strategy for AVMs. In our expe-
rience pre-radiosurgery embolization has not improved clinical outcomes. Late adverse radiation effects
locations occurred in approximately 2% of patients. Although rare, late cyst formation warrants long
term vigilance. Repeat radiosurgery is required in patients with incomplete obliteration between years
three and five. Prospective staged radiosurgery is a valuable method for management of otherwise
untreatable AVMs. For small brainstem AVMs, radiosurgery is likely the only viable treatment option. 

Dynamic definition of the AVM's critical zone for radiosurgery PL 4-4
Ramiro Del Valle Robles (Medica Sur, Center for Gamma Knife Radiosurgery, Mexico) 
Daniel Rodriguez, Mexico (1) 
(1) Zenteno, Marco MD. (2) Jaramillo, José MD. (3) De Anda, Salvador MD. (4) Gamiño, Israel MD. (5)
Ortiz, Juan Ph. D. (6) Pérez, Miguel Ph. D. 

Objective: To propose a new strategy for increasing obliteration rate of AVM´s through dynamic
definition of the critical zone being hydrodynamically the most sensitive target volume for occlu-
sion with radiosurgery.

Introduction: During more than 30 years of cumulative experience worldwide the complete obli-
teration rates report around 90% in small AVM´s (<3 cc), 70% medium (3 to 10 cc), around 50%
(10 to 20 cc) and 35% in large AVM´s (>20 cc).

In those protocols of repeated and prospective stage radiosurgery for large AVM´s the results
show a total obliteration rate ranging from 20% (UCSF, 28.6 cc median target volume) to 38%
(Taipei, 20-35 cc target volume).

Those figures do not represent any significant improvement in spite of the advances reached in
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imagenology, endovascular therapy and radiosurgical planning systems.

Methods and Materials: Basically we have included a digital counter to measure several stages
of the AVM´s circulation time: arterial charging time (ACT), nidus time (NT), drainage time (DT)
and total circulation time (TCT).

From 1995 through 2004, 140 patients with AVM´s underwent gamma radiosurgery. From
those, 44 patients were treated under dynamic measuring planning to accurately define the criti-
cal zone including the criteria to categorize the type of AVM: fistulous vs. plexiform or mixed.
Spetzler-Martin Classification: Grade III (28), IV (14), V (2).

Single treatment (37), repeated radiosurgery (4), prospective stage radiosurgery (3).

Endovascular therapy was performed in 50% of patients and superselective angiography in 30%.

The AVM volume was up to 120 cc. having a critical zone target volume up to 15 cc for single
treatment and 28 cc for prospective stage radiosurgery. The marginal dose to the AVM ranged
from 18-22 Gy.

Results: Follow up angiography had been performed in 36 patients 2-10 years post treatment.
The results show complete obliteration of AVM´s in 33 patients including 12 patients grade IV
and 1 patient grade V. The repeated radiosurgery group showed 100% complete obliteration. The
permanent neurological complication was 3.5%, 3 patients related to pre-radiosurgery emboliza-
tion. There was no mortality.

Conclusion: The dynamic definition of the AVM's critical zone might enhance the obliteration rate
even for complex AVM´s allowing to treat smaller volumes off the recruitment vessels (pseudo nidus)

The rationale and results of stereotactic radiosurgery 
for brain cavernous malformation PL 4-5
Ajay Niranjan (University of Pittsburgh, Neurological Surgery, United States) 
Ajay Niranjan (1) L. Dade Lunsford (1) John C Flickinger (1) Douglas Kondziolka (1) 
(1) University of Pittsburgh, United States

Objective: The role of radiosurgery for cavernous malformation remains controversial. We retro-
spectively evaluated our 20 year experience using Gamma Knife Radiosurgery in order to better
define risks and benefits. 

Methods: We performed radiosurgery in 124 patients with deep seated cavernous malformations
between 1987 and 2007. Most patients 111(90%) had sustained two or more hemorrhages prior
to radiosurgery. The targeted malformations were located in the brainstem in 73(59%), thala-
mus/basal ganglia in 32(26%), cerebral hemispheres in 13(10%) or other deep locations 6 (5%)
patients. Radiosurgery dose planning was performed using Stereotactic CT (1987-1991) or MRI
(1991-2007). The median margin dose was 15 Gray (range 12-20).

Results: Twenty two (17.7%) patients suffered at least one rebleed after radiosurgery at intervals
ranging from 3 months to 17 year. Six patients underwent delayed surgical excision. In this expe-
rience the pre-radiosurgery hemorrhage rate was significantly reduced approximately two years
after Gamma Knife Radiosurgery. Adverse radiation effects were markedly reduced after MRI was
used to target the lesion within the T2 hemosiderin ring.

Conclusion: MRI based Stereotactic Radiosurgery reduces the hemorrhage rate and has a low
complication rate in cavernous malformation patients unsuitable for microsurgery. 

ORAL SESSION 6 11.30 - 12.30

Pituitary - Part 1 OS 6-1
Moderators: Mazdak Alikhani (Islamic Republic of Iran) Gold Ballroom

Basil Hassouneh (Canada)

Gamma Knife radiosurgery for patients with residual or recurrent 
nonfunctioning pituitary adenomas: results from a 15-year experience OS 6-1-1
Joseph Cochran (Mayo Clinic, Department of Neurological Surgery, attn: Bruce Pollock,M.D.,
United States) 
Bruce Pollock (1) N Natt (1) PD Brown (1) D Erickson (1) MJ Link (1) RL Foote (1) SL Stafford (1) 
(1) Mayo Clinic, Rochester, MN, 55905, United States 

Objective: To evaluate the efficacy and complications of stereotactic radiosurgery for patients with
nonfunctioning pituitary adenomas (NFA). 

Methods: Retrospective review of 62 patients with NFA having Gamma Knife radiosurgery
between June 1992 and December 2004. Sixty-one patients (98%) underwent transsphenoidal
resection, craniotomy, or both prior to radiosurgery. The median treatment volume was 4.0 cm3
(range, 0.8-12.9). The median treatment dose to the tumor margin was 16 Gy (range, 11-20).
The median dose to the optic apparatus was 9.5 Gy (range, 5.0-12.6). The median follow-up
period after radiosurgery was 64 months (range, 23-161).

Results: Tumor size decreased for 37 patients (60%) and remained unchanged for 23 patients
(37%). Two patients (3%) had tumor growth outside the prescribed isodose volume (“marginal
miss”) and required additional treatment (fractionated radiation therapy, n=1; repeat radio-
surgery, n=1). The actuarial tumor growth control rate at three- and seven-years after radio-
surgery was 95%. Eleven of 41 patients (27%) with anterior pituitary function before radiosurgery
developed new deficits at a median of 24 months after radiosurgery. The actuarial risk of devel-
oping new anterior pituitary deficits at five-years was 32%. New cases of hypogonadism, growth
hormone deficiency, hypoadrenalism, and hypothyroidism occurred in 10%, 11%, 17%, and 20%
of patients, respectively. Patients with a prescribed treatment volume greater than 4.0 cm3 were
more likely to develop new pituitary deficits (Risk ratio=4.5; 95% confidence interval, 1.3-14.9;
P=0.02). No patient had a decline in visual function. 

Conclusions: Stereotactic radiosurgery is effective in the management of patients with residual or
recurrent NFA. The primary risk of radiosurgery is hypopituitarism, but the risk appears less than
conventional fractionated radiotherapy. More follow-up is needed to evaluate long-term out-
comes after radiosurgery for patients with NFA.

Gamma Knife radiosurgery is a successful adjunctive treatment 
in cushingís disease OS 6-1-2
Jean Regis (APM, Functional Neurosurgery, France) 
Frederic Castinetti (1) Henri Dufour (2) 
(1) Endocrinology Department Timone University Hospital Marseille France (2) Neurosurgery
Department Timone University Hospital Marseille France 

Objective: Though transsphenoidal surgery remains the first-line treatment of Cushing’s disease,
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recurrence occurs frequently. Conventional radiotherapy and anticortisolic drugs both have
adverse effects. Stereotactic radiosurgery needs to be evaluated more precisely. The aim of the
study was to determine long-term hormonal effects and tolerance of gamma knife radiosurgery
(GK) in Cushing’s disease. 

Design: Forty patients with Cushing’s disease treated by GK were prospectively studied over a
decade, with a mean follow-up of 54.7 months. Eleven of them were treated with GammaKnife
as primary treatment. 

Methods: Radiosurgery was performed at the Department of Functional Neurosurgery of
Marseille, France, using the Leksell Gamma Unit B and C models. Median margin dose was 29.5
Gy. Patients were considered in remission if they had normalized 24h free urinary cortisol and
suppression of plasma cortisol after low-dose dexamethasone suppression test. 

Results: Seventeen patients (42.5%) were in remission after a mean of 22 months (range 12-48
months). The two groups did not differ in terms of initial hormonal levels. Target volume was 
significantly higher in uncured than in remission group (909.8 vs 443 mm3, p=0.038). We found
a significant difference between patients who were on or off anticortisolic drugs at the time of GK
(20% versus 48% patients in remission respectively, p=0.02). 

Conclusion: With 42% of patients in remission after a median follow-up of 54 months, GK stereo-
tactic radiosurgery, especially as an adjunctive treatment to surgery, may represent an alternative
to other therapeutic options in view of their adverse effects.

Gamma Knife radiosurgery for adrenocorticotropic hormone (ACTH) 
producing pituitary adenomas after bilateral adrenalectomy OS 6-1-3
Jason Sheehan (University of Virginia, Neurosurgery, United States) 
William Mauermann (1) Daniel Chernavvsky (1) Edward Laws (1) Mary lee Vance (1) Ladislau Steiner
(1) 
(1) university of Virginia, United States 

Background: Patients with ACTH secreting pituitary adenomas may require a bilateral adrenalec-
tomy to treat their Cushing’s disease. Approximately one-third of these patients, however, will
undergo progressive enlargement of the residual pituitary adenoma, develop hyperpigmentation,
and an elevated serum ACTH. These patients with Nelson’s syndrome can be treated with
Gamma Knife radiosurgery (GKRS).

Materials and Methods: The prospectively collected University of Virginia Gamma Knife database
of patients was reviewed for all Nelson’s syndrome patients treated with GKRS. Twenty-three
patients with a minimum of 6 months follow-up were identified in the database. These patients
were assessed for tumor control (i.e. lack of tumor growth over time) with neuro-imaging stud-
ies (median follow-up = 22 months) and for biochemical normalization of their ACTH levels
(median follow-up = 50 months). Neuroimaging follow-up was available for 22 patients, and
endocrine follow-up was available for 15 patients who had documented elevation of ACTH 
levels prior to GKRS.

Results: Twelve patients had a decrease in tumor size, eight had no tumor growth, and two had
an increase in tumor volume. Ten of fifteen patients with elevated ACTH levels prior to GKRS
showed a decrease in their ACTH levels at last follow-up; three of these patients achieved nor-
mal ACTH (<50 pg/ml) levels and five patients had an increase in ACTH levels. 

Ten patients were thoroughly evaluated for post-GKRS pituitary function; four were found to have
new pituitary hormone deficiency following GKRS. One patient suffered a permanent cranial
nerve III palsy and four patients are now deceased.

Conclusions: Gamma Knife radiosurgery may control the residual pituitary adenoma and decrease
ACTH levels in patients with Nelson’s syndrome. Delayed hypopituitarism or cranial nerve palsies
can occur after GKRS. Nelson’s syndrome patients require continued multidisciplinary follow-up.

Given the difficult management of Nelson’s syndrome patients, the modest results of GKRS may
be of help for a number of patients.

Hormone response is more rapid after Gamma Knife radiosurgery 
than fractionated radiation therapy for secreting pituitary tumors OS 6-1-4
Volker Stieber (Wake Forest University School of Medicine, Radiation Oncology, United States) 
Volker Stieber (1) Allan DeGuzman (1) Stephen Tatter (2) Thomas Ellis (2) Kevin McMullen (1) Michael
Munley (1) J. Daniel Bourland (1) Kenneth Ekstrand (1) Edward Shaw (1) 
(1) Wake Forest University Dept. of Radiation Oncology, United States (2) Wake Forest University Dept.
of Neurosurgery, United States 

Background: Gamma Knife (GK) radiosurgery and fractionated radiation therapy (FRT) are both
used in the treatment of secreting pituitary adenomas. Biochemical control rates are similar for
the two modalities. Due to the morbidity of prolonged endocrine abnormalities, we attempted to
determine which therapy resulted in the more rapid response. 

Methods and Materials: We analyzed the Wake Forest University Baptist Medical Center database
of pituitary patients treated with GK and FRT for secreting pituitary tumors. Data were available
for 85 patients. Of the patients with functioning tumors, 30 were treated with GK and 13 with
FRT. 

Results: The mean GK prescription doses were 25 Gy for ACTH and GH-secreting tumors and 16
Gy for prolactinomas (p=0.0001). (Fig. 1) The mean dose for all secreting tumors treated with
FRT was 55.1 Gy. In the GK cohort, there was no difference in mean prescription doses between
responders and failures (20 vs 16 Gy; p=0.3776). (Fig. 2) The mean time to biochemical control
with GK was 270 days for GK and 1200 days for FRT (p=0.0324). 

We used the linear quadratic formula to convert the median dose for each modality to a norma-
lized tumor dose (NTD; total dose in 2 Gy per fraction; á/â = 3 for late-responding tissues). The
mean NTD for GK was 92 Gy and the mean NTD for FRT was 53 Gy.

Conclusion: Due to the morbidity associated with abnormal levels of hormone secretion, patients
who are not candidates for surgical cure should be considered for Gamma Knife radiosurgery as
opposed to fractionated radiation therapy. The explanation for the 4-fold difference in response
time may be the biologically higher dose delivered to the late-responding tumor.
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Retrospective comparison of fractionated radiotherapy 
and stereotactic radiosurgery for pituitary adenoma OS 6-1-5
Jung-Il Lee (Samsung Medical Center, Sungkyunkwan University School of Medicine,
Department of Neurosurgery, Republic of Korea) 
Doo-Sik Kong (1) Do-Hoon Lim (2) Do-Hyun Nam (1) Kwan Park (1) Jong Hyun Kim (1) 
(1) Department of Neurosurgery, Samsung Medical Center, Sungkyukwan University School of Medicine,
Republic of Korea (2) Department of Radiation Oncology, Samsung Medical Center, Sungkyukwan
University School of Medicine, Republic of Korea 

Between 1995 and 2006, 125 patients with pituitary adenomas were treated with fractionated
radiotherapy (FRT) or stereotactic radiosurgery (SRS). Majority of the patients (118) underwent sur-
gical resection before FRT or SRS. 54 patients had a hormone-secreting tumor and 71 patients had
a non-secretory adenoma. FRT was given for 66 patients with daily dose of 2 Gy and mean radia-
tion dose was 50.4 Gy (48-54 Gy). SRS with gamma knife was performed in 55 patients. Mean mar-
ginal dose was 25.1 Gy (9-30 Gy).After mean follow up of 37 months (6 -140 months), tumor vol-
ume increased in four patients (3.3%). In the hormone-secreting adenomas, overall complete remis-
sion rate was 26.2% at 2 years and 76.3% at 4 years. The median time to complete remission was
26 months in the SRS group, while it was 63 months in the FRT group (p = 0.0068). Among hor-
mone-secreting tumors, ACTH-producing adenomas were most sensitive to irradiation. As a delayed
complication, hypopituitarism developed in 11.5 % of the patients, who were mostly from FRT
group and required hormonal replacement with a median period of 84 months after irradiation.In
conclusion, both FRT and SRS for pituitary adenomas were effective in control of tumor volume.
Though there was a tendency of tumor volume smaller in SRS group than FRT group in this series,
SRS resulted in hormonal normalization with shorter latency and lower risk of hypopituitarism.

Arteriovenous malformation - Part 2 OS 6-2
Moderators: Ernest Nii Addy Dodoo (Sweden) Twin Peaks

Christopher Duma (United States)

AVM obliteration dose-response for initial versus repeat radiosurgery OS 6-2-1
John Flickinger (University of Pittsburgh School of Medicine, Radiation Oncology, United States) 
L. Dade Lunsford (1) Ajay Niranjan (1) Sait Sirin (1) Douglas Kondziolka (1) John Flickinger(1) 
(1) University of Pittsburgh School of Medicine, Radiation Oncology, United States

Purpose: To compare AVM obliteration with initial versus repeat radiosurgery. 

Methods and Materials: We compared the dose-responses for AVM obliteration post 3-yr follow-
up in 468 patients with no prior embolization to 83 repeat radiosurgery procedures.

Results: Obliteration following radiosurgery was documented in 380/468 (81%) initial procedures
compared to 45/83 (54%) repeat procedures. In multivariate logistic regression analysis oblitera-
tion significantly correlated with increasing marginal dose (p=0.0014) and initial (versus repeat)
radiosurgery (p=0.000035). When non-linear regression was used to fit separate dose-response
curves to the Maximum Obliteration Rate Model (with alpha/beta=0), the maximum obliteration
rate for initial was 84% compared to 58% for repeat radiosurgery. 

Conclusion: The AVM obliteration dose-response curve for repeat radiosurgery showed signifi-
cantly poorer obliteration than similar doses of initial radiosurgery. 

Long-term analysis in Gamma Knife radiosurgery of brainstem AVM: 
the learning curve OS 6-2-2
Bodo Lippitz (Karolinska Gamma Knife Center, Department of Neurosurgery, Sweden) 
Michael Soederman  (3) Elfar Ulfarsson   (1) Bengt Karlsson , United States (2) Ernest Dodoo  (1) Tiit
Raehn  (1) 
(1) Karolinska Gamma Knife Center, Department of Neurosurgery, Karolinska Hospital, Stockholm,
Sweden (2) West Virginia University Hospital Morgantown, Gamma Knife Center (3) Department of
Neuroradiology, Karolinska Hospital, Stockholm, Sweden 

Purpose: The treatment of arterio-venous malformations (AVM) close to the brain stem is a thera-
peutic dilemma, since both embolization and microsurgery carry major management risks.
Purpose of the current retrospective analysis is to define the clinical and radiological long-term
outcome after Gamma Knife radiosurgery for AVM located close to the brain stem. The study
describes a clinical follow-up of more than 6 years in a relevant number of radiosurgically trea-
ted AVM in highly eloquent anatomical regions.

Method: Two series with 42 consecutive patients each (n=84) with AVM in or close to the brain-
stem treated with Gamma Knife radiosurgery at the Karolinska Hospital, Stockholm were studied
retrospectively. In Series 1 patients (n=42) were treated between 5/1988 and 8/1992 and
patients in series 2 (n=42) were treated between 3/1998-2/2002. Treatments in series 1 were
based on stereotactic angiography only, in series 2 additional stereotactic MRI was applied.
Clinical follow-up series 1 was 7.2 years (1.4-14.6), in series 2 : 6.1 years (3-11.7). The median
prescription dose was 17 Gy in series 1 and 22.5 Gy in series 2. 

Results: Obliteration rate was 65% in series 1 and 77 % in series 2. Better imaging in series 2
resulted in a nidus volume of 0.7 cc in series 2 as opposed to 1.3 cc in series 1. A rebleeding
experienced 19% of the patients in series 1 and 8 % in series 2. 22 % of patients in series 1
showed a neurological deterioration as treatment complication after a median of 22 months (8-
78), whereas only 3% of patients deteriorated in series 2. Established risk models did not predict
complication rate correctly. 

Conclusions: This long-term study defines the learning curve, the success and pit-falls for radio-
surgery of brain stem AVM. It shows clearly the improvement in oblit-eration rate and reduction
of complication risk due to optimized technique and increased knowl-edge. Due to the lower
doses applied in the earlier series, the obliteration rate was lower than usually reported in other
anatomical locations. In the earlier series the clinical compli-cation rate exceeded the predicted
complication rate considerably. Neurological side effects were reduced significantly with improved
angiographic technique and additional target definition using stereotactic MRI in the later series.
Due to the danger of  hemorrhage brain stem AVM require an active therapy. With modern treat-
ment stan-dards Gamma Knife radiosurgery of cerebral AVM in the brain stem is considered a
safe, reliable and reproducible option.
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Hypofractionated stereotactic radiation for giant AVMs OS 6-2-3
Edward Mitchell (UCLA , Neurosurgery, United States) 
Alessandra Gorgulho (1) Michael Selch (2) John De Marco (2) Nzhde Agazaryan (2) 
(1) UCLA Division of Neurosurgery (2) UCLA Department of Radiation Oncology, United States 

Introduction: Giant AVMs are challenging. Few safe treatment options are available.
Hypofractionated stereotactic radiation(HSRT) emerged as promising.

Materials and Methods: From November/2001 to February/2006, 20 patients with giant AVMs
(diameter 5 cm) were treated at UCLA. Mean age was 34.55 years (8-61years), 13 were female.
Patients presented with headache(13/65%), bleeding(10/50%) and/or seizure(9/45%). AVM was
incidental in 2(10%) cases. Spetzler-Martin grade was 4 in 5(25%) cases, grade 5 in 14(70%)
cases and grade 6 in 1(5%). Pre-treatment Karnofsky Score(KPS) was: 60, 80, 90 and 100 for
respectively 1, 4, 4 and 10 patients. Nine(45%) patients had embolization prior to HSRT.
Three(15%) had SRS elsewhere. Mean pre-HSRT volume was 49.19±35.03cc(12.51-155.38cc).
Mean isodoseline of prescription was 89%(85-90%). Dynamic arcs were used in 15 cases(medi-
an=4 arcs). Static shaped beam was used in 5 cases(median=14 beams). All but one patient
received a total dose of 30Gy, either in 5 fractions of 6 Gy(n=14) or 6 fractions of 5 Gy(n=5).
Mean follow-up was 19.85 months(2-41 months).

Results: Clinical improvement was observed in 2(14.3%) of the 14 patients with clinical follow-
up. Eleven(78.6%) remained stable, 1(7.1%) deteriorated. Radiological follow-up was available
for 13 patients. Twelve (92.3%) presented AVM reduction and one was unchanged. No oblitera-
tion was observed within this follow-up period. One patient that bled 3 times before HSRT pre-
sented hemorrhage after treatment, without sequelae. One (7.1%) patient presented a stroke 3
months after HSRT leading to a mild hemiparesis.

Conclusions: HSRT with strict conformality appears safe for giant AVM treatment avoiding acute
hemodynamic changes during obliteration. 

Gamma Knife radiosurgical strategy for pediatric high-grade arteriovenous 
malformations: advantages of staged radiosurgery prior to targeting nidus 
proximal to the drainer OS 6-2-4
Motohiro Hayashi (Tokyo Women's Medical University, Neurosurgery, Japan) 
Koutaro Nakaya, Japan (1) Taku Ochiai, Japan (1) Shoji Yomo, Japan (1) Noriko Tamura, Japan (1)
Masahiro Izawa, Japan (1) Kotoe Kamata, Japan (1) Tomokatsu Hori, Japan (1) Kintomo Takakura, Japan
(1) 
(1) Tokyo Women's Medical University 

Rationale: The management of high-grade arteriovenous malformations (AVMs) still has many
risks, and even the use of multidisciplinary approach is not sufficient to cure these lesions. In chil-
dren and younger patients, Gamma Knife radiosurgery as a sole modality may result in radiation
injury such as radiation necrosis or cyst formation, which will affect their life in the future. For
these cases, we are aggressive to use �gGamma Knife staged radiosurgery�h. We would like to
present some cases and report its concept, achievement, advantages and possibilities of our ori-
ginal treatment strategy for AVMs.

Methods and Materials: As an initial treatment, we target nidus proximal to the drainer, limiting
volume up to 3.0cc with 22Gy as peripheral dose. This radiation method enables 1) to target only

the real nidus, 2) to lower the risk of radiation injury, 3) to treat residual nidus just as in gvirgin
cases�h and 4) to cause thrombosis naturally in residual nidus. It is more advantageous in pedi-
atric AVMs because their radiation sensitivity is much higher. Twenty five pediatric AVMs (20.8%
of all AVMs) have been treated at our institution since 2002. Among them, 4 were high-grade
AVMs and followed up at least 2 years (2-4 years).

Results: Even though follow-up is still continuing, there has been no hemorrhage or radiation
injury. Notably, 3 AVMs disappeared spontaneously on image within 2 years and did not require
second Gamma Knife radiosurgery. 

Conclusions: Staged radiosurgery is a safe and effective treatment strategy for pediatric high-
grade AVMs. Pediatric AVMs respond readily to radiosurgery compared to adults. More treated
cases with longer follow-up will establish this treatment concept as a defined strategy.

Radiobiology OS 6-3
Moderators: Markus W. Gross (Germany) Pacific Heights

Junchao Liang (China)

Spinal cord tolerance to radiosurgical dose distributions: a swine model OS 6-3-1
Paul Medin (University of Nebraska Medical Center, Radiation Oncology, United States) 
Ryan Foster (1) Kenneth Follett (2) Weining Zhen (1) Timothy Solberg (1) 
(1) University of Nebraska Medical Center Radiation Oncology (2) University of Nebraska Medical Center
Neurosurgery, United States

Objectives: The success of stereotactic radiosurgery in the treatment of cranial neoplasms has
stimulated significant interest in the application of such an approach for the treatment of extracra-
nial tumors. While radiosurgery is increasingly used in the management of spinal and paraspinal
disease, very little is known regarding the spinal cord tolerance to radiosurgical dose distribu-
tions. A study is underway to determine the spinal cord tolerance to single fraction, hemi-cord
irradiation in a large animal model.

Methods: In a study approved by the University of Nebraska Medical Center’s Institutional Animal
Care and Use Committee, a 5 cm long cervical segment is irradiated in 40-45 week old Yucatan
Minipigs using a dedicated radiosurgery linear accelerator. Image-guided localization is per-
formed using stereoscopic kilovoltage x-rays. Radiation is delivered to a cylindrical volume
approximately 5 cm in length with 2 cm diameter positioned parallel to the spinal cord produ-
cing a dose distribution with the 90%, 50% and 10% isodose lines grazing the proximal, central
and distal cord, respectively. Dose is typically prescribed to the 90% isodose line. To date, 5 pigs
have been irradiated in the initial dose-searching study to 47 Gy, 36 Gy, 24 Gy (2 animals) and
20 Gy. The minimum follow-up is 9 weeks and approximately 2 animals are being added per
month.

Results: The animal given 47 Gy developed esophageal complications at 8 weeks following SRS
and was euthanized. The animal given 36 Gy developed unilateral front leg paralysis 23 weeks
following SRS, became inambulatory at 25 weeks and was euthanized. Animals given 24 Gy
developed unilateral front leg paralysis 13 and 14 weeks following SRS but remain ambulatory
at 32-33 weeks. The animal given 20 Gy is normal at 9 weeks following SRS. Histopathology on
all animals is under analysis.
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Conclusions: While data is presently too scarce to assign significance, early results indicate that
for grazing dose distributions, pigs may not realize the same increase in ED50 for paralysis as has
been observed in rats [van Luijk P, 2001]. In addition, it appears that the ED50 for paralysis in
our pig model will likely be significantly lower than the 27 Gy observed in a previous pig study
[van den Aardweg GJ, 1994]. This may be due to the much lower dose rate used in that study.
Updated data and its relationship to previous spinal cord tolerance studies will be presented.

Ultrastructural study of cortex and hippocampus of epilepsy rats after 
exposed with low-dose Gamma Knife radiosurgery OS 6-3-2
Junchao Liang (Liu Hua Qiao Hospital, Neurosurgical Department, China) 

Objective: To study the cell-level mechanism in the treatment of epilepsy with gamma knife. 

Methods: The rat models of epilepsy were made by injection of penicillin into cortex. 48 rats were
divideded randomly into three groups: experimental group ( n=22, the rat models of epilepsy
were radiated in low-dose gamma knife), control group ( n=4 ), and experimental control group
( n=22 ). The radiosurgery was carried out with a peripherial dose 12Gy and isocenter 50%. The
radiosurgery lasted 6 minutes. The rats were survived for 0.5h to 2 months respectively. The cor-
tex and hippocampus were isolated from target area, studied by light microscope and conven-
tional transmission electromicroscopy, and taken picture at the same time. 

Results: Apoptotic cells were found in epilepsy model rats. The changes of earlier period inclu-
ded agglutination and condensation of perinuclear chromatin, and shrinkage, distortion, discon-
tinuousness of nuclear membrane. The changes of later period included the broken of nuclear
membrane, karyo pyknosis, swell in organell such as rough endoplasmic reticulum and mitochon-
drion, broken, extinction and vacuoles of inner crest. The epilepsy model rats accepting low-dose
gamma knife radiation, however, displayed little changes of neuron at the same period, and less
apoptotic cells were seen. 

Conclusions: Apoptosis played an important role in the death of hippocampus neuron after
epileptic seizure resulted from penicillin, and low-dose gamma knife radiation produced defini-
tive effect in suppression of neuronal death.

The effects of thalidomide and radiation on rat endothelial cells, 
the potential for reducing the latent time post AVM radiosurgery OS 6-3-3
Frederik Vernimmen (Stellenbosch University, Radiation Oncology, South Africa) 
Antonio Serafin, South Africa (1) John Michie, (1) 

Objectives: A drawback of radiosurgery for AVM’s is the latent time between the irradiation and
the occlusion, during which the risk for a bleed remains. Shortening this period would have a 
significant impact on the value of radiosurgery. Damage to endothelial cells and myofibroblastic
proliferation ultimately causes obliteration. Increasing the damage to the cells at the time of radia-
tion and/or interfering with the radiation damage repair process post irradiation could lead to a
greater and more rapid cell loss with earlier obliteration. Normal endothelial cell function is
dependent on Vascular Endothelial Growth Factor (VEGF). A number of drugs already in clinical
use have either a specific anti-VEGF effect or an anti-angiogenesis effect and have the potential
to enhance the radiation damage or interfere with its repair. This study explored the use of
Thalidomide (an anti-angiogenesis drug) to enhance the radiation effects on endothelial cells. 

Methods: Exponentially growing rat endothelial cells were seeded in multiwell plates. Cells were
exposed to increasing doses of thalidomide (0-1000ìg/ml) and an EC50 was determined. Cells
received a series (0-30 Gy) of single fractions of Cobalt radiation (dose rate 0.96 Gy/min) with and
without Thalidomide (10, 20, or 50 µg/ml). Post irradiation, the cells were stained with 0.01%
crystal violet solution and analyzed by spectrophotometry (590nm). Cell survival at each radia-
tion dose/drug concentration was expressed as a percentage of the control survival rate. Standard
radiobiological parameters were determined.

Results: The ED50 for Thalidomide toxicity was between 49.55 to 65.06 µg/ml (95% C.I.).
Irradiation alone produced sigmoidal dose response curves with ED50 values ranging from 4.12 to
4.57 Gy. Addition of the drug (10 or 20 µg/ml) during irradiation had no effect on response to radi-
ation. However, a definite effect was observed at 50 µg/ml, with the ED50 dropping to 3.46 Gy.

From the ratio of the ED50 values, the presence of 50µg/ml of thalidomide during irradiation
enhanced cell kill by a factor ranging between 1.19 and 1.32.

Conclusion: Thalidomide increased the overall damage when combined with irradiation. Further
research with anti-angiogenesis drugs is warranted. This could be done by either administering
the drug at the time of radiation or by a more chronic drug administration during the post irra-
diation period interfering with the damage repair or by both.

Clinically significant low-dose hyper-radiosensitivity in a case 
of primary central nervous system dysgerminoma OS 6-3-4
Dirk Van den Berge (Universitair Ziekenhuis Brussel, Radiotherapy, Belgium) 
Gretel Van Esch  (1) Sophie Bravo  (1) Guy Storme, (1) 
(1) Universitair Ziekenhuis Brussel, Belgium 

Low-dose hyper-radiosensitivity (HRS) is a phenomenon of excessive radiosensitivity of cells to
doses below 0.3Gy that does not conform to the linear-quadratic model of cell kill. It is believed
to be caused by failure of the target cells to activate their repair mechanisms below a certain
threshold of DNA damage. 

Even if the observed cell kill in vitro may be up to 30X higher than expected, it is still very low
and therefore the clinical applicability can be questioned and has never been convincingly
demonstrated. 

Primary intracranial dysgerminomas are rare tumours that are histologically indistinguishable from
seminomas and occur in childhood and adolescence, typically in the suprachiasmatic and pineal
region, and that easily seed to the ventricle walls and dura. Because of risks of secondary tumour
induction and brain toxicity in children, ongoing research efforts aim at avoiding prophylactic
craniospinal irradiation.

The case that is discussed here is a 14 year old girl that was treated with fractionated stereotac-
tic radiotherapy (20X2Gy) to a 1.7cm dysgerminoma in the pineal region. The wall of lateral ven-
tricles was located in the dose falloff region and received 20x 0.05-2Gy.

Four months later she developed 7 ependymal implants clustered anteriorly in the lateral ventricles.
To investigate this unusual distribution of implants, the isodoses were accurately mapped on the fol-
low-up MR using image fusion. The implants were located exclusively in the small part of the ven-
tricular wall that had received less than 20 X 0.08Gy. A computer simulation was produced based
on a homogeneous seeding of clonogens and the given number of implants. The classical linear-
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quadratic model was unable to explain the pronounced clustering in the dose region below 0.08Gy
with any combination of parameters. In contrast, HRS models nicely provided the sharp dose-effect
falloff in the low-dose region necessary to explain the observed distribution of implants.

Conclusion:

1.Prevention of ependymal implants in the ventricle walls can be achieved with doses as low as
20x0.1Gy. This may be readily accomplished by the choice of portals or arcs during in stereotac-
tic radiotherapy.

2. Primary central dysgerminoma may be the first example of the clinical exploitation of HRS

3. Prophylactic irradiation of the craniospinal axis could be effective at doses 10-20x lower than
what is currently in use

Extracranial dose planning OS 6-4
Moderators: Cynthia Chuang (United States) Telegraph Hills

Matthias Guckenberger (Germany)

Biological plan optimization for stereotactic treatment of liver tumors OS 6-4-1
B.J.M. Heijmen (Erasmus MC, Radiation Oncology, The Netherlands) 
J. De Pooter  (1) A. Mendez Romero  (1) W. Wunderink, (1) P.R.M. Storchi  (1) P.C. Levendag  (1) 
(1) Erasmus MC - Daniel den Hoed Cancer Center, The Netherlands

Objectives: For stereotactic treatment of liver tumors, dose is mostly prescribed to the 65% or
80% isodose, closely surrounding the PTV. We have developed an algorithm (designated “Cycle”)
for plan optimization [1]. Beam directions are automatically selected from a large input set of
coplanar and non-coplanar orientations (>250), and beam shapes, sizes and weights are opti-
mized. Plans do strictly adhere to imposed hard constraints for organs at risk (OAR) [1,2]. Here,
Cycle has been used to generate plans with

A. a maximum gEUDPTV(-20) (generalized Equivalent Uniform Dose [3]), or

B. a maximum isocenter dose, with a minimum PTV dose of 65%, or

C. a maximum isocenter dose, and a minimum PTV dose of 80%.

Biologically optimized plans (approach A.) have been compared to the other two more conven-
tional approaches.

Materials and Methods: We have used CT datasets of 15 patients previously treated in our clinic.
For the PTV, optimized plans were mainly compared using Dmin, D99%, and gEUDPTV (a) with a
Î [-100,-1]. The distance from the ideal plan [1], and the conformality index have been used for the
OARs (healthy liver, spinal cord, bowel, duodenum, stomach, esophagus, heart, kidneys).

Results: The gain in gEUD(-20) with approach A. is 4.5% (range [-2.0,14.1]), and 6% (range 
[-2.0,16.5]), compared to B. and C., respectively. For all aÎ[-100,-5], gEUD(a) are on average 
highest for approach A.. For all patients, strategy A. yielded a higher D99% than strategy B.; the
same holds for most plans of strategy C. Dose delivery to the OARs is somewhat increased with
strategy A., however always within the imposed hard constraints, and not significant.

Conclusions: Using an in-house developed algorithm for automated plan optimization, it has
been demonstrated that for most patients biological optimization is superior to conventional

strategies with a 65% or 80% surrounding isodose. However, individual patients may benefit
most from the latter approaches. 
References: [1] de Pooter JA, et al. Computer optimization of noncoplanar beam setups improves
stereotactic treatment of liver tumors. IJROBP 2006
[2] Méndez Romero A, et al. Stereotactic body radiation therapy for primary and metastatic metastatic
liver tumors: A single institution phase i-ii study. Acta Oncol 2006
[3] Niemierko A, A generalized concept of equivalent uniform dose (EUD). Med Phys 1999

Four dimensional treatment planning for stereotactic body radiotherapy OS 6-4-2
Matthias Guckenberger (University of Wuerzburg, Department of Radiation Oncology, Germany) 
Juergen Wilbert  (1) Thomas Krieger  (1) Anne Richter  (1) Michael Flentje  (1) 
(1) University of Wuerzburg, Germany 

Purpose: Four-dimensional (4D) dose distributions were calculated in pulmonary stereotactic body
radiotherapy (SBRT). Influence of tumor motion on 4D doses of the gross tumor volume (GTV) was
investigated.

Materials and Methods: For seven patients with eight pulmonary tumors a respiratory correlated
4D-CT study was acquired. Eight CT phases equally distributed over the breathing cycle were
reconstructed for each 4D-CT study using in-house developed software. The GTV was delineated
in the CT pulmonary window in all phases of the breathing cycle and the internal target volume
(ITV) was the hull of all tumor positions. A 5mm ITV-to-PTV margin was used. 3D treatment plans
were generated with a dose prescription of 3 x 12.5Gy to the planning target volume (PTV)
enclosing 65% isodose. After model based non-rigid image registration, 4D dose distributions
were calculated. Calculations were done using the research version of Pinncale treatment plan-
ning system v8.1s with Collapsed Cone Convolution Superposition algorithm.

Results: Peak-to-peak tumor motion (3D vector) was 14mmÂ±5mm (mean Â± SD) ranging
between 3mm and 20mm. Despite inhomogeneous dose distributions in the PTV no significant
difference of the dose to the GTV was observed between the tumor in end-exhalation, end-
inhalation or mid-ventilation phase of the breathing cycle: a non-static dose distribution with a
â€œmovement€� of the high dose region synchronously with the tumor was observed. 4D
accumulation resulted in D95 of 17.5GyÂ±0.7Gy to the GTV (single dose); dose homogeneity
index (D1/D99) was 1.15Â±0.05. Motion range and volume of the GTV did not influence dose
homogeneity or accumulated 4D dose. The 4D dose of the GTV was identical to the 3D dose of
the GTV and about 4% and 32% higher than the 3D dose of the ITV and the PTV, respectively.
Compared to the assumption of a static dose distribution during the breathing cycle the calcula-
tions with consideration of the non-static dose distribution resulted in 8%Â±5% higher doses
(D95) to the GTV.

Conclusion: In this study the dose to the GTV was not decreased or blurred in the 4D plan com-
pared to the 3D plan. 4D dose calculation was shown as an appropriate tool to account for all
uncertainties due to breathing motion.
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A comparison of Novalis and Cyberknife radiosurgery treatment 
planning quality for vertebral body metastases OS 6-4-3
Lijun Ma (University of California San Francisco, Radiation Oncology, United States) 
Arjun Sahgal (1) Cynthia Chuang (1) Sabbir Hossain (0) Paula Petti (1) David Larson (1) Dennis Shrieve
(2) 
(1) University of California San Francisco, United States (2) University of Utah, United States 

Objective: Two delivery paradigms of image-guided vertebral body radiotherapy exist. One
involves non-isocentric, overlapped cone-beam delivery (Cyberknife); the other involves isocen-
tric, MLC-based, shaped-beam delivery (Novalis). In this study we compared the treatment plan-
ning quality of these two distinctive systems.

Method: Identical sets of CT studies and volumes of interest were generated and planned with
Cyberknife and Novalis systems. In each case three sets of plans were developed for target volu-
mes that included one vertebral body (VB), two VBs, and three consecutive VBs respectively.
Identical prescriptions of 2400 cGy in 3 fractions to the target and identical normal structure con-
straints of 1500 cGy to <= 0.1 cc of spinal cord and 2100 cGy to <= 0.1 cc of esophagus were
used. The plans were normalized such that 95% of the planning target volume (PTV) received
100% of the prescribed dose. Dose-volume histogram and equivalent uniform dose (EUD) param-
eters based on the linear-quadratic model were used to analyze and compare the treatment plans. 

Results: All plans fulfilled the specified requirements with comparable PTV dose conformity indices
(1.4-1.6). However, Cyberknife plans produced significantly higher maximum doses (22-51%), mean
doses (8-23%), and EUDs (1-33%) to the PTV. For organs at risk, Cyberknife plans yielded slightly
lower doses to 0.1 cc of spinal cord (-4 to -17%) and slightly higher doses to 0.1cc of esophagus
(1-3%). Additionally, Cyberknife plans showed that at greater volumes of spinal cord and esopha-
gus a greater exposure to low doses of radiation occurred as compared to the Novalis plans. For
example, the D20 for the cord was 561 (1 VB), 531 (2 VB) and 963 cGy (3 VB) for CyberKnife plans,
and 663, 702, and 792 cGy for Novalis plans. Conversely, the D50 for the cord by Cyberknife plan-
ning was 384, 399 and 690 cGy as compared to 39, 90 and 282 cGy for the Novalis plans.

Conclusion: Cyberknife and Novalis produced equivalent target dose coverage while limiting the
dose to a small volume of the cord and the esophagus. The Cyberknife produced significantly
higher and less uniform dose to the PTV, and such differences enlarged with the increasing length
of vertebral bodies. Constraining the dose within small volumes of cord and esophagus resulted
in somewhat larger volumes of these structures receiving low dose with Cyberknife planning.

Improved Cyberknife treatment planning for multiple adjacent 
vertebral body metastases for extracranial radiosurgery OS 6-4-4
Arjun Sahgal (University of California San Francisco, Radiation Oncology, United States) 
Cynthia Chuang (1) Kim Huang (1) Paula Petti (1) Phillip Weinstein (2) Dave Larson, (1) 
(1) University of California San Francisco, Department of Radiation Oncology, United States (2)
University of California San Francisco, Department of Radiation Oncology, United States 

Objective: Cyberknife radiosurgery is often used for vertebral body and paraspinal metastases.
However, Cyberknife treatment planning of multiple consecutive vertebral body metastases (VBM)
is challenging due to the need to adequately treat large target volumes while sparing critical adja-
cent normal tissues. A split-volume treatment planning technique was developed to improve the
treatment plan quality of such lesions. 

Method: Treatment plans were generated for 1-5 consecutive thoracic VBM prescribing 24 Gy in
3 fractions. The planning target volume (PTV) consisted of the entire vertebral body(s). Plans were
generated considering both the clinical scenario of de novo VBM (no prior radiation) imposing a
dose limit of 8 Gy to 1cc of spinal cord and, the re-treatment scenario (prior radiation to spinal
cord tolerance) imposing a dose limit of 3 Gy to 1cc of spinal cord. The split-volume technique
was compared with the standard full-volume technique for targets ranging from 2 to 5 VBM in
length. Identical dose/volume constraints were used for both techniques. The primary endpoint
was best PTV coverage by the 24 Gy isodose. 

Results: A total of 18 (10 standard and 8 split technique) treatment plans were generated and,
split-volume planning was achieved by introducing a 0.5 cm gap splitting the PTV into two equal-
length volumes. Split-volume planning resulted in improved PTV coverage by the 24 Gy isodose
ranging from 4-12% for the de novo scenario and 8-17% in the re-treatment scenario. In each
case, as the number of VBM increased the magnitude of improvement was greater in the re-treat-
ment as opposed to the denovo scenario. We did not observe any definite increase in monitor
units required or higher doses to organs at risk with split-volume planning.

Conclusion: Split-volume treatment planning improves Cyberknife treatment plan quality for con-
secutive vertebral bodies, as compared to the standard technique. This technique is of particular
importance in clinical situations where stringent spinal cord dose limits are required. 

ORAL SESSION 7 14.00 - 15.00

Brain metastases - Part 4 OS 7-1
Moderators: Willard Kasoff (United States) Gold Ballroom

Paul Sperduto (United States)

Comparison between retrospective and prospective use of BSBM 
system's classification with a 6 years follow up for patients 
with brain metastases treated by Leksell Gamma Knife radiosurgery OS 7-1-1
Daniel Devriendt (Gamma Knife Center of Brussels, Erasme Hospital, Radiation Therapy,
Belgium) 
Jose Lorenzoni, Chile (1) Nicolas Massager, Belgium (1) David Wikler, Belgium (1) Francoise De Smedt,
Belgium (1) Philippe David, Belgium (1) Paul Van Houtte, Belgium (1) Jacques Brotchi, Belgium (1) Marc
Levivier, Belgium (1) 

Objective: A few years ago, we suggested the use of a new system’s classification called Basic
Score for Brain Metastases (BSBM) built on a retrospective study concerning patients with brain
metastases (BM) treated by radiosurgery. The three significant prognostic factors were (i) a
Karnosky Performance Status (KPS) equal or superior to 80 (no = 0; yes = 1 point), (ii) an
absence of a systemic disease (no = 0; yes = 1 point ) and (iii) a primary disease controlled (no
= 0; ye = 1 point). This classification varied from 0 to a 3 points. Since January 2003, we fol-
lowed prospectively a new cohort of patients. This study analyzes the survival of both (retrospec-
tive and prospective) populations.
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Material and methods: 267 evaluable patients with more than 700 brain metastases were trea-
ted with a Leksell Gamma Knife model C. Median marginal dose was 20 Gy at a median 50 %
isodose. There were 45 % (119 pts) lung cancer, 22% (59 pts) breast cancer, 19% (49 pts)
melanoma and 15% (40 pts) others primary tumors.

The retrospective study concerned 110 patients treated from December 1999 to December 2002.
The prospective study concerned 157 patients treated from January 2003 to December 2005.

Results: Median survival (MS) for the entire population is 13 months and 3, 6, 12 and 23 months
for respectively BSBM 0, 1, 2 and 3 points subcategories. For the selective categories BSBM 0, 1,
2 and 3 points, the MS were respectively 3, 3.5, 11 and 20 months for the retrospective study
versus 3.5, 7, 13 and 27 months for the prospective study. The performance (ROC curve) and dis-
criminant power of our score are under evaluation.

Conclusions: The prospective use of BSBM classification is an interesting prognostic factor in
patients with BM treated by radiosurgery.

Repetitive Gamma Knife radiosurgery for metastatic brain tumors 
-comparison of the effectiveness according to the original tumor sites- OS 7-1-2
Satoshi Suzuki (Nippon Steel Yawata Memorial Hospital, Neurosurgery, Japan) 
Katsuya Ishido (1) Hitotsumatsu Tsutomu (1) Tomio Sasaki (2) 
(1) Gamma Knife Center, Shin-Koga Hospital, Japan (2) Department of Neurosurgery, Kyushu University
Graduate school of Medicine, Japan 

Objective: It is widely accepted that Gamma Knife Radiosurgery (GKRS) is useful in the manage-
ment of metastatic brain tumors (METs). However, the control rate of each treated tumors and the
rate of recurrence seem to be different according to the original tumor sites. It is also unclear
whether the repetitive GKRS still remains effective or not. The goal of this study is to clarify these
issues.

Materials and Methods: Fourteen hundred and sixty-eight patients with METs were treated by
GKRS at the Shin-Koga Gamma Knife Center from July 1997 to December 2006. Repetitive GKRS
was performed in 321 patients and they were included in this study. Their medical records were
reviewed retrospectively. Tumors which were treated in the prior GKRS were evaluated and
included in the study (i.e.; if a patient was treated by GKRS three times, only those tumors trea-
ted at the first and the second GKRS were included in the study. The effectiveness of the prior
GKRS was evaluated at the second and the third GKRS). Tumor control rate was analyzed by the
Kaplan-Meier methods.

Results: Original sites of the tumor in these 312 patients were lung in 197 (63.1%), breast in 49
(15.7%), colon/rectum in 24 (7.7%), kidney in 17 (5.4%), and others in 25 (8.0%). The incidences
of repetitive GKRS were 21.0% in lung, 28.0% in breast, 24.5% in colon/rectum, and 30.2% in
kidney, respectively. The incidences of three times or more GKRS were 5.2% in lung, 8.6% in
breast, 6.9% in colon/rectum, and 9.4% in kidney, respectively. The Kaplan-Meier analysis
revealed poor tumor control rate in patients with METs from colon/rectum compared to those from
lung or kidney. Tumor control rate in patients with breast cancer was good at the beginning; 
however, it has significantly deteriorated two years after GKRS. Tumor control rate was significant-
ly better in re-GKRS compared to the first GKRS. The smaller tumor size was the significant indi-
cator of the better tumor control. 

Conclusion: This study support that GKRS is a effective treatment modality for the recurrent METs
after GKRS. However, its effectiveness varies according to the origin of the tumor. We need to
remind these fact when we treat the patients with METs. Tailor made GKRS is necessary in each
type of tumors.

Intensity-modulated tomotherapy with stereotactic radiosurgery for brain metastases: 
the value of c11-methionine-pet images in treatment planning OS 7-1-3
Masayuki Matsuo (Kizawa Memorial Hospital, Radiation Oncology, Japan) 
Jun Shinoda (1) Kazuhiro MIwa (2) Naoya Yamamoto  (2) Hirofumi Asano  (2) Shinji Furukawa  (2)
Jitsuhiro Yamada  (2) 
(1) Chubu Medical Center, Japan (2) KIzawa Memorial Hospital, Japan 

Purpose/Objective: CT/MRI fusion technology is commonly used in radiation treatment planning
of brain tumors. Recently the gross tumor volume (GTV) delineation in brain tumors, based tradi-
tionally on computed tomography (CT) and magnetic resonance imaging (MRI), was improved in
using biologic imaging: 11C-methionine positron emission tomography (MET-PET). 

The higher specificity and sensitivity of MET-PET for brain tumors, in comparison to anatomic
imaging (CT and MRI), was demonstrated in previous studies and is the rationale for the integra-
tion of biologic imaging in the radiation treatment planning. The goal of our work is to evaluate
the feasibility of intracranial radiosurgery by means of helical tomotherapy system and to assess
the value of C11-Methionin-PET images in treatment planning for brain metastases.

Materials/Methods: In 10 patients with 35 brain metastases CT, gadolinium enhanced T1-
weighted MRI and MET-PET were performed for stereotactic radiosurgery treatment planning.
Median age was 64 years. Median Karnofsky performance status (KPS) was 80%. These image
sets (CT/MRI and CT/ MET-PET) were then fused utilizing the Pinnacle System. CT/MRI GTV (GTV1)
was defined as the contrast-enhanced area on CT/T1 gadolinium-MRI image fusion images and
CT/MET-PET GTV (GTV2) was defined as the area of an accumulation of CT/MET-PET apparently
higher than that of normal tissue on CT/ MET-PET fusion images. The planning target volume
(PTV) encompassed the GTV plus 2-mm margin. The initial PTV was prescribed a dose of 16 - 20
Gy. This dose was prescribed to the 95% isodose line, which covered the PTV. Stereotactic radio-
surgery was performed with the helical tomotherapy system and an adapted 6 MV linear acce-
lerator. Precise and reproducible patient immobilization was achieved with a thermoplastic mask. 

Results: On CT/MET-PET fusion plan 20 tumors were slightly larger than CT/MR fusion plan, 
however, 6 tumors (Mean GTV1 was 0.2 cm3) could not be detected, and 9 tumors were same.

Our initial comparison of the CT/MRI fusion plan and the CT/MET-PET fusion plan showed the
Conformity Index was 95%, respectively, and the Homogeneity Index was 106% and 105%,
respectively. 

Conclusion: CT/MET-PET volumes were almost slightly larger than the CT/MRI volumes, however,
small volume tumors could not be detected on CT/MET-PET. We recommend a supplementary
value of CT/MET-PET fusion planning in irradiation to facilitate normal tissue.
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Stereotactic radiosurgery for ovarian cancer brain metastases: 
11-year experience at a single institution OS 7-1-4
Willard Kasoff (Yale University School of Medicine, Neurosurgery, United States) 
Susan Higgins (2) Alain DeLotbiniere (3) Jonathan Knisely (2) Veronica Chiang (1) 
(1) Department of Neurosurgery, Yale University School of Medicine, United States (2) Department of
Radiation Oncology, Yale University School of Medicine, United States (3) Brain and Spine Surgeons of
New York, United States 

Introduction: The improving survival of patients with advanced ovarian cancer has generated an
increasing incidence of CNS metastases in clinical practice. Stereotactic radiosurgery (SRS) is an
attractive treatment option for these lesions but has little support in the literature [1-3]. We 
present the largest series to date of ovarian cancer brain metastases treated with SRS.

Methods: We conducted a retrospective chart review of all patients treated with SRS for ovarian
cancer brain metastases at our institution from 1996 through 2006. Demographic, pathologic
and radiosurgical data were abstracted.

Results: 23 lesions in 10 patients with metastatic ovarian cancer were treated with SRS. Patients
were predominantly in their 6th and 7th decades with a variety of histological subtypes. All had
received prior platinum-based chemotherapy; 5 had received external-beam radiation, and two
had undergone craniotomy. The interval from initial cancer diagnosis to the diagnosis of brain
metastasis ranged from 18 to 174 months (median, 36 months). Five patients had solitary metas-
tases, four had 2-3 lesions, and one had 5 lesions. Nine of 23 lesions were in the cerebellum.
Lesions ranged in size from 21 to 13200 mm3 (median, 491 mm3) and received prescribed doses
between 16 and 20 Gy to the tumor margin. Eight patients had died at the time of analysis, with
a median survival of 41 months from initial diagnosis (range, 27-190 months) and 14.5 months
from the diagnosis of brain metastasis (range, 8-22 months). Two patients were alive at 16 and
51 months from diagnosis of brain metastasis, respectively. All patients tolerated SRS well. No
patient died as a result of CNS progression.

Conclusion: Patients with brain metastases from ovarian cancer are likely to be encountered with
increasing frequency in clinical practice. A multimodal treatment strategy including SRS can pro-
vide good clinical control of brain metastases and prevent CNS disease from becoming the deter-
minant of long-term survival. To avoid the morbidity of craniotomy and whole-brain radiation
with the use of SRS, a screening strategy for brain metastases (e.g. periodic MRI scans) may be
prudent in long-term survivors of ovarian cancer.
References: [1] Brown JV et al. Gynecologic Oncology 97(3)858-61.
[2] Corn BW et al. American Journal of Clinical Oncology 1999: 22(2);143-6.
[3] Pectasides D et al. Oncologist 2006(11)252-260.

Hypofractionated stereotactic radiotherapy for large metastatic brain tumors 
using Gamma Knife OS 7-1-5
Yoshinori Higuchi (Chiba Cardiovascular Center, Neurosurgery, Japan) 
Toru Serizawa  (1) Osamu Nagano (1) Ono Junichi (1) Shinji Matsuda  (2) Naokatsu Saeki (3) 
(1) Department of Neurosurgery, Chiba Cardiovascular Center , Japan (2) Department of Neurology,
Chiba Cardiovascular Center , Japan (3) Department of Neurosurgery, Chiba Graduate School of
Medicine , Japan

Purpose: Dose fractionation has been suggested to increase treatable tumor size and to reduce
complications. We treated large brain metastases with hypofractionated stereotactic radiothera-
py using a unique protocol. The radiotherapy consisted of 10-Gy fractions administered every 2
weeks, yielding a total dose of 30 Gy. We evaluate the efficacy and the toxicity of our treatment
protocol.

Patients and Methods: The subjects were 45 patients (24 men and 21 women) who had large
brain metastases (>10cc in volume). Age ranged from 41 to 84. Primary organs were lung in 14
patients, gastro-intestine in 15, breast in 11 and others in 5. The peripheral dose was 10 Gy in
3 fractions. The interval between the fractions was 2 weeks. The mean tumor volume prior to
treatment was 18.1 E6.1 (mean� ES.D.) cm3. The mean follow-up interval was 7.5 months.
Overall survival, neurological survival and qualitative survival were calculated using Kaplan-Meier
method. 

Results: At 2nd and 3rd fractions, mean tumor volume were 14.1 E6.3 (22.1% reduction) and
10.2 E6.1 cm3 (43.6%), respectively. The tumor volume was significantly reduced at 2nd and 
3rd fraction. The median overall survival period was 8.7 months. Neurological and qualitative sur-
vivals at 12 months were 88.9% and 85.3%, respectively. Local tumor control rate was 91.4%
and 75.5% at 6 and 12 months, respectively. 

Conclusions: The 2-week interval of each gamma knife procedure provides significant reduction
of treatment volume. Our results suggested that hypofractionated stereotactic radiotherapy using
our protocol could be an alternative in treating large brain metastases.

Pituitary - Part 2 OS 7-2
Moderators: Steven Chang (United States) Twin Peaks

John Fiveash (United States)

Outcome of Gamma Knife radiosurgery in 82 acromegalic patients : 
correlation with initial hypersecretion OS 7-2-1
Jean Regis (APM, Functional Neurosurgery, France) 
Frederic Castinetti  (1) Manabu Tamura  (3) Henri Dufour  (4) 
(1) Endocrinology Department Timone University Hospital Marseille France (2) Functional Neurosurgery
Department Timone University Hospital Marseille France (3) Tokyo Women's Medical College Tokyo
Japan (4) Neurosurgery Department Timone University Hospital Marseille France 

Gamma knife radiosurgery has been used in the treatment of acromegaly in our center since
1993. We prospectively evaluated the long-term results of this procedure in 82 patients of whom
63 had previous transsphenoidal surgery. Patients were considered as in remission when mean
GH levels were less than 2 ng/ml and IGF-1 was normal for age off somatostatin agonists. With
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a mean follow up of 49.5 months, 17% patients were considered as in remission. In addition,
23% considered as uncured had GH below 2 ng/ml and normal IGF-1 on somatostatin agonists
whereas they were not normalized on the same treatment before gamma-knife radiosurgery.
Initial GH and IGF-1 levels off somatostatin agonists were significantly higher in the uncured than
in the remission group. Withdrawal of somatostatin agonists at the time of radiosurgery had no
incidence on the outcome. No significant difference was found in success rate whether gamma-
knife radiosurgery was used as a primary or as an adjunctive treatment. There were only few long
term side effects, mainly complete (n=2) or partial (n=12) hypopituitarism. Gamma knife
Radiosurgery may thus represent a potential therapeutic approach particularly in patients with
moderate growth hormone hypersecretion previously refractory to other therapies.

Gamma Knife radiosurgery for medically 
and surgically refractory prolactinomas OS 7-2-2
Jason Sheehan (University of virginia, Neurosurgery, United States) 
Nader Pouratian (1) Jay Jagannathan (1) Edward Laws (1) Ladislau Steiner (1) Mary lee Vance (1) 
(1) university of Virginia, United States 

Objective: Experience with Gamma Knife radiosurgery (GKRS) for prolactinomas is limited because
of the efficacy of medical and surgical intervention. Patients who are refractory to medical and/or
surgical therapy may be treated with GKRS. We characterize the efficacy of GKRS for medically
and surgically refractory prolactinomas. 

Methods: We reviewed our series of patients with prolactinomas who were treated with GKRS
after failing medical and surgical intervention who had at least one year of follow-up. 

Results: Twenty-three patients were included in analysis of endocrine outcomes (median and
average follow-up of 57 and 49 months, respectively) and 28 patients were included in analysis
of imaging outcomes (median and average follow-up of 48 and 61 months, respectively). Twenty-
six percent of patients achieved a normal serum prolactin (remission) with an average time of
24.5 months. Remission was significantly associated with being off of a dopamine agonist at the
time of GKRS and a tumor volume less than 3.0 cc (p < 0.05 for both). Long-term image-based
volumetric control was achieved in 89% of patients. Complications included new pituitary hor-
mone deficiencies in 28% of patients and cranial nerve palsy in 2 patients (7%).

Conclusions: Clinical remission in 26% of treated patients is a modest result. However, since the
GKRS treated tumors were refractory to other therapies and since complication rates were low,
GKRS should be part of the armamentarium for treating refractory prolactinomas. Patients with
tumors less than 3.0 cc and who are not receiving dopamine agonist at the time of treatment will
likely benefit most.

Gamma Knife radiosurgery treatment plan quality correlates with tumor volume 
but not with biochemical control rates of functioning pituitary tumors OS 7-2-3
Volker Stieber (Wake Forest University School of Medicine, Radiation Oncology, United States) 
Volker Stieber (1) Thomas Ellis (2) Kevin McMullen (1) Kenneth Ekstrand (1) Michael Munley (1) J. Daniel
Bourland (1) Allan DeGuzman (1) Stephen Tatter (2) Edward Shaw (1) Charles Branch (2) 
(1) Wake Forest University Dept. of Radiation Oncology, United States (2) Wake Forest University Dept.
of Neurosurgery, United States

Background: Gamma Knife (GK) radiosurgery is commonly used in the treatment of secreting
pitui-tary adenomas with goal of biochemical control. We evaluated a cohort of patients to deter-
mine if the quality of the treatment plan as measured by a commonly used conformity index cor-
rela-ted with outcome. 

Methods and Materials: We analyzed the Wake Forest University Baptist Medical Center database
of pituitary patients treated with GK and FRT for secreting pituitary tumors. Data were available
for 85 patients. Of the patients with functioning tumors, 30 were treated with GK. 

Results: As the measure of treatment plan quality, we calculated the Paddick index (PI) for all
patients. The PI takes into account both accuracy (the ability to correctly treat the target) and pre-
cision (the ability to conform the dose to the target volume). The ability to achieve a “perfect”
plan correlated directly with increasing tumor size (p<0.0001). (Fig. 1)  We then analyzed the
subset of patients treated for hormone-secreting pituitary tumors.

The mean GK prescription doses were 25 Gy for ACTH and GH-secreting tumors and 16 Gy for
prolactinomas (p=0.0001). Eighty-four percent of patients achieved a biochemical response
(defined as decreasing or normal hormone levels). The mean time to biochemical response was
270 days. There was no difference in prescription doses between responders and failures (mean:
20 Gy vs 16 Gy; p=0.3776). In addition, there was no difference in the PI between biochemical
responders and failures (mean: 0.68 vs 0.71; p=0.9126). (Fig. 2)

Conclusion: The quality of a Gamma Knife radiosurgery treatment plan (as measured by an index
taking into account accuracy and precision) does not appear to be correlated with the ability to
achieve biochemical control in patients. This has encouraging implications in cases where critical
organs at risk (e.g. optic chiasm) approximate the tumor.

Gamma Knife radiosurgery for the treatment of pituitary tumors: 
an early Canadian experience OS 7-2-4
Basil Hassouneh (University of Manitoba, Section of Neurosurgery, Canada) 
Janice Nesbitt (1) Garry Schroeder  (1) Derek Fewer  (1) Anthony Kaufmann  (1) Michael West  (1) 
(1) Section of Neurosurgery, University of Manitoba, Canada 

Introduction: Gamma knife (GK) is playing an increasing role in the treatment of intracranial
pathology. Pituitary tumors are common neoplasms constituting 10-20% of primary tumors of the
brain. While transsphenoidal surgical resection is considered the treatment of choice for tumors
failing conservative therapy, GK has been recently introduced as an adjuvant intervention. There
is little literature to evaluate the role or efficacy of GK in treating pituitary tumors.

Objectives: This study reports an early experience with GK for treating pituitary tumors. The short-
term safety and efficacy of radiosurgery were evaluated.

Methods: A cohort study of consecutive pituitary tumors treated with GK from 2003 till 2007. All
cases were reviewed for short-term complications including cranial nerve deficits and visual field
changes. Serial MRI studies were also reviewed to determine the progression of the treated
tumors.

Results: A total of 37 pituitary tumors was identified with an average follow-up period of 14
months (range 2 - 34). There were 19 functioning tumors which received an average dose of 22.2
Gy to the 50% isodose line; the remaining 18 tumors were nonfunctioning and received an aver-
age dose of 15 Gy. Although in the majority of cases GK was used to treat residual or recurrent
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disease which failed surgical resection, in eleven patients GK was the first-line of treatment.
Neurological complications were experienced in three patients. One constituted transient visual
field defect with subsequent resolution while the other two cases showed worsening or new visu-
al field defect. There were a few minor complications secondary to frame placement which were
mostly self-limiting. Serial MRI studies showed no progression in 36 tumors with some showing
regression in size. In a single case, there was an increase in tumor size at the six-month follow-up.

Conclusions: This is an early evaluation of GK treatment for pituitary tumors, and the results
should be interpreted with caution due to the lack of long-term follow-up. Although uncommon,
injury to the optic nerves is the most serious potential complication. Careful treatment planning
is needed to minimize this risk. In this study, tumor growth control was high over a short follow-
up period. Nonetheless, long-term studies are needed to further evaluate the efficacy of this inter-
vention.

The effect of marginal doze in rate of serum GH (growth hormone) 
decrase in radiosurgery of GH producing adenoma 3 to 6 months later OS 7-2-5
Mazdak Alikhani (Neurosurgen, Neurosurgery, Iran, Islamic Republic of) 
Mazdak Alikhani (1) Maziar Azar, (3) Farid Kazemi (4) Khosro Parsa (5) 
(1) Iran gamma knife center kamrani charitty, Iran, Islamic Republic of (2) Tehran university of medical
sciences (3) Iran university of medical sciences, Iran, Islamic Republic of 

Sometimes due to some severe medical complications, such as uncontrollable diabet, it is very
important to decrease GH level as soon as possible.in this retrospective study the effect of diffe-
rent marginal doze in radiosurgery of 46 patients with GH producing adenoma are compared
through serum GH level control 3 and 6 monthes post Gamma Knife radiosurgery. We grouped
the patients according to treatment marginal doze to A (those who received 17-20GY), B(those
who received21-24GY)and C (those who received 25-28GY).The result show the meningful
decrease in GH 3 months post op in group C in comparison with others, but the results are near-
ly the same in group B and C after 6 months. Conclusion:while we need severe and dramatic la-
boratory results after radiosurgical treatment of GH producing adenoma, it is better more than
25GY marginal doze.

Miscellaneous radiosurgery topics - Part 1 OS 7-3
Moderators: Mehul Patel (United States) Pacific Heights

Peter Whitfield (United Kingdom)

Role of stereotactic radiosurgery in the management 
of intracranial hemangioblastoma OS 7-3-1
Ajay Niranjan (University of Pittsburgh, Neurological Surgery, United States) 
Sanjay Mongia (1) L. Dade Lunsford (1) Douglas Kondziolka (1) John C. Flickinger (1) 
(1) University of Pittsburgh, United States

Objective: To assess the effectiveness of stereotactic radiosurgery in achieving tumor control and
improving survival in patients with hemangioblastoma, we evaluated results from patients who
were managed at the University of Pittsburgh 

Patients and Methods: Over a 20-year period 28 patients with 30 hemangioblastomas underwent
stereotactic radiosurgery. The mean patient age was 48 years (range, 28- 83). The median tumor
volume was 5.5 cc (range, 0.26cc -16.6). A median dose of 16 Gy (range 11 -20) was prescribed
to tumor margins. Clinical and neuroimaging follow-up was obtained for all patients between 6
to 156 months (mean 41 months) after radiosurgery.

Results: Local tumor control was achieved in 28 of 30 evaluable tumors. The mean volume of
lesions that were controlled by radiosurgery was 5 cc whereas median volume of tumors that
failed radiosurgery was 11.5 cc. The lesions that were controlled by radiosurgery had received a
median tumor margin dose of 16.4 Gy (range11-20) compared to 13.5 (range 13-14) Gy pre-
scribed to tumors that ultimately failed radiosurgery. The margin dose (16 Gy or more) was a 
significant predictor of tumor control after radiosurgery. At the last assessment, 20 patients (71%)
were alive and 8(29%) had died. The mean survival after radiosurgery was 6.7 years. 

Conclusion: Radiosurgery is a safe and effective option to control disease and improve survival in
patients with Hemangioblastoma. A margin dose of 16 Gy or higher is associated with high tumor
control rates.

Radiosurgery for hypothalamic hamartoma epilepsy OS 7-3-2
Vladimir Zaccariotti (ING & ACCG, Brazil) 
Joao Arruda, Brazil (1) Carlos Bezerril, Brazil (2) Wenzel Abreu, Brazil (2) Jean Paiva, Brazil (2) Crizeide
Dourado, Brazil (2) Flamarion Goulart, Brazil (2) Valdeis Araujo, Brazil (2) Katia Resende, Brazil (2)
Nilceana Freitas, Brazil (2) 

Hypothalamic hamartoma is a chronic disease associated with precocious puberty, mental distur-
bance and epilepsy characterized by gelastic seizures. Clinical therapy with antiepileptic drugs is
usually unsuccessful. Surgery is a good option, but is associated with high morbidity.
Radiosurgery with gamma-knife for the treatment of hypothalamic hamartoma epilepsy has
achieved very good results with low rate of complications in the literature. To achieve the best
dose distribution, according to the structure of the lesion, using a LINAC, conventional or shaped
beam collimator was used for the treatment of four patients at our institution. 

Objective: Describe four cases of LINAC radiosurgery for hypothalamic hamartoma epilepsy.

Material and Methods: Four male patients, 3, 8, 16 and 21 years, with medically untreated
epilepsy secondary to hypothalamic hamartoma, and daily typical gelastic, were submitted to
LINAC radiosurgery. The fist and the second patients were previously operated with partial resec-
tion and showed no change in the epilepsy profile.

Results: After four months a remarkable reduction on the number of crisis was noted on all four
patients. At the end of the 8th, until the 54th follow-up month, complete control of the epilepsy was
achieved on the fist patient, with no more medications ( Engel class I ). The second and the third
patients with a follow up of 48 and 36 months still present rare seizure (Engel class II ). The fourth
patient, with 12 months of follow-up, has less then one seizure per month. Despite the location
and size of the lesions, there was no neurological deficit secondary to radiosurgery to date.

Conclusion: Hypothalamic hamartoma epilepsy can be successfully treated with LINAC radio-
surgery.
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Stereotactic radiation for palliative treatment of solitary lesions 
in primary and secondary CNS lymphoma OS 7-3-3
Edward Mitchell (UCLA , Neurosurgery, United States) 
Alessandra Gorgulho (1) Nzhde Agazaryan (1) Michael Selch (1) Antonio De Salles (1) 
(1) University of California, Los Angeles, Division of Neurosurgery, United States 

Introduction: The role of targeted radiation as in stereotactic radiosurgery (SRS) and stereotactic
fractionated radiotherapy (SRT) in the setting of central nervous system (CNS) lymphoma is still
unclear given the scant literature in this area.

Objective: To evaluate the safety and efficacy of SRS and SRT in palliative treatment of solitary
lesions in primary and secondary CNS lymphoma.

Methods: 10 patients with CNS lymphoma (5 primary and 5 secondary with either peripheral
and/or central tissue diagnosis) treated between 1997 and 2004 at the UCLA Medical Center with
Linear accelerator-based (Linac) stereotactic radiosurgery were retrospectively reviewed. 5
patients underwent SRS, 3 received SRT due to larger tumor burden and/or adjacent radiosensi-
tive structures (e.g. optic nerve) and 2 had to be treated with both SRS and SRT due to tumor
recurrence. The tumor volumes treated ranged from 0.35 cm3 to 29.9 cm3. The prescribed dose
to the 90% isodose line using a single isocenter for each lesion ranged from 1000 to 1600 cGy
for SRS and 3000 to 4500 cGy for SRT with 180 to 300 cGy fractions. 6 patients received
chemotherapy before SRS/SRT, 3 were given concurrent chemotherapy, and one received no
chemotherapy. 4 patients underwent whole brain radiation (WBRT) remotely before SRS/SRT, 3
received WBRT closely prior to SRS/SRT, and 3 received no WBRT.

Results: There was only one adverse effect observed where a patient with bifrontal lesions deve-
loped transient edema with confusion and lethargy that was improved with steroid treatment.
Reduction in treated foci was seen as early as 2 months post radiation. In 5 patients, the radia-
ted lesion decreased significantly or resolved. 4 treated lesions remained stable in size, while one
slightly increased in size over time. 2 patients with secondary CNS lymphoma eventually died
from systemic complications 3 and 4 months post SRS. The remaining patients were alive at last
follow up ranging from 1 to 28 months post SRS/SRT.

Conclusion: A small series of patients with CNS lymphoma. SRS/SRT as an adjuvant or primary
modality may be safe and effective in management of solitary CNS lesions, based on this study.
It was able to decrease or at least stabilize the treated lesion in the majority of patients. These
findings warrant a larger prospective study to further elucidate the role of stereotactic radiation
in CNS lymphoma. 

Case report: Gamma Knife radiosurgical treatment 
of a catecholamine-secreting glomus jugulare tumor OS 7-3-4
William Castrucci (Yale University School of Medicine, Therapeutic Radiology, United States) 
Veronica Chiang, United States (1) Jim Bond, United States (1) Jonathan Knisely, United States (1) 

Objective: To describe the results of Gamma Knife radiosurgical (GKRS) treatment of a case of a
catecholamine-secreting (functional) glomus jugulare tumor (GJT).

Methods: A previously healthy 47 year-old man presented with intermittent vertigo, progressive
left-sided tinnitus and hearing loss, paroxysms of diaphoresis, anxiety, and palpitations.
Examination showed a bulging red mass behind the left tympanic membrane, and marked hyper-

tension (BP=230/130). CT/MRI of the head and neck revealed a 3.2 x 2.0 x 2.4 cm3 contrast-
enhancing mass centered at the left jugular foramen, eroding superiorly within the temporal bone
to the level of the internal auditory canal and medially to the cerebellopontine angle cistern, and
slightly invading the posterior fossa. Urine and plasma catecholamine testing were consistent
with a hypersecreting chromaffin tumor. Further testing ruled out pheochromocytoma, additional
paragangliomas, or metastases, and a diagnosis of functional left GJT was made. After appropria-
te pre-treatment for his hypertension and prophylaxis against hypertensive crisis, the GJT was
treated with GKRS (18 Gy prescribed to the 50% isodose surface). 

Results: Latest follow-up is at twelve months. Although hearing did not improve, his tinnitus con-
tinues to improve. Four months s/p GKRS, he experienced balancing difficulties and sustained
bilateral twitching in the muscles of his face and brief episodes of orthostatic hypotension. These
were treated with pulsed steroids and a decrease in his antihypertensive medications. He has not
developed any new cranial neuropathies. At twelve months, the tumor had shrunk to 2.8 x 1.2
x 2.4 cm3, his blood pressure was only mildly elevated (while still taking antihypertensive med-
ications), and his catecholamine levels had decreased to approximately half their pre-treatment
values.

Conclusion: This is perhaps the first described case of a functional paraganglioma treated using
stereotactic radiosurgery. GJTs very rarely secrete active catecholamines. A functional GJT can be
successfully and safely controlled using sterotactic radiosurgery, but as with the surgical manage-
ment of these tumors, care must be taken to avoid inducing a hypertensive crisis during and fol-
lowing treatment.

Gamma Knife radiosurgery for cavernous sinus cavernous hemangiomas OS 7-3-5
Selcuk Peker (Acibadem Kozyatagi Hospital, Neurosurgery, Turkey) 
Meric Sengoz (1) Necmettin Pamir (1) 
(1) Acibadem Kozyatagi Hastanesi Istanbul Turkey 

Objective: The objective of this report is to evaluate the effects of radiosurgery on cavernous sinus
cavernous hemangiomas (CSCHs). 

Methods: Nine cases of CSCHs are presented in this report. Three of them were diagnosed only
neuroradiologically. Other patients underwent surgery and were then referred to Gamma Knife
radiosurgery for residual tumors. The cohort consisted of 6 male and 3 female patients with me-
dian age of 45 (37–60). The volume of the tumors ranged between 3,8–6,5 cc. They were trea-
ted with a marginal dose of 14 to 16 Gy (mean 15 Gy). 

Results: In the mean follow-up period of 46 months (6-88 months) all of the tumors decreased
in size. There were no complications related to radiosurgery. 

Conclusion: Gamma Knife radiosurgery is an effective method in the treatment of CSCH, over the
period of follow-up described.
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To retreat or not to retreat: can methionine pet resolve this issue? OS 7-3-6
Masaaki Yamamoto (Katsuta Hospital Mito GammaHouse, , Japan) 
Nariai Tadashi   (1) Momose Toshiya   (1) E. Barfod Bierta   (2) Urakawa Yoichi (2) 
(1) Department of Neurosurgery, Tokyo Medical and Dental University, Tokyo, Japan (2) Katsuta Hospital
Mito GammaHouse, Hitachi-naka, Japan 

Introduction: Methionine PET (Meth-PET) has recently proven to be effective for diagnosing malig-
nant brain tumors. However, this modality is seldom used for evaluating malignant brain tumor
patients before and after radiosurgery because few facilities have the Meth-PET system.

Patients and Techniques: The authors describe 83 patients who underwent Meth-PET (130 exami-
nations) for malignant brain tumor evaluation before and after GK radiosurgery between January,
2002, and October, 2006. Forty-two patients had malignant gliomas, 38 metastases and three other
lesions. There were 37 females, 46 males. The mean age at the time of GK was 54, range 10 to 79
years. In all patients, MR images were obtained at essentially the same time as Meth-PET.

Results: Among the 42 patients with malignant gliomas, three were not considered to be suitable
candidates for GK radiosurgery because the area of high Meth accumulation was too large to be
treated, despite MR images showing a relatively small area of enhancement. Surgical resection was
recommended in one other case and GK radiosugery was performed in the remaining 38.

Meth-PET was performed to evaluate the irradiated lesions, showing increased enhancement on
post-radiosurgical MR images, 3-91 (mean/median; 21/17) months after GK radiosurgery in the
38 patients with metastases. Disappearance of Meth was demonstrated in 14 patients and si-
gnificant Meth uptake in the other 24. The former 14 patients were carefully followed while the
latter 24 underwent GK radiosurgery again.

Conclusion: Although a final conclusion awaits further studies, these preliminary results suggest
that Meth-PET might have certain benefits in managing patients with malignant brain tumors. 

Key words: glioma, metastasis, radiosurgery, methionine, PET

Extracranial dosimetry OS 7-4
Moderator: Lijun Ma (United States) Telegraph Hills

SBRT of lung tumours: Monte Carlo simulation with penelope 
of dose distributions including breathing motion and comparison 
with different planning systems OS 7-4-1
Vanessa Panettieri (Institut de Tecniques Energetiques-UPC, Spain) 
Berit Wennberg (2) Giovanna Gagliardi (2) Maria Amor Duch (1) Mercè Ginjaume (1) Ingmar Lax (2) 
(1) Institut de Tecniques Energetiques, UPC, Barcelona (Spain) (2) Karolinska University Hospital,
Dept.Hospital Physics, Stockholm (Sweden) 

In Stereotactic Body Radiation Therapy (SBRT) of lung tumours dose calculations in treatment
planning are challenging as 1) the tumour lies in a region of strong inhomogeneity, 2) its posi-
tion might be affected by respiratory motion.

In this work Monte Carlo (MC) simulations were performed with PENELOPE to calculate dose 
distributions in a representative case of SBRT of lung tumours. Two phantoms were modelled to
simulate a pentagonal cross-section with chestwall (unit density), lung (density 0.3 g/cm3) and
two spherical tumours (unit density) of diameters respectively of 2 and 5 cm. The phase space

files of four different SBRT field sizes of 6MV from a Varian accelerator were calculated and used
as beam sources to obtain both dose profiles and dose-volume histograms in different volumes
of interest. Dose distributions were simulated for five beams impinging on the phantom. The 
simulations were conducted both for the static case, and including the influence of respiratory
motion. To reproduce breathing motion simulations were performed keeping the beam fixed and
displacing the phantom geometry in chosen positions in the cranial-caudal and left-right direc-
tions. The final result was obtained by combining the positions with two motion patterns.

The MC results were compared with the ones obtained with pencil beams (PB) algorithms imple-
mented in two treatment planning systems (TPSs), the TMS-HELAX (Nucletron) and Eclipse (Varian
Medical System) and the ones obtained with the Collapsed Cone algorithm (CC), implemented in
Pinnacle3 (Philips). Some calculations were also performed with the Analytical Anisotropic
Algorithm in the Eclipse system. In order to compare the TPSs and MC an absolute dose calibra-
tion in Gy/MU was performed.

The analysis shows that the dose in the central part of the gross-tumour volume (GTV) is calcu-
lated for both tumour sizes with an accuracy of 2-3% with PB and CC algorithms, compared to
MC. At the periphery of the GTV the TPSs overestimate the dose up to 10%, while in the lung
close to the GTV PB algorithms overestimate the dose and the CC underestimates it. When clini-
cally relevant breathing motions are included in MC the static calculations with the TPSs still give
a relatively accurate estimate of the dose in the GTV. Instead at the periphery of the GTV the dose
is overestimated, compared to the static case. These results are in accordance with clinical expe-
rience in SBRT collected at the Karolinska University Hospital.

Dosimetric effect of isocenter shift and patient rotation errors 
in image-guided stereotactic radiotherapy for metastatic spine patients OS 7-4-2
He Wang (UT M.D. Anderson Cancer Center, Radiation Physics, United States) 
Almon Shiu (1) Congjun Wang (1) Anita Mahajan (1) Shiao Woo (1) Eric Chang (1) 
(1) UT M.D. Anderson Cancer Center, United States

Objectives: To investigate the dosimetric effect of isocenter shift and patient rotation errors for CT
image-guided stereotactic radiotherapy (IGSRT) for spinal metastases. The data provides guidance
in the treatment planning process and recognition of the dosimetric consequences of patient daily
treatment setup errors. 

Methods: Twenty metastatic spine patients with 21 treatment isocenters were studied. These
patients were treated at MD Anderson Cancer Center using near-simultaneous CT-IGSRT with the
Pinnacle IMRT treatment plans. In order to evaluate the dosimetric effect due to setup errors, 36
additional plans were generated for each isocenter (total of 756 plans) on the planning-CT image,
which included isocenter shifts (1,2,3mm) for LR, AP, SI directions, and patient rotations (1,2,3
degrees) for roll, yaw and pitch, respectively. The dose-distributions for tumor and organs at risk
(OAR) (spinal cord, cauda equina) from the 36 plans were compared to the original plan using
dose-volume histograms, and were analyzed for tumor-volume coverage of prescription dose and
the maximum OAR dose. In addition, 6 daily treatments were investigated by comparing the ori-
ginal plan to the recalculated plans on daily CT with or without shift and rotation correction. Daily
shifts and rotations were detected by an in-house developed image registration program. 
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Results: The dosimetric effect of isocenter shift and patient rotation was highly dependent on the
shape and the location of the tumor relative to the OAR and isocenter location. Isocenter shift has
significant effect on the tumor coverage and maximum OAR dose . 1mm shift in towards OAR
may cause up to 5% tumor coverage drop and up to 200cGy increase to the OAR maximum dose.
Patient rotation has less effect on the dose distribution for most patients. 1 degree of rotation
caused less than 2% tumor coverage drop and less than 100cGy increase in OAR maximum dose.
Daily treatment data showed that shift correction correct for the majority of the setup errors. This
is attributed to that the location of OAR is near the treatment isocenter. 

Conclusions: Isocenter-shift errors appear to have greater effect than patient rotation on affecting
tumor coverage and maximum OAR dose. IGSRT is an excellent technique for delivering high pre-
cision radiation treatment for spinal metastases. 
Reference:
1. Shiu AS, Chang EL, et al. Near simultaneous computed tomography image-guided stereotactic spinal
radiotherapy: An emerging paradigm for achieving true stereotaxy. IJROBP 2003; 57:605-613.

Dose distribution comparison for the treatment of spinal metastases 
using cyberknife versus IMRT stereotactic body radiotherapy OS 7-4-3
Almon Shiu (The Univ. of Texas, M.D. Anderson Cancer Center, Radiation Physics, United States) 
Catherine Wang (1) Jin-Song Ye (2) Cristian Cotrutz (2) Robert Meier (2) Vivek Mehta (2) Sandra
Vermeulen (2) Eric Chang (1) 
(1) The University of Texas M. D. Anderson Cancer Center, United States (2) Seattle CyberKnife Center
and Swedish Medical Center-Tumor Institute, United States 

Objective: To compare the dose distributions from two different radiation delivery systems in the
treatment of patients with spinal metastases. 

Methods: Patients with spinal metastases involving cervical, thoracic, lumbar, and sacrum levels
underwent Cyberknife treatment at Seattle CyberKnife Center (SCC) since February 2006. Five CT
image sets from SCC including the contours, and dose matrix were imported through DICOM-RT
into the Pinnacle treatment-planning system in the Division of Radiation Oncology M.D. Anderson
Cancer Center for the purposes of creating an IMRT treatment-plan for the LINAC. Volumes of six
lesions ranging from 0.24 cc to 64.11 cc (one C-spine, one T-spine, two L-spine and two sacrum
lesions) were used in this study. The treatment fractional sizes are either 1, or 2, or 5 fractions
and the prescribed dose per fraction is varied from 500 cGy to 1600 cGy. The maximum dose of
each plan was equal to 100%. Dose-volume histograms were generated for both CyberKnife and
LINAC treatments. 

Results: Based on the dose-volume histograms, the percentage of the tumor volume that received
the prescription dose varied from 84.8% to 100% for CyberKnife and from 90.1% to 100% for
LINAC. The dose heterogeneity within the tumor volume that received the prescription dose
ranged from 31.6% to 53.8% with the mean of 39% for CyberKnife and from 14.9% to 31.6%
with the mean of 23% for LINAC. Dose conformality to the tumor volume is comparable between
CyberKnife and LINAC plans, but the CyberKnife has a slight edge for treating a small lesion (0.24
cc) with the critical structure located very closely to it. This is attributed to the small circular colli-
mators available for CyberKinfe and the flexibility of the non-coplanar beam arrangements. In
general, the IMRT plans are better at sparing the surrounding critical structures than the
CyberKnife plans. This is attributed to the exclusive use of anterior oblique beam arrangement of

CyberKnife. The dose comparison for the organ at risk structures (spinal cord, cauda equina, lung,
bowel, kidney, and rectum) will be presented.

Conclusion: Dose conformality is comparable between Cyberknife and LINAC plans. Dose-hetero-
geneity is greater for patients receiving Cyberknife treatment compared to IMRT. The use of ante-
rior beam-arrangements in CybeKnife may increase integral-dose to anterior organs at risk com-
pared to conventional LINAC delivery systems. 

A dose failure analysis of paraspinal metastases treated 
wtih image guided high dose intensity modulated radiotherapy OS 7-4-4
Yoshiya Yamada (Memorial Sloan Kettering Cancer Center, Radiation Oncology, United States) 
Michael Lovelock (1) Eric Lis (1) Mark Bilsky (1) 
(1) Memorial Sloan Kettering Cancer Center, United States 

Introduction: Image guided intensity modulated radiotherapy (IGIMRT) is an effective modality of
treatment for paraspinal malignancies. An dosimetric analysis of failures after image guided inten-
sity modulated radiotherapy was undertaken to determine if a relationship between dose and
recurrence could be elucidated.

Methods and Materials: Five local failures were noted after single fraction intensity modulated
radiotherapy. Using the MRI studies that first demonstrated local failure, the volume of recurrence
was contoured by a single neuroradiologist (E.L.) The volumes were then superimposed on the
original radiation treatment plans. Dose volume histograms were generated. A detailed analysis
of the doses recieved by the volume that ultimately recurred was undertaken.

Conclusion: IGIMRT provides extremely precise and accurate high dose radiation to paraspinal
lesions. With this added level of accuracy is the added burden to accurately identify the target
volume. The dose gradients necessitated by spinal cord tolerance dose constraints are likely a fac-
tor in recurrence, as recurrences were seen in low dose areas in the epidural space. It is also like-
ly that certain histologies may also be relatively radioresistant, even to high dose single fraction
radiation, and should be considered for dose escalation studies.

ORAL SESSION 8 15.00 - 16.00

Schwannoma - Part 2 OS 8-1
Moderators: Motohiro Hayashi (Japan) Gold Ballroom

Reinhard Wurm (Germany)

Vestibular schwannomas followed for more than 100 months 
after Gamma Knife radiosurgery OS 8-1-1
Hidefumi Jokura (Furukawa Seiryo Hospital, Jiro Suzuki Memorial Gamma House, Japan) 
Jun Kawagishi  (1) Kazuyuki Sugai  (1) Kou Takahashi  (1) 
(1) Furukawa Seiryo Hospital, Jiro Suzuki Memorial Gamma House, Japan 

We summarize our experience of follow-up study for vestibular schwannomas followed for more
than 100 months after Gamma Knife radiosurgery (GKRS). Materials are consecutive 68 patients
with unilateral vestibular schwannoma treated between November 1991 and December 1994.
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Forty-three were female and 25 were male. Average age at the time of GKRS was 53.4 years old.
Fifteen patients had history of prior surgical removal. Prescribed average peripheral dose of
13.7Gy was given using an average of 4.7 isocenters. The average tumor volume was 6.6cm3.
Three patients were lost to follow at 46, 51 and 52 months. In one patient we discontinued fol-
low up at 36 months after GKRS because of high age. In 64 patients follow up information and
images more than 100 months from GKRS were available (average 124 months). Nine patients
died during follow up period. In which two deaths were related to hydrocephalus associated with
tumor and others were not related to tumor. Surgical removal was needed in 6 patients at 25,
28, 33, 56, 57 and 143 months after GKRS. The reason of surgical removal was enlargement of
solid component in 3, cystic component of the tumors in 1 and cysts formed adjacent to the
tumors in 2 patients. On the other hand, continuous shrinkage more than 5 years after GKRS was
not rare phenomenon. In 4 patients ventriculo-peritoneal shunt (VPS) had been performed prior
to GKRS and in 9 patients VPS was needed after GKRS. VPS was more frequently needed in
patients with larger tumors. All VPS was performed within 3 years after GKRS. In total, 19% of
the patients in this series needed surgical removal and/or VPS during the follow up period. No
serious permanent cranial nerve complication other than V, VII, VIII nerve was observed after
GKRS. GKRS has been proven as an effective and safe treatment option for vestibular schwanno-
mas during the follow up in an average of 10 years.

Transient expansion after Gamma Knife surgery for acoustic neurinoma OS 8-1-2
Osamu Nagano (Chiba Cardiovascular Center, Ichihara, Chiba, Japan, Neurosurgery, Japan) 
Toru Serizawa  (1) Yoshinori Higuchi  (2) Shinji Matsuda  (3) Junich Ono  (2) 
(1) Gamma Knife House, Chiba Cardiovascular Center, Ichihara, Chiba, Japan (2) Departments of
Neurosurgery,Chiba Cardiovascular Center, Ichihara, Chiba, Japan (3) Departments of Neurology,Chiba
Cardiovascular Center, Ichihara, Chiba, Japan 

Objective: To review transient expansion after gamma knife surgery (GKS) for acoustic neurinoma
(AT). 

Methods: Among 151 AT treated with GKS, 100 consecutive unilateral AT observed on follow-up
MRI for at least 2 years were analyzed. For each lesion the Gd enhanced volume was measured
serially every 3 months using GammaPlanTM or SurgiPlanTM. The frequency and degree of tran-
sient expansion were documented. Concurrent neurological deteriorations of trigeminal, facial
and cochlear functions were also assessed. 

Results: There were 32 men and 68 women, with a mean age of 59.1, range 29 to 80 years. The
tumor volume at GKS averaged 2.7 cc (0.1 -13.2 cc), irradiated with 52.2 (50-67) % 12 (10.5-
13.0) Gy at the periphery. The mean isocenter number was 16.7 (4-42), mean Paddick� fs con-
formity index 0.80 (0.43-0.93). The mean observation period was 5.2 years (2.0-8.9). The
increase in tumor volume was >10% in 74 cases, >30% in 50, >50% in 29, >100% in 14
and >200% in 5. The peak expansion was most frequently observed at 6.4 post-GKS months
and averaged 49% (0-613%). High dose rate (3.5 Gy/min) tends to be related to transient expan-
sion, but no significant prognostic factors were identified. Transient mild facial palsy and facial
dysesthesia were strongly correlated to transient expansion, and half of the hearing deterioration
was attributable to transient expansion.  

Conclusion: Transient expansion after GKS for AT was much more frequent than previously repor-
ted, strongly suggesting correlations with deterioration of facial and trigeminal nerve functions.
Neither prognostic factors influencing this phenomenon nor the underlying mechanism were
revealed by this study

Stereotactic radiosurgery and fractionated stereotactic radiotherapy 
of acoustic neurinomas. comparison of tumor volume shrinkage OS 8-1-3
Martin Henzel (Philipps University Marburg, Department of Radiation Oncology, Germany) 
Charlotte Brauer  (1) Klaus Hamm  (2) Gunnar Surber  (2) Gabriele Kleinert  (2) Markus W. Gross  (1) Rita
Engenhart-Cabillic  (1) 
(1) Department of Radiation Oncology, Philipps University Marburg, Germany (2) Department for
Stereotactic Neurosurgery and Radiosurgery, HELIOS Klinikum Erfurt, Germany 

Introduction: For acoustic neurinomas treatment of choice is the microsurgical resection.
Stereotactic radiosurgery (SRS) and also fractionated stereotactic radiotherapy (SRT) offer alterna-
tively long-term disease-free survival (>90%). This study aims to compare tumor volume (TV)
shrinkage after SRS and SRT.

Methods: 1999-2005 35 patients were treated with SRS, 39 with SRT. Treatment planning was
based on CT- and MRI scans with a slice thickness of 1-3 mm. Treatment was delivered by a li-
near accelerator with 6 MV photons. For SRS median single dose was 13 Gy and for SRT median
cumulative dose was 54 Gy. Local control was evaluated half-yearly with MRI scans and TV
shrinkage 3-dimensionally with the planning system.

Results: For SRS median follow-up was 50 months (range, 12-96 months) and for SRT 36 months
(range, 14-87 months). For SRS median TV was 0.6 ml, for SRT 4.5 ml. After SRS 5/35 patients
developed a radiological regression, 26/35 were stable and 4/35 developed a progression. After
SRT 19/39 patients developed a regression, 18/39 were stable and 2/39 developed a progres-
sion. Actuarial progression-free survival for 5 years was 88.1% for SRS and 87.5% for SRT, respec-
tively. Actuarial overall survival for 5 years was 100% for SRS and 87.2% for SRT, respectively.
After SRS mean TV shrinkage was 15.1% vs. 40.7% (p=0.01) after SRT. Smaller dose was a
determinant factor for TV shrinkage after SRS. A dose 0.05). Clinically significant severe acute or
late toxicity was never seen. After SRS 1/35 patients developed an improvement of hearing,
15/35 were stable and 9/35 developed a loss of hearing. After SRT 6/39 patients developed an
improvement of hearing, 28/39 were stable and 5/39 developed a loss of hearing. 

Conclusion: Equivalent local control was seen for SRS and SRT. After SRT acoustic neurinomas
shrink significantly about 40% vs. 15% after SRS. Smaller dose was the unique determinant fac-
tor for TV shrinkage, whereas age, gender, initial TV and previous operations did not affect TV
reduction. Compared to SRT loss of hearing occurred more often after SRS.
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Radiosurgery of intracranial schwannomas comparative study 
on radiological and functional control with various tumors OS 8-1-4
Kida Yoshihisa (Komaki City Hospital, Chief Neurosurgeon, Japan) 
Koike Zhozi (1) Hasegawa Toshinori   (1) Yoshimoto Masayuki   (1) 
(1) Department of Neurosurgery, Komaki City Hospita, Japan l 

Various intracranial schwannomas were treated with gamma-radiosurgery and comparative study
regarding the tumor control as well as functional control was performed. There are 317 cases of
vestibular (V), 37 of trigeminal(T), 14 of facial(F), 25 of lower cranial (L) schwannomas and 25 of
bilateral vestibular tumor associated with NFII(NF). The mean marginal doses were 13.2 Gy for V,
14 Gy for T, 12.9 Gy for F, 13.3 Gy for L and 13 Gy for NF respectively. With the mean follow-up
between 36 to 80 months, all of them showed a excellent tumor control. Radiological tumor
response was best in F,(79%) followed by L(72%), T(65%), V(62%), and NF(56%) in order. In con-
trast, the functional improvement was best in L, followed by F, T, V and NF. Therefore lower cra-
nial and facial schwannomas were superior to trigeminal and vestibular schwannomas in tumor
control as well as in functional improvement, and radiosurgery for NF was apparently inferior to
others In conclusion, decision of performing radiosurgery should be carefully made by the com-
parison of schwannomas in various location and with radiological and functional results after sur-
gical resection.

Conformal stereotactic radiosurgery for vestibular schwannoma OS 8-1-5
Reinhard E. Wurm (Charité-Universitätsmedizin Berlin, Stereotactic Radiosurgery and
Radiotherapy Programme, Department of Radiation Oncology Charité CVK a, Germany) 
Dirk Scheffller (1) Lorenz Schlenger  (1) Hans Scherer  (1) Thomas Lehmann  (1) Mario Brock  (1) Jan
Zierski  (0) Volker Budach  (1) 
(1) Charité-Universitätsmedizin Berlin, Germany 

Purpose: To analyze conformal stereotactic radiosurgery (CSRS) in patients with previously
untreated sporadic vestibular schwannomas (VSs).

Methods: From February 1998 to November 2001, 64 consecutive patients with previously
untreated sporadic VSs (median age 63, range 26-81 years, median volume 1.74, range 0.14-
3.7 cm3, median follow-up 76, range 60-92 months) received CSRS. Initially eleven patients
(17%) had a trigeminal, and three (5%) a facial nerve neuropathy House-Brackmann grade II.
Forty-four patients (69%) had serviceable hearing. Ten patients (16%) complained vertigo and 46
(72%) tinnitus. For target delineation, CT and MRI image fusion was used. CSRS was performed
with 6-11 static beams or 3-5 dynamic conformal arcs using a micro-multileaf collimator.
Invariably dose at the target isocenter was 13.5 Gy and at the periphery 12 Gy. The median con-
formity index was 1.7 (1.4-2.1) and the homogeneity index 1.15 according to the Radiation
Therapy Oncology Group (RTOG) guidelines.

Results: The local control was 97%. A decrease in volume was found in 43 patients (67%), which
was which was at least 50% in 26 patients (61%). No patient experienced significant acute mor-
bidity. No new permanent facial and trigeminal nerve neuropathy developed. The actuarial 5-year
serviceable hearing preservation was 87.9% (mean 88+6.7%) and on subjective assessment
82.4% (mean 86+7.2%). Six patients (60%) with vertigo and seven with tinnitus (15%) repor-
ted an improvement. 

Conclusions: CSRS provides for patients with VSs a minimally invasive treatment option with
excellent local control and only minimal acute and late side effects. 

Gamma Knife stereotactic radiosurgery for acoustic neuromas: 
the effect of isodose on treatment results OS 8-1-6
Mohammad Ali Bitaraf (Tehran University of Medical Sciences, Neurosurgery, Iran, Islamic
Republic of) 
Mazdak Alikhani (1) Rouzbeh Motiei-Langroudi (1) 
(1) Iran Gamma Knife Center, Tehran, Iran 

Objective: Stereotactic radiosurgery is an effective and widely used treatment modality for
acoustic neuromas; however, controversy still remains regarding the more efficient and safe treat-
ment parameters. Therefore, we analyzed the relationship between dosimetric parameters and
imaging and clinical outcomes after gamma knife stereotactic radiosurgery (GKRS) for vestibular
neuromas.

Methods: 175 patients underwent radiosurgery for acoustic neuromas from Dec 2003 till Oct
2006. A total of 98 surgeries had been previously performed in 77 patients (44%). The mean
tumor diameter was 6.81 ml (range, 0.29-29.40), and the average dose of radiation to the tumor
margin was 13.5 Gy (range, 10-18) yielding to a mean isodose of 63.22 (range, 30.0-95.0). A
mean number of 28.2 centers (range, 1-50) were used. 

Results: The rate of tumor control was 97 percent. 54.6 percent of tumors regressed in size, 42.4
percent remained unchanged, and 3 percent slightly enlarged. Hearing, tinnitus, and 5th and 7th
cranial nerve function improved in 21.8, 24.1, 26.1 and 14.7 percent, remained stable in 74.2,
69, 73.9, and 73.5 percent, and worsened in 4, 6.9, 0, and 11.8 of patients, respectively. In cor-
relation analysis, the marginal dose and isodose were not significantly correlated to imaging, clin-
ical, hearing, tinnitus, 5th and 7th cranial nerve function outcomes and new neurologic deficits
(p values of 0.53, 0.19, 0.80, 0.74, 0.58, 0.36. and 0.79 for the correlation between marginal
dose and the outcome measures, and 0.26, 0.18, 0.12, 0.11, 0.95, 0.10, and 0.28 for the cor-
relation between isodose and the outcome measures, respectively). Then, regarding the pres-
cribed isodose (50 or higher than 50), we further categorized the patients to two groups. In the
high isodose group, percent of tumor regression, remaining unchanged in size, and enlargement
was 54.7, 39.6, and 1.9, respectively, while the same measures for the 50 isodose group were
40.0, 30.0, and 10.0 percents, respectively. However, this difference failed to reach statistical 
significance (p=0.19). The percent of clinical improvement and worsening were 35.3 and 11.8
for the 50 isodose and 43.8 and 7.5 for the higher isodose group, respectively. Again, the diffe-
rence was not statistically significant (p=0.84). 
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Brain metastases - Part 5 OS 8-2
Moderators: Kevin Hsieh (United States) Twin Peaks

Penny Sneed (United States)

Single fraction stereotactic boost to the post-operative site 
in lieu of whole brain radiation in metastatic brain disease OS 8-2-1
Russell Fuhrer (Allegheny General Hospital, Radiation Oncology, United States) 
Matthew Quigley, United States (1) Stephen Karlovits, United States (1) Mark Johnson, (1) 

Background: Use of single fraction stereotactic technique (SRS) has long been described for the
management of metastatic brain disease, but not as a post-operative adjunct utilized to diminish
local recurrence.

Methods: We reviewed all patients at our institution that were treated with SRS to the post-oper-
ative bed following resection of a metastatic brain deposit. Dose was prescribed to the edges of
the resection cavity as imaged 1 month post-operatively on MR. Additional lesions present were
treated in the same sitting and patients were followed at 3 month intervals with MR and exams.

Results: There were 32 patients identified (16 F) and median age was 60 years. Pathology was
non-small cell lung in 17, breast 6, renal and unknown primary in 2 and one each of 5 various
sites. The RTOG/RPA distribution was 18 and 14 for 1 and 2 respectively. A single lesion was
resected in all patients of whom 21 were solitary [8 with 2 lesions, 3 with 3]. Resected tumor size
was a median 2.6 cm and 12 were in the posterior fossa. All patients save 2 had complete resec-
tions and there were no permanent deficits except 2 anticipated field cuts. The operative bed was
treated with LINAC to a median dose of 1400cGy to the 80% line with an average volume of 3.4
cubic cm. Any unresected lesions were treated similarly at the same sitting.

Median survival was 16.4 mos. with a 14 mo. median follow-up. Factors which improved sur-
vival were solitary tumor (19.6 v. 13.6 mos.), age < 65 (16.4 v. 15 mos.) and RPA 1 (17.2 v. 14
months) although none achieved statistical significance. In the Cox multivariate analysis only
smaller post-operative treatment volume correlated with survival (p= .04).

There were two local recurrences (6.25%) to the surgical site and 4 patients required SRS for new
lesions elsewhere. Nine patients ultimately required whole brain radiation [3/21 solitary v. 6/11 mul-
tiple lesions, p=.03 ƒÓ2], two for local recurrence post resection and 7 for diffuse new disease.

Conclusion: The use of SRS to the surgical site results in a low local recurrence rate and is asso-
ciated with excellent survival. Over 70% of patients managed this way were spared whole brain
radiation. Presentation with more than one lesion predicted for ultimate need for whole brain
radiotherapy.

Tumor seeding following stereotactic biopsy of brain metastases: 
implications for radiosurgery? OS 8-2-2
Patrick Hanssens (Gamma Knife Center Tilburg, Bernard Verbeeten Institute / St. Elisabeth
Hospital, The Netherlands) 
Guus Beute (1) 
(1) Gamma Knife Center Tilburg, The Netherlands 

Aim: Tumor seeding (TS) following stereotactic biopsy (SB) of primary and metastatic tumors in
the brain has been documented in the literature. We evaluated the risk of TS after SB in patients

with brain metastases (BM), in whom the BM were subsequently treated with Gamma Knife
radiosurgery (GRS) without whole brain radiotherapy (WBRT). We evaluated the possible influ-
ences of TS on the Quality of life (QoL) and survival and its implications for our treatment policy
after SB.

Material and Methods: We started treatments in our Gamma Knife Centre in June 2002. By the
end of January 2007 we have treated 1760 patients of whom 45% had brain metastases. From
this database, we selected the 18 patients in whom a SB was performed of a tumor in the brain
which turned out to be a brain metastasis. Subsequently, the patients were treated with GRS (pre-
scribed dose 18-25 Gy to the margin) without WBRT. All patients were followed with 3-monthly
MRI of the brain until death and/or deterioration of their condition due to untreatable extracra-
nial tumor progression. Mean follow-up time is 54 weeks (2-132 weeks). Five patients died with-
in 3 months due to extracranial or intercurrent disease and had no follow-up MRI. TS could be
evaluated in the remaining 13 patients. 

Results: 14/18 patients died within 2-132 weeks after SB as a result of extracranial and/or inter-
current disease (11 patients) or intracranial tumor activity (3 patients). Tumor seeding was seen
in 8/13 patients within mean 23 weeks (15-51 weeks). In 2/8 patients TS was symptomatic with
epilepsy and signs or complaints of increased intracranial pressure. Both patients died due to
extracranial disease. The 3 patients who died due to intracranial disease had TS with evidence of
new brain metastases.

Conclusion: The risk of TS after SB is high (8/13 patients) but the influence on the QoL and survival
is limited due to extracranial or intercurrent disease or development of new brain metastases.
Based on these results, we did not change our treatment policy in patients with BM after SB.

The response of metastases to radiosurgery in relation to length 
of follow up and tumour size OS 8-2-3
Michael Torrens (Hygeia Hospital, Gamma Knife Department, Greece) 
Panos Nomikos (1) Christos Stergiou (1) 
(1) Hygeia Hospital , Greece

Objective: Whether radiosurgery for cerebral metastases is appropriate or not is being debated
because survival is not improved. Results are usually reported as lesion control, but this is not
often denominated in relation to time from treatment or size of lesion. The objective of this study
is to remedy this omission.

Methods: The study concerns 97 patients with metastases. 45 had been previously treated with
WBRT and presented with recurrent or new lesions. 8 cases had been previously operated. 79
had multiple metastases. The total number of targets treated was 542. The largest number of
lesions treated in one patient was 37. The doses used follow recommendations of RTOG 90-05.
Control is defined as cessation of growth or shrinkage.

Results: Follow up has shown 100% control at 3 months, 82% control at 6 months, 69% control
at 9 months and 42% control at one year. A significant number of patients died during the obser-
vation period. It was difficult always to obtain reliable information as to cause of death but it is
almost certain that these deaths were not due to brain metastases in the first year after Gamma
Knife treatment. To confirm this in those cases where follow up was complete we analyzed the
degree of control of the metastases at the follow up immediately before death. This revealed 100%
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control in those dying at 3-6 months, 95% control in those dying at 6-9 months, 86% control in
those dying at 9-12 months (these results are better than the whole cohort) and 29% control in
those dying after 12 months. Control therefore extends reliably for one year. In relation to volume
of metastases our analysis shows no difference in rate of control between volumes greater or less
than 7cc, but smaller metastases were more likely to shrink or disappear. At 3 months 92% of
lesions less than 7cc decreased in size compared with 73% of lesions greater than 7cc.

Conclusions: We confirm the efficiency of radiosurgical treatment of metastases in relation to time
of follow up and show that the expected duration of control is greater than average expectation
of life in these patients. Radiosurgery should be an important factor in the provision of quality of
life during survival.

Ommaya reservoir placement followed by Gamma Knife surgery 
for large cystic metastatic brain tumors OS 8-2-4
Yuji Yamanaka (Fujisawa City Hospital, Neurosurgery, Japan) 
Takashi Shuto  (1) Yoriko Kato  (1) Tomu Okada  (1) Shigeo Inomori  (1) Hideyo Fujino  (1) Hisato Nagano  (1)
(1) Yokohama Rosai Hospital, Japan 

Object: The combination approach of Ommaya reservoir placement and Gamma Knife surgery
(GKS) was evaluated for the treatment of large cystic metastatic brain tumors.

Methods: The medical records of 22 patients with 28 tumors, aged 26 to 77 years (mean 57.1
years), who underwent Ommaya reservoir placement followed by GKS for large cystic metastatic
brain tumors with follow-up of more than 3 months were retrospectively reviewed. The most
common locations of primary malignancy were the breast (11 patients) followed by the lung (7
patients). The mean maximum diameter of the tumor was 40.1 mm before Ommaya reservoir
placement and 31.2 mm at GKS (mean reduction of 19.9%). The mean calculated tumor volume
at GKS was 13.4 cm3. The mean margin dose to the tumor was 16.0 Gy in 17 patients treated
by GKS only and 11.0 Gy in 5 patients treated by both GKS and external irradiation. The mean
follow-up period was 11.5 months. Nineteen of the 28 tumors (67.9%) were controlled. Median
survival was 7 months. Asymptomatic intracystic hemorrhage associated with Ommaya reservoir
placement was seen in 4 @tumors in 2 patients, but no serious complication occurred.

Conclusions: Ommaya reservoir placement followed by GKS is relatively effective and safe for
large cystic metastatic brain tumors. GKS should be performed within a few days of Ommaya
reservoir placement. Reaccumulation and high viscosity of cystic content must be considered.

Stereotactic radiosurgery to the resection cavity following removal 
of brain metastasis OS 8-2-5
Andrew A. Kanner (Tel Aviv Sourasky Medical Center, Neurosurgery, Stereotactic Radiosurgery
Unit, Israel) 
Moshe Levita (2) Dan Schifter (2) Alex Melamud (2) Zvi Ram (1) Anton Sukhanov (2) Benjamin W. Corn
(2) 
(1) Tel Aviv Sourasky Medical Center, Department of Neurosurgery, Israel (2) Tel Aviv Sourasky Medical
Center,Department of Radiotherapy, Israel (3) Stereotactic Radiosurgery Unit 

Background: Local control of brain metastasis (BM) is increased by whole brain radiotherapy (WBRT)
with or without resection. However, patient who have new or recurrent BM after WBRT and under-

go resection are left without adjuvant therapy options. We evaluated the addition of a stereotactic
radiosurgery (SRS) boost to the resection cavity both as adjuvant and salvage procedure.

Methods: This is a retrospective analysis of prospectively collected data (SRS patient data base).
Included were patients who received SRS boost to the resection cavity following surgical extirpa-
tion of the metastatic foci. All but two patients received WBRT. Exceptions included one patient
with Malignant Melanoma (MM) and one patient who declined to receive WBRT up front.
Treatments were performed using a Linear Accelerator and treatment dose was selected accor-
ding to the RTOG metastases sliding scale recommendation or less.

Results: For the period of 05/2005 to 11/2006 we identified 15 patients. Nine patients were
female, median age for the entire group was 60.4 years (34-83 years) and KPS median 90 (70-
100) at the time of SRS. Systemic disease was active in 9 patients. Time to SRS after surgical
removal was 2-12 weeks (median 5.2 weeks) and the median follow up was 5.4 months (2.1-
19.6 months). Primary cancers included lung (5), breast (4), MM (2), gastro-intestinal (3), and
RCC (1). Three patients had a second non-resected BM and one patient had three non-resected
BM, which were also treated with SRS. During the follow up period local control was maintained
as documented by serial MRI scans in all but one patient and no additional toxicity (radiation
necrosis) was noted. 

Conclusion: These preliminary results demonstrate feasibility of post-resection SRS in selected
patients with outstanding local tumor control. Larger prospective BM studies and longer follow-
up are needed to determine the role of post-resection SRS (to the cavity) as initial and or salvage
therapy in patients with BM.

General clinique experience OS 8-3
Moderators: Kita Sallabanda Diaz (Spain) Pacific Heights

Robert Smee (Australia)

Stereotactic intensity modulated radiotherapy (IMRT) 
as a new treatment modality OS 8-3-1
Robert Smee (The Prince of Wales Cancer Centre, Department of Radiation Oncology, Australia) 
Janet Williams (1) Meg Schneider (1) 
(1) The Prince of Wales Cancer Centre, Australia 

Introduction: Stereotactic IMRT enables the delivery of high doses of irradiation against a back-
ground of defined normal tissue constraints. This is a review of the first 200 patients treated by
this technique at a single centre.

Materials and Methods: The records of the Radiation Oncology Department at The Prince of Wales
Cancer Centre were reviewed to define eligible patients treated by this method. All treatments are
delivered stereotactically, for intra and extra cranial targets, benign and malignant lesions.
Excluded are those treated by stereotactic radiosurgery, as well as those having fractionated
stereotactic non-IMRT treatment. Quality assurance programmes were developed to cover patient
set-up plus treatment delivery. All planning was done via inverse mode with treatment beams
confined to the 10x12cm field size of the MMLC.

Results: The period of review is October 2000-April 2006 for this 200 patients treated with his-
tologies of meningioma 53, head and neck cancers (typically nasopharyngeal carcinoma boost)
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36, vestibular schwannoma 14, gliomas (including paediatric optic pathway tumours) 14 and
chordomas 5. Usual doses ranged from 50.4Gy in 28 fractions for meningiomas to 70Gy in 35
fractions in chordomas. Treatment planning and delivery times were economical to allow for 6-8
patients to be treated daily on a busy Linac. IMRT did not always provide best treatment delivery
compared to multiple fixed field with a MMLC. IMRT is an effective method of treatment delivery,
however follow up is necessary to establish safety. 

Conclusion: This treatment approach provides high local control rates with lower treatment rela-
ted morbidity.

Personal experiences of 3000 patients treated with microsurgery, 
Gamma Knife and CyberKnife radiosurgery OS 8-3-2
Hiroshi Inoue (Institute of Neural Organization, , Japan) 

Objective: Treatment indications in neurosurgery have changed and increased after development
of radiosurgery. Patients treated with microsurgery and/or radiosurgery were evaluated from con-
secutive series of a neurosurgeon. 

Methods: Since 1991, 1000 patients were treated with open surgery and 2000 patients with
radiosurgery (Gamma Knife and CyberKnife). Radiosurgery was generally used for patients with
surgical risks or recurrent or residual lesions. Patients with acute symptoms or pathologies not
indicated for radiosurgery were operated on. Treatment indications were analyzed from the 3000
patients. 

Results: In open surgery, tumor occupied 34.7% of 1000 patients, spinal 28.7, vascular 24.0,
pediatric 6.2, functional 2.6, and others 4.0. Pituitary surgery was most frequent in tumors
because of acute symptoms of optic pathways and endoclinopathy. In radiosurgery, tumors indi-
cated in 72.4%, vascular 16.6, pediatric 4.9, head and neck tumors (HN) 3.5, functional 1.9, and
spinal 1.3. Most frequent indication was metastatic tumors. After induction of CyberKnife (CK),
HN, spinal and invasive lesions such as glioblastomas were increaed for indications. Mass reduc-
tion surgery prior to radiosurgery became less invasive for CK using fractionation than for GK.
Combined treatment was more effective for functional preservation in patients with large lesions
or lesions around the optic pathway. 

Conclusions: Develoment of radiosurgery has increaed treatment indications in neurosurgery to
inaccessible areas and multiple lesions. Combined treatment have brought functional preserva-
tion in patients with large lesions or lesions in and around functional areas. Less invasive treat-
ments will exend as results of technical development of radiosurgery.

Radiosurgery and stereotactic radiotherapy in children OS 8-3-3
Jose Suarez-Campos (INNN-Mexico City, Radiosurgery Unit, Mexico) 
Miguel A. Celis L., Mexico (1) Jose Larraga, Mexico (1) Sergio Moreno , Mexico (1) Amanda Garcia,
Mexico (1) Mariana Hernandez, Mexico (1) Guillermo Gutierrez, (1) Felipe Farias, Mexico (1) 
(1) National Institute of Neurology and Neurosurgery 

Introduction: Newer technologies have been developed in order to minimize the acute and long
term toxicities of conventional radiotherapy in pediatric population. , Stereotactic radiotherapy
(SRT) and radiosurgery (SRS) have shown an important role in the management of several
intracranial pathologies but the reports in children treated with this modalities are scarces. This

preliminary report illustrates the experience in a referral center in Mexico City, focused on the
patients with unresectable arteriovenous malformations and gliomas.

Patients and Methods: The most frequent indication for the inclusion of a pediatric patient to
Radiosurgery (RCE) or stereotactic radiation therapy (SRT) are failure to chemotherapy or progres-
sion in those previously irradiated. 

Since 2003 when the linac dedicated (Novalis®) was installed at the National Institute of
Neurology and Neurosurgery (INNN) located southwest in Mexico City. In order lo localize the tar-
get under stereo tactic conditions we fused images from RMN 3T , CT helicoidally and in some
cases from PET-5FDG. 

The youngest patients were treated under general anaesthesia.

Since 01-2003 to 12-2006 we treated 81 patients .50 females and 31 males. The range of age
was from 1.5 fears to 17 years old. The follow uip was average three years.

Results: 23 patients with MAVs were treated with radiosurgery except a large lesion deeply situa-
ted treated with SRT. . One complication occurred in this group and the others with good
response.

5 cases with total occlusion.

18 patients with gliomas were irradiated and we observed good response in all cases except in
four with progression. Two deaths for intercurrent diseases .but with tumor activity.

7 high grade gliomas, 7 ependimomas, 4 medulloblastomas, 4 pituitary tumors, and 

18 cases miscellaneous.

13 cases were treated under general anesthesia. ( the whole procedure last 3 hours average.)

Conclusions: Radiosurgery and stereotactic radiotherapy are a safe procedure in the pediatric
patient sand a useful alternative in the treatment of unresectable intracranial pathologies 

No complications were observed related with the procedure. 

We need a longer follow up in order to establish a more precise role of this modality in the pedi-
atric population and the incidence of long term complications.

15 years experience of radiosurgery in middle east, 
militay hospital Riyadh, Saudi Arabia OS 8-3-4
Ahmad Najib Ashraf (Military Hospital, Functional&Stereotatic Neurosurgery, Saudi Arabia) 
Khalaf Al Moutary (1) 
(1) Military Hospital Riyadh, Saudi Arabia 

The Riyadh Military Hospital, Saudi Arabia, established its Linac Based Stereotactic Radiosurgery
Programme in 1991. This was the first programme of Stereotactic Radiosurgery in the Middle East.
More than 400 cases have been treated until the present date and the experience gained in the treat-
ment of large AVMs by a combination of embolization followed by radiosurgery will be presented.

Surgery is the treatment of choice for selected cases of brain tumours and AVMs, but radiosurgery
has been accepted as an alternative . Embolisation can achieve complete or partial obliteration of
the AVMs. The overall experience of the treatment of complex and deeply seated AVMs with a
combination of embolization followed by radiosurgery and with radiosurgery alone will be pre-
sented. 
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During the period from 1991 to 2006, more than 100 cases of AVMs have been treated by a com-
bination of embolization and radiosurgery. From these 20 patients have short follow ups.
Endovascular treatment has been performed by means of super selective techniques and
intranidal injection of NBCA (n-butylcyanoacrilate). Patient ages ranged from 8 to 70 years old.

The follow-up clinical, MRI and Angiographic studies demonstrated the following:

1. Total obliteration of the residual AVM in 60/80 patients (83%)

2. Failure was 5/80 (6.25%). Three of these patients had second radiosurgery and two of them
had surgical removal. Out of the remainder 15 patients 11 patients has partial obliteration of the
nidus. Lost follow-up of 4 patients.

3. Mortality was 1/80 (1.25%)

4. Morbidity was 2/80 (2.5%)

5. Short follow-up 20/100 (20%) 

Based on the above results it is advocated that radiosurgery is an effective alternative/adjuvant
treatment in the management deeply seated and surgically difficult AVMs.

Intensity modulated as an useful tool in radiosurgery 
and stereotactic radiotherapy OS 8-3-5
Jose Suarez-campos (INNN-mexico, Radiosurgery Unit, Mexico) 

Introduction: In some regions like head and neck areas, intensity modulated radiation therapy
(IMRT ) is becoming a standard treatment, but in cerebral pathologies this is still controversial.
This study was designed to describe the preliminary clinical outcomes following IMRT with sin-
gle dose stereotactic radiosurgery (SRS) or stereotactic radiotherapy (SRT) in the treatment of
intracranial complex shaped lesions.

Patients and Methods: At the INNN- Mexico City in the radiosurgery unit, with a LINAC dedica-
ted (Novalis®) we selected those patients that were planned and received IMRT. The choice of this
approach was made comparing different alternatives in the planning system. One of the most
important factors to decide for IMRT was the proximity of the organs at risk (OARs) and the eva-
luations of the histograms (DVH).

These patients were planned with images fused with MRI- 3T, and CT scans and in some cases
with images obtained from PET-FDG scans. Evaluation of parameters that characterize dose con-
formability index and dose homogeneity index were made according the RTOG guidelines. 200
patients treated since 01-2003 with IMRT were analyzed, but we focused on 62 patients that
accomplished 3 years of follow up.

Results: We treated 31 patients with SRT, including 14 meningeomas, 5 pituitary tumors, 
3 gliomas, 9 miscellaneous cases; the average dose for this group was 45 Gy, the average age
was 50 years old. In this group we obtained 87% with good response, including 13% with re-
irradiation and 13 % with complications.

31 patients were irradiated with SRS, 10 male and 21 female, including 18 pituitary tumors, 6
with epilepsy, 3 high grade gliomas, and 4 miscellaneous. The mean dose was 14 Gy.

In the last group a patient developed cerebral edema, and one patient with high grade glioma
with tumor progression. In the cases of pituitary tumor no hormonal supplementation was

required. One patient in this group developed optic neuropathy . IMRT was delivered successful-
ly in all patients. The mean follow up in both groups was 36 months. The average Karnofsky
index remains > than 80%.

Conclusions: IMRT in SRS and SRT can be a useful tool in those patients with concave lesions or
in close proximity with OARs. This modality is feasible and safe. A longer follow-up period is sug-
gested for a better clinical understanding on the subject. 

Stereotactic radiosurgery of head and neck OS 8-3-6
Miron ‰‰rámka (Oncological department of Sankt Elizabeth, Clinic stereotactic radio surgery,
Slovakia) 
Miron ‰rámka (1) 
(1) St. Institute Elizabeth Cancer and St. Elizabeth University of Helth and Social Science Bratislava,
Slovakia 

Introduction: Stereotactic radiosurgery is an effective method of treatment of brain tumors, pitu-
itary tumors, brain metastases, eye tumors, tumors of maxillofacial area, brain base tumors, jugu-
lar glomus tumors, cervical vertebra within C2-3, blood vessel malformations in brain and func-
tional disorders of central nervous system (trigeminal neuralgia, epilepsy etc.).

This method provides possibility of choice in the treatment of pathological brain lesions located
deep in the brain structures, which are not accessible for classical neurosurgical treatment or in
case that lesions are placed in risk structures. We are presenting stereotactic radio surgery treat-
ment and its results carried out on the Department of Stereotactic Radiosurgery, St. Elisabeth
Cancer Institute in Bratislava.

Material and methods: We analyzed the data of the patients treated by stereotactic radiosurgery
during the period of years 1992-2006. For evaluation of the results we applied method of retros-
pective analysis. Surgical treatment was performed by Fischer-Mundinger stereotactic ring, Linear
Accelelerator LINAC Varian set C. For the calculation of the targets we applied programme
Leibinger STP 3, 4.

Results: During observed period we performed 860 neurosurgical patients. In this patients group
were 220 meningeomas, 96 brain nerve neurinomas, 77 pituitary adenomas, 216 brain metas-
tases, 135 brain AVMs, 34 melanomas and eye metastases, 15 chemodectomas, 15 glial tumors,
14 trigeminal neuromas, 5 cavernous hemangiomas and 5 hemangioblastomas. 

Long term results show that radiosurgery is an effective method of treatment of meningeomas –
89.4 %, neurinomas – 93.8%, pituitary tumors – 96.3 %. In case of small AVMs we recorded
completely obliteration in 60 % patients but in case of medium AVMs only in 26,3 % patients.
Treatment of the brain vessel blood malformations is evaluated 3 year after the treatment.
Average survival period in case of brain metastases was equal to 7.2 month.

Conclusions: Results of the long-term observation demonstrated that stereotactic radio- surgery
provides high percentage success in case of meningeomas and brain neurinomas. Stereotactic
radiosurgery presents safe method of supplementing surgery of pituitary tumors depending on
the radiation doses and this method can standardize pituitary functions. Stereotactic radiosurgery
is an effective and non-invasive method causing only minimal side effects. After radiation treat-
ment the average survival period has been increased even in case of patients with multiple brain
metastases.
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Extracranial dose planning, dosimetry and QA OS 8-4
Moderator: David Wikler (Belgium) Telegraph Hills

Hypofractionated stereotactic body radiation therapy for lung and liver lesions 
using image guided gating and audio-visually guided voluntary breath-hold OS 8-4-1
Nadine Linthout (AZ VUB, Radiotherapy, Belgium) 
Samuel Bral (1) Dirk Verellen  (1) Koen Tournel  (1) Truus Reynders  (1) Michael Duchateau  (1) Guy
Storme  (1) 
(1) AZ VUB, Belgium 

Objective: Tumors on both sides of the diaphragm show large movement mainly due to brea-
thing. To account for this motion, large margins applied to the tumor result in large volumes of
normal tissue being sacrificed during irradiation. In order to limit these volumes the planning mar-
gin, including setup and internal margin, needs to be reduced. As daily target localization is
already optimized by application of image guidance to reduce setup margins, individual evalua-
tion of internal motion is necessary for further reduction of the planning margin. One possible
approach to solve the problem of internal motion is gated irradiation. Technical feasibility of ga-
ting and first clinical experience are summarized. Feasibility of audio-visually guided voluntary
breath-hold is evaluated to try to reduce the total treatment time.

Methods: Patients referred for gated Stereotactic Body Radiation Therapy (SBRT) have a fiducial
marker implanted as surrogate for the target during Image Guided Radiation Therapy (IGRT).
Fluoroscopy is used to define marker movement during breathing and by that to select patients
that can benefit from gated SBRT. Selected patients received a hypofractionation schedule of
10x5Gy, 6x7,5Gy, 8x7,5Gy or 3x12Gy. Patients are treated with the Novalis® system (BrainLAB
AG, Feldkirchen, Germany) and IGRT is performed with NovalisBody/ExacTrac5.0 what also allows
gated irradiation. Infrared reflective markers are used for monitoring the breathing cycle used in
the gated SBRT.

Stereoscopic verification images are taken on-line triggered at gating level and used for evalua-
tion of the positional accuracy of the target during gated SBRT. Video-glasses are used for audio-
visual feedback to guide the voluntary breath-hold.

Results: The first clinical cases revealed some practical problems that could be resolved by minor
adjustments to the system. 8 patients have been treated with the adjusted system for liver or lung
metastasis or primary lung tumors. 59 treatment fractions could be used for the evaluation of the
system. Verification images taken during these fractions (335 images in total) show a positional
accuracy for the target with a mean value of 0,8mm (SD 0,4mm).

Conclusion: First tests of gated irradiation showed promising results. The current version of the
system showed stable performance and is found clinically applicable. Treatment time will be
reduced by the introduction of audio-visually guided voluntary breath-hold. 

Utilization of image guided radiation therapy equipment to enhance 
stereotactic body radiation therapy commissioning OS 8-4-2
Julian Perks (UC Davis Medical Center, Radiation Oncology, United States) 
Joerg Lehmann (1) Samir Narayan (1) Robin Stern (1) Sheldon Semon (1) James Purdy (1) Srinivasan
Vijayakumar (1) 
(1) UC Davis Medical Center, Radiation Oncology, United States 

Purpose: To assess whether the latest image guided radiation therapy (IGRT) equipment could
streamline the commissioning of stereotactic body therapy (SBRT). 

Materials and methods: A new Elekta Synergy accelerator with Beam Modulator (4mm leaves and
maximum field 21x16cm) was commissioned in the Pinnacle treatment planning system v.8.0d
with both imaging systems (MV and kV) fully commissioned prior to patient usage. The commis-
sioning process for SBRT then commenced. Since Pinnacle does not contain an algorithm for
stereotactic co-ordinate recognition, in house software was written to overcome this limitation. 

The commissioning of SBRT ran as follows:

• Volunteers (who received no radiation) were used to become familiar with the immobilization
process.

• The RPHAT phantom was used to prove that a point determined from the planning CT could
be aligned on the linear accelerator using cone beam CT 

• An enhanced Winston Lutz test was devised and performed to determine the coincidence of
the gantry and mechanical isocenters

Results: Initial studies yielded a robust simulation procedure and showed that diaphragm motion
could be controlled to better than 1cm setting the upper limit for SBRT PTV expansions as 1cm. 

The RPHAT phantom was simulated with two BB markers, one midline and the other left lateral
to cover the full range of SBRT setups. After the SBRT frame co-ordinates were determined, RPHAT
was aligned to the treatment room lasers and cone beam CTs were performed for the two mar-
kers. The maximum shifts determined using the grey value alignment algorithm were 0.5 and
1.7mm respectively. The initial Winston Lutz test based on the room lasers alone found a maxi-
mum shift of 2.0mm. By employing an enhanced alignment technique, standard for the CBCT sys-
tem, this difference was reduced to less than 0.25mm. 

Finally, the couch walkout for the full rotational range (180 degrees) was measured in the stan-
dard fashion to be 1mm (couch at 100cm SSD). 

Conclusion: The commissioning of SBRT was greatly enhanced and accelerated by utilizing the
MV and kV onboard imaging capabilities of a modern linear accelerator e.g. EPID and CBCT,
respectively. Cone beam CT facilitated a rapid check of in house stereotactic coordinate determi-
nation software and overall the tests show that frame alignment around isocenter in the order of
1mm is readily and reproducibly achievable. 

Combined with diaphragm control techniques and tumor visualization through the fluoroscopic
imaging capabilities of the kV system, the reduction of the  longer mandatory with FDP technology.
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Evaluation of real time positioning accuracy during spinal radiosurgery OS 8-4-3
Dong-Joon Lee (Inje University Ilsan Paik Hospital, Neurosurgery, Republic of Korea) 
Moon-Jun Sohn (1) Sang-Won Yoon (1) C. Jin Whang (1) 
(1) Neurosurgery, Inje University Ilsanpaik Hospital, Republic of Korea 

Purpose/Introduction: The most prerequisite factor of SRS is to achieve the high accurate place-
ment of isocenter within 1mm.

The purpose of this study is to evaluate the real time positioning accuracy of isocenter during
spinal radiosurgery procedure. 

Materials and Methods: We performed the phantom study for positioning accuracy of spinal
radiosurgery. Phantom was consists of human body shape plastic structure and a humanoid saw-
bone spine with film pocket as a target lesion mounted on it¡¯s inside. And the infrared reflec-
tive body markers attached on the phantom skin for isocenter tracking of the target lesion.

In clinical application, optic-guided positioning system(ExacTrac¢ç) and a customized patient
positioning verification tool (PPVT) used to positioning a target lesion in spinal radiosurgry cour-
ses. All patients were treated supine position and stabilized with head and neck mask and 
vacuum cushion during spinal radiosurgery. We evaluated the real time target isocenter transla-
tion for 7 patients. 

Results: In phantom study, average positioning error and standard deviation was
0.69¡3/40.12mm. And real time average spatial error and standard deviation of isocenter during
spinal radiosurgery was 0.36¡3/40.70mm. The overall result of repositioning accuracy using
ExacTrac system and PPVT showed acceptable accuracy in clinical application. Main reason of the
isocenter translation was patient breathing during radiosurgery. 

Conclusion: Even if we consider the mechanical errors of Novalis, the maximum mean deviation
of real time isocenter positioning translation during spinal radiosurgery was less than 1mm.
Optic-guided positioning system(ExacTrac¢ç) and customized patient positioning verification tool
(PPVT) for positioning a target lesion during spinal radiosurgry provide more reliable precision in
clinical application.

Critical structure doses in Cyberknife fractionated radiosurgery of the prostate: 
dose-volume histogram analysis and comparison with hypofractionated IMRT OS 8-4-4
Matthew Witten (Winthrop-University Hospital, CyberKnife Radiosurgery Center, United States) 
Karen Episcopia (1) Joseph Lauritano (1) 
(1) Winthrop-University Hospital, United States

Purpose: To compare calculated dose-volume histograms for the rectum and the bladder for
CyberKnife and IMRT treatment plans generated for identical patient data sets, to determine 
generalized equivalent uniform doses (gEUDs) to those critical structures, and to assess the rela-
tive merits of CyberKnife and IMRT treatment planning for prostate carcinoma based solely on
DVH intercomparison. 

Methods: Three sets of two treatment plans were generated for three different patients with car-
cinoma of the prostate: one plan of each set was generated using MultiPlan version 1.5.1
(Accuray, Inc., Sunnyvale, CA) for CyberKnife radiation therapy and one plan of each set was gen-
erated using Eclipse version 7.3.10 (Varian Medical Systems, Inc., Palo Alto, CA) for IMRT on a
conventional linear accelerator. A five fraction hypofractionated dose schedule was used for all

plans, with a dose of 700 cGy per fraction. Mean doses to the critical structures were determined
by calculating the first moments of derived differential dose-volume histograms. Generalized
equivalent uniform doses were calculated (assuming a serial architecture for both the rectum and
bladder) using the method of Niemierko with a tissue-specific parameter of 6.

Results: Mean doses to the rectum for patients 1, 2, and 3 were 1731 cGy, 1652 cGy, and 1428
cGy respectively for CyberKnife, and 1833 cGy, 1970 cGy, and 1774 cGy respectively for IMRT.
Mean doses to the bladder were 1837 cGy, 1384 cGy, and 1347 cGy respectively for CyberKnife,
and 1624 cGy, 1284 cGy, and 894 cGy respectively for IMRT. The gEUD’s for the rectum for
patients 1, 2, and 3 were 2355 cGy, 2399 cGy, and 2345 cGy respectively for CyberKnife, and
2605 cGy, 2621 cGy , and 2820 cGy respectively for IMRT. The gEUD’s for the bladder for patients
1, 2, and 3 were 2520 cGy, 2340 cGy, and 2307 cGy respectively for CyberKnife, and 2654 cGy,
2517 cGy, and 2405 cGy respectively for IMRT. The average rectal gEUD was thus 12% smaller
for the CyberKnife treatment plans, and the average bladder gEUD was also smaller, by 5%, for
the CyberKnife treatment plans.

Conclusion: Based solely on a comparison of the generalized equivalent uniform dose as a pre-
dictor of rectal and bladder toxicity, CyberKnife treatment plans would lead to theoretically smal-
ler rates of rectal and bladder sequelae than IMRT treatment plans, for identical fractionation
schedules.

Assessment of head scatter factors (HSF) for small fields in radiosurgury OS 8-4-5
Mahmoud Allahverdi (Tehran University Of Medical Sciences, Cancer Institute, Medical Physics,
Iran, Islamic Republic Of) 
David Thwaites, United Kingdom (1) 
(2) University Of Edinburgh, Western General Hospital, Radiotherapy Physics Department (3) Tehran
University Of Medical Sciences, Department Of Medical Physics 

The head scatter factors can be measured in air by using an ionisation chamber with a suitable
cap or miniphantom. The dimensions of small mass of build up must be such as to produce a
similar degree of secondary electron build-up as in a large phantom. However the primary and
the head scatter factor is defined in free air, yet their experiomental measurement includes an
unwanted scatter from the small mass of the build up cap. the thickness of build up cap must be
as thin as possible, particularly for small fields but consistent with electron equilibrium. This work
developed a brass cap and a brass miniphantom to measure HSF, particularly for small fields in
radiosurgury.

HSF have been measured for various geometryfields and different irradiation conditions at 6MV
and 16MV using water equivalent cylidrical miniphantoms, water equivalent and perspex build
up caps, brass build up caps and brass miniphantom and extended fsd approaches.

Differences in the measure values are observed up to 5% at 6Mv and 10% for 16MV and these
are analysed in terms of the experimental limitations in the various techniques. Recommendations
are made for suitable assessment of HSF.

For lower energies a number of methods are appropriate and give agreement. For higher ener-
gies the ESTRO recommendations fot 10 cm measurements are endorsed. For small field sizes
special techniques are required.
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Extracranial image guided stereotactic radiotherapy using the xknife system OS 8-4-6
Satish Jaywant (Cancer Institute of New Jersey, Radiation Oncology, United States) 
Eduard Kagan (1) 
(1) Cancer Institute of New Jersey, United States 

Objectives: Extracranial stereotactic radiotherapy continues to evolve with advances and techno-
logical developments. As a result of close collaboration with Integra Radionics, it has become
possible to use the XKnife system for treating lung and spinal sites stereotactically utilizing the On
Board Imaging on a Varian linear accelerator. This presentation highlights the evolution of the
concept of “frameless” radiosurgery with the XKnife system.

Methods: Integra Radionics’ XKnife RT system consists of the latest version 4.0 for treatment plan-
ning, and, stereotactic frames for cranial and extracranial applications. We have used the Head
and Neck Localizer (HNL) for treating C-spine very effectively. However, the Body Localizer (BL) has
been recommended for targets in the “body”. The BL consists of a whole body Vac-Lok bag that
conforms to the patient’s body when evacuated. This fits onto a carbon fiber board that is
attached either to the CT couch or the linear accelerator couch. Initial design utilized a box with
9 stereotactic rods that must be placed on top of the patient and fixated to the board. As expe-
rience was gained with the system and several disadvantages were observed when using this
box, the use of fiducials or markers on the patient surface was incorporated in the XKnife soft-
ware.

The treatment delivery is on a Varian linear accelerator equipped with a 5 mm leaf-width 120-
leaf multileaf collimator (MLC). The MLC was also integrated into XKnife at this institution to allow
delivery of conformal/static as well as step and shoot intensity modulated radiation therapy. With
the installation of On Board Imaging on the linear accelerator, both kV-kV and conebeam CT
imaging is being utilized for all stereotactic setups.

Results: The BL design with the box had several limitations such as size of the patient and target
location. For example, it was not possible to fit the box on a large patient nor was it possible to
treat a lesion in the upper lung. The “frameless” concept has resolved these issues and has
improved the setup accuracy aided by image guidance.

Conclusions: The XKnife stereotactic technology is being used successfully for treating lung and
spine lesions with excellent short term clinical outcomes. The presentation will discuss current sta-
tus of the technology citing clinical examples. Our approach and the development process that
will allow better integration for the use of image guidance will also be discussed.

ORAL SESSION 9 16.30 - 17.30

Trigeminal neuralgia OS 9-1
Moderators: Mariko Nagai (France) Gold Ballroom

Kenneth Ott (United States)

Stereotactic radiosurgery (SRS) for trigeminal neuralgia: clinical, radiological 
and dosimetric characteristics of patients presenting immediate pain relief OS 9-1-1
Edward Mitchell (UCLA , Neurosurgery, United States) 
Antonio De Salles (1) Jacqueline King (1) Michael Selch (2) John DeMarco (2) Nzhde Agazaryan (2) 
(1) UCLA Division of Neurosurgery, United States (2) UCLA Department of Radiation Oncology, United
States 

Introduction: Immediate pain relief (within 48 hours) after stereotactic radiosurgery (SRS) for
trigeminal neuralgia (TN) is observed in the minority of the patients undergoing the procedure.
Our purpose was to evaluate long term pain relief, recurrence, numbness, radiological changes
and dosimetric characteristics within this subgroup. 

Materials and Methods: From August/1995 to May/2006, 126 patients with comprehensive fol-
low-up received SRS for TN at UCLA. Immediate pain relief was observed in 36(28.6%) patients
and in 38(28.14%) procedures among 135 SRS. Mean age was 66.2 years(44-84years),
20(55.5%) were female, 7 (19.4%) underwent prior procedures. Thirty-four(94.4%) patients had
Essential TN (ETN), 1 (2.7%) Secondary TN and 1(2.7%) had Atypical TN. Thirty-two (89%)
patients received 90 Gy, 2 (5.5%) received 80 Gy and other 2 (5.5%) received 70 Gy. A 5 mm col-
limator was used in 35(97.3%) cases, 7.5 mm in 1 (2.7%). Numbness was evaluated using a 1-
5 grading scale. Follow-up MRI scans were obtained during 2 years post-SRS. The brainstem vo-
lume encompassed by the 20%, 30% and 50% IDL was evaluated and compared to the volumes
of 35 patients without immediate pain relief. 

Results: Excellent/Good pain relief was achieved in 35 (97.22%) patients. Twenty-eight (77.78%)
patients remained pain-free at mean follow-up of 31 months (3-96 mo). Recurrence occurred in
7 (19.44%) patients after mean 27 months. Two underwent repeated SRS and had excellent pain
outcome. Some degree of numbness was observed in 21(58.3%) patients. Among those who
graded numbness, 7 patients (19.44%) reported severe numbness. There was no correlation
between pain relief and numbness (p=0.37) nor between numbness and prior procedure
(p=0.313). No anesthesia dolorosa/weakness was noticed. Sixteen patients had follow MRI and
11 (68.75%) presented pons and/or nerve enhancement.

Conclusions: Patients with immediate pain relief presented remarkable pain outcome and low
recurrence rate. Significant incidence of numbness as well as enhancement at follow-up MRIs
matched the expected by dose-volume histograms. Numbness or prior treatment did not corre-
late pain control. 
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The impact of dose rate on outcomes of Gamma Knife radiosurgery 
in patients with face pain OS 9-1-2
Sharon Spencer (University of Alabama at Birmingham, Radiation Oncology, United States) 
Swaid Swaid (1) Paul Young (2) Barton Guthrie (2) Winfield Fisher (2) James Markert, (2) Ruby Meredith,
(2) James Wu (2) Wenquan Wang (2) Robert Nordal (2) John Fiveash (2) 
(1) Neurological Surgery Associates, United States (2) University of Alabama at Birmingham, United
States 

Objective: To determine if aging Cobalt-60 sources impact treatment outcomes in patients trea-
ted with face pain.

Methods: From October 1995- August 2005 350 patients with facial pain were treated at the
UAB Highlands gamma knife unit. Response data is available for 320 patients. The Leksell
Gamma Knife Model U was used from 10/95-12/03 without a source change. The Model C unit
has been used since 3/04. The initial dose rate measured at the center of a 16cm diameter sphere
was 365cGy/min for the Model U unit on 10/31/95 and 128cGy/min 12/03 at last utilization.
From 1995-1998 the 50% isodose line of a 4 mm collimator was placed at the nerve root entry
zone and 35Gy was used. Since 1999, 40Gy has been used. Patients were categorized as ha-
ving typical or atypical face pain using the classical trigeminal neuralgia definition. Patients were
followed by neurosurgery for the first year post gamma knife with subsequent follow-up per tele-
phone interviews and formal questionnaires. Response was determined using a scale of complete
response for patients who were pain free and of meds(CR), good response for 50-90% improve-
ment requiring and decreasing amount of meds(GR), marginal response for 10-50% improvement
without a change in meds required and no response. Two sample t-test or wilcoxon rank sum test
was applied to compare continuous variables between groups. A multivariate logistic regression
analysis was applied to examine factors related to response.

Results: The logistic regression analysis identified age and pain type as independent variables
with odds ration of 1.2 and 3.53 respectively, and p-values of 0.0074 and 

Conclusion: There was no obvious evidence that aging Cobalt-60 sources influenced response in
our patients with facial pain. Delaying a source change up to eight years does not compromise
treatment efficacy.

Analysis of treatment parameters in recurrent trigeminal neuralgia patients 
treated with CyberKnife radiosurgery OS 9-1-3
Sigita Burneikiene (Boulder Neurosurgical Associates, Neurosurgery, United States) 
Michael Lim (2) Lee McNeely (3) Pantaleo Romanelli (4) Steven Chang (2) Melinda McIntyre (3) Laura
Fariselli (5) Giovanni Broggi (5) Jeffrey Thramann (1) John Adler (2) Sigita Burneikiene (1) 
(1) Boulder Neurosurgical associates, Boulder, CO, United States (2) Dept. of Neurosurgery, Stanford
University School of Medicine, Stanford, CA, United States (3) Rocky Mountain CyberKnife Center,
Boulder, Colorado, United States (4) Dept of Neurosurgery, Neuromed IRCCS, Pozilli, Italy (5) Dept of
Neurosurgery, Besta Neurological Institute, Milan, Italy 

Introduction: High recurrence rates of trigeminal neuralgia pain after initially successful treatment
with various treatment modalities were previously reported. Factors that might predict recurrence
after CyberKnife radiosurgery have not been analyzed. 

Methods: 87 out of 95 patients treated between May 2002 and October 2005 for idiopathic
trigeminal neuralgia with CyberKnife radiosurgery experienced initial pain relief. We retrospective-

ly reviewed a cohort of 27 patients who had recurrence of their pain and compared it to the
patients who had effective pain relief. Patients with atypical pain, multiple sclerosis, previous radio-
surgical treatment or a follow-up duration of less than 12 months were excluded from this study.

Results: A total of 27 patients (31%) had recurrent trigeminal pain. The mean time of follow up
was 23.5 months (range, 12 – 46). Median time to relapse was 9 months (range, 2 – 26).
Median Dmax – 65 Gy (50 – 86.4), Dmin – 52 Gy (40 – 70) and median length of the nerve
treated 4 mm (3 – 9). Seventeen (63 %) patients had excellent, four (14.8 %) had moderate and
six (22.2 %) had mild pain relief initially. There was no correlation found between recurrence and
the level of initial pain relief. 

Logistic regression analysis was performed to identify factors that may predict recurrence. There
were no statistically significant correlations regarding patient age, sex, duration of the symptoms,
number of the nerve branches involved or previous treatments. The lower recurrence rate was
observed with a higher Dmin and Dmax (P < 0.00001) and if a longer nerve segment was treat-
ed (P = 0.0002). The higher rate of recurrence and lower post-treatment numbness correlation
was also significant (P = 0.0001).

Conclusions: The delivered radiation doses were lower and the length of the treated nerve was
shorter in the series of patients who had recurrence of their pain compared to the patient group
with effective pain relief. 

Treating trigeminal neuralgia with the cyberknife: single center experience OS 9-1-4
Michael Lim (Stanford University Hospital, Neurosurgery, United States) 
Michael Lim (1) Regina Bower (1) Scott Soltys (2) Iris Gibbs (2) Pantaleo Romanelli (3) Steven Chang (1)
John Adler (1) 
(1) Stanford University: Dept of Neurosurgery, United States (2) Stanford University: Dept of Radiation
Oncology, United States (3) IRCCS Neuromed, Italy 

Since the mid-1990’s, stereotactic radiosurgery has gained further acceptance as a treatment
modality for trigeminal neuralgia. However results from the CyberKnife have been limited. We
have looked into the role of dose and length of treated nerve as well as efficacy from our expe-
rience at Stanford University using CyberKnife radiosurgery. 

Between May 2002 and June 2006, 83 patients were treated for idiopathic trigeminal neuralgia at
Stanford University (Stanford, CA). Patients were followed for the pain control, side effects, and time
to pain recurrence with respect to the length of the nerve treated, Dmax, and Dmin. Mean follow-up
for patients was 19 months. Pain relief was initially observed in 95% (79 patients) after treatment:
85.6% (71 patients) reported excellent pain relief, 7.2% (6 patients) reported mode-rate pain relief,
and 2.2% (2 patients) reported mild pain relief after treatment. Pain recurrence occurred in only 7.6%
(6 patients). Side effects included numbness in 73.5% of the patients (with the majority reporting the
numbness as mild or moderate). A statistically significant correlation to the Dmin and length of nerve
treated to numbness was observed: Higher doses (Dmin) resulted in higher complications with
p=0.016 and longer treated length resulted in higher rates of numbness with p=0.002. 

CyberKnife radiosurgery is an effective and durable mode of radiosurgery for treating trigeminal
neuralgia. Based on the above analysis we have over several years gradually de-escalated the
radiosurgical dose and length of lesioned nerve segment. Early follow-up suggests that the inci-
dence of facial numbness can be lowered without lessening treatment efficacy. 
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Miscellaneous radiosurgery topics - Part 2 OS 9-2
Moderators: Russel Fuhrer (United States) Twin Peaks

Pouya Tahsili-Fahadan (Islamic Republic of Iran)

Can we use Gamma Knife radiosurgery for pregnant women OS 9-2-1
Mahmoud Allahverdi (Tehran University Of Medical Sciences, Cancer Institute, Medical Physics,
Iran, Islamic Republic Of) 
Mohammad Ali Bitaraf (1) Maziar Azar  (2) Farid Kazemi  (2) Mazdak Alikhani  (1) Alireza Zahiri  (3)
Soraya Salmanian  (2) 
(1) Tehran University Of Medical Sciences, Faculty Of Medicine, Radiosurgury Department, Iran, Islamic
Republic Of (2) Iran University Of Medical Sciences, Faculty Of Medicine, Radiosurgury Department Iran,
Islamic Republic Of (3) Kamrani Charity, Gamma Knife Centre Iran, Islamic Republic Of 

Purpose: This study was performed to asses whether radiosurgical dose delivery to ovaries glands
are within safety ICRP recommendations.

Materials and methods: A three-dimensional, anthropomorphic phantom was developed using
natural human bone material, paraffin and sodium chloride as the equivalent tissue. The Phantom
was composed of a body, head and neck and hip. In natural places of ovaries thermolumines-
cence dosimeters(TLDs) were inserted .Three TLDs were inserted in a batch (probe) with 1cm
space between TLDs and each batch was inserted into a single cavity. Final depth of TLDs was
15 cm for the ovarian glands. Similar probes were placed superficially on the phantom. Phantom
was gamma irradiated using Leksell model-C Gammaknife .Subsequently , same probes were
placed superficially over ovaries in 30 patients who were undergoing radiosurgery treatment for
brain tumors. Mean dosage for treating patients was 15.8 Gy in 50% isodose curve.

Results: The mean delivery dose to the ovaries in phantom was 0.5 +/- 0.28 cGy . Difference
between the superficial and deep probes was non-significant (P > 0.05).Mean delivery dose to
ovaries in human subjects was 0.53 +/- 0.30 cGy . No significant difference between various tar-
get volumes, prescribed doses and distances from isocenter points were calculated comparing
with absorbed doses by glands. 

Conclusions: Gamma Knife radiosurgery can be safely considered in special clinical situations such
as pregnancy where irradiation to internal glands is critical.

Quality of life after Gamma Knife radiosurgery for benign indications: 
a prospective analysis OS 9-2-2
Vipul Thakkar (Cleveland Clinic, Radiation Oncology, United States) 
Samuel Chao (1) Gene Barnett (1) Michael Vogelbaum (1) Steven Toms (1) Peter Rasmussen (1) Susan
LeGrand (1) Chandana Reddy  (1) Betty Jamison (1) John Suh (1) 
(1) Cleveland Clinic, Cleveland, OH, United States

Methods: This analysis includes 27 of a planned 60 patients treated with GK for a non-malignant
indication and followed prospectively for eight weeks. Patients had pretreatment evaluation
including screening for depression and anxiety, serum hemoglobin, hematocrit, calcium, albumin
and thyroid stimulating hormone. Patients were excluded with abnormal lab values, previous
malignancy, prior radiation, chemotherapy or condition predisposing for fatigue. Dose and vol-
ume of GK were based on institutional practice and indication. The 13 question Functional

Assessment of Chronic Illness Therapy Fatigue Scale (FACIT-F) was used to assess fatigue. Six
additional questions assessing QOL outcomes not measured by the FACIT-F were added. Patients
completed the questionnaire prior to GK and weekly for eight weeks.

A total of 27 patients had completed the follow-up period at the time of analysis. Males comprised
66% and the median age was 63 years. ECOG performance status was 0 in all patients. The indi-
cation for treatment was arterio-venous malformation (4), schwannoma (11), trigeminal neuralgia
(7), meningioma (4), and glomus tumor (1). Median radiosurgery dose was 14 Gy (range 12-82
Gy). Doses for trigeminal neuralgia were prescribed to the 100% isodose line (IDL) while other
lesions were treated to the 50% IDL. Median volume of tissue treated was 2.1 cc (range 0.132-
15.4 cc). All but one patient received 10 mg Decadron IV prior to treatment and 3 patients trea-
ted for AVM received 8 mg Decadron daily, tapered one week after GK. Questionnaires were scored
using the FACIT scoring guidelines with a maximum score of 52. The additional questions were
scored for a maximum score of 24 with higher scores correlating with better QOL.

Results: Analysis of the first 27 patients and 216 person-weeks of follow-up shows that fatigue
and QOL are not adversely impacted by GK radiosurgery. Mean FACIT-F score was 43 at baseline
and 42, 44, 45, 44, 46, 45, 45, 47 at weeks 1-8 respectively after GK. In addition, questions
assessing patients’ quality of life, and ability to work and exercise showed no decline after GK
radiosurgery. Mean baseline score for these questions was 20 and 18, 19, 19, 19, 20, 20, 19
and 21 at weeks 1-8 after GK.

Conclusion: This preliminary analysis of a prospective study shows that Gamma Knife radio-
surgery does not adversely impact levels of fatigue or quality of life in patients treated for benign
indications.

Radiosurgical transection of the posterior corpus callosum in a child 
with epilepsy OS 9-2-3
Matthew Smyth (Washington University, Neurosurgery, United States) 
Eric Klein (1) Edwin Dodson (1) David Mansur (1) 
(1) Washington University, United States

We report the successful use of radiosurgery in a nine year old child for posterior corpus calloso-
tomy with improved seizure control and no morbidity. Relevant literature pertaining to the use of
radiosurgery for treating epilepsy is reviewed. The Gamma Knife ™ procedure was performed in
August, 2005, after initial failure of standard open anterior 2/3rds callosotomy. General anesthe-
sia was used during frame placement, image acquisition and treatment delivery. The residual
body and splenium (934 mm3 volume) was targeted using a bilaterally plugged configuration to
minimize lateral spread of the treated volume. Two 8 mm and two 4 mm shots were delivered
with a prescribed dose of 65 Gy to the 50% prescription isodose line, with 766 mm3 (82%)
receiving 65.0 Gy (50%) dose. Total treatment time was 219 minutes. Two year clincial follow-
up and serial neuro-imaging demonstrating the radiosurgical ablation of the posterior 1/3rd of
the corpus callosum are presented. 
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Implementation of the radiosurgery treatment and follow-up (ratrefo) database OS 9-2-4
Panagiotis Nomikos (Hygeia Hospital, Department of Neurosurgery and Gamma Knife
Radosurgery, Greece) 
Michael Torrens, Greece 

Objective: To implement a database containing all important data of patients undergoing radio-
surgical treatments with the Leksell Gamma Knife® so that any patient’s treatment and follow-up
data can be easily reviewed at any time.

Methods: The database was developed on a Microsoft Access platform. The main switchboard
contained options for editing and/or reviewing patient data, referring and attending physician
data and a report submenu. The basic data included patient’s hospital identification number and
name. The following sub-formularies arranged as separate cards were available: identity, diagno-
sis, clinical, treatment and follow-up. All important data including pre- and post-treatment radio-
logical investigations, treatment parameters, follow-up dates and scanned documents and/or
images could be stored in formularies linked to the patient’s basic data. These data could be used
for producing automated reports for the patient and for statistical analysis of treated patients.

Results: An efficient and accurate database for patients undergoing radiosurgical treatment with
the Leksell Gamma Knife® was created. Any information of an individual patient could be easily
accessed and reviewed through simple and user friendly formularies. 

Conclusions: The RATREFO database could be used as a prospectively maintained key source of
information. RATREFO could prove to be a very useful and powerful tool providing a more effi-
cient and more effective way for monitoring patient’s follow-up and for retrospective research and
analysis for physicians treating patients with the Leksell Gamma Knife®.

A case for stereotactic radiosurgery in patients with chemical dependency OS 9-2-5
John Borchers (Stanford University, Neurosurgery, United States) 
John Adler, Jr., United States (1) 

Chemical Dependency is pandemic. Addiction and its associated behavioral patterns afflict society
to an extraordinary degree. Chemical dependency rates are on the order of greater than 10% in
most societies. Simple loss of wages and decreased work productivity are on the order of billions
of dollars in the United States alone. The advent of functional neuroimaging has fenestrated physi-
cians, neuroscientists and psychologists into a place where the understanding of disorders of mood
and behavior is becoming increasingly clear. The functional neuroimaging characteristics utilizing
PET and fMRI are revealing focal hypermetabolic foci in not only those with debi-litating mood dis-
orders, but also in addiction to a variety of substances. The anterior cingulate and prefrontal cortex
are regions where most abnormal findings are noted. This knowledge may prove to be the first step
in making a case for stereotactic neuromodulation and/or lesioning to these areas in those patients
with severe relapsing chemical dependency. Frame-based stereotactic anterior capsulotomy has
proven to be effective in the treatment of obsessive-compulsive disorder. Deep brain stimulation has
become an accepted mode for the treatment of refractory severe depression. Perhaps fractionated
stereotactic radiosurgery will have a role in the treatment of severe relapsing chemical dependen-
cy. Only time will tell, but current methods of treatment for this disorder are miserably unsuccess-
ful, on the order of 90% failure rates. Is addiction a matter of bad choices and irresponsibility, or is
it a focal organic brain disease, treatable with the know-ledge of functional neuroanatomy?

Other dose planning, dosimetry and QA OS 9-3
Moderator: Andreas Mack (Germany) Pacific Heights

Dynamic Gamma Knife radiosurgery OS 9-3-1
Shuang Luan (University of New Mexico, , United States) 
Nate Swanson (1) Kaile Li (2) Lijun Ma, (3) 
(1) University of New Mexico, United States (2) Associates in Medical Physics, United States (3)
University of California San Francisco School of Medicine, United States 

The goal of this research is to develop a dynamic dose delivery model for Gamma Knife radio-
surgery by taking advantage of the robotic patient positioning system in the latest Gamma Knife
model.

Gamma Knife has been the treatment of choice for many brain tumors and functional disorders.
Current Gamma Knife radiosurgery is a ball-packing approach, whose goal is to “pack” the diffe-
rent sized spherical high-dose volumes into a target tumor volume. Since both repositioning and
helmet changing are off-line procedures, a Gamma Knife radiosurgery is very time consuming.

We have developed a dynamic Gamma Knife treatment scheme based on the concept of “dose-
painting” to take advantage of the new robotic patient positioning system on the latest Gamma
Knife unit. In our scheme, the spherical high dose volume created by the Gamma Knife unit will
be viewed as a 3D spherical “paintbrush”, and treatment planning reduces to finding the best
route of the “paintbrush” to “paint” a 3D tumor volume. Under our dose-painting concept,
Gamma Knife radiosurgery becomes dynamic, where the patient is moving continuously under
the robotic positioning system. Planning is modeled as a variation of the traveling salesman pro-
blem. Compared with current ball-packing based Gamma Knife planning and delivery model, the
new dynamic model has the following advantages: (1) The dynamic model is more suitable for
fully automatic treatment planning; (2) The dynamic radiosurgery plans produced are more con-
formal and have significantly shortened treatment times; and (3) It is possible to prescribe multi-
ple isodose lines so that the treatment can cover the peripheral of the target tumor volume while
escalating the dose for high tumor burden regions.

A theoretical study of dynamic Gamma Knife radiosurgery scheme has been carried out for a C-
shaped tumor volume. Dose distributions are calculated using an established analytical dose cal-
culation engine. The dose distribution of the dynamic plan is calculated by fine interpolation with
from equally placed and equally weighted shots. The study showed that the new dynamic
scheme can provide equal or superior dose distributions with significantly (> 40%) shortened
treatment time.
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Evaluation of patient setup accuracy by Novalis system 
in stereotactic radiosurgery OS 9-3-2
Naoki Hayashi (Nagoya Kyoritsu Hospital, Nagoya Radiosurgery center, Japan) 
Yukio Uchiyama (1) Yoshimasa Mori  (2) Chisa Hashizume  (2) Tatsuya Kobayashi  (2) Yuta Shibamoto
(3) Yasunori Obata  (4) 
(1) Gifu University of Medical Science, Japan (2) Radiosurgery center, Nagoya Kyoritsu Hospital, Japan
(3) Graduate school of medical cience, Nagoya City University, Japan (4) Department of Radiological
Technology, Nagoya University School of Heal Ciences, Japan 

Background and Purpose: Novalis system is dedicated to stereotactic radiosurgery based on
ExacTrac (evolved to Ver.5 and shorten the length between each IR camera) system providing pre-
cise patient setup in the treatment position. We evaluated the accuracy of patient setup with
ExacTrac system, for the purpose of clarifying the evidence-based setup margin during the treat-
ment. 

Methods: We examined localization accuracy of treatment position on the three different points.
First, an uncertainty of detection of infrared markers located on the couch was evaluated. In dif-
ferent couch positions moved in translation or in rotation the obtained coordinates of markers by
ExacTrac system were compared with those of the actual position. Second, an uncertainty of auto-
mated fusion algorithm calculation was evaluated. Using anthropomorphic phantom for spinal
region X-ray pictures were taken in four different parameters (tube voltage changed 60 kV to 120
kV with the same mAs) and setup deviation was analyzed. Third, the deviation was measured
between the coordinates of the mechanical isocenter and those of the center of the ExacTrac sys-
tem was evaluated retrospectively using WL-module during daily Winston-Lutz test.

Results and Disscusions: As the results of the 1st examination, the ability of detection of infrared
marker position on translation shift was very good but it had a little difference between the
detected coordinates and the actual marker position. We suspect that it is due to shorter (than
before) distance between two infrared cameras that the ability in detection of the shift of the
markers in rotation was decreased. As the results of the 2nd examination, the uncertainty of
fusion algorithm calculation was decreased when imaging quality of X-ray pictures was good. We
think it is very important for setup calculating to take X-ray images in an optimal condition. As
the results of the 3rd examination, the error between the coordinates of the ExacTrac center and
those of the mechanical isocenter  was 0.19 }0.14 mm� C0.14 }0.13 mm� C0.13 }0.10mm
in the vertical, longitudinal, lateral direction respectively. Finally, setup margin of this unit was cal-
culated with these data statistically. The results of these study and Winston-Lutz test were satis-
factory and the setup margin of our modality was by far less than 2mm, which is within the STI
guideline by the Japanese Society for Therapeutic Radiology and Oncology.

A new miniature ion chamber for output calibration 
of stereotactic radiosurgery units OS 9-3-3
Ajay Niranjan (University of Pittsburgh, Neurological Surgery, United States) 
Ajay Niranjan (1) Douglas Kondziolka (1) John C Flickinger (1) L. Dade Lunsford (1) 
(1) University of Pittsburgh, United States

Introduction: A new miniature ion chamber, Model A16 (Standard Imaging, Inc., Middleton,
Wisconsin) is evaluated for the output calibration of stereotactic radiosurgery units, such as
Leksell Gamma Knife® (LGK) Model C. This chamber has a collecting volume of 0.007 cm3. The

chamber wall, collecting electrode, guard material and the 60Co build-up cap are all made of
Shonka air-equivalent plastic (C552) (density 1.760 g/cm3). The LGK calibration is done follo-
wing AAPM TG-21 protocol. The AAPM TG-51 protocol could not be used as the conditions
required for this protocol are not be met in LGK calibration. We present here the values of speci-
fic parameters of A16 ion chamber required for the application of TG-21 protocol. 

Method: The LGK calibration was done for 18 mm collimator using standard technique. The ion
chamber was placed at UCP within 16 cm diameter polystyrene phantom using a special insert
to accommodate A16 ion chamber. The timer-end-effect was determined before calibration. 

Results: The values of parameters for A16 ion chamber are:

alpha= 0.650; Awall = 0.994; Pwall = 0.976; Pion = 1.00; Prep = 0.9980; 

The expressions derived for Ngas and Dwater, for A16 ion chamber are:

Ngas= 0.8775 Nx Aion , 

Dwater = 1.123 M Ngas = 0.985 M Nx,

where Nx is the 60Co exposure-calibration factor provided by an ADCL in terms of R/nC. For the
A16 ion chamber, Aion value is 1.00. M is electrometer reading in nC corrected for temperature
and pressure.

The calibration done by A16 ion chamber was compared to calibration done by Capintec PR-05P
ion chamber (volume 0.07 cm3). Parameters for TG-21 application for Capintec ion chamber are
well known. The corresponding expressions for Ngas, and Dwater for Capintec chamber are;

Ngas= 0.860 Nx Aion

Dwater = 1.1089 M Ngas = 0.954 M Nx

Aion value is 1.00 for our chamber.

The outputs measured with A16 and PR-05P ion chambers were 214.9 cGy/min and 213.6
cGy/min, respectively. 

Conclusion: Parameters needed for the calibration of a stereotactic unit using a new A16 minia-
ture ion chamber following AAPM TG-21 protocol are presented. The small size of chamber
makes it ideal for calibrating and scanning small size photon fields as used in stereotactic radio-
surgery. 

A computational algorithm for the dose gradient and homogeneity 
to define the characteristic of the Gamma Knife treatment planning 
using differential dose volume histogram data OS 9-3-4
Won Seop Seo (Kyung Hee University School of Medicine, Neurosurgery, Republic of Korea) 
Young Jin Lim (1) Dong Oh Shin (2) Jin Suk Kim (3) Chun Il Lim (4) Ki Jung Park (4) Heon Jin Oh (4) 
(1) Dept. of Neurosurgery, Kyung Hee University School of Medicine, Seoul, Korea (2) Dept. of Radiation
Oncology, Kyung Hee University School of Medicine, Seoul, Korea (3) School of Computer Science,
University of Seoul, Seoul, Korea (4) Radiation Standards Division, Korea Food & Drug Administration 

Objectives: We have developed an automatically and consistently computational algorithm for
calculating the dose gradient and dose homogeneity which can define the characteristic of the
treatment planning made by individual philosophy. 

Methods: The dose gradient is the ratio of 25% volume to 50% volume and the dose homogene-
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ity is the power of radiation per unit volume within 50% volume. To calculate the both factors we
used the differential dose volume histogram of user defined volume that fully covered the 25%
isodose line. The data were saved and transferred to a personal computer to automatically and
consistently calculate the both using a new algorithm developed by our center. We applied the
both factors to ideal case of single isocenter of 4 collimators and clinical planning of consecutive
31 patients who have isocenters of 1 ?11(mean 6) and have volumes of 100-20000mm3.(mean
volume 3690 mm3)

Results: For ideal case of single isocenter of 4 collimators, values of dose gradient were 2.66,
2.60, 2.49 and 2.48 for 4mm, 8mm, 14mm and 18mm, respectively. In the case of dose homo-
geneity for single isocenter were 0.73, 0.75, 0.79 and 0.80, respectively. If the data of dose
homogeneity were normalized to 18mm, they were 0.91, 0.94, 0.99 and 1. For multi-isocenter
with combining 4 collimators in clinical application, the dose gradient was between 2.5-
3.16(mean 2.72) depending on the number of isocenter and irregularity of shape. The dose
homogeneity showed the distribution of 0.645-0.795(mean 0.698) depending on the number
and distribution of isocenter. Decreasing the value of the dose gradient in the Gamma Knife
Planning reduced the amount of radiation in normal tissue. Higher the dose homogeneity pro-
vides more hotspot distribution within tumor so that the value relates tumor control probability
(TCP).

Conclusions: The treatment planning for Gamma Knife Radiosurgery could be diverse depending
on individual philosophy. The dose gradient and dose homogeneity can consistently define the
characteristic of a variety of treatment planning as a numerical value. This new algorithm deve-
loped by our center requires the time consuming procedures. To get quickly and accurately the
factors, it would be proper that the tool to automatically calculate both factors should be inclu-
ded in the Gamma Plan.

Wednesday 27/06/07

PLENARY SESSION 5 08.45 - 10.00

Radiosurgery innovation and evolution PL 5
Moderators: Bodo Lippitz (Sweden) Gold Ballroom

William Wara (United States)

Multiple sclerosis and trigeminal facial pain: 
results with Gamma Knife radiosurgery PL 5-1
Volker Stieber (Wake Forest University School of Medicine, Radiation Oncology, United States) 
Volker Stieber (1) Kevin McMullen (1) Thomas Ellis (2) Christopher Balamucki (3) Stephen Tatter (2) Allan
DeGuzman (1) J. Daniel Bourland (1) Kenneth Ekstrand (1) Michael Munley (1) Edward Shaw (1) 
(1) Wake Forest University Dept. of Radiation Oncology, United States (2) Wake Forest University Dept.
of Neurosurgery, United States (3) Wake Forest University School of Medicine, United States 

Introduction: Gamma Knife radiosurgery (GKRS) is one of the standard therapies for classic trige-
minal neuralgia along with medical management and microvascular decompression. Trigeminal
neuralgia associated with multiple sclerosis (MS) is a rare condition whose optimum management
is uncertain, since the pathophysiology may be quite different from that of classic trigeminal neu-
ralgia. We analyzed a database of 326 serial GKRS procedures performed for facial pain to eva-
luate the outcomes of the subset of patients with MS.

Methods and Materials: Over a five year period, of 326 GKRS procedures performed for facial
pain, 8 were for MS-related pain. The treatment plans were the same as for patients with classic
trigeminal neuralgia: the 50% isodose line was placed tangential to the brainstem, with the shot
isocenter targeted to the proximal trigeminal nerve root. 80 Gy were prescribed at the 100% iso-
dose line. 

The degree of pain relief was recorded in four categories: excellent (complete pain relief with no
medication use), good (complete pain relief with medication use), fair (50%-99% partial pain
relief with or without medication use), and poor (less than 50% pain relief with or without me-
dication use). Pain relief was defined as a complete or >50 % response. Self-reported side
effects, such as facial numbness, burning, and prickling/tingling, were recorded as complications
of the GKRS procedure. Medication usage was recorded relative to medication usage at the time
of GKRS with four categories: same, increased, decreased, and stopped. 

For those with a treatment success, time to pain recurrence was defined as the time from com-
plete pain relief to the time of less than complete pain relief. If the patient was still pain free at
the time of follow-up, that patient was censored at the time of follow-up. 

Results: Efficacy: Median follow-up was 12.7 months (1.2 – 26.5). 50% of patients experienced
complete pain relief. Median time to complete pain relief was 5.5 weeks (1-10) with a median
duration of 0.54 years (0.083-1.0) . Median time to partial pain relief was 3.5 weeks (1-6) with
a median duration of 0.67 years (0.17-1.18). There was an overall 75% pain recurrence rate. 

Complications: 37.5% of patients experienced numbness, 25% tingling/prickling and 12.5%
burning.
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Discussion GKRS for MS-related facial pain has moderate efficacy and short duration and should
not be considered firstline therapy.

Optic radiation tractography integrated into Gamma Knife radiosurgery PL 5-2
Keisuke Maruyama (University of Tokyo Hospital, Neurosurgery, Japan) 
Tomoyuki Kouga  (1) Kamada Kyousuke  (1) Masahiro Shin  (1) Daisuke Itoh  (2) Yoshitaka Masutani  (2)
Kenji Ino  (2) Masao Tago  (2) Nobuhito Saito  (1) 
(1) Dept of Neurosurgery, Univ. of Tokyo Hospital, Japan (2) Dept of Radiology, Univ. of Tokyo Hospital,
Japan

Object: No definitive method to prevent visual field deficits after stereotactic radiosurgery for
lesions near the optic radiation has been available so far. The authors report the result of integra-
ting the optic radiation tractography based on diffusion tensor magnetic resonance imaging into
treatment planning for gamma knife radiosurgery. 

Methods: Ten patients with arteriovenous malformations located adjacent to the optic radiation
underwent this technique. Data provided by diffusion tensor imaging were acquired before the
frame was affixed to the patient's head and the optic radiation of the diffusion tensor tractogra-
phy was created using our original software. Stereotactic three-dimensional imaging studies were
obtained after frame fixation and then coregistered with the data from diffusion tensor tractogra-
phy. After image fusion of the two studies, the combined images were transported to
GammaPlan, a gamma knife radiosurgery treatment-planning workstation.

Results: In patients presenting with migraine with visual aura or occipital lobe epilepsy, the optic
radiation was located within 11 mm from arteriovenous malformations. In a patient developing
new quadrantanopsia after gamma knife radiosurgery, the optic radiation had received 32 Gy.
The maximum dose to the optic radiation less than 12 Gy did not cause new visual field deficits.
The maximum dose to the optic radiation of 8 Gy or more was significantly related to neurologi-
cal change (p < 0.05), including visual field deficits and development or improvement of
migraine. 

Conclusions: Integration of the optic radiation tractography into gamma knife radiosurgery is a
promising tool in preventing radiosurgery-induced visual disturbances and headaches. Single-
session irradiation of 8 Gy or more was associated with neurological change of the patients.

Hyperbaric oxygen in the management of brain edema associated 
with stereotactic radiosurgery PL 5-3
Jose Suarez-Campos (Innn-Mexico City, Radiosurgery Unit, Mexico) 
Miguel Angel Celis-Lopez (1) Sergio Moreno Jimenez (1) Catalina Tenorio Tellez, (2) Cuahutemoc
Sanchez (2) 
(1) National Institute Of Neurology And Neurosurgery, Mexico (2) National Institute of Cancer, Mexico 

Background: Hyperabaric oxygen for the patients with complications associated in the manage-
ment with stereotactic radiosurgery like brain edema can be useful, and we explore this modali-
ty with a group of patients in this pilot stydy.

Methods: Six patients who to have diagnosed of arteriovenous malformation and cavernomas
were irradiated with stereotactic radiosurgery whith LINAC who presented with new or increa-
sing neurologic deficits associated with imaging changes after radiosurgery, All the vascular di-

sorders were localized in elocuent areas (n=2 visual primary cortex ) , (n=2 Mesencephalus),
(n=1 parasplenial), (n 1 = Thalamus). These patients were treated with steroids without
response except in one case. HBOT protocol consisted of 30 sessions at 2.0 atmospheres.The
patients were evaluated clinically every two moths , radiographycally every six months or less as
needed, the average of follow up was three years.

Results: Clinical improvement associated with imaging changes were observed as early as three
weeks in all patients and no HBOT toxicity was observed. All patients surviving whithout any
major neurologic deficit. We present the evolution and controls with 36 months of follow up..

Conclusions: HBOT can have an important role in the management of brain edema radiosurgery
induced. Further ramdomized studies are needed in order to stablish the importance of this
modality.

Radiosurgery for primary central nervous system lymphoma (PCNSL) PL 5-4
Clark Chen (Massachusetts General Hospital, Neurosurgery, United States) 
Fred Hochberg (1) Tracy Batchelor (1) Helen Shih (2) Arnab Chakravarti (2) Paul Chapman (3) Loeffler Jay
(2) 
(1) Brain tumor center, Massachusetts General Hospital, United States (2) Department of Radiation
Oncology, Massachusetts General Hospital, United States (3) Department of Neurosurgery,
Massachusetts General Hospital, United States 

Introduction: Primary CNS Lymphoma (PCNSL) is an aggressive primary brain tumor, the incidence
of which has tripled in the last three decades. The primary treatment modality for PCNSL involves
a methotrexate based chemotherapeutic regimen. However, salvage treatment is required for 40-
45% of patients who either fail or relapse after initial treatment. The addition of Whole Brain
Radiation Therapy (WBRT) provides benefit at the cost of cognitive changes attributed to the com-
bined effects of radiation and chemotherapy. Here we investigated the efficacy of radiosurgery as
an adjunctive salvage modality to chemotherapy for PCNSL.

Methods: We reviewed the medical records of immunocompetent adults with pathology con-
firmed PCNSL seen at the Massachusetts General Hospital Brain Tumor Center between 1993 and
2007 who were treated with radiosurgery. 

Results:  Sixteen radiosurgeries were performed in eight PCNSL patients (4 males, 4 females,
age:48-79, median: 61). All patients were maintained on systemic chemotherapy pre- and post-
radiosurgery. Three patients underwent multiple radiosurgeries in a single session. Two patients
underwent multiple radiosurgeries for disease relapse after initial radiosurgery. Follow-up inter-
val ranged 12-97 months (median:12 months). Lesion size ranged 0.2-1.8 cc (median: 0.9 cc).
Dose delivered ranged 12-20Gy.

In terms of radiologic response, complete response (disappearance of contrast enhancement) was
observed in 14 lesions (88%), stable disease (persistent contrast enhancement) in one lesion
(6%), and disease progression (increased contrast enhancement) in one lesion (6%). Of note, this
lesion was the only one in the series that received 

In terms of clinical response, four of the eight patients (50%) suffered relapse/disease progression
after initial treatment (one with disease progression at the irradiated site, three with disease
relapse outside of the irradiated volume). Disease remission was achieved in two of these patients
after subsequent rounds of radiosurgery. 
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In terms of neuro-toxicity, FLAIR signal abnormalities within the irradiated volume were seen in
all cases. Only one patient experienced white matter changes outside of the irradiated volume.
This patient had undergone three sequential rounds of radiosurgeries. Radiographic changes con-
sistent with radiation necrosis were also observed in this patient. 

Conclusion: Though this study is limited by a small sample size, it suggests that the chemothe-
rapy/radiosurgery strategy reduces the risk of neuro-toxicity relative to the chemotherapy/WBRT
strategy while maintaining comparable efficacy. Treatment failure is associated with radiosurgical
dose.

Myocardial ablation by stereotactic radiosurgery: clinical, physiologic, 
and histologic correlation PL 5-5
Douglas Wong (Community Regional Medical Center, CyberKnife Center, United States) 
Georg Weidlich (1) Arjun Sharma (0) Alice Jack (3) John Adler (2) Thomas Fogarty (3) Patrick Maguire
(3) Thilaka Sumanaweera (3) 
(1) Community Regional Medical Center, United States (2) Stanford University, United States (3)
CyberHeart , United States

Objective: Strategic myocardial ablation with multiple invasive catheters is an increasingly com-
mon treatment for cardiac arrhythmias. The purpose of this study was to explore the feasibility of
noninvasive myocardial ablation by stereotactic radiosurgery.

Methods: Three healthy Hanford pigs were treated on a G-4 CyberKnife radiosurgical system with
Xsight image guidance. Targets in the atria (left atrial appendage, left superior and inferior pul-
monary veins, and cavotricuspid isthmus) were contoured and optimal treatment plans were
defined on the MultiPlan System (versions 1.4 and 1.5.1). All treatments were administered in
single isocentric fractions (25Gy and 40Gy). Animals were sacrificed at 16, 33, and 89 days after
treatment for histologic examination of the heart and contiguous organs (esophagus, trachea,
aorta, and lungs). Prior to sacrifice, EKGs, inter-atrial electophysiologic recordings, and 3-D elec-
troanatomic mappings (CARTO) were performed.

Results: All animals survived treatment without adverse effects. No secondary arrhythmias, valve,
or ventricular abnormalities were observed. The treated areas showed focal fibrosis and reduced
conduction voltage potentials. In the case of the third animal (treated with 40Gy and studied at
89 days), there was significant voltage attenuation observed in both inter-atrial electrophysiolo-
gic recordings and CARTO mapping of the targeted cavotricuspid isthmus.

Conclusions: Stereotactic radiosurgery can be used to target and ablate discrete areas of the
myocardium, without detrimental effects. Further study into the application of radiosurgery for the
treatment of cardiac arrhythmias is warranted. 
References:
1. Cappato R, Calkins H, Chen S, Davies W, Iesaka Y, Kalman J, Kim Y, Klein G, Packer D, Skanes A.
Worldwide Survey on the Methods, Efficacy, and Safety of Catheter Ablation for Human Atrial
Fibrillation. Circulation. 2005;111:1100-1105.
2. Fajardo L and Stewart R. Experimental Radiation-Induced Heart Disease. Amer J Pathology. 1970;
59:299-314.
3. Guerra P, Talajic M, Thibault B, Dubue M, Roy D, Macle L, Leung T, Arsenault A, Harel F, Gregoire J,
Bonan R.  &beta-Radiation for the Creation of Linear Lesions in the Canine Atrium. Circulation.
2004;110:911-914.

4. Perez-Castellano N, Villacastin J, Aragoncillo P, Fantidis P, Sabate M, Garcia-Torrent M, Prieto C, Corral
J, Moreno J, Fernandez-Ortiz A, Vano E, Macaya C. Pathological Effects of Pulmonary Vein &beta-
Radiation in a Swine Model. J Cardiovasc Electrophysiol. 2006;17:662-669.

Quality of life after stereotactic body radiation therapy for primary 
and metastatic liver tumors PL 5-6
Alejandra Mendez Romero (Erasmus MC-Daniel den Hoed Cancer Center, Radiotherapy, The
Netherlands) 
Wouter Wunderink  (1) Rob Van Os  (2) Peter Nowak  (1) Ben Heijmen  (1) Joost Nuyttens  (1) Rene
Brandwijk  (1) Kees Verhoef  (1) Jan Ijzermans  (3) Peter Levendag  (1) 
(1) Erasmus MC-Daniel den Hoed Cancer Center, The Netherlands (2) Academic Medical Center (3)
Erasmus MC, The Netherlands

Background and Purpose: Stereotactic body radiation therapy (SBRT) provides a high local control
rate for primary and metastatic liver tumors. The aim of this study is to asses the impact of this
treatment on the quality of life of the patients. This is the first report on quality of life associated
to liver SBRT.

Materials and Methods: From October 2002 until January 2007, 28 patients, not suitable for
other local treatments, and with a Karnofsky performance status 80%, were treated with SBRT.
Liver metastases were diagnosed in 19 patients and hepatocellular carcinoma (HCC) in 9. Patients
with metastases, HCC without cirrhosis, and HCC < 4cm with cirrhosis were mostly treated with
3x12.5 Gy. Patients with HCC 4cm and cirrhosis received 5x5 Gy or 3x10 Gy. The prescription iso-
dose was 65%. Patients administered two generic quality of life instruments, EuroQol-5D and
EuroQoL-VAS and a disease specific questionnaire, the EORTC QLQ C-30, before treatment and 1,
3 and 6 months after that. Mean scores and standard deviations were calculated. Statistical
analysis was performed with one-way ANOVA, and paired-sample t- test.

Results: The calculated means and standard deviations corresponding to the EuroQoL-5D index,
EuroQoL-5D VAS, and QLQ C-30 Global Health Status demonstrated that the mean quality of life
of the patient group was unchanged after treatment. No statistically significant changes of the
means were found.

Conclusions: SBRT results in high local control rates for primary and metastatic liver patients.
Despite the delivered high doses, no significant change on quality of life, and specially no dete-
rioration, was detected after treatment. Multicenter studies including a large number of patients
are recommended and under development. Moreover, clinical comparison, including quality of
life, with other established local treatment modalities as radio frequency ablation (RFA) will be
performed.
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ORAL SESSION 10 10.30 - 11.30

Glioma and brain metastases OS 10-1
Moderators: John Flickinger (United States) Gold Ballroom

Yoshinori Higuchi (Japan)

An overview of Karolinska university hospitals comprehensive strategy 
for the treatment of grade III gliomas OS 10-1-1
Ernest Nii Addy Dodoo (Karolinska University hospital , Neurosurgery, Sweden) 
Inti Peredo, Sweden (1) Elfar Ulfarsson (1) Bodo Lippitz (1) 
(1) Karolinska University Hospital, Sweden 

Objective: Grade III gliomas pose a complex medical challenge. Despite the continuous quest for
new treatment modalities and their investigation as well as refinement of existing approaches
have current managements of this disease yet to achieve major breakthroughs regarding patient
survival.

Gamma knife stereotactic neurosurgery (GKS ) has become a treatment modality which can offer
high doses of radiation to the tumor and its surrounding margins while delivering acceptable
lower doses to the surrounding tissue. 

This paper reviews a ten year experience of the Karolinska neurosurgical department combining
GKS with other established treatment modalities as a foundation for verifying current treatment
algorithms. 

Methods: Between January 1995 and January 2007 20 patients with histopathologically con-
firmed Glioma WHO grade III were treated with GKS for local recurrences at the Karolinska uni-
versity hospital, Stockholm. Follow-up duration of at least 6 months. Of the 20 patients, all were
treated postoperatively with conventional neurosurgery. 19 patients received postoperative exter-
nal beam radiation therapy (EBRT) and optionally adjuvant or concomitant chemotherapy.

Results+Conclusions: Standard therapies comprising of conventional surgery, conventional frac-
tionated radiation may be eminently enhanced by complementing carefully timed, if necessary,
repeated GKS. This timing may best be implemented by monitoring tumor status with a combi-
nation of frequent MRI and PET. 

Patterns of Cyberknife treatment failure for primary 
and recurrent glioblastoma multiforme. Multicenter experience OS 10-1-2
Sigita Burneikiene (Boulder Neurosurgical Associates, Neurosurgery, United States) 
Sigita Burneikiene (1) Lee McNeely (3) John Lipani (2) Pantaleo Romanelli  (4) Laura Fariselli  (5)
Giovanni Broggi  (5) Steven Chang (2) John Adler (2) Jeffrey Thramann (1) 
(1) Boulder Neurosurgical Associates, Boulder, CO, United States (2) Dept. of Neurosurgery, Stanford
University School of Medicine, Stanford, CA, United States (3) Rocky Mountain CyberKnife Center,
Boulder, Colorado, United States (4) Dept of Neurosurgery, Neuromed IRCCS, Pozilli, Italy; (5) Dept of
Neurosurgery, Besta Neurological Institute, Milan, Italy; 

Relevance: Despite decades of clinical trials investigating new treatment modalities for glioblas-
toma multiforme (GBM), there have been no significant treatment advances in outcome since the
1970’s. Reported median survival times for patients with GBM treated with current modalities
average about 8 to 12 months. 

Innovation: The purpose of this study was to retrospectively evaluate the efficacy of CyberKnife
(CK) radiosurgery for local tumor control of newly diagnosed versus recurrent glioblastoma mul-
tiforme. 

Approach: 46 patients were treated at multiple institutions between August 2002 and September
2005. 20 patients (43.5 %) underwent CyberKnife at the time of the initial diagnosis and/or 
during the first 3 months of their initial clinical management. 26 patients (56.5 %) were treated
at the time of tumor recurrence or progression. 

Results: The median survival (Kaplan-Meier analysis) for the patients treated with CK as an initial
clinical therapy was 10 months compared to 24 months for the patients treated at the time of
tumor recurrence/progression. This difference was statistically significant (P = 0.0001). Cox
Proportional-Hazards Survival Regression analysis demonstrated that survival time did not have
statistically significant correlations with CK treatment parameters (Dmax, Dmin, number of frac-
tions) or target volume. Survival time and RPA (Recursive Partitioning Analysis) class was not quite
statistically significant (P = 0.07). The extent of surgical interventions was significant with the
regards to survival time (P = 0.008), especially if biopsy vs. total tumor resection was performed
(P = 0.004). There were no statistically significant differences regarding these parameters
between our newly diagnosed and recurrent GBM patient groups (t-test). 

Conclusion: There is no apparent survival advantage in using CyberKnife in initial management
of glioblastoma patients and it should be reserved for patients manifesting with local tumor recur-
rence/progression after conventional therapy. 

Eight-year experience using MR-SPECT- and flair-directed “leading edge” 
stereotactic radiosurgery for the treatment of glioblastoma multiforme: 
a recursive partitioning analysis of survival advantage OS 10-1-3
Christopher Duma (Hoag Memorial Hospital Presbyterian, Neurosurgery, United States) 
William Shea (7) Daniel Furman (8) Brian Kim (1) Peter Victor Chen (2) Marianne Plunkett (3) Ralph
Mackintosh (4) Farzad Kamyar (5) Jessie Noonan (6) 
(1) Hoag Memorial Hospital Presbyterian, Newport Beach, CA, Department of Radiation Oncology,
United States (2) Hoag Memorial Hospital Presbyterian, Newport Beach, CA, Department of Radiation
Oncology, United States (3) Hoag Memorial Hospital Presbyterian, Newport Beach, CA, Department of
Radiation Oncology, United States (4) Hoag Memorial Hospital Presbyterian, Newport Beach, CA,
Department of Radiation Oncology, United States (5) Hoag Memorial Hospital Presbyterian, United
States (6) Hoag Memorial Hospital Presbyterian, United States (7) Hoag Memorial Hospital Presbyterian,
Newport Beach, CA, Department of Radiation Oncology, United States (8) Harvard University, Boston,
Ma, United States 

Glioblastoma multiforme (GBM) spreads along white matter pathways, has a predominantly local
pattern of recurrence, and responds uniquely to high dose radiation, all characteristics that sug-
gest an opportunity for treatment with radiosurgery. Laboratory data show that large single frac-
tion doses of radiation are more effective than low doses at interfering with the ability of dedif-
ferentiated astrocytes to migrate down white matter pathways by projecting invadopodia and
expressing proteins capable of breaking down surrounding extracellular matrix. We believe that
local white matter pathways of spread (i.e., the “Leading Edge”) represent a clinically beneficial
and previously neglected target for radiosurgery.

235234

Oral Presentation Abstracts



Oral Presentation Abstracts

Between 3/4/98 and 1/1/07, 67 patients with GBM were treated to the FLAIR- or MR Spect-
defined “leading edge” with Gamma Knife Radiosurgery (LEGRS). Thirty-two of these were treat-
ed for recurrent disease. All patients received temozolomide and/or other chemotherapy agents.
Ninety-four percent of all recurrent patients had failed temozolomide prior to LEGRS. The patients
were evaluated according to their Recursive Partitioning Analysis (RPA) class. Ten patients were
RPA class 3, 53 were RPA class 4, and 4 were RPA class 5. Patients receiving experimental the-
rapy were excluded. An average volume of 43 cc of leading edge tissue was targeted, using a
median dose of 9 Gy (range: 7-12) at the 50% isodose line. 

The median overall survival and 2-year actuarial survival percentage with up-front LEGRS for RPA
3 was 17.2 mo. and 10% respectively; for RPA 4, 15.5 mo. and 20%; for RPA 5, 14.8 mo. and
25%. Overall survival and 2-year survival percentage for patients with recurrent GBM were: RPA
3, 17.2 mo. and 33% (N=3); RPA 4 17.4 mo. and 33% (N=27); RPA 5 22.2 mo. and 50%
(N=2). Median survival from time of recurrence and LEGRS was 11.0 mo. Six patients (9%) sur-
vived more than 3 years. These results compare favorably to those reported from the RTOG mali-
gnant glioma database. Three patients underwent repeat LEGRS, 3 required hospitalization for
management of edema, and 2 (3%) required surgical debulking for necrosis. 

LEGRS may improve survival when used as up-front therapy, in conjunction with fractionated 
radiation therapy and temozolomide. LEGRS may also be an effective salvage therapy for patients
with recurrent GBM. A prospective multi-center study would confirm this. 

Preliminary experience with Linac based SRS for the treatment of patients 
with brain metastases in a developing SRS unit OS 10-1-4
Peter Whitfield (Derriford Hospital, South West Neurosurgery Centre, United Kingdom) 
Ashley Richmond  (1) Steve Kelly (1) James Palmer  (1) Pat Kelly  (1) Teresa Treloar  (1) William Adams
(1) Tony Shute  (1) Sarah Pascoe  (1) 
(1) South West Stereotactic Radiosurgery Centre, Plymouth, United Kingdom 

Objective: To assess the clinical and physical effects of SRS in patients with oligometastases 
during the preliminary clinical treatment phase in a newly commissioned SRS centre.

Setting: Regional neurosurgical and oncological centre with availability of LINAC based SRS from
July 2005.

Background: Of the 312 patients with intracranial metastases treated with radiotherapy in a sin-
gle unit between 1998-2004, 138 (44%) of had oligometastases and would now be considered
as candidates for SRS treatment. In 2005 our LINAC based SRS unit opened. Our early results are
reported.

Methods: From May 2005 all patients with oligometastases were discussed in an MDT and treat-
ment considered using a recursive partitioning analysis framework. SRS was delivered to treat 34
oligometastases in 22 patients between May 2005 and January 2007. The mean volume was
4.33cc (SD 4.91). The treatment prescriptions were 17.0 Gy (SD 3.79) to the encompassing iso-
dose (80%). Volumetric MRI scans were preformed at 2-3 monthly intervals along with regular
clinical follow-up. Adverse events were recorded and continuing survival or death were the defi-
nitive outcome measures.

Results: No immediate complications occurred. 21 lesions have been demonstrated to have
tumour control at 3 months. In 1 patient, 2 lesions enlarged before reduction in volume was evi-

dent at 12 months. In 1 patient the tumour enlarged and death occurred at 7 months. Follow up
scans were not performed for 10 lesions – 7 of these were in patients who have died. The over-
all survival at 6 months was 72% and 38% at 12 months. The duration of survival from time of
diagnosis in our previous series of patients treated with WBRT was 4.4 months. 

Conclusions: LINAC based SRS is effective at providing local tumour control in the majority of
patients and is well tolerated. The treatment results provide early evidence of effective targeting
during the preliminary phase of clinical work for a newly established unit. The overall results
appear to support the use of recursive partitioning analysis in guiding patient management. 

Long term control of multiple metastases by periodically 
repeated Gamma Knife radiosurgery - case study OS 10-1-5
Michael Torrens (Hygeia Hospital, Gamma Knife Department, Greece) 
Christos Stergiou (1) 
(1) Hygeia Hospital, Greece 

Objective: Patients with multiple and recurrent brain metastases are often denied therapy and
abandoned. This study suggests that some cases may benefit from a more lenient approach to
selection for treatment.

Patient and Methods: The study concerns a 36 year old patient diagnosed with breast carcinoma
in 2002. Initial treatment was by local tumour resection, removal of axillary glands and radiothe-
rapy. She underwent whole brain radiotherapy (30Gy) in January 2004 for brain metastases. 
9 months later 7 enlarging lesions were diagnosed on conventional MRI and, subsequently, 
18 lesions on triple dose MRI. Karnowsky score was 100. She had no other metastases. Gamma
Knife treatment was performed on 29.12.04 (9 lesions) and 31.01.05 (9 lesions). The doses used
follow recommendations of RTOG 90-05. All lesions were controlled and most had disappeared
at 3 month follow up. At 9 months there were 14 new lesions. Gamma Knife treatment was
repeated on 27.09.05 with the same 100% control and the same appearance of new lesions.
Further treatments have been performed on 02.05.06 (13 lesions) and 23.10.06 (23 lesions) with
the same result. Liver metastases, developed recently, have been successfully treated by local
radiofrequency ablation. Various chemotherapeutic regimes have been used, currently Endoxan
and Methotrexate.

Results: Follow up has shown long term control from a first treatment is 98%, only one lesion has
required a second treatment and this, too, is under control at present. The total number of lesions
treated and controlled is 68. The Karnowsky score remains 100. 

Conclusions: Repeated radiosurgical treatment of multiple metastases may be a very effective
form of control. This patient has had five days treatment in 2 years and in her case there is no
doubt that both quality and duration of life has depended entirely on radiosurgery. Statistics are
not the only way to apportion therapy. Patient selection depends also on the art of medicine.
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Schwannoma - Part 3 OS 10-2
Moderators: Satoshi Suzuki (Japan) Twin Peaks

Michael Lawrence (United States)

Index score. a decision making process for treatment 
of vestibular schwanomas (VS) OS 10-2-1
Leoncio Arribas (Fundation Ivo, Radation Oncology, Spain) 
Antonio Menendez, Spain (2) Marisa Chust, Spain (3) Alejandro Sos, Spain (4) Jose Luis Mengual, Spain
(5) Jose Luis Guinot, Spain (6) Maria Ana Estornell, Spain (7) Maria Maroñas, Spain (8) Vicente Crispín,
Spain (9) 

Introduction: Currently, there are three ways for the management of VS.

1. Conservative management (follow-up).

2. Microneurosurgery, surgical indications are a must when there is one of the following presen-
tations: Brainstem compromise (as in large VS),Cranial Nerve Dysfunction, Hydrocephalus,
Intratumoral Haemorrhage, or a significant Cystic component.

3. Stereotactic Radiotherapy; to be administer using Radiosurgical Techniques on a single session,
or Stereotactic Fractionated Radiation Therapy (mainly with a size more than 25 mm.)

Material and Methods: By reviewing data published during the last ten years, and by using our
personal experience, we have developed a Scoring System that takes into account patients’ age,
patients’ hearing condition, and tumours’ size.

Using that information allowed us to build guidelines for choosing the best decision in each case.

When the scoring system offers two options, surgical and non-surgical, we tend to advice the
patient for the least aggressive one.

Results – TABLES:

• GROUP A: Size smaller or equal to 10 mm.

1. Age < 55 years, with Good / Poor Hearing : FU / RS.

2. Age 55 - 75 years, with Good or Poor Hearing: FU / RS.

3. Age > 75 years, with Good or Poor Hearing: FU.

• GROUP B: Size between 11 – 25 mm.

1. Age < 55 years, with Good Hearing: S or RS.

2. Age < 55 years with Poor Hearing: S or RS.

3. Age 55 – 75 years with Good/ Poor Hearing: RS or SRT (Surgery should be mentioned to
patient, mainly less than 65 years).

4. Age > 75 years with Good Hearing: RS / FU (SRT should be offered to patient with a size >
20 mm.).

5. Age > 75 years with Poor Hearing: RS or SRT / FU. 

• GROUP C: Size equal or greater to 26 mm.

1. Age < 55 years, with Good Hearing: S or SRT.

2. Age < 55 years with Poor Hearing: S / SRT

3. Age 55-75 years with Good Hearing: SRT / S.

4. Age 55-75 years with Poor Hearing: SRT or S.

5. Age >75 years with Good Hearing: SRT o FU.

6. Age >75 years with Poor Hearing: SRT / FU. (Surgery should be mentioned to patient).

(FU: Follow Up, RS: Radiosurgery, SRT: Stereotactic Fractionated Radiotherapy, 
S: Microneurosurgery).

Conclusions: In group A, with a tumour size smaller or equal to 10 mm, Conservative
Management (Follow-up) is the rule. An MRI and an Audiogram should be obtained every six
months, for the first two years; then MRI and an Audiogram each 

Current treatment strategy for acoustic schwannoma: 
image-guided and robotized micro radiosurgery OS 10-2-2
Motohiro Hayashi (Tokyo Women's Medical University, Neurosurgery, Japan) 
Koutaro Nakaya (1) Taku Ochiai  (1) Shoji Yomo  (1) Noriko Tamura  (1) Masahiro Izawa  (1) Tomokatsu
Hori  (1) Kintomo Takakura  (1) 
(1) Tokyo Women's Medical University, Japan 

Objective: Gamma Knife surgery (GKS) is becoming a standard treatment ranked with surgical
operation for acoustic schwannoma from the perspective of tumor control and audio-facial nerve
function preservation. Now we are looking forward to establish a new treatment technique,
which will improve shrinkage ratio, shorten the recovery term and even to recover functioning. 

Methods: Along with the rise of GKS system, we developed MRI sequences specific to the treat-
ment. Newly developed sequences have enabled us to have a clear understanding of cranial
nerves distribution, especially from cisternal portion to internal acoustic meatus. In addition, a
fusion image with CT scan has helped us to understand anatomical relationship. At the same time
we keep higher dose (80%) line area inside the tumor aiming at its shrinkage rather than just con-
trolling it. So far, we have treated 130 cases with the above technique at our institution.

Results: Among them, 91 patients were followed more than 12 months. Tumor shrinkage rate
was 65.9% (76% for patients with more than 24 months follow-up), facial nerve preservation
rate was 98.9%, hearing preservation rate was 92.3%, and among them, of which four (4.0%)
proved to be functioning recovery case. Transient enlargement was observed in most cases, but
no severe complications were found.

Conclusions: We only have preliminary results yet, but the clinical result is surely a great break-
through as compared to the previous treatment. We presume that longer follow-up and more
treatment cases will firmly establish this method as an absolute treatment option for acoustic
schwannoma.
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Radiosurgery conformity indices and acoustic neuroma volumes OS 10-2-3
Michael Lawrence (Wake Forest University Baptist Medical Center, Radiation Oncology, United
States) 
Peter J. Rossi (1) J. Daniel Bourland (2) 
(1) The Emory Clinic, Department of Radiaiton Oncology, United States (2) Wake Forest University
Baptist Medical Center, Department of Radiaiton Oncology, United States 

Objectives: Conformation indices (CIs) are used to evaluate and compare radiosurgical treatment
plans. Ideally CIs will be independent of tumor volume. We calculate four CIs for 96 acoustic neu-
roma patients treated with Gamma KnifeTM (GK) stereotactic radiosurgery (SRS). CIs are exa-
mined to determine if tumor volume dependencies exist. 

Methods: GK SRS plans for 96 acoustic neuroma patients were examined using the GK treatment
planning system. The following parameters were recorded to compute the four CIs: prescription
isodose volume (PIV), tumor volume (TV), and tumor volume receiving the prescription isodose
(TVPIV). The CIs calculated were the following ratios: PIV/TV, TVPIV/TV, TVPIV/PIV, and TVPIV2/(TV
x PIV). CIs were binned over tumor volume range, and stratified as below 2.0ml (n = 49) or
above 2.0ml (n = 47) and examined using an unpaired nonparametric t-test with two-sided p-
values. 

Results: The mean tumor volume was 3.77+/-4.80ml. For tumor volumes below 2.0ml the mean
PIV/TV ratio was 1.984+/-1.716 versus 1.272+/-0.183 for tumor volumes above 2.0ml
(pPIV/TV was 0.982+/-0.029 versus 0.971+/-0.024 for tumor volumes above 2.0ml
(p=0.0031). For tumor volumes below 2.0ml the mean TVPIV/PIV was 0.588+/-0.154 versus
0.777+/-0.094 for tumor volumes above 2.0ml (pPIV2/(TV x PIV) was 0.577+/-0.147 versus
0.754+/-0.086 for tumor volumes above 2.0ml (p<0.0001).

Conclusions: Four CIs were examined for their behavior during GK SRS of 96 acoustic neuroma
patients. The PIV/TV, TVPIV/PIV, and TVPIV2/(TV x PIV) ratios improved as tumor volume
increased. The greatest variance in these ratios was present at small tumor volumes, due to the
spatial resolution of GK SRS. The TVPIV/TV ratio slightly decreased as tumor volume increased.
CIs can be used to compare GK SRS plans for target volumes above 2.0ml. 

Conservative fractionation for Cyberknife treatment of acoustic neuroma OS 10-2-4
Vaibhav Patil (UMDNJ - New Jersey Medical School, Department of Neurosurgery, United States) 
Jed Kwartler, MD MBA (2) Daniel Yanni, MD (1) Louis Schwartz, MD (3) Michael Schulder, MD (1) 
(1) UMDNJ-New Jersey Medical School, Department of Neurosurgery, United States (2) Summit Medical
Group, Department of Otolaryngology, United States (3) Overlook Hospital, Department of Radiation
Oncology, United States 

Introduction: We report our experience using Cyberknife radiosurgery (CKR) to treat patients with
acoustic neuromas, and assess the results of a conservative fractionation regimen. This was cho-
sen in order to maintain hearing preservation along with tumor control.

Methods: 31 patients with acoustic neuroma were treated using CKR since August 2004. Data
were collected retrospectively. 21 of these patients have been followed up for a minimum of 6
months (mean 9.4). Overall, tumor volumes ranged between 58 and 14152 cc (median 788 cc).
The total prescription dose ranged from 18 to 25 Gy (median 25 Gy) using 4 to 12 Gy fractions

(median 5). Most patients (94%) received a novel regimen where total dose ranged from 20 to
25 Gy (median 25) administered across five fractions.

Results: 21 patients (including one with NF2) were assessed for tumor control and hearing preser-
vation after a mean follow up of 9.4 months. 85% of patients with serviceable hearing (Gardner
Robertson 1 or 2) preoperatively maintained it. One patient without serviceable hearing pro-
gressed to full hearing loss. Imaging has demonstrated tumor control in 95% of patients. One
patient (5%) showed progression and underwent a translabyrinthine resection. No trigeminal
dysfunction was noted and one patient experienced transient facial hemispasm postoperatively.

Conclusion: To date, our fractionation regimen has been safe and effective for the treatment of
patients with acoustic neuromas. Tumor control is comparable to previously published studies,
while conservative fractionation shows promise in improving hearing preservation among those
with serviceable hearing. Longer follow up is needed and is in progress.

Linac-based radiosurgery for vestibular schwanomas: 
preliminary experience with the Varian z-med system in Chile OS 10-2-5
José Lorenzoni (Pontificia Universidad Católica de Chile, Neurosurgery, Chile) 
Freddy Martel  (1) Daniel Venencia  (1) Rodrigo Iñiguez  (1) Pelayo Besa  (1) 
(1) Pontificia Universidad Católica de Chile 

Objective: To analyze the preliminary experience of radiosurgery for Vestibular Schwanomas using
the linac-based Z-Med system at the Catholic University of Chile with emphasis in radiological
tumor changes, hearing, facial and trigeminal nerve function preservation and return to work.

Methods: From March 2006 to December 2006, 9 patients with Vestibular Schwanomas were
treated at our institution. In 6 patients the treatment was performed as the first treatment and in
3, after tumor recurrence after surgery. All patients were treated with a marginal dose of 12 to
12.5 Gy at the 70 or 80 isodose line. Patients were controlled at 6 and 12 months with magne-
tic resonance and Audiometric study. For radiological early changes, a pattern of central tumor
enhancement decrease was considered as “early” tumor response. the Gardner-Robertson and
House-Brackman scales were used for hearing and facial nerve evaluations. 

Results: In all of the 9 treated patients, a decrease in central tumor enhancement on MR was
demonstrated. Four of five patients ( 80%) maintain useful hearing 1 year after treatment. Facial
nerve function was maintained in all of the 6 patients with normal function at treatment (100%).
Trigeminal function was maintained in all of the 8 patients (100%) with previous normal trige-
minal function.

The mean time to return to work or normal activities was 9 days for the 8 patients in good func-
tional conditions at time of radiosurgery.

Conclusions: Linac based radiosurgery using the Varian-ZMed system allowed satisfactory results
after a short term evaluation. These results are comparable with early results reported in other
series in the literature. 
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The treatment of a large acoustic tumor with fractionated 
stereotactic radiotherapy OS 10-2-6
Shearwood McClelland, III (University of Minnesota, Neurosurgery, United States) 
Bruce J Gerbi (2) Kwan H Cho (2) Walter A Hall (1) 
(1) Department of Neurosurgery, University of Minnesota Medical School, Minneapolis MN, United
States (2) Department of Radiation Oncology, University of Minnesota Medical School, Minneapolis,
MN, United States

Introduction: The treatment of acoustic neuromas (AN) usually involves surgical excision or
stereotactic radiosurgery. However, for large AN (diameter > 3 cm), stereotactic radiosurgery is
rarely used, leaving patients with limited noninvasive treatment options. Recently, the use of frac-
tionated stereotactic radiotherapy (FSRT) has been effective in treating small to medium-sized AN.
We present a patient with large AN treated with FSRT.

Methods: The patient was a 43-year-old man presenting with imbalance, tinnitus, vertigo, and
right-sided hearing decline associated with vomiting and hydrocephalus. Magnetic resonance
(MR) imaging revealed a large 3.77 cm right cerebellopontine angle tumor compressing the
fourth ventricle. Following right frontal ventriculoperitoneal shunt placement, the patient under-
went FSRT for treatment of the tumor. Using the Radionics X-Knife 4.0 3D treatment planning sys-
tem, a total of 54 Gy was delivered in 1.8-Gy daily fractions with the prescription isodose line of
90%. Treatments were delivered using a dedicated Varian 6/100 linear accelerator, and head
immobilization was achieved with the Gill-Thomas-Cosman relocatable stereotactic frame. The
patient was subsequently evaluated with serial contrast-enhanced MR imaging.

Results: Following FSRT, local control (defined as the absence of tumor progression) was achieved
and treatment was well-tolerated. There was no hearing-related, trigeminal or facial nerve mor-
bidity following FSRT at 63-month follow-up.

Conclusion:  Treating a patient with a large AN with FSRT resulted in local tumor control, with no
trigeminal nerve, facial nerve or hearing-related morbidity. These results support FSRT as a poten-
tial noninvasive treatment modality for acoustic neuromas some would consider too large for sin-
gle-fraction stereotactic radiosurgery.

Miscellaneous radiosurgery topics - Part 3 OS 10-3
Moderators: Daniel Devriendt (Belgium) Pacific Heights

Valentina Pinzi (Italy)

Linac radiosurgery for glomus jugulare OS 10-3-1
Vladimir Zaccariotti (ING & ACCG, Neurosurgery and Neurological Oncology, Brazil) 
Joao Arruda (1) Carlos Bezerril (2) Wenzel Abreu  (2) Jean Paiva  (2) Crizeide Dourado  (2) Nilceana
Frietas  (2) Flamarion Goulart  (2) Katia Rezende  (2) Juliana Pinezi  (2) 
(1) ING & ACCG, Brazil (2) ACCG, Brazil 

Despite of being a slow growing hypervascular benign tumor, Glomus Jugulare is a challenge for
the neurosurgeon, due to its complex localization and relation to the cranial nerves. Microsurgery
alone or associated with radiation therapy have been used for decades, but is frequently asso-
ciated with injury of the lower cranial nerves. In the last decade radiosurgery has been employed
to control tumor grow, but long term follow up is still missing.

Objective: The objective is to analyze the late results of radiosurgery alone in the treatment of glo-
mus jugulare.

Material and Methods: Three patients with four complex glomus jugular tumors were submitted
to radiosurgery as primary therapy, 2 men and one woman (bilateral lesions), with 78, 60 and
23 yeas old. The volume of the lesions was 2.33, 3.06, 4.92 and 19.6 cc. The primary symptoms
were pain and there was no cranial nerve dysfunction. The patients received 16Gy to 20 Gy at
90 % isodose line, using a LINAC with conformal shaped bean collimator.

Results: All patients had important relief of the pain (no more medication necessary) and a follow
up of 71, 67 and 76 month showed slight reduction of the lesion in all thee patients. The women
developed a new glomus jugular in the contra lateral side and were submitted again to radio-
surgery, (follow up 36 months). No patient suffered a lower cranial nerve deficit after conformal
shaped bean radiosurgery.

Conclusion: Despite of the small number of cases, long term follow-up showed that radiosurgery
is safe and effective control tumor grow and reduce pain associated with glomus jugulare. 

Radiosurgery of primary and recurrent cancers in the head and neck OS 10-3-2
Farzan Siddiqui (Henry Ford Hospital, Department of Radiation Oncology, United States) 
Mehul Patel (1) Jian-Yue Jin (1) Chen Qing (1) Scott McLean (2) Benjamin Movsas (1) Samuel Ryu (1) 
(1) Department of Radiation Oncology, Henry Ford Hospital, United States (2) Department of
Otorhinolaryngology, Henry Ford Hospita, United States l 

Introduction: Precision of radiosurgery has been shown to be within 1.5 mm in patients with
head and neck cancers. We have extended the radiosurgery for treatment of head and neck can-
cers that are amenable for radiosurgical target. This retrospective study was performed to demon-
strate the radiographic and clinical tumor control of head and neck cancers by single or fractio-
nated radiosurgery. 

Materials and Methods: A total of 46 patients with 53 pathologically proven primary and recur-
rent lesions in the head and neck were treated using single fraction or fractionated radiosurgery
between April 2001 and December 2006. Fourteen patients were recurrent from previous radia-
tion therapy with a mean dose of 63.5Gy (50.4 to 74Gy). Intensity modulated radiosurgery was
performed by using a dedicated shaped beam radiosurgery unit (BrainLAB Novalis). Radiosurgery
doses were either single fraction 13Gy- 18Gy in 21 patients or fractionated radiosurgery 36Gy-
48Gy in 6-8 fractions in 31 patients. Follow-up ranged from 2 months to 56 months and inclu-
ded clinical exams with CT scan/ MRI performed at the 4-8 week time point. Pre- and post-radio-
surgery tumor dimensions were measured in three axes and tumor volume was calculated.
Response evaluation was done using RECIST response criteria. 

Results: The most common histology was squamous cell carcinoma (32 lesions). Other histolo-
gies included adenoid cystic carcinoma, glomus tumors, Hurthle cell carcinoma and metastatic
tumors. Response evaluation was possible for 35 lesions. Complete response was seen in 
8 lesions (23%), partial response in 13 (37%), stable disease in 15 (40%) and progressive 
disease in none. An average volume reduction of 52% to 38% was noted. Acute mucositis with
dysphagia was managed with supportive care. A late complication of mandibular radionecrosis
was noted in one patient who was treated for recurrent tumor of the retromolar trigone with
involvement of the mandible. 
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Conclusions: Radiosurgery achieves a good local tumor control of head and neck cancers. The
procedure was generally well tolerated and presents a viable treatment option for selected head
and neck cancers.

Comparison of stereotactic radiosurgery and gold grain implantation 
as salvage treatment for local failures of nasopharyngeal carcinoma: 
a matched-cohort analysis OS 10-3-3
Daniel T. T. Chua (Queen Mary Hospital, Department of Clinical Oncology, Hong Kong) 
William Wei (1) Jonathan Sham (1) Ashley Cheng (2) Chun-chung Yau (2) Gordon Au (1) 
(1) Queen Mary Hospital, Hong Kong (2) Princess Margaret Hospital, Hong Kong 

Background: Limited local failure of nasopharyngeal carcinoma (NPC) can often be salvaged by
reirradiation using different techniques. Both gold grain implantation (GG) and stereotactic radio-
surgery (SRS) have been employed as salvage treatment of NPC but the relative efficacy of these
two treatments is not known.

Patients and Methods: A total of 74 patients with local failure of NPC were included in this 
retrospective analysis. Half of these patients received SRS with a median dose of 12.5 Gy, the
other half received GG using split-palatal approach with a calculated dose of 60 Gy. The two
groups were individually matched for type of local failure, presence of prior local failure and
retreatment T stage. Patients treated by SRS however had more bulky tumor. Treatment outcome
was compared in the two groups. Median follow-up was 42 months.

Results: Local control was better in GG group with a 3-year local failure-free rate of 77.9% com-
pared with 68.3% in RS group, but the difference was not significant (p=0.098). When compa-
rison was made in the subgroup with tumor volume ¡Ü 5 cc, 3-year local failure-free rates were
similar in both groups: 79.3% in GG group and 72.4% in RS group. The incidence of late com-
plications was similar but neuroendocrine complications were more common in RS group where-
as headache and fistula were more common in GG group.

Conclusions: Both radiosurgery and gold grain implantation are effective salvage treatment for
local failures of NPC. In patients with limited local failures and small tumor bulk, both types of
salvage treatment yielded comparable high tumor control rates.

New dose-planning technique using mr and methionine pet fusion images 
for malignant brain tumors OS 10-3-4
Masaaki Yamamoto (Katsuta Hospital Mito GammaHouse, , Japan) 
Nariai Tadashi   (1) Momose Toshiya (1) E. Barfod Bierta (2) Urakawa Yoichi   (2) 
(1) Department of Neurosurgery, Tokyo Medical and Dental University, Tokyo, Japan (2) Katsuta Hospital
Mito GammaHouse, Hitachi-naka, Japan 

Introduction: Methionine PET (Meth-PET), recently proven to be effective for diagnosing mali-
gnant brain tumors, has seldom been employed for GK radiosurgery dose planning because this
imaging technique has not yet come into widespread use. Few facilities have both the Meth-PET
system and a GK unit.

Patients and Techniques: The authors describe 37 patients (42 procedures; four had two proce-
dures and one had three) who underwent GK radiosurgery for malignant brain tumors, using MR
and Meth-PET fusion images for dose planning, between July, 2005 and the beginning of

January, 2007. Eighteen patients had malignant gliomas, 16 metastases and three other tumors.
Meth-PET was performed 3-37 days prior to GK radiosurgery, mean and median being 15 and
10 days, respectively. At the time of dose planning, Meth-PET images were fused with stereotac-
tic post-contrast MR images using a personal computer; the application software used for fusing
the two images was Dr. View (Asahi Kasei Information Systems, Co., Ltd., Tokyo). The fusion
images were transferred into the Leksell GammaPlan System (Elekta, AB, Stockholm). High Meth-
accumulation areas were irradiated with relatively high doses regardless of whether the lesion
was enhanced on MR images. 

Results: Early treatment results were evaluated 0.5-10 months after GK radiosurgery by means of
both Meth-PET and MR in 13 of the 37 patients and MR only in 15. Among the former 
13 patients, near disappearance of Meth was seen in three and significant decreases in six, no
changes in one, progression toward the non-irradiated area in two and recurrence in the other
one. Among the latter 15 patients, the treated tumors were confirmed to be well controlled on
MR images in 14 and progression toward the non-irradiated area in other. 

Conclusion: Although further studies are needed before a final conclusion can be drawn, these
preliminary results suggest that GK radiosurgery using Meth-PET and MR fusion images for dose
planning to possibly have certain benefits in managing patients with malignant brain tumors. 

Combined use of tractography and Gamma Knife radiosurgery 
three dimensional treatment planning. initial experience OS 10-3-5
Robert Israel Foroni (University Hospital, Neurosurgery, Italy) 
Giuseppe Kenneth Ricciardi  (1) Andrea Sboarina  (1) Christian Lovato  (1) Antonio De Simone  (1)
Francesco Lupidi  (1) Michele Longhi  (1) Antonio Nicolato  (1) Massimo Gerosa  (1) Francesca Pizzini
(1) Hae-Jeong Park (2) 
(1) University Hospital - Neurosurgery Department- Verona - Italy (2) Yonsey University, Laboratory of
Molecular Neuroimaging Technology, College of Medicine, Seul, Korea 

Introduction: The Gamma-Knife Strereotactic Radiosurgery has become methods capable of trea-
ting solid encephalic lesions through exposure to high doses radiation in a single fraction.
However the residual radiation dose affecting eloquent nervous tissue represents a potential
threat requiring knowledge of localization of functional anatomic structures surrounding the trea-
ted lesion. New imaging techniques are capable of providing valuable information that may be
used to obtain such knowledge.

The aim of this study is to evaluate the feasibility of image fusion between Diffusion Tensor
Imaging and pre-radiosurgery stereotactic imaging to avoid radiation induced damage to motor
fibers. 

Material and Methods: 8 patients were studied. Seven patients were affected by arterio-venous
malformations while the eighth had a solitary metastasis. Anatomical areas involved are: thala-
mic-mesencephalic region (6 patients) and motor cortex (2 patients).

The day before radiosurgery we acquired a diffusion weighted single-shot gradient echo volume-
tric data set; after appropriate filtering to reduce mismatching, voxel based fractional anisotropy
was calculated in order to obtain the fiber tracks. 

MR imaging was then performed under stereotactic conditions; registration and intersection of
tracked fibers on stereotactic images acquired were performed.
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Results: Superimposition of extracted fibers on the study acquired under stereotactic conditions to
perform treatment planning improved calculation of the exact amount of radiations involving
piramidal tracts or a specific portion of them. In 7 out of 8 patients candidates for radiosurgical
treatment it was possible to highlight the fibers of cortico-spinal tracts. In a single patient, the
presence of high concentration of ferromagnetic deposits bilaterally in the substantia nigra forma-
tion interfered with fiber tracking. However repetition of the DTI sequence with a new plane that
reduced substantia nigra interference allowed difficulty to overcome. 

Conclusions: In this research our goal was to utilize DTI sequences in order to minimize hot spots
of radiosurgery dose delivery incorporating relevant fiber bundles.

Another advantage of this innovative strategy is that it allows inclusion in the stereotactic treat-
ment planning the 3T non-stereotactic imaging dataset that cannot be acquired with the Leksell
frame because of the serious imaging distortion artefacts that would occur. Because of it’s non
invasiveness and short time of acquisition and post-processing this technique could be easily
introduced in standard stereotactic radiosurgical treatments planning. 

ORAL SESSION 11 11.30 - 12.30

Stereotactic radiosurgery technical advances OS 11-1
Moderators: Eric Chang (United States) Gold Ballroom

Kida Yoshihisa (Japan)

CBCT image guidance evolution for intracranial stereotactic 
radiosurgery/radiotherapy OS 11-1-1
Mostafa Heydarian (Princess Margaret Hospital, Radiation Physics, Canada) 
Monique Van-Prooijen (1) Mohammad Islam  (1) Grace Tsui  (1) Julia Publicover  (1) Barbara-Ann Millar
(1) Cynthia Menard  (1) Normand Laperriere, (1) David Jaffray  (1) 
(1) Princess Margaret Hospital, Canada 

Objectives: To explore the kilovoltage Cone Beam CT (CBCT) image guidance applications in the
intracranial stereotactic radiosurgery (SRS) and stereotactic radiotherapy (SRT).

Methods and Materials: An Elekta “Synergy S” dedicated stereotactic machine is being used at
Princess Margaret Hospital for SRS and SRT techniques. This linac has special features, including
a kV CBCT and a multileaf collimator (MLC) system, termed as “Beam Modulator”. The leaf thick-
ness and maximum field size at the isocentre are 4 mm and 16x21 cm2.

10 consecutive SRT patients receiving daily CBCT images before and after treatment have been
chosen for this study. Patients were immobilized using Gill Thomas Cossman (GTC) relocatable
frame using our standard SRT protocol and each one received 25 to 35 treatment fractions.
Orthogonal MV portal images (MVPI) were also taken according to our standard protocol, gene-
rally on the first day of treatment and weekly thereafter and compared with the planning DRRs.
Acquired CBCT images were co-registered with the patients’ planning CT images using bony
match (BM) and grey value (GV) algorithms. The registration results were evaluated offline and
compared with our standard patient specific QA results, especially with Radionics depth helmet

readings. Patients intrafraction motions were also quantified. The CBCT absorbed doses have
been measured for different imaging protocols using ionization chamber and MOSFET dosimetry. 

Results: The registration results of above techniques have generally been in good agreement with
the actual patient set up values, indicated by our standard set up and depth helmet readings. The
group systematic set up errors (overall mean) and standard deviations are respectively 0.81mm
and 0.35mm for BM; 0.67mm and 0.26mm for GV; 1mm and 0.53mm for MVPI. The maximum
intrafraction motion was found to be 1.7mm in one occasion out of 186 CBCT image pairs
(0.5%), while overall in 7 occasions (3.8%) exceeded 1mm. The maximum CBCT dose to head
phantom was measured to be 1.5 to 3.0 cGy per scan, depending on the imaging protocol. 

Conclusion: CBCT image guidance is an accurate and useful tool for patient setup and verifica-
tion in SRS and SRT techniques. We have shown that, using the image guidance, a sub-millime-
ter combined targeting accuracy is achievable. Using this image guidance strategy, we have now
replaced the invasive radiosurgery frame with a non-invasive relocatable frame in our clinic, 
without compromising setup precision and immobilization.

Relocatable fixation systems in intracranial stereotactic radiotherapy: 
evaluation by serial CT scans and patient acceptance OS 11-1-2
Astrid Theelen (Maastro Clinic, Radiotherapy, The Netherlands) 
Jonathan Martens  (1) Geert Bosmans  (1) Isabella Rutten  (2) Hans Beijer  (1) André Minken  (1) Ruud
Houben  (1) Philippe Lambin  (1) Brigitta Baumert  (1) 
(1) Dept. Radiation-Oncology (MAASTRO),GROW,University Hospital Maastricht, The Netherlands (2)
Dept. of Radiotherapy, C.H.U. of Liège, Belgium 

Background and purpose: Aims of this study:to provide a quantitative evaluation of the accuracy
of two different fixation systems, where one fixation system has 2 different set-ups. Additionally,
the patient’s acceptance for all systems was evaluated.

Material and Methods: 16 consecutive patients with brain tumors, undergoing fractionated
stereotactic conformal radiotherapy (SCRT) for 6 weeks, were selected. 

Sequence of measurements was evaluated in a randomized manner to define the fixation to be
measured first in comparison with the standard fixation.

Two fixation systems were evaluated: the BrainLAB thermoplastic mask (two set-ups: with (= ST,
standard) and without (= MO, mask only) custom made dental fixation (bite-block) and a home-
made neck support with bite-block based on the BrainLAB frame (= NS). 

The standard fixation was evaluated by weekly CT scans (= 6 CT-scans), the other systems were
evaluated in parallel by weekly scans with a cross-over design: 3 scans with one fixation, 3 weeks
with another Patient’s acceptance was evaluated with a questionnaire. 

CT images for 14 patients were included, 151 CT scans were performed in order to check set-up
alignment of the fixation systems.

A co-registration to the planning CT was used to assess the alignment of the isocentre in relation
to the stereotactic localizer box and reference scan. 

The isocentric translational deviation was defined as the length of the vector of the deviations in
the three orthogonal directions (x, y, z).
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Results: 151 repeated measurements (14 patients) were statistically evaluated. The mean overall
deviations (3D-vector) were for ST 1.16 mm (range 0.27-2.25), for MO 1.70 mm (range 0.06 -
3.58) and for NS 1.92 mm (range 0.09-3.68). Largest mean deviations were measured in z-direc-
tion (1.83 mm, range -2.99-0.31) for NS. There was a significant improvement of the overall
alignment in Z-direction (cranio-caudal) in using the standard fixation instead of MO or NS (p=
0.037). The largest overall deviation was seen in comparison of ST vs. NS (p = 0.048); ST vs.
MO (p= 0.097)

Two patients reported pain with ST, 5 out of 8 prefered NS.

Conclusion: The mask system in conjunction with a bite-block is the most accurate fixation redu-
cing cranio-caudal movements if compared MO or NS.Patients favored the more comfortable but
less accurate neck support with bite-block.

Novalis frameless image guided radiosurgery OS 11-1-3
Reinhard E. Wurm (Charité-Universitätsmedizin Berlin, Stereotactic Radiosurgery and
Radiotherapy Programme, Department of Radiation Oncology Charité CVK a, Germany) 
Stefan Erbel (1) Isabel Schwenkert  (1) Franz Gum  (1) Dirk Scheffler  (1) Loenz Schlenger  (1) Daniel
Agaoglu  (1) Reinhard Schild  (1) Volker Budach  (1) 
(1) Charité-Universitätsmedizin Berlin, Germany 

Purpose: To evaluate our initial experience with Novalis frameless image-guided radiosurgery.

Material and Methods: The system combines the dedicated linear accelerator Novalis™ with
ExacTrac® X-Ray 6D, an infrared (IR) camera and a kV stereoscopic x-ray imaging system, a non-
invasive mask systems and Exactrac® Robotics, for patient positioning in all six degrees of freedom.
Reference cranial skeletal structures are radiographically imaged and automatically fused to digital
reconstructed radiographs (DRRs) calculated from the treatment planning computer tomography
(CT) to find the target position and accomplish automatic real-time tracking prior and during radio-
surgery. We present the acceptance testing and experience in 50 patients with 59 intracranial
lesions treated between December 2005 and January 2007 at the Charité by frameless image
guided RS with doses between 12 and 45 Gy prescribed to the target encompassing isodose.

Results: Phantom tests showed an overall system accuracy of 1.04+/-0.47mm, with an average
in-plane deviation of 0.02+/-0.96mm for the x-axis and of 0.02±0.70mm for the y-axis. After
IR guided patient set-up of all patients, the overall average translational deviation determined by
stereoscopic x-ray verification was 1.5+/-1.3 mm, and the overall average rotational deviation
1.0+/-0.8°. Considering only the data used for RS after stereoscopic x-ray verification and cor-
rection, the overall average translation set-up error was 0.31+/-0.26mm and the rotational
0.26+/-0.23°.

Conclusion: This initial evaluation shows the system accuracy and feasibility of frameless image
guided radiosurgery for intracranial benign and malignant lesions.

High-precision cranial stereotactic radiotherapy using cone-beam CT-guided 
target localization OS 11-1-4
Lars Praestegaard (Aarhus University Hospital , Department of Oncology, Denmark) 
Ulrik Vindelev Elstroem  (1) Morten Hoeyer  (1) Joergen Petersen  (1) Per Rugaard Poulsen  (1) Henrik
Schultz, (0) Klaus Seiersen  (1) Anders Traberg  (1) 
(1) Department of Oncology, Aarhus University Hospital, Denmark 

Introduction: Aarhus University Hospital is presently performing high-precision cranial stereotac-
tic radiotherapy (SRT) using a conventional linear accelerator. Target localization is achieved with
an external coordinate system associated with an invasive head ring from BrainLAB fixed to the
scalp of the patient. Due to limited resources and patient inconvenience, the treatment technique
is reserved for treatments with a single fraction. As a consequence, we investigate frameless tar-
get localization at the treatment session using a Cone-Beam CT (CBCT) image system on-board a
Varian linear accelerator. Patient fixation is achieved with a conventional mask system. The CBCT
imaging system consists of a kilovoltage x-ray source and a kilovoltage flat panel detector, which
are both mounted on robotic arms attached to the gantry of the linear accelerator.

Methods and Materials: Prior to the introduction of the technique in the clinic, all the individual
geometrical errors for localizing a target with CBCT imaging have been carefully evaluated. It is
found that the geometrical accuracy of the CBCT imaging system is excellent, resulting in a total
target localization error of less than 1 mm along any axis in case of negligible patient motion (one
standard deviation), which is realistic for SRT with mask fixation. In addition, the complete clini-
cal process has been tested for a cranial phantom with natural human bony anatomy, confirming
the excellent target-localization potential of on-board CBCT imaging. Furthermore, the test of the
cranial phantom indicates that a total treatment slot of 30-45 minutes is feasible. In the near
future, we will further reduce the target localization error to less than 0.5 mm along any axis by
correcting for the positional error of the CBCT isocenter and by installing external hardware in the
treatment room, which accurately monitors couch movements. 

Conclusion and outlook: The present investigation demonstrates that linear accelerator-based
high-precision cranial SRT is possible using CBCT image-guided target localization at the treat-
ment session. The technique is comfortable for the patient and multi-fractionated treatment is
readily feasible due to a treatment time comparable to other advanced radiotherapy techniques,
as for example IMRT. The first patients with CBCT-based target localization are planned for in the
spring of 2007. CBCT image acquisition before and after each treatment will test the assumption
of negligible patient motion during the treatment.

Intensity modulated stereotactic radiosurgery: 
methods for pretreatment planning and outcomes OS 11-1-5
Randy Jensen (University of Utah, Huntsman Cancer Institute, Neurosurgery, United States) 
Dennis Shrieve (1) 
(1) Huntsman Cancer Institute, University of Utah, United States 

Introduction: Skull base tumors can be treated with either single fraction radiosurgery (SRS) or
fractionated stereotactic radiotherapy (FSRT). Our preference is to treat lesions of the skull base
with SRS when proximity of the optic nerve and chiasm do not preclude this approach. SRS using
the BrainLAB Novalis system is usually performed using dynamic conformal arcs (DCA) but it is
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possible to use intensity modulated stereotactic radiosurgery (IMRS) to limit dose to critical struc-
tures. IMRS planning can be labor intensive which can be a particular problem when attempting
to do the plan on the day of treatment especially after the headframe is on the patient. This report
describes our methods and results of preprocedure planning for IMRS planning.

Methods: We included patients with cavernous sinus or parasellar tumors more than 4 mm from
the optic pathways on standard MR imaging but that were thought to be questionable candi-
dates for radiosurgery due to concerns that dose to the optic nerve or chiasm might exceed our
acceptable dose tolerances (8 Gy). Preprocedure imaging (CT and MRI) was fused and analyzed
using the BrainLabTM BrainScan® 5.3 treatment planning system. Both DCA plans for SRS and
IMRS plans were evaluated. Dose to the PTV and OAR were assessed by dose-volume histograms
and conformality index (CI) calculated to characterize the quality of the different plans.

Results: We describe our techniques with 10 patients, 5 with recurrent pituitary tumors and 5 with
meningiomas. Six patients were female, 4 were male with average of 50 years. Follow-up ranged
from 3-58 months with an average of 18 months. Doses were 1500-2500 cGy prescribed to the
80-97% isodose line delivered by 8-22 fields. Tumor volumes ranged from 2.7 to 9.7 cc with an
average of 5.7 cc. In each case the DCA plan precluded delivery of therapeutic dose without
exceeding optic tolerance. Based on 95% coverage of TV, maximum marginal doses of 7.7 to 11.9
Gy were possible with the DCA plans without exceeding 8 Gy to optic apparatus. IMRS allowed
maximum marginal doses of 20 to 31 Gy using the same optic apparatus dose restriction. There
have been no complications to date and all tumors have remained stable since treatment.

Conclusions: IMRS can be used to limit dose to critical structures when treating skull base lesions.
Our pretreatment technique streamlines the process for IMRS planning allowing for more efficient
patient and physician time use.

Miscellaneous radiosurgery topics - Part 4 OS 11-2
Moderator: Masayuki Matsuo (Japan) Twin Peaks

Comparative results of treatments for cavernous sinus 
cavernous hemangiomas OS 11-2-1
Jong Hee Chang (Yonsei University College Of Medicine, Department Of Neurosurgery, Republic
of Korea) 
Jin Woo Chang (1) Kyu Sung Lee (1) Yong Gou Park (1) 
(1) Yonsei University College of Medicine, Republic of Korea 

Objectives: Cavernous hemangiomas occur very rarely in the cavernous sinus. These lesions share
the same histologic features as intracerebral lesions, but their clinical picture is quite different. The
objectives of this study are to evaluate the efficacy of Gamma Knife radiosurgery(GKS) on 
cavernous sinus cavernous hemangiomas(CSCHs) and to compare the results of GKS to those of
surgical treatment and fractionated radiation therapy.

Methods: Before 2000, we operated 7 cases of CSCHs. We have performed GKS for 8 cases and
fractionated radiation therapy for 4 cases since 2000. We retrospectively reviewed the medical,
radiological, surgical, and pathological records of these cases, and analyzed the clinical and 
radiological results of each treatment methods.

Results: Of 7 surgically treated cases, 4 patients had already had preoperative extraocular mus-
cle palsy. Gross total resection was achieved using extradural approach in all cases and 2 new
trigeminal nerve deficits developed after operation. There has been no tumor recurrence. 

Fractionated radiation therapy was performed for 4 large cases. The tumor was well controlled,
but imaging change developed at brainstem in 1 case. She has been suffering from truncal 
ataxia and tremor.

Eight patients were treated by GKS. The mean tumor volume was 12.3 cc(range 1.8-31.6) at the
time of GKS. The prescription dose to the tumor margin varied from 13 to 15Gy by the proximity
to the optic pathway. The tumors were rapidly shrunk and there was no tumor recurrence or new
complication. 

Conclusion: Even though surgical resection for CSCHs is curative treatment, it is not always easy
and safe. Because of the radiosensitive nature of CSCHs, fractionated radiation therapy could be
another treatment option in case of large CSCHs, but it has potential radiation-related risk. GKS
is an effective and safe treatment modality and could be a treatment of choice for CSCHs except
huge cases.

Gamma Knife radiosurgery for choroidal hemangioma OS 11-2-2
Jung-Il Lee (Samsung Medical Center, Sunkyunkwan Univeristy School of Medicine, Department
of Neurosurgery, Republic of Korea) 
Yong-Seok Im (1) Se-Woong Kang (2) 
(1) Department of Neurosurgery, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Republic of Korea (2) Department of Ophthalmology, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Republic of Korea 

Choroidal hemangioma (CH) is a benign vascular hamartoma. Although photocoagulation is com-
monly recommended for the lesions impairing vision, various techniques of radiotherapy have
been used as an alternative treatment for complicated CHs. The authors treated four cases of CH
with gamma knife raddiosurgery (GKS). Ophthalmologic examinations revealed circumscribed CHs
in three patients and diffuse CH in the other patient with Sturge-Weber syndrome. There were
submacular fluid collection and retinal detachment associated with CH in all cases. GKS was per-
formed as an initial treatment in two cases of circumscribed CH and as secondary treatment after
failure of photocoagulation in the others. GKS was performed after retrobular anesthesia and scle-
ral suture for fixation of eyeball and 10 Gy of marginal dose was given in all case. Follow-up 
period was 6 to 36 months and visual acuity of the affected eyes was improved in all cases. The
volume of CHs and submacular fluid collection were decreased. There were no adverse effects of
radiation such as retinopathy or optic neuropathy. GKS may be a useful alternative treatment for
symptomatic CHs which are difficult to be managed with standard therapeutic option such as
photocoagulation.
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Gamma Knife radiosurgery for hemangiomas of the cavernous sinus: 
a seven-institute study in Japan OS 11-2-3
Masaaki Yamamoto (Katsuta Hospital Mito GammaHouse, , Japan) 
Kida Yoshihisa  (1) Fukuoka Seiji   (2) Iwai Yoshiyasu   (3) Jokura Hidefumi   (4) Akabane Atsuya  (5) Toru
Serizawa  (6) 
(1) Komaki City Hospital (YK), Komaki, Japan (2) Nakamura Memorial Hospital (SF), Sapporo, Japan (3)
Osaka City General Hospital (YI), Osaka, Japan (4) Furukawa Seiryo Hospital (HJ), Furukawa, Japan (5)
Kanto Medical Center NTT EC (AA), Tokyo, Japan (6) Chiba Cardiovascular Center (TS), Ichihara, Japan 

Introduction: Gamma knife (GK) radiosurgery is currently being used for primary or postoperative
management of patients with hemangiomas of the cavernous sinus (CS). The authors describe 
30 hemangioma cases successfully managed with GK radiosurgery.

Patients and Techniques: Thirty patients who underwent GK radiosurgery at seven GK facilities in
Japan and who were followed using MR imaging for 12 months or more after treatment were
studied. There were 19 females and 11 males. The mean age at the time of GK was 53 years,
range; 19-78 years. Pathology was confirmed using surgical specimens in 17 patients and neuro-
imaging daiganosis only in the other 13. Although eight patients were asymptomatic before GK
radiosurgery, 15 had ocular movement disturbances, two optic nerve impairments and five 
others had both. Mean tumor volume was 11.5 cc, range 1.5 to 51.4 cc. The mean dose at the
tumor periphery was 13.84 Gy, range 10.00 Gy to 17.00 Gy.

Results: Mean and median follow-up periods were 52 and 49 months, range 12 to 138 months.
Among the 22 patients with symptoms before GK radiosurgery, complete remission was noted in
two (9.1%), improvement in 13 (59.1%) and no change in the other seven (31.8%). Hemi-facial
sensory disturbance developed post-radiosurgically in one (3.3%). The most recent MR images
showed remarkable shrinkage in 18 patients (60.0%), shrinkage in 11 (36.7%) and no change in
one (3.3%).

Conclusion: GK radiosurgery proved to be an effective treatment strategy for managing patients
with hemangiomas of the CS. Given the diagnostic accuracy of recently-developed neuro-
imaging techniques and the potentially serious bleeding associated with biopsy or attempted 
surgical removal, the authors suggest that most patients with this condition should undergo GK
radiosurgery.

Today's reimbursement environment as it applies to stereotactic treatment 
and management OS 11-2-4
Sally Eggleston (Revenue Cycle Inc., United States) 
Ron DiGiaimo, United States 

This presentation will discuss the 2007 reimbursement guidelines for treating both cranial stereo-
tactic and body stereotactic in the hospital environment as well as in the freestanding environ-
ment. The differences in rules for Part A OPPS and Part B Physician billing will be discussed in
detail as will treatment delivery and treatment management. Along with the differences in 
coding the vast difference in reimbursement amounts will be dissected with quotes from radition
oncology organizational leaders from ASTRO and ACRO. Exerpts from Medicare LMRP's and LCD's
will be demonstrated and examples shown. A typical sterotactic cranial and body case will be dis-
cussed and the associated documentation and procedure codes for billing will be outlined. 

QA and dosimetry OS 11-3
Moderator: Josef Novotny (United States) Pacific Heights

Peripheral dose measurement for Cyberknife radiosurgery 
with Linac shielding upgrade OS 11-3-1
Cynthia Chuang (University of California, San Francisco, Radiation Oncology, United States) 
Andrea Zytkovicz (1) Vernon Smith  (1) David Larson  (1) Paula Petti  (1) 
(1) University of California, San Francisco, United States 

Objectives: Literature suggests that sub-therapeutic radiation doses have carcinogenic potential.
Therefore, it was of concern when it was shown previously that peripheral doses measured for
CyberKnife Radiosurgery were 2 to 5 times larger than those measured for comparable Gamma
Knife and IMRT treatments. The purpose of this work is to investigate the reduction in periphe-
ral dose for conformal CyberKnife radiosurgery treatments after the manufacturer installed a Linac
Shielding Upgrade in the linac head. 

Methods: The same CyberKnife treatment plans were used for the measurements, with plans
developed for two hypothetical lesions in an anthropomorphic phantom, one in the thorax and
another in the brain, with beams entering the thyroid specifically removed. Measurements were
made with LiF thermoluminescent dosimeters (TLD-100 capsules) placed within the phantom at
various depths and distances from the irradiated volume. 

Results: For doses measured before the upgrade, CyberKnife peripheral doses (in cGy) ranged
from 0.16 to 0.041% (+/- 0.003%) of the delivered number of monitor units (MU) at distances
between 18 and 71 cm from the field edge. For measurements conducted after the additional
shielding was installed, CyberKnife peripheral doses (in cGy) ranged from 0.08 to 0.036% (+/-
0.003%) of the delivered number of monitor units (MU) at the same range of distances from the
field edge. This showed that the additional shielding produced a decrease in peripheral dose by
a maximum of 58 – 60%. However, this remarkable decrease in dose primarily occurred for points
close to the target (9 cm away). For measurement points further away from the target, the reduc-
tion in peripheral dose with the shielding upgrade was not as significant, with the peripheral dose
measured at 53 cm from the field edge decreasing from 0.056% to 0.042%, and for a point at
71cm from the field edge, from 0.053% to 0.04%, a change of 25%. 

Conclusion: The effect of the Linac Shielding Upgrade is more dramatic for points closer to the
target where the peripheral dose had been significantly higher than that observed with other
treatment modalities. However, the dose reduction decreased over distance, and became less 
significant for points far away from the target.

3t MRI-scanners to be used in stereotactic radiosurgery OS 11-3-2
Andreas Mack (GKF-GmbH, Medical Physics, Germany) 
Stefan Scheib, Switzerland (2) Thomas Mindermann, Switzerland (5) Marcus Rieker, Germany (3) Robert
Wolff, Germany (4) Heinz, D. Boettcher, Germany (6) Volker Seifert, Germany (7) 

Purpose/Introduction: Given the high mechanical accuracy of the Leksell Gamma Knife, the most
sensitive technical factor having an influence on the overall precision of radiosurgery is the ima-
ging (mainly MRI) study. The new generation MRI Scanners with field strength up to 3 T deliver
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promising image quality concerning resolution and contrast but what about the signal/noise ratio
and the sensitivity to suszeptibility effects and chemical shift all together creating artefacts ?

Material and Methods: A quality assurance package has been developed especially for MRI ima-
ging devices, to follow mainly two goals: First to evaluate the magnitude of error within the vo-
lume of interest (e.g. headcoil) and second, to develop a tool to adjust the fields of the scanners.
Phantoms have been modelled and constructed on a CCD machine. A grid phantom with 145
equally spaced rods and a known target phantom with 21 embedded cross hairs (glas vials) at
known geometrical positions are filled with distilled water. Both can be mounted to the Leksell
frame in different orientations to allow measurements either in axial or in sagittal direction. The
images taken with the fiducial box can be evaluated by a specially designed software which
defines the images analog to LGP. The distances of the fiducials are analysed, afterwards, a 
reference grid can be positioned to any of the rods (preferably the central one) according to which
a displacement vector is read out for each rod in every slice.

Results: Two different 3T MRI-Scanners were analysed Siemes Trio and Siemens Allegra by using
different sequences in axial and coronar orientation. Both scanners showed up with sophistica-
ting contrast and resolution in camparison with common 1.5T scanners. However due to the high
field strength the field within the headcoil is very sensitive to inhomogeneities and therefore has
to be handled with care. 

Stereotactic orthogonal films can be used as an indication 
of linear accelerator ageing OS 11-3-3
Paul White (Prince of Wales Hospital, Radiation Oncology, Australia)
Alex Rose (1) Robert Smee (1)
(1) Prince of Wales Hospital, Australia

Introduction: Regular quality assurance of linear accelerators is an integral part of their working
life. As the age of an accelerator increases, so too does its faults and breakdowns. General wear
and tear tends to increase and magnify the number of errors. Most errors should normally be
detected during routine maintenance and service days. However, it was felt that orthogonal films
taken for a patient’s stereotactic radiosurgery might also be used as an indicator of the linear
accelerator’s performance.

Materials and Methods: Double-exposed orthogonal films for each isocentre or target are taken
prior to the patient’s treatment and analysed. The orthogonal films are analysed by the on-duty
Physicist, digitising in each of the 8 markers located on the Angiographic Localiser Frame (4 in
front of, and 4 behind the head). A three dimensional coordinate of the target isocentre is
obtained from both films. This isocentre coordinate is compared with the value given by the
Radionics XKnife software. A root mean square value of the difference between coordinates is
calculated.

Results: It was found that the average difference between planned and measured isocentres
increased with usage and time. For 2004 the average difference for all cones was 0.99
&plus&or&minus 0.39 mm. The average for 2005 was 1.06 &plus&or&minus 0.48 mm. However,
in 2006 this average increased to 1.40 &plus&or&minus 0.50 mm. It was also found that the
average difference for each cone increased with time, from 1.00 mm in both 2004 and 2005 to
1.45 mm in 2006.

Conclusions: Results from the stereotactic orthogonal films are clearly showing signs of degrada-
tion in the position of the isocentre over time. These films could be instrumental as part of the
patient quality assurance for stereotactic treatment on the linear accelerator.

Routine dosimetric verification of stereotactic treatments 
using Monte Carlo methods in a distributed computing environment OS 11-3-4
Millin Tony (Velindre NHS Trust, Medical Physics, United Kingdom) 
Geraint Lewis, United Kingdom (1) 

The problems associated with the dosimetry of small fields used in stereotactic radiation therapy
can be overcome using a careful choice of dosimeter in which the active dimensions of the detec-
tor are small compared to the size of the fields used. However for routine verification of indivi-
dual patients it is often difficult to find sufficient machine time to perform an adequate number
of results and where this is possible it is often extremely difficult to perform measurements in
places of high calculation uncertainty such as near heterogeneities within the patient and for
extremely small fields where the positional uncertainty is significant compared to the size of field
measured. 

A project has been undertaken at our centre to produce a simple system for the routine verifica-
tion of stereotactic treatments using Monte Carlo techniques simulating the transport of particles
through the accelerator and patient geometry. 

Our stereotactic treatments are delivered using a BrainLAB M3 &muMLC for which an accurate
model is required in order to simulate delivered doses to an acceptable uncertainty. Previously
Belec et al have described a model for simulating the BrainLAB M3 using the BEAMnrc / EGSnrc
Monte Carlo code and an approximation of the leaf geometry which has the possible disadvan-
tage of increased calculation uncertainty due to this approximation and as it used a multi layered
approach increased simulation time. A component module was therefore written which exactly
models the M3 &muMLC removing any uncertainties associated with the approximation of the
leaf geometry which may be particularly important for very small fields. This has been incorpo-
rated into a MATLAB based tool box for dosimetric verification of stereotactic radiotherapy which
is used to generate patient phantoms and input files for use within a distributed computing envi-
ronment to improve calculation time. Uncertainties of less than 3% can be achieved in several
hours of simulation time using approximately 30 PCs enabling the system to be used for routine
verification of fractionated treatments. It is hoped that as the size of the calculation pool increa-
ses and the speed of each calculation node also increases it will be possible to use this system
for the pre treatment verification of single fraction techniques.

This system providing a fast, accurate 3D dosimetric validation of doses calculated by the stereo-
tactic planning computer is presented together with the validation of the Monte Carlo model, 
typical calculation times and uncertainties and examples of the system in clinical use.
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Three-dimensional evaluation of the repositioning accuracy 
during fractionated stereotactic radiotherapy for intracranial lesions 
using non-invasive thermoplastic mask P101
Keiichiro Nishimura (Saitama Medical Center, Radiology, Japan) 
Takeo Takahashi (1) Munefumi Shimbo  (1) Mikito Hondo  (1) Akira Kitani  (1) Takafumi Yamano  (1)
Hisami Yanagita  (1) Hisato Osada  (1) Takemichi Okada  (1) Norinari Honda  (1) 
(1) Saitama Medical Center, Japan 

Purpose: The purpose of this study was to evaluate three-dimensional (3D) repositioning accura-
cy of non-invasive thermoplastic mask used by repeated computed tomography (CT) studies.
Non-invasive thermoplastic mask is used for stereotctic radiotherapy (SRT) in our hospital.
Fractionated stereotactic irradiation is useful due to less damage on normal tissues, for which the
positioning accuracy is important. However, it is difficult to confirm the repositioning accuracy of
the thermoplastic mask during SRT.

Subjects and Methods: The subjects were 25 patients of intracranial lesions who had undergone
head SRT. The accuracy of the irradiation apparatus was evaluated using Winston-Lutz test film.
The repositionig accuracy of the thermoplastic mask was examined using differences in the dis-
tance on the X, Y, Z coordinates between the treatment planning and repositioning times deter-
mined by comparing the relative coordinates. 3D evaluation was performed using the relative
coordinates of the standard and anatomical reference points which were three selected points
(auditory ossicles, crista galli, etc).

Results: The accuracy of the irradiation center with apparatus was within 0.5 mm. In the 
25 patients, the differnce in the distance between the treatment planning and repositioning pro-
cedures ranged from 0.1mm to 2.91 mm. An accuracy within 2 mm was obtained in 178 / 225
(79.1 %), and that over 2.5 mm was 9 / 225 (4%) of the patients using the non-invasive fixation
device.

Conclusions: The non-invasive stereotactic irradiation was considered useful for routine treatment
with reproducible high accuracy.

Risk factors for local failure requiring salvage neurosurgery after radiosurgery 
for brain metastases P102
Eduardo Weltman (Hospital Israelita Albert Einstein, Radiation Oncology, Brazil) 
Reynaldo Brandt (1) Rodrigo Hanriot  (1) Robson Ferrigno  (1) Michael Chen  (1) José Cruz  (1) Roberto
Sakuraba  (1) Wladimir Nadalin  (1) 
(1) Hospital Israelita Albert Einstein, Brazil 

Objective: The aim of this study is to select the risk factors for local failure requiring salvage neu-
rosurgery in patients with brain metastases treated with stereotactic radiosurgery in a single -
institution.

Patients, Material and Methods: The follow-up of 123 patients, with 255 brain metastases trea-
ted with radiosurgery at the Radiation Oncology Department of the Hospital Israelita Albert
Einstein from July 1993 to August 2001, was retrospectively analyzed. The criteria for salvage
neurosurgery were tumor volume enlargement, or tumor persistence leading to severe neurolog-
ical symptoms, life-threatening situation or critical steroid dependence. We considered the case
as local failure when the histopathologic evaluation showed morphologically preserved cancer
cells (tumor recurrence, persistence or progression). We applied the Fisher’s exact test to eva-
luate the statistical correlation between local failure and primary tumor histology, volume of the
brain metastases, radiosurgery prescribed dose, and whole brain radiotherapy.

Results: Fourteen of 123 patients (11%) underwent salvage neurosurgery. Histology showed pre-
served cancer cells with necrosis and/or bleeding in 11 cases (9% of the total accrual), and only
necrosis with or without bleeding (without preserved cancer cells) in three cases. The primary
tumor histology among the 11 patients considered with active neoplasia was malignant
melanoma in five cases (21% of the patients with melanoma), breast adenocarcinoma in three
(16% of the patients with breast cancer), and other histology in the remaining three. Breast can-
cer diagnosis, non-elective whole brain irradiation, volume of the brain metastases, and the
radiosurgery prescribed dose did not correlate with the risk of local failure. Patients treated with
elective whole brain radiotherapy showed fewer local failures, when compared to all patients
receiving whole brain radiotherapy, and to the patients not receiving this treatment, with inci-
dence of failure in 4%, 7%, and 14% respectively, but this difference did not reach statistical sig-
nificance. Malignant melanoma histology was the single risk factor statistically associated with
local failure, both at the univariate (p = 0.0381) and multivariate analysis (p = 0.0321).

Conclusion: In our experience, the risk of local failure after radiosurgery for brain metastases
requiring salvage neurosurgical intervention is greater in patients with malignant melanoma, and
also suggests a trend to be greater in patients not treated with elective whole brain irradiation.
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Differential diagnosis of tumor recurrence and radiation necrosis 
after radiosurgery for brain metastases with mr perfusion imaging P103
Mitsuya Koichi (Shizuoka Cancer Center, Neurosurgery, Japan) 
Nakasu Yoko  (1) Horiguchi Satoshi  (1) Harada Hideyuki  (1) Asakura Hirofumi  (1) Nishimura Tetsuo  (1)
Yokoe Koiku  (1) Furukawa Hiroyoshi  (1) 
(1) Shizuoka Cancer Center, Japan

Background and purpose: Radiation necrosis occurs from 6 months to several years following
stereotactic radiosurgery (SRS) for brain metastases when tumor recurrences are also most likely.
Conventional MR imaging does not provide sufficient information to differentiate between radia-
tion necrosis and tumor recurrence. Tl-SPECT, FDG-PET and MR spectroscopy sometimes lead to
false positive findings. We applied perfusion MR imaging for the differentiation because it shows
angiogenesis of the lesions.

Methods: Between June 2004 and January 2007, 104 patients with 174 metastatic brain tumors
underwent SRS at our institute. A dose of 20-25 Gy was prescribed in 95% of the planning tar-
get volume. Follow-up MR images were taken at 1 and 3 months and successive every three
months after radiosurgery. Twenty lesions enlarged in 20 patients 2 to 35 months (median: 12.4
months) after treatment. They underwent MR perfusion imaging. To calculate the relative cere-
bral blood volume ratio (rCBV ratio), the regions of interest (ROIs) were located in the enhanced
areas on the contrast-enhanced T1-weighted images and in the contralateral normal brain. Serial
MR imaging with gadolinium was done at one- to two-month intervals afterward. Lesions pro-
gressively increased in size were diagnosed as recurrence; lesions disappeared or decreased on
MR images were diagnosed as radiation necrosis.

Results: Serial MR imaging revealed 5 of 20 patients had recurrent lesions and 15 patients suf-
fered radiation necrosis. MR perfusion images showed rCBV ratios higher than 2.0 in all five
patients with recurrent metastases; whereas it demonstrated rCBV ratios lower than 2.0 in the fif-
teen patients with radiation necrosis. With this threshold, MR perfusion imaging represented suf-
ficiently correct diagnostic information.

Conclusion: Perfusion MR imaging demonstrates a threshold of rCBV ratio reflecting vascularity of
brain lesions, and is a reliable method for differentiating tumor recurrence from radiation necrosis.

Stereotactic irradiation for metastatic brain tumors 
from hepatocellular carcinoma P105
Masao Tago (The University of Tokyo Hospital, Department of Radiology, Japan) 
Kenshiro Shiraishi  (1) Keiichi Nakagawa  (1) Keisuke Maruyama  (1) Hiroki Kurita  (2) Masahiro Shin  (1)
Atsuro Terahara  (3) Shunsuke Kawamoto  (4) Kuni Ohtomo (1) 
(1) The University of Tokyo Hospital, Japan (2) Kyorin University Hospital, Japan (3) Toho University
Omori Medical Center, Japan (4) Dokkyo University School of Medicine, Japan 

Introduction: We retrospectively analyzed the outcomes of stereotactic irradiation (STI) for
metastatic brain tumors from hepatocellular carcinoma (HCC).

Materials and Methods: Eleven patients with 22 metastatses from HCC were treated by STI at our
hospital since 1991. We evaluated nine patients (eight males and a female) with 20 tumors who
have undergone at least one follow-up visit. Four patients were 70 % or more of Karnofsky per-
formance status, and eight patients had extracranial active lesions. The median and mean tumor

sizes were 15.0 mm and 14.6 mm, respectively (range: 2.0 - 27.7 mm). The median and mean
tumor volumes were 1.78 ml and 2.94 ml, respectively (range: 0.004 - 11.06 ml). Thirteen
tumors were treated by Gamma Knife radiosurgery using 15 to 25 Gy to the margin, and the
remainders were irradiated between 34 and 38 Gy in 5 fractions at the margin (all received 
40 Gy in 5 fractions at the isocenter).

Results: The median clinical follow-up period was 5.6 months (range: 1.7 - 19.7 months). Eight
patients died, and only one patient was alive at the last follow-up. No neurological death was
observed. The median survival was 5.6 months after STI. The actuarial 1-year survival rate was
33.3 %. The median radiological follow-up period was 2.6 months (range: 0.7 - 15.2 months).
17 of 20 tumors (85.0%) were controlled at the last imaging study. The actuarial 1-year control
rate was 68.6 %. Progression in three tumors was observed between three and four months after
the treatment.

Conclusions: STI provides reasonable effect for brain metastases from HCC. Whole brain radiation
therapy may not be necessary for these patients who have short prognoses.

Linac-based corpus callosotomy: one case report with fractional 
anisotropy measurement as a predictor of outcome P107
Sergio Moreno-Jiménez (National Institute of Neurology and Neurosurgery Mexico City,
Radiosurgery, Mexico) 
Miguel Angel Celis (2) José Manuel Lárraga-Gutiérrez  (3) José de Jesús Suárez-Campos  (5) Amanda
García-Garduño  (6) Mariana Hernández-Bojórquez  (7) Guillermo Axayacalt Gutiérrez-Aceves  (4) Felipe
Farías-Serratos  (8) 
(1) National Institute of Neurology and Neurosurgery Mexico City, Mexico (2) National Institute of
Neurology and Neurosurgery Mexico City, Mexico (3) National Institute of Neurology and Neurosurgery
Mexico City, Mexico (4) National Institute of Neurology and Neurosurgery Mexico City, Mexico (5)
National Institute of Neurology and Neurosurgery Mexico City, Mexico (6) National Institute of
Neurology and Neurosurgery Mexico City, Mexico (7) National Institute of Neurology and Neurosurgery
Mexico City, Mexico (8) National Institute of Neurology and Neurosurgery Mexico City, Mexico 

Patients with medically intractable epilepsy with multifocal origins of epileptic activity are not
good candidates for focal resections. Specially, patients showing drop attacks are prone to pre-
sent severe disabilities and injuries secondary to trauma, as in Lennox-Gastaut syndrome. Corpus
callosotomy (CC) has proven its efficacy as a palliative treatment to decrease the frequency and
severity of seizures, and to improve patient quality of life. CC interrupts bilateral synchronous
epileptiform discharges and retard the rapid spread of epileptic activity. Although complications
rates for open microsurgical CC are reduced, they are still reported. There are a few reports of CC
with Gamma Knife based radiosurgery.

We have treated nine patients with LINAC-based CC. In this work we report the changes regar-
ding the fractional anisotropy (FA) comparing the pre-radiosurgical DTI tractography with the
postsurgical DTI tractography in one patient.

We targeted the anterior three quarters of the corpus callosum with 40 Gy to the periphery (90%
isodose curve coverage). We used a 3-Tesla magnetic resonance imaging to acquire a diffusion
tensor imaging before radiosurgical treatment, and two and eight months after treatment. We
analyzed the mean fractional anisotropy index in the two follow-up images finding a decrease
from 0.5365 (range, 0.1145-0.8612) to 0.2981 (range, 0.0672-0.7142) on corpus callosum dif-
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fusivity. Clinically the patient suffered from complex partial and tonic-clonic generalized seizures,
56 per month approximately pre-radiosurgery. Two months after treatment the patient presented
32 per month and after eight months 12 per month. We found a trend to improvement both 
clinically and numerically regarding the anisotropy. We propose the analysis of fractional
anisotropy as a tool to measure the improvement after radiosurgical CC. We need to analyze more
patients to confirm the real value of this technique. 

Combined endoscopic surgery and radiosurgery as treatment modality 
for olfactory neuroblastoma (esthesioneuroblastoma) P108

Wolfgang Kreil (Medical University Graz, Austria, Department of Neurosurgery, Austria) 

Klaus Haselsberger, Austria (0) Georg Papaefthymiou, Austria (0) Frank Unger, Austria (0) 

Object: Treatment of esthesioneuroblastoma (olfactory neuroblastoma) has been considerably
improved by microsurgical techniques. Nevertheless, these rare tumours of the frontal skull base
are still associated with high rates of tumour recurrence and mortality, thus remaining a challenge
even for experienced surgeons. A novel therapeutic approach that combines endoscopic sinus
surgery and Gamma Knife radiosurgery is presented here. Taking into account the rarity of the di-
sease the present study comprises a relatively large series of patients treated in a similar manner. 

Methods: 14 patients (8 males, 6 females) aged 27-75 years (median 38) were treated between
May 1993 and December 2003. Paranasal and nasal endoscopic sinus surgery was performed.
Marginal irradiation doses ranging from 15-34 Gy were applied to the residual tumours by means
of radiosurgery (Gamma Knife) involving 1-7 isocentres within 3 months after surgery. Median
follow-up is 58 months (range 13-128).

Results: There was no mortality. In all patients tumour control was achieved within the treated
area. 4 patients underwent a second radiosurgical procedure 6-79 months (median 34 months)
after initial radiosurgery. One patients had to undergo an additional craniotomy because of exten-
sive neoplastic infiltration, 1 developed postoperative liquorrhea, 1 case was complicated by a
bilateral frontal sinusitis. All patients complained of nasal discharge and crusts. Karnovsky Index
- preoperatively ranging from 80%-100% - remained stable in 12 patients, an improvement was
observed in 2 cases.

Conclusions: Based on the favourable results observed so far, the combination of endoscopic
sinus surgery and radiosurgery can be considered a promising treatment option for esthesioneu-
roblastoma that merits further consideration.

The present series comprises 12 newly diagnosed esthesioneuroblastomas. Two more patients
had already previously undergone surgery (24/39 months earlier).

Stereotactic radiotherapy boost followed external beam radiotherapy 
for the treatment of glioblastoma multiforme P109
Kazutaka Yatsushiro (Kagoshima university, Department of Neurosurgery, Japan) 
Mikio Ogita (2) Hirofumi Hirano  (1) Tetsuya Nagayama, (1) Katsumi Nakamura  (2) Kazunori Arita  (1) 
(1) Kagoshima university (2) Fujimoto-Hayasuzu Hospital, Japan 

Purpose: We evaluated the effect of dose escalation with hypofractionated stereotactic radiothe-
rapy using cyberknife�@(CK) or gamma knife (GK) following conventional external beam irradia-
tion (EBI) for the treatment of glioblastoma multiforme (GBM). 

Materials and Methods: Between January 1999 and March 2006, 54 eligible patients (male: 35
patients, female: 19 patients) were enrolled in this study. Surgical removal or stereotactic biopsy
of the tumor was performed before irradiation in all patients. Pathological diagnosis was con-
firmed in all. In 32 patients (EBI group), EBI with a dose of 60 Gy in 30 fractions was given after
the surgical intervention. In 14 patients (CK group) stereotactic irradiation with a dose of 20 - 33
Gy in 3 - 5 fractions by CK was given to enhanced lesion on MRI and / or 3 mm margin of the
tumor removal cavity, following EBI of 40 Gy in 20 fractions to the hyperintensity area on T2
image of MRI. In the other 7 patients (GK group), 11 - 18 Gy in 1 - 3 fractions by GK were irra-
diated to the enhanced lesion on MRI, following EBI of the same regimen as CK group. All of the
patients underwent chemotherapy in the same protocol (ACNU, vincrisitine, procarbazine +/-
interferone beta). 

Results: The progression - free survival time of the patients in CK group and EBI group was 13.8
and 8.5 months, respectively. Median survival time (MST) was 29.1, 22.3 and 16.7 months in CK
group, EBI group, and GK group, respectively. Although progression - free survival time for the
patients in CK group was significantly longer than that in EBI group, difference in MST among
three groups was not statistically significant. Overall survival rates after 1 - and 2 - year opera-
tion were 83.3 % and 45.5 % in CK group, 59.4 % and 20.7 % in EBI group, 57.1 % and 
28.6 %, in GK group, respectively. Radiation injury of the brain associated with each therapy was
occurred in the patients of 14.2 % in CK group and in the patients of 42.9 % in GK group.
Radiation - induced brain injury was not found in EBI group. 

Conclusion: Hypofractionated boost using CK following EBI was more effective treatment for
glioblastoma multiforme compared with EBI only and GK boost following EBI. Hypofractionation
in the stereotactic radiation boost for the patient of GBM was effective to avoid radiation injury
of the brain.

Helical tomotherapy treatment of glioblastoma multiforme 
using 11(c)-methionine pet P110
Kazuhiro Miwa (Chubu Medical Center for Prolonged Traumatic Brain Dysfunction, Kizawa
Memorial Hospital, Department of Neurosurgery, Japan) 
Jun Shinoda  (1) Tatsuya Ueda  (1) Kazutoshi Yokoyama   (1) Jitsuhiro Yamada  (1) Masayuki Matsuo
(2) Hirohito Yano  (3) Toru Iwama  (3) 
(1) Chubu Medical Center for Prolonged Traumatic Brain Dysfunction, Kizawa Memorial Hospital, Japan
(2) Department of Radiology, Kizawa Memorial Hospital, Japan (3) Department of Neurosurgery, Gifu
University School of Medicine, Japan 

A 67 year-old woman with Glioblastoma Multiforme (GBM) after partial tumor resection was
referred to our hospital for post-operative radiation therapy. We performed hypofractionated
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high-dose irradiation using simultaneous integrated boost (SIB) with helical tomotherapy (HT).
The gross tumor volume (GTV)-1 corresponded to the region of intensive 11(C)-methionine (MET)
uptake, and GTV-2 corresponded to the region of abnormal MET uptake. Intensive MET uptake
was defined using a threshold for standardized uptake value (SUV) index of 2.0 of the tumor to
that of contralateral normal brain. Abnormal MET uptake was defined as SUV index of 1.3.
Planning target volume (PTV)-1 encompassed GTV-1 plus 5mm margin, and PTV-2 encompassed
GTV-2 plus 2mm margin. SIB with HT was performed in 8 fractions, keeping the dose for GTV-1
at 68 Gy, PTV-1 at 56 Gy and PTV-2 at 40Gy. This dose was prescribed to the 95% isodose line,
which covered GTV-1, PTV-1 and PTV-2. The irradiation dose of organs at risks was under 5 Gy.
There was no acute toxicity and the patient continues to do well after SIB. 3 months and 6
months after SIB, MET-PET and MRI were carried out and MET uptake within the target region
was estimated. Tracer uptake by the target region was expressed as the ratio of the mean value
of SUV to the contralateral normal brain (T/N ratio). Before SIB, T/N ratio of GTV-1 was 2.89, that
of PTV-1 was 2.11 and that of PTV-2 was 1.53. 3 months after SIB, T/N ratio of GTV-1 had
decreased to 1.76, that of PTV-1 to 1.20 and that of PTV-2 to 1.06. 6 months after SIB, T/N ratio
of GTV-1 had further decreased to 1.51, that of PTV-1 to 1.13 and that of PTV-2 to 1.00. In all
targets, T/N ratio by MET-PET was considerably decreased 3 months after SIB and further
decreased 6 months after SIB. On the other hand, no remarkable changes were demonstrated by
MRI 3 months and 6 months after SIB. We demonstrate that SIB with HT planning using MET-PET
offers excellent target coverage, homogeneity and organ sparing and that MET-PET is effective in
monitoring treatment response after SIB.

Role of stereotactic irradiation in the treatment of patients with glioblastoma P111
Takayuki Matsuo (Nagasaki university school of medicine, Neurosurgery, Japan) 
Yukishige Haysshi  (1) Tomohito Hirao  (1) Izumi Nagata  (1) 
(1) Nagasaki university school of medicine, Japan

Multidisciplinary approach is required for the treatment of patients with glioblastoma. For the suc-
cessful treatment, it is essential to realize the efficacy and limitation of each modality and com-
bine them effectively. We are going to present our strategies and the importance of stereotactic
irradiation.

Surgery is the first step of treatment for glioblastooma and affects its prognosis. We have
employed various techniques for surgical resection including brain mapping, functional monito-
ring, awake surgery and fluorescence surgical microscope. The subtotal resection (95% volume
reduction) was achieved in 67% of case (11/15) without neurological deterioration. Most of the
residual tumor were located in the eloquent part of the brain.

The irradiation was arranged according to the size or location of the residual tumor. In addition
to conventional fractionated radiotherapy(60Gy/2Gy/Fr), stereotactic radiosurgery (SRS; 10-25
Gy/Fr) was performed for smaller tumor (less than 20mm diameter) and stereotactic radiotherapy
(SRT; 10-20Gy/2-4Gy/Fr) was performed for larger one (more than 20mm diameter).

Even if residual tumor was not identified, conventional fractionated radiotherapy was employed.
Thirteen patients were treated with Surgical resection followed by STI without major complication
and the median survival time was 16.3 months. This strategy is safe and feasible in the manage-
ment of malignant gliomas.

A case showing effective radiosurgery for a radiation-induced glioblastoma P112
Kensaku Kamada (Sasebo City General Hospital, Neurosurgery, Japan) 
Yasuyuki Ezaki  (1) Makio Kaminogo  (1) 
(1) Sasebo City General Hospital, Japan 

Radiation-induced glioblastoma is rare and usually resistant to most therapeutic measures. A case
of brain stem glioblastoma appeared 31 years after radiotherapy for germinoma is presented.

Case report: A 49-year-old male was admitted with chief complaint of progressive sensory distur-
bance on his left side. He had received ventriculoperitoneal shunt, at 18-year-old, for hydro-
cephalus due to pineal tumor. Consecutively he had undergone the dose of 52 Gy of local radio-
therapy for the tumor.

Physical examination revealed paralysis of upward gaze, central facial nerve palsy, hemiparesis
and sensory disturbance on his left side. Magnetic resonance imaging (MRI) showed ring enhan-
cing lesion in the right midbrain which corresponded with the previous irradiated field. One year
ago he underwent MRI examination but no lesion was depicted. He underwent partial resection
of the tumor, which consisted of diffuse and dense proliferation of atypical astrocytic cells, inclu-
ding multinucleated giant cells, endothelial cell proliferations and necrosis. 

Stereotactic radiosurgery was performed with a marginal the dose of 12 Gy. Then he was treated
by procarbazine, nimustine and vincristine (PAV) therapy for a residual tumor. There is no evidence
of recurrence or adverse effects in the 1-year follow-up. And he gets outpatients procedure.

Discussion: Few cases of radiation induced-glioma are reported. Treatment of radiation-induced
glioblastoma is controversial. To date radiotherapy is the most effective therapeutic option.
However, it was speculated that the dose of previous 52 Gy fractionated radiotherapy was max-
imum permissible dose. So far it is impossible to evaluate the effect of former radiation therapy
performed 31 years ago. Therefore stereotactic radiosurgery was selected to avoid irradiating to
the surrounding normal brainstem. We considered the enhanced lesion, which consisted of tumor
tissue, as the target volume. The prescribed single dose of 12 Gy was the equivalent dose of 30
fractionated 60Gy in linear-quadratic model. Though the dose of 12Gy may be not enough for
tumor control dose and dose not have effect to infiltrating tumor cells, it is thought that to avoid
complications of procedure is most important. 

Conclusion: Stereotactic radiosurgery is useful as a salvage treatment for radiation-induced
glioblastoma from the standpoint of quality of life.

Gamma Knife radiosurgery for intracranial hemangioblastoma P113
Jung Ho Han (Seoul National University College of Medicine, Neurosurgery, Republic of Korea) 
Jung Ho Han, (1) Sun Ha Paek, (1) Hyun-Tai Chung, (1) Hee-Won Jung, (1) Dong Gyu Kim, (1) 
(1) Seoul National University College of Medicine 

Objective: The authors retrospectively evaluated the outcomes after gamma knife radiosurgery
(GKRS) for intracranial hemangioblastoma (HBL).

Patients and Methods: Between Dec 1997 and Dec 2006, thirty five patients with 95 HBLs under-
went GKRS. Three patients (8.6%) were lost to follow-up, and 5 (14.3%) had follow-up less than
6 months. Therefore, we included 27 patients (16 men, 11 women; mean age 41.0 years; range
11.0-73.0) with 73 HBLs (mean volume 1.68 cm3; range 0.1-15.7) in this study. Eighteen
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patients (66.7%) had one lesion and twelve patients (44%) with 58 HBLs (79.5%) were associa-
ted with von Hippel-Lindau (VHL) disease. The mean tumor marginal dose was 16.4 Gy (range,
11-22) and the mean shots was 3.7 (range, 1-18). The mean clinical and neuroimaging follow-
up was 41 months (range, 3-116) after radiosurgery.

Results: At the last follow-up, 26 patients (96.3%) were alive and one patient (3.7%) died from
aspiration pneumonia 3 months after radiosurgery. Sixty nine (94.5%) among 73 tumors were
controlled locally, so three tumors ultimately progressed in size 11, 41, and 98 months after
radiosurgery, respectively. Six (22.2%) patients underwent additional surgical treatment after
radiosurgery; two were operated on for tumor resection, two had diversion of CSF, one had
drainage of tumor-related cyst, and one patient underwent repeated GKRS. Twenty three patients
(85.2%) were neurologically improved or stable at the last follow-up. Tumor volume (p=0.002),
age (p=0.046), and margin dose (p=0.047) were factors affecting good outcome and tumor
with cyst at the time of GKRS was negatively associated (p=0.002) in univariate analyses.
However, multivariate analyses indicated that smaller tumor volume was the most significant fac-
tor related with good outcome (p=0.002).

Conclusion: Radiosurgery is an effective and safe treatment modality for especially small HBLs to
control disease. However, HBL can re-grow at variable periods after radiosurgery, even after 
8 years. And one should pay attention to complications, such as cyst enlargement and develop-
ment of hydrocephalus after radiosurgery.

Stereotactic radiosurgery for hypothalamic hamartomas P114
Wolfgang Kreil (Medical University Graz, Austria, Department of Neurosurgery, Austria) 
Frank Unger, Austria (0) Sandro Eustacchio, Austria (0) 

Purpose: Hypothalamic hamartomas are nonneoplastic lesions often characterized by central pre-
cocious puberty and gelastic epilepsy. Due to the delicate location surgery is often unsuccessful
and associated with considerable risks. In the presented series, Gamma Knife radiosurgery was
applied. Low doses of radiosurgery (10-20 Gy) have proved effective for the suppression of
epileptogenic activity and minimize the risk of complication. 

Method: Four cases (aged between 5-13 years) who presented with medically intractable gelas-
tic epilepsy and increasing secondary generalization, abnormal behaviour and precocious puber-
ty (3 cases) are reported. Hypothalamic hamartomas sized 11-17 mm had been diagnosed by MR
imaging. Radiosurgical treatment was performed in general anaesthesia with margin doses of
12-14 Gy to the 50-90% isodoses covering volumes of 600-2300 ccm.

Results: After follow-up periods of 24 to 78 months, a continuing decrease both in seizure fre-
quency and intensity was noted (outcome according to Engel: II a (3 cases) and III a (1 case)). All
patients are socially reintegrated. MR imaging did not reveal significant changes concerning the
size of the lesions. 

Conclusion: Gamma Knife radiosurgery can be an effective and safe alternative treatment moda-
lity for HH capable of achieving good seizure control and improving behavioural disorders in
selected cases. To date, the number of treated cases is still too small to draw final conclusions.
Radiosurgery is still in search of an optimized radiation dose, localization, and target volume.

Stereotactic body radiation therapy for early-stage lung cancer 
and small lung metastases using Novalis P115
Chisa Hashizume (Nagoya Kyoritsu Hospital, Nagoya Radiosurgery center, Japan) 
Yuta Shibamoto  (1) Tatsuya Kobayashi  (2) Yoshimasa Mori  (2) Naoki Hayashi  (2) Natsuo Tomita  (1) 
(1) Nagoya City University, Japan (2) Radiosurgery center, Nagoya Kyorityu Hospital, Japan 

Stereotactic body radiation therapy (SBRT) is highly expected to be a standard treatment for
patients with a primary or metastatic lung cancer who are medically inoperable or refuse surgury.
We started SBRT using a stereotactic linear accelerator �eNovalis �f equipped with micro-multi-
leaf collimators and an accurate patient setup system (ExacTrac) in July 2006.

We treated 22 patients (20 men and 2 women) with a median age of 75 years (range: 58- 86)
with lung cancer (17) or lung metastases (5) by SBRT using Novalis. Four patients had Stage IA
(T1N0M0) lung cancer and �@10 had Stage IB (T2N0M0). Three patients were in StageIV, ha-
ving a T1 or T2 lung tumor with brain metastasis. Five patients had lung metastasis, 1 each from
rectal cancer, lung cancer, and epipharyngeal cancer, and 2 from renal cancer. We delineated CTV
using CT taken at 3 phases (expiratory, inspiratory and spontaneous breathing) and PTV with a
margin of 5-7 mm. We planned 3-D non-coplanar 7-beam irradiation. The lesions were covered
at a 95% or higher isodose level. We delivered 48 Gy in 4 fractions over 2 weeks for tumors up
to 3 cm in diameter (14 patients) and 52 Gy in 4 fractions in 2 weeks for large ones over 3 cm
(5 patients). The other 3 patients were treated with 48-56 Gy in 8 fractions because of large size
(over 5cm in diameter), re-treatment, or central location. 

We obtained follow-up CT at 1 month in 12 patients and at 3 months in 6 patients. PR (partial
response) was obtained in 7 of 12 patients, MR (minor response) in 3, and NC (no change) in 2
on 1-month follow-up CT, and CR in 2 of 6, PR in 3, and NC in 1 at 3-month follow-up. Local
response (CR +PR) rate was 83% (5/6) on CT at 3 months. No progression was observed so far.
Furthermore, a remarkable decrease in FDG uptake on PET was observed in the 4 patients with
PR and NC on CT. Grade 2 radiation pneumonitis developed in 1 patient and Grade 1 developed
in 3 of 12 patients. Over 10% decrease of VC or FEV 1.0% in spirometry were observed in 
1 patient.

SBRT is generally a safe and effective treatment. Long-term follow-up data are awaited to deter-
mine late complication or tumor control rates. 

Isolated lymph node metastasis from colorectal cancer treated 
by stereotactic radiation therapy P116
MiSook Kim (Korea Cancer Center Hospital, Radiation Oncology, Republic of Korea) 
SeongYul Yoo, Republic of Korea (0) ChulKoo Cho, Republic of Korea (0) HyungJun Yoo, Republic of
Korea (0) KwangMo Yang, Republic of Korea (0) Chulwon Choi, Republic of Korea (0) YoungSeok Seo,
Republic of Korea (0) DongHan Lee, Republic of Korea (0) DaeYong Hwang, Republic of Korea (0) SunMi
Moon, Republic of Korea (0) 

Introduction: Although metastases from primary tumors are usually considered to be fatal, the
patients with isolated metastases from colorectal cancers can be expected to have a relatively
long survival if treatment is performed adequately. The aim of this study is to evaluate the role of
stereotactic radiation therapy (SRT) as local modality treatment for isolated lymph node metasta-
sis from colorectal cancer.
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Methods: From September 2002 to February 2005, among 42 patients with recurrent colorectal
cancer treated with SRT using CyberKnife (CK), 19 patients were proven to have isolated LN
metastasis. They all received chemotherapy as first line or combined with CK. The recurrence sites
were pelvic LN in 10 patients, presacral or rectal lesion in 6, and periaortic LN in 3. The range of
the longest diameter of the tumor was 2-11 cm (median 4 cm). Fifteen patients received 3 frac-
tion SRT of 33 Gy to 42 Gy. Four patients were treated with a single fraction of 13 to 18 Gy as a
boost following external beam radiation therapy (RT) of 40 to 45 Gy. The median follow-up dura-
tion was 26 months (range 7-39 months). 

Results: The 3-year OS rate was 67.5% and DPFS rate was 45%. The overall median survival time
was 37 months. Tumor response evaluated by 12 months after CK were complete response (CR)
in 9 patients (47%), partial response (PR) in 3 patients (16%), stable disease (SD) in 6 patients
(32%), and progression (PD) in 1 patient. The cases with first relapse, smaller planning target vo-
lume (¡Â26 cc), or long progression free time from operation to first relapse (>23 months) had
significant better OS (p4.5 cm) was marginally significant factor on DFS ((p=0.07). Treatment
related severe complication was not found during follow-up period.

Conclusion: Isolated LN metastasis from colorectal cancer would be good candidate for local
modality including SRT in aspect of improving survival rate as cases of isolated lung or liver
metastasis.

Gamma Knife radiosurgery for benign skull base meningiomas - 
the Graz experience P117
Wolfgang Kreil (Medical University Graz, Austria, Department of Neurosurgery, Austria) 
Verena Gellner, Austria (0) Sandro Eustacchio, Austria (0) Josef Luggin, Austria (0) Georg
Papaefthymiou, Austria (0) Frank Unger, Austria (0) 

Objectives: As most of the Gamma knife reports are related only to short- or mid-term results we
have evaluated the effectiveness and toxicity of radiosurgical treatment for benign skull base
meningiomas in 200 patients with a follow-up of 5 to 12 years in order to define the role of GKRS
for basal meningiomas and to provide further data for comparison with other treatment options.

Methods: Ninety-nine patients were treated with a combination of microsurgical resection and
GKRS. In 101 patients GKRS was performed as the sole treatment option. Tumour volumes ranged
from 0.38 ccm - 89.8 ccm (median 6.5 ccm) and doses of 7 Gy to 25 Gy (median 12 Gy) were given
to the tumour borders at covering isodose volume curves (range: 20 % - 80 %, median 45 %).

Results: The actuarial progression-free survival rate was 98.5 % at 5 years and 97.2 % at 
10 years. Passing radiation-induced oedema occurred in two patients (1 %). The neurological sta-
tus improved in 83 cases (41.5 %), remained unaltered in 108 patients (54 %) and deteriorated
in 9 cases (4.5 %). Worsening was transient in 7 patients (3.5 %) and unrelated to tumour or
treatment in one single patient (0.5 %). Repeated microsurgical resection was performed in five
patients following GKRS (2.5 %).

Conclusions: GKRS has proved to be an effective alternative to microsurgical resection, radiothe-
rapy and Linac-based radiosurgery for adjunctive and primary treatment of selected patients with
basal meningiomas. Due to the excellent long-term tumour control rate and low morbidity asso-
ciated with GKRS this treatment option should be used more frequently in the therapeutic 
management of benign skull base meningiomas.

Diffusion magnetic resonance imaging to predict meningioma response 
to stereotactic radiosurgery treatment P118
Chuan-Fu Huang (Chung Shan Medical University Hospital, Neurosurgery and Gamma Knife
Center, Taiwan) 
Chuan-Fu Huang (1) Wen-Shan Liu (2) Ming-Shiang Yang (3) 
(1) Department of Neurosurgery, Taiwan (2) Department of Oncology (3) Department of Radiology,
Taiwan 

Objective: Patients usually receive serial magnetic resonance imaging (MRI) examinations to
assess stereotactic radiosurgery (SRS) effects. We utilized diffusion MRI to evaluate cellular
changes in meningiomas to detect early response and predict later efficacy.

Methods: We conducted a prospective trial involving 7 patients with intracranial meningiomas
treated by SRS with 201-source cobalt in our gamma knife center. Patients received complete dif-
fusion MRI before treatment and at multiple intervals following SRS. We followed up MRI fin-
dings and clinical outcomes at 3 and 6 months, and thereafter in 6-month intervals. We detec-
ted the long-term results of diffusion MRI in 10 patients treated for at least 5 years. We calcula-
ted apparent diffusion coefficients (ADC) from echoplanar diffusion weighted imaging, and com-
pared mean ADC values.

Results: The ADC for meningioma was 0.55-0.64 x 10-3 mm2/s. We observed 2 ADC phase
changes after SRS: a significant (p < 0.05) reduction phase beginning at 4 hours and lasting 4
days after SRS followed by an elevation phase to pseudonormalized values. ADC significantly
increased 30 days after SRS, reaching a plateau in 3 months. MRI follow-up at 3-month intervals
showed stable tumor size in all patients, with 3 patients revealing evidence of tumor necrosis.
The ADC value for the long-term group was 1.26 x 10-3 mm2/s. (p < 0.05); however, MRI fol-
low-up showed tumor shrinkage in 3 patients. 

Conclusion: Gamma knife treatment is efficacious for meningioma. Serial changes in ADC values
can help predict the efficacy of therapeutic intervention.

Radiosurgery for histrogically-confirmed meningiomas P119
Kotaro Nakaya (Tokyo Women's Medical University, Neurosurgery, Japan) 
Hidetoshi Kasuya  (1) Izawa Masahiro  (1) Motohiro Hayashi  (1)   (1) Koichi Kato  (1) Mikhail Chernov,
Russian Federation (1) Osami Kubo  (1) Tomokatsu Hori  (1) 
(1) Department of Neurolosurgery, Tokyo Womens Medical University, Japan 

The objective of this study was evaluation of results gamma knife radiosurgery for meningiomas
with pathologic verifications. 

Between January 1995 and December 2005, 38 of 412 meningiomas in cases of histrogically
confirmed underwent gamma knife radiosurgery in Tokyo Women¡¯s Medical University. In 27
cases, the tumor was located on the skull base. Twenty seven meningiomas were classified as
WHO grade I and 23 had low MIB-1 staining index (SI, <3.0%). Indications for radiosurgical
treatment were presence of residual (7 patients) or recurrence tumor (31 patients). Median tumor
volume was 5.7 cm3 (range, 0.45 - 17 cm3). Median marginal irradiation dose was 12Gy(range,
8.1 §¢ 18 Gy).  

Median length of follow-up was 60.5 months (range, 19 -132 months). Overall tumor control rate
was 89.5% and good performance status rate (Karnofsky Performance Scale ¡Ý80%) was 86.7%.
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The tumor control rates of WHO grade I meningiomas and WHO grade II-III were 100% and
55.6%, respectively. The tumor control rates of meningiomas with low (< 3.0) and high (Ý 3.0)
MIB-1 SI were 100% and 52.9%, respectively. There were no significant associations of tumor
control rate and performance status after gamma knife radiosurgery with tumor location. 

A high tumor growth control rate and satisfactory performance status can be obtained with radio-
surgery of meningiomas. However, high grade tumors and those with high MIB-1 SI (Ý 3.0) has
a high recurrence rate. Therefore, it is necessary to modify treatment strategy to obtain optimal
outcome in cases of high grade meningiomas. 

Internal carotid occlusion following Gamma Knife radiosurgery 
for cavernous sinus meningioma : case report P120
Laurence Abeloos (Hopital Erasme, Neurosurgery, Center Gamma Knife, Belgium) 
Marc Leviver (1) Daniel Devriendt (1) Nicolas Massager (1) 
(1) Gamma Knife Center, Hospital Erasme, Brussels, Belgium 

Introduction: Gamma Knife radiosurgery is a safe and effective treatment for cavernous sinus
meningioma. We present a case of occlusion of the internal carotid artery (ICA) developped fol-
lowing a gamma knife procedure for cavernous sinus meningioma.

Material and Methods: A 41-year-old women underwent a Gamma Knife radiosurgery for a left
cavernous sinus meningioma. A Gamma Knife radiosurgery procedure was performed with a
100% coverage of the meningioma at the 50% isodose; the margin prescription dose was 13 Gy. 

Results: The MRI realized 40 months after the treatment demonstrated, in combination with
regression of the tumor volume, a complete occlusion of the intracavernous segment of the ICA,
which was confirmed on angio-MR sequences. The patient sustained no neurological deficit.
Retrospectively we created a volume of the intracavernous portion of the ICA on axial T1 plan-
ning slices. We evaluated that the maximal dose delivered was 22.3 Gy. The volume of the ICA
that received more than 13 Gy was 116 mm3. Half of this volume (58 mm3) has received 18 Gy
and 17 mm3 received more than 20 Gy. 

Conclusion: For Gamma Knife Radiosurgery of cavernous sinus meningioma, dose heterogeneity
inside the target volume can produce hot spots of dose inside the ICA that can lead to a vascu-
lar occlusion. Displacement of this hot spot during the dosimetry planning could reduce the inci-
dence of this vascular injury. 

Gamma Knife radiosurgery: the better treatment option 
for temporal bone paragangliomas? P121
Wolfgang Kreil (Medical University Graz, Austria, Department of Neurosurgery, Austria) 
Verena Gellner, Austria (0) Etienne Holl, Austria (0) Sandro Eustacchio, Austria (0) Stefan Grossauer,
Austria (0) Georg Papaefthymiou, Austria (0) Frank Unger, Austria (0) 

Objective: We analysed the outcomes in our patients with glomus jugulare and tympanicum
tumours following stereotactic radiosurgery to determine the risk: benefit ratio of Gamma Knife
Radiosurgery (GKRS) and to compare it with other treatment options.

Methods: Twenty-three patients with temporal bone paragangliomas underwent GKRS at our
department. Nine patients received radiosurgery for residual or recurrent paragangliomas follow-
ing microsurgical resection and in 14 cases GKRS was performed as primary treatment. The me-

dian tumour volume was 6.22 ccm (range: 0.38-33.5 ccm). Marginal doses of 12-20 Gy (median
15 Gy) were applied to enveloping isodose volume curves (range: 30-55%, median 50%).

Results: Observation time ranged from 9 to 129 months (median 52 months). Twenty-two out of
23 tumours (95.7%) were controlled locally by the first radiosurgical procedure. One patient with
only radiologically detected tumour progression was salvaged by repeated GKRS. The actuarial
tumour control rate was 100% for the first seven years, decreasing to 88.9% thereafter. In this
series there was no morbidity or complication related to GKRS. 

Conclusion: GKRS proved to be a minimally invasive treatment alternative to microsurgery and
radiotherapy with low morbidity and excellent tumour control rates. Thus temporal bone para-
gangliomas amenable to GKRS should be treated more frequently by this treatment option. 

Stereotactic radiotherapy in paragangliomas: clinic-volumetric outcomes P122
Guillermo Axayacalt Gutierrez Aceves (National Institute of Neurology and Neurosurgery,
Radiosurgery, Mexico) 
Miguel Angel Celis Lopez (1) Sergio Moreno Jimenez  (1) Mariana Hernandez Bojorquez  (1) Jose de
Jesus Suarez Campos  (1) 
(1) Radiosurgery, National Institute of Neurology and Neurosurgery, Mexico 

Introduction: Paragangliomas are infrequent tumors(0.6% head and neck tumors). Histologically
benigns but highly vascularizated and anatomically in a difficult place to approach. The surgical
treatment has a high risk in morbid-morbitality. To face this issue there have been developed
some options such as Radiosurgery (RS) and Stereotactic Radiotherapy (SR).

Methods: We analized clinical and imagenological files of patients with paragangliomas who
underwent RS or SR at National Institute of Neurology and Neurosurgery from January 1st  2003
to December 31st 2004. Each six months we evaluated the clinical and volumetrical response. The
volumetrical response was evaluated in 3T IRM images (acquired before and 24 months after
treatment) using Brainscan software.

Results: SR was delivered in 6 patients. In the 24 months follow-up all patients presentated
tumoral volume decrease, 4.27 cc average (24.43%), range 1.15cc (12.20%)-8.5 cc, (43.71%).

One patient was treated with RS and showed volumetrical enlargement of 0.83cc (20.9%). 

Clinically 5 patients remained unchanged, one improved and the last one suffered transitory facial
paralysis (it appeared 3 weeks after RS).

Conclusions: SR is a safetherapeutical procedure with very low morbility, without mortality and it
affords effective tumor control and preserves or improve the neurological function in patients with
paraganglionar tumors.
Bibliography: Lim M, Gibbs IC, Adler Jr JR, Chang SD. Efficacy and safety of stereotactic radiosurgery for
glomus jugulare tumors. Neurosurg Focus 2004;17(2):E11
Maarouf M, Voges J, Landwehr P, Bramer R, Treuer H, Kocher M, Muller RP, Sturm V. Stereotactic linear
accelerater-based radiosurgery for the treatment of patients with glomus jugulare tumors. Cancer
2003;97:1093-98
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Stereotactic radiation therapy of localized prostate cancer using Cyberknife P124
Chul-Koo Cho (Korea Cancer Center Hospital, Department of Radiation Oncology, Republic of
Korea) 
Mi-Sook Kim, Republic of Korea (1) 

Purpose: Herein is reported our initial experience of the CyberKnife to show its safety and feasi-
bility as a treatment modality for localized prostate cancer

Materials and Methods: Between August 2002 and November 2005, 44 patients with biopsy-
proven prostate cancers, who treated with CyberKnife were enrolled in this study. The patients
were divided into three risk groups: low (pretreatment PSA < 10 ng/ml and Gleason score < 6
and stage T1b-T2a); high (pretreatment PSA > 20 ng/ml or Gleason score >8); and interme-
diate (all other patients). Ten patients of 44 were low, 9 were intermediate, and 25 were high risk
patients. The median age was 70 years (range 52-79) and the median follow-up duration was
13 months (range 4-46 months). All patients except one had received CK treatment with doses
of 32-36 Gy in 4 fractions. Only one patient had received CK treatment with doses of 24 Gy in 3
fractions. The biochemical failure free survival rate and overall survival rate were analyzed accor-
ding to Kaplan-Meier method. The biochemical failure was defined as occurring three consecu-
tive PSA rises after a nadir with the date of failure defined as the point halfway between the nadir
date and the first rise. The acute toxicities of rectum and bladder were also evaluated using the
acute toxicity score of RTOG. The results of acute toxicities were compared to those of the histo-
rical control, which had been treated with conventional four field technique.

Results: The 3-year biochemical failure free and overall survival rate were 78.3% and 100%,
respectively. There were only 4 patients of biochemical failure. Fourteen and 17 patients had
experienced grade 1 or 2 acute toxicities of rectum and bladder, respectively. However, there was
no severe acute toxicities more than grade 3. All toxicities were controlled spontaneously or with
medications within 3 months after treatment

Conclusions: The results of this study show the feasibility of the CyberKnife as a treatment moda-
lity for localized prostate cancers in terms of its efficacy and acute toxicity. Moreover, the short
treatment period compared to that of conventional radiotherapy would provide much con-
venience to patients with an increment on quality of life.

III-phase diary study: patients responses to stereotactic radiosurgery P125
Janet Williams (The Prince of Wales Cancer Centre, Department of Radiation Oncology, Australia) 
Robert Smee, Australia (1) 

AIM: Tumours suitable for Stereotactic Radiosurgery (SRS) include benign tumours, primary mali-
gnant neoplasms and secondary malignancies arising from other primary sites. To date no study
has compared three important aspects of SRS, the physical, psychological and the social well
being of the patient post treatment. This prospective 3-phase study investigates the symptom
profile and emotional functioning of patients undergoing SRS at baseline (pre-radiosurgery), 
1 week and 3 months post SRS using diary format measuring mood state and physical symptoms
using the Likert scale. This paper was previously presented in the initial analysis stage where
n=50. 

Methods: Questions included in this study were based on the experiences of 100 previously trea-
ted patients and commenced in March 2005. One hundred and sixty six patients, eighty-five

males (59%) and eighty-one females (41%) have been recruited thus far. Lesions included 
cerebral metastasis 70(42%), meningioma 31(19%), acoustic neuroma 23(14%), pituitary and
AVM’s 14(8%), others 14(9%). The cut-off date for analysis is October 2006, p=130.

Phase-I diary establishes the profile of the patient at treatment, phase-II and III are repetitive of
phase-I and II symptoms/emotional functioning aspects post SRS. It is anticipated that during the
three-month period post SRS, the emotional state of the patient will improve, the radiosurgery
side effects will subside and the patient’s mood state will improve.

Results: One hundred and thirty patients completed phase-I and II (100%), one hundred and
twelve completed phase-III (86%). Twelve palliatively treated patients (9%) died prior to comple-
tion of the study, six (5%) were not returned. Fatigue, loss of concentration and balance scored
high on the Likert scale throughout all phases. 99% noted their pain was managed well, 95%
responded positively to the information preceding their treatment noting the SRS Information
brochure outlining the procedure was invaluable. 10% found the application of the head-ring
‘horrendous’, 60% responded they would repeat the process for a positive outcome.

Conclusion: Analysis at three-months post SRS reflected 82% of patients had increased post-
treatment fatigue. This reflects the need to research patients physical and psychosomatic symp-
toms post SRS. 

Radiosurgery and stereotactic radiotherapy in patients previously irradiated P126
Jose Suarez-Campos (Innn-Mexico City, Radiosurgery Unit, Mexico) 
Miguelangel Celis- L.  (1) Sergio Moreno (1) Guillermo Gutierrez  (1) Felipe Farias  (1) Jose Larraga  (1)
Amanda Garcia  (1) Mariana Hernandez  (1) 
(1) National Institute Of Neurology And Neurosurgery, Mexico 

Introduction: Patients with cerebral pathologies that fail to conventional radiotherapy represent a
challenge in clinical practice. The former paradigm that a patient who fail to a conventional course
of radiotherapy can not be irradiated again must be reevaluate, specially when modern techno-
logy, like Conformal 3D radiotherapy, and stereotactic radiotherapy(SRT) or Radiosurgery (SRS) are
available.These modalities can be very useful in the management of recurrent previously irradia-
ted patients with different pathologies.

Patients and materials: ince 01-2003 a dedicated linac (Novalis® ) was installed at the INNN-
Mexico. 1700 patients had been treated to date. Almost 200 patients were re-irradiated for dif-
ferent indications, and we concentrate our evaluation in 45 patients managed in 2003 with three
years of follow up. In order to localize the target under stereotactic conditions we fused images
from RMN 3T, CT helicoidally and in some cases from PET-5FDG.The evaluation of the volume
was determinant in the choice of the dose. Initial radiosurgical doses were 18 Gy for tumors 
< 21-30 mm, and 12 Gy for 31-40 mm, and the toxicities recorded according the guidelines of
the RTOG.

The time between the initial treatment and the reirradiation ranged from 5 years to 6 months.

Recurrence or progression was evaluated according image criteria and mainly with clinical fin-
dings.The patient with different pathologies received an average of 50 Gy of former irradiation,
patients with metastasis received conventional course of 30 Gy in 10 fractions.
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Results: We reirradiated 45 patients with three years of follow up. 10 patients with high grade
gliomas, 8 patients with non secretor pituitary adenomas, 11 patients with metastases, 6 low
grade gliomas, 3 meningeomas and 7 patients with other diseases.

All the patients experienced a good response without side effects except one case with necrosis
and two local progressions. No significance with the dose and the energy of the past irradiation
were observed.

Conclusion: SRS or SRT are a safe procedures even in patients with failure to formal radiotherapy
course or recurrence and can be evaluated for reirradiation. The doses must be selected careful-
ly according the volume and the histology Progressions were observed in those cases with large
tumors. The use of multiplanar 3T magnetic resonance imaging has improved our ability to more
safely and effectively deliver radiosurgical dose. 

Evaluation of tumor response after Gamma Knife radiosurgery 
for residual vestibular schwannomas P127
Seung-Yeob Yang (DongGuk university international hospital, Department of Neurosurgery,
Republic of Korea) 
Dong Gyu Kim (1) Hyun-Tai Chung (1) 
(1) Department of Neurosurgery, Seoul National University College of Medicine, Republic of Korea 

Objective: To evaluate tumor response after gamma knife (GK) radiosurgery for residual vestibu-
lar schwannoma (VS) based on magnetic resonance imaging (MRI) morphological features.

Methods: Sixty-one patients with histopathologically confirmed VS underwent GK radiosurgery
with marginal tumor doses of 9.0?4.0 Gy (mean, 12.5 ?0.9). Mean tumor volume at GK radio-
surgery was 3.65 ?2.9 ml (range, 0.52?5.50). GK radiosurgery was performed 0.3?5.7 months
(median, 5.8) after microsurgery. Tumor volumes and half-lives were calculated using serial MRI.
The radiographic features of VSs were documented by pre-microsurgical MRI. Histopathological
investigation included Antoni type dominance, the proliferation marker Ki-67, and tumor vascu-
larity.

Results: Median duration of radiological follow-up was 53.7 months (range, 24.1?02.2) and the
8-year actuarial tumor control rate was 93.5%. No factor was associated with tumor control,
although a cystic VS had borderline significance (P = 0.089). Mean tumor half-life was 8.70 years
(range, 0.57?9.89) and tumor half-life in cystic VSs proved to be significantly shorter than those
in solid VS (P = 0.006). Thrombotic vessels (P = 0.015) and abnormal vessel proliferation 
(P = 0.003) were significantly more prominent in cystic compared with solid VSs.

Conclusion: GK radiosurgery appears to be an effective treatment modality for residual tumor con-
trol after incomplete removal. In particular, GK radiosurgery was found to be a rewarding thera-
peutic approach to the residual solid portions of cystic VSs.

Repeated Gamma Knife radiosurgery for medically intractable 
trigeminal neuralgia P128
Wolfgang Kreil (Medical University Graz, Austria, Department of Neurosurgery, Austria) 
Verena Gellner, Austria (0) Georg Papaefthymiou, Austria (0) Frank Unger, Austria (0) 

Purpose: Gamma Knife radiosurgery (GKS) is being increasingly performed in the management of
patients with medically unresponsive trigeminal neuralgia. It is the least invasive surgical option
for patients, particularly for elderly ones with medical problems. The study evaluates the results
of repeated GKS in patients with resistant/recurrent facial pain after their initial procedure.

Methods: In our series at the University of Graz a total of 15 patients (9 male: 6 female, aged
between 56-79 years, median 68 years) with idiopathic trigeminal neuralgia underwent repea-
ted GKS. GKS had provided no significant pain relief or recurrent facial pain was observed.
Treatment with a single 4-mm isocentre of radiation with a dose of 70-85 Gy was performed 
4-24 months (median 7 months) after primary GKS. Radiosurgical target was the proximal 
trigeminal nerve root as it exited the brainstem. A median follow-up of 30 months (range: 20-
96 months) was documented clinically and with MR images.

Results: 8 patients (53%) became pain free and required no medication. 3 patients (20%) had a
significant pain reduction of 50-90%. 4 patients (27%) reported no or only fair improvement
and/or recurrence of pain. 6 patients developed facial numbness or paresthesias. 

Conclusions: Repeated GKS is associated with a high rate of pain relief for patients with trigemi-
nal neuralgia who had no sufficient improvement after the primary procedure. However, patients
developed in a higher rate some degree of trigeminal dysfunction.

Results of combined management of intracranial AVM with embolization 
and Gamma Knife radiosurgery P129
Masahiro Izawa (Tokyo Women`s Medical University, Department of Neurosurgery, Japan) 
Takashi Higa (1) Motohiro Hayashi  (1) Mikhail Chernov  (2) Kotaro Nakaya  (1) Noriko Murata  (1)
Hiroshi Ujiie  (1) Yoshikazu Okada  (1) Hiroshi Iseki  (2) Tomokatsu Hori  (1) Kintomo Takakura  (2) 
(1) Department of Neurosurgery, Neurological Institute, Tokyo Women`s Medical University, Japan (2)
International Research and Educational Institute for Integrated Medical Sciences (IREIIMS), Tokyo
Women’s Medical University, Japan 

Both embolization and radiosurgery are accepted management options for intracranial AVM.
However, the effectiveness of combined treatment using both of these modalities is not clear. It
is not known, particularly, whether pre-radiosurgical embolization results in higher obliteration
rate of the lesion or not. The objective of the present retrospective study was evaluation of the
long-term results of Gamma Knife radiosurgery for intracranial AVM, which primarily underwent
endovascular embolization. 

From 1991 to 2002, 396 patients with intracranial AVM had been radiosurgically treated in Tokyo
Women’s Medical University. In 14 cases the radiosurgery was preceded with endovascular
embolization of the lesion. All patients had been treated with Leksell Gamma Knife model B. The
treatment planning was done using KULA or Leksell Gamma Plan basing on the combination of
the angiographic data, contrast-enhanced CT images, and, later, thin-sliced MRI. Complete 
coverage of the nidus by prescription isodose line (from 40% to 80%), using iso- or multiisocen-
ter technique was done in each case. The marginal dose varied from 18 to 26 Gy. All patients
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were followed at least 2 years after the diagnosis. The results were compared with a group of
patients with AVM treated in the same period of time with radiosurgery alone [1].

Complete angiographical obliteration of the nidus was identified in 8 cases (57%), whereas
incomplete obliteration in 6 (43%). This is comparable with the results in a control group (55%
and 45%, respectively). Two patients (14%) suffered from hemorrhage after incomplete oblitera-
tion of the nidus and both underwent microsurgical resection of the AVM. The risk of hemorrha-
gic complications seems higher, than in cases with incomplete obliteration after radiosurgical
treatment alone (7%). No non-hemorrhagic complications or adverse effects of radiosurgery were
marked in these cases, compared to 6% incidence in the control group.

Basing on the data of the present retrospective analysis it seems, that pre-radiosurgical emboliza-
tion of the intracranial AVM does not provide higher obliteration rate, but can increase the risk of
hemorrhagic complications. Prospective studies are definitely needed for evaluation of risks and
benefits of combined management of intracranial AVM, using endovascular embolization before
radiosurgery.
Reference
1. Izawa M, Hayashi M, Chernov M, et al. Long-term complications after gamma knife surgery for arte-
riovenous malformations. J Neurosurg 102 (Suppl):34-37, 2005

Evaluation of long-term efficacy and complications after Linac radiosurgery 
for intracranial arteriovenous malformations P130
Tomohito Hirao (Nagasaki University School of Medicine, Department of Neurosurgery, Japan) 
Takayuki Matsuo  (1) Yukishige Hayashi  (1) Kazuhiko Suyama  (1) Nobuyuki Hayashi  (2) Izumi Nagata  (1) 
(1) Department of Neurosurgery, Nagasaki University School of Medicine, Japan (2) Department of
Radiology, Nagasaki University School of Medicine, Japan 

Introduction: We analyzed the long-term efficacy and complications after linac radiosurgery (LRS)
for intracranial arteriovenous malformations (AVMs). 

Methods: Patients with intracranial AVMs managed by LRS and followed for at least 10 years after
treatment were selected for analysis. Between 1993 and 1996, 40 patients with intracranial
AVMs were treated at our institution. The median AVM marginal dose was 15.7Gy(range:8.8-25).
The mean number of isocenter was 2.4(range:1-4). The median volume was 3.96cc(range:0.08-
22.02). All follow-up MRI/MRA were carried out every 4-6 months after LRS. During the course
of this follow-up study, confirmatory angiography was carried out when the MRA showed com-
plete resolution of the nidus. Some factors of AVMs were used in the statistical analysis to deter-
mine their role in nidus obliteration.

Results: Actuarial complete AVMs obliteration rate was 86.4% after 10 years. Median time inter-
val to complete obliteration was 24.3 months(range: 12-96). Nine patients showed AVMs obli-
teration at more than 3 post-LRS years(maximum 8 post-LRS years). The 3-year obliteration rate
was 82.3% with marginal dose more than 15Gy and 43.2% with dose less than 15Gy, respec-
tively(P=0.003). And the 3-year obliteration rate was 73.1% for AVMs 10cc in volume, respec-
tively(P=0.038). Intracranial hemorrhage after LRS was seen in three patients, and one of them
died with hemorrhaging episode at 11 post-LRS years. There were four radiation-related morbidi-
ties, two of them experienced transient hemiparesis at 10, 24 post-LRS months, and one with
persistent hemiparesis. One experienced delayed cyst formation that needed resection at 10 post-
LRS years.

Conclusion: Incomplete obliteration of the nidus is correlated with nidal volume and administered
marginal dose. Most of symptomatic complications were seen within 2 post-LRS years, but
delayed treatment-related complications(hemorrhage, cyst formation, and so on) were also seen
in some cases after 10 years and later. Careful long-term follow-up is essential even after the
�gcomplete obliteration of AVMs�h has been attained.

Gamma Knife surgery for cavernous sinus hemangioma P131
Hyun-Tai Chung (Seoul National University Hospital, Department of Neurosurgery, Republic of
Korea) 
Chi Heon Kim, Republic of Korea (0) Sun Ha Paek, Republic of Korea (0) 

Objective: Cavernous hemangioma is a different disease entity from cavernous malformation in
pathological aspect and clinical behavior. Sometimes cavernous hemangioma occurred in 
cavernous sinus and this constitutes 2 ~ 3% of all cavernous sinus lesions. Because of surgical
morbidity and intraoperative massive bleeding, the need for less invasive therapy such as radio-
surgery is emerging. The authors report experience of gamma knife surgery (GKS) for cavernous
hemangioma.

Materials and Methods: From June 2003 to July 2006, GKS was performedin seven patients with
cavernous sinus hemangioma. Among them, four patients (two male and two female) were fol-
lowed. Mean age was 48 years (range 20 ~ 64). Main chief complaints were headache in two
and diplopia in one. Tumor was detected incidentally in the oterh patient. No patients underwent
previous surgery or radiotherapy. Three lesions partially encased ICA and the oterh encased ICA
totally without narrowing. Mean tumor volume was 4.9 cc (range 1.6 ~ 8.9) and mean margin-
al dose was 15 Gy (range 14 ~ 16). Dose to the optic apparatus was limited under 8Gy. Mean
follow-up period was 13.5 months (range 6 ~ 19)

Results: Tumor was decreased in three and stationary in the other. All three decreased tumor
showed more than 50% reduction. Headache was improved in all, but diplopia persisted.
Transient headache occurred in one and it was subsided with short-term steroid medication.
There was no permanent morbidity or mortality.

Conclusion: Because of surgical morbidity and intra-operative bleeding, surgery for cavernous
sinus hemangioma is challenging. GKS maybe the first choice for this lesion or an adjuvant 
therapy for surgical remnant. Study of larger group and longer follow up is mandatory for more
conclusive results.

Gamma Gnife radiosurgery for dural arteriovenous fistulas P132
Hiroyuki Kenai (Nagatomi Neurosurgical Hospital, Department of Neurosurgery, Japan) 
Masanori Yamashita  (1) Tomoshige Asano  (1) Yasutomo Momii  (1) Yuzo Hori  (2) Hirofumi Nagatomi
(1) 
(1) Nagatomi Neurosurgical Hospital, Deartment of Neurosurgery, Japan (2) Nagatomi Neurosurgical
Hospital, Deartment of Radiology, Japan 

Introduction: The treatment methods for dural arteriovenous fistulas(DAVFs) are diverse and
endovascular treatment is mainly adopted widely now. But recently, Gamma Knife
radiosurgery(GKRS) has been often used alone or combined with embolization as less invasive
alternatives because of various reasons. And recent studies have demonstrated promising results
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when GKRS is used for DAVFs. We have treated 22 DAVFs including CCF until now. Here we sum-
marized the results of our cases of DAVFs which received GKRS with or without embolization, and
evaluated the significance and effectiveness of GKRS.

Methods: From June 1999 to November 2006, 21 patients suffering from symptomatic DAVFs in
different locations were treated with GKRS in our institution. Of them, seventeen patients that
could be followed for a minimum of 6 months were retrospectively examined. There were 10
male and 7 female with a mean age of 61.6years(range, 38-77). In these cases, 10 cases were
treated by GKRS alone and 7 cases were treated in combination with enbolization. The irradia-
tion target was precisely delineated at mainly the fistula points and at nidus around them. The
target volume ranged from 0.13-5.1ml and margin/maximum dose to the nidus ranged 18-
26Gy/30-48Gy.

Results: Within half to one year follow up, complete obliterations of the shunts were identified in
15 of 17 cases. But only in one case, it took over 3 years to identify the complete obliteration.
And in other one case, the symptoms had not been improved and obliterations of the shunts were
not observed in 6 months later angiography, then she received the endovascular treatment. So
final complete obliteration rate is 94.1%, and in early cases, complete obliterations were identi-
fied at least within a half year. The maximum follow up period is 88 month until now, no definite
side effect has been identified.

Conclusions: For the treatment of DAVFs, basically GKRS is not the first choice. Although GKRS
has no immediate effectiveness, it is safe, effective and relatively early obliterations of the shunts
can be expected at the high rate. So in the treatment of DAVFs, GKRS should be recommended
more positively not only for the benign cases with less hemorrhage risk or no aggressive symp-
toms, but also for the aged cases and the cases which was not performed complete emboliza-
tion, as adding therapy even if they have cortical reflux.

The outcome of patients undergoing Linac-radiosurgical treatment 
for cerebral AVM during five years P133
Martin Malacek (St. Elisabeth's Cancer Institute, Department od Stereotactic Radiosurgery,
Slovakia) 
Augustin Durkovsky, Slovakia (2) Yaroslav Parpaley, Germany (3) Olexandr Lysak, Slovakia (1) Juraj
Steno, Slovakia (4) 

Introduction: Radiosurgery can be helpful in some cases as a primary treatment for cerebral arte-
riovenous malformations (AVMs), or as a supplement to surgery and/or the endovascular emboli-
sation. The outcome of patients with AVM undergoing LINAC-radiosurgery (LRS) has been
analysed. 

Methods: 76 LRS in 74 patients with cerebral AVM were performed from January 2002 up to
December 2006. In 17 cases a residual lesion after preceding surgery and/or an
unsuccessful/incomplete endovascular ambolization was at least once irradiated, 57 patients
underwent at least one primary LRS. The mean margin dose of their initials one-session LRS was
17.42 Gy (range 13-20) Gy. The treated lesions included 27 small (10 cc) AVMs. They had 18 dif-
fuse, 47 compact and 9 psedodiffuse types of the nidus. The radiological vascular changes and
functional changes were evaluated. 

Results: The mean overall follow-up (FU, also after repeated LRS), in 63 patients followed at least
one year was 36.4 months (range 12–100). Out of 22 followed small AVMs the nidus has beeen
completely/almost completely obliterated in 77.3%, out of 28 followed medium-sized AVMs the
nidus has been completely/almost completely obliterated in 46,4% and out of 11 followed large
AVMs the nidus has been completely/almost completely obliterated in 27.3%. The followed pse-
dodiffuse diffuse niduses have been completely/almost completely obliterated only in 16,7%, the
diffuse ones in 26.7%, while the compact niduses in 65.9%. One death due to intracerebral 
hemorrhage (probably from treated medium-sized AVM with compact nidus) shortened pertinent
FU after 11 months. A mild monoparesis 11 months after having repeated LRS/achieving a 
complete obliteration of small-sized AVM with compact nidus was found in one case and severe
hemiparesis due to intracerebral hemorrhage after FU 24 months was found in another case 
without achievement any obliteration of medium-sized AVM with compact nidus. 

Conclusions: LRS provides a minimal invasive and comparatively effective treatment for AVMs.
However, the complete obliteration of the nidus can be expected mainly in small AVMs as well
as in those with compact nidus. The larger AVMs and those harboring other types of the nidus
need longer FU or LRS-treatment can failed. The repeated radiosurgical procedure could help to
definitive cure of these lesions.
Method for biopsy of the seminal vesicles and results in patients 
with prostate cancer P134
Panos Koutrouvelis (URO-Radiology Prostate Institute, Brachytherapy , United States) 
Frederick Hendricks (1) Nicholas Lailas  (1) Stuart Katz  (1) James Sehn (2) Pavel Sviridov (3) George
Sideris (4) Nabil Khawand (5) 
(1) Urology George Washington University. Medical Center, United States (2) Prince William Urology
Associate, United States (3) Brachytherapy department radiological research centre RAMS, Russian
Federation (4) Urology Medical Center of Athens, Greece (5) 106 Irving St. NW#3500, United States 

Purpose: To report a method and results of biopsy of the seminal vesicles for staging of prostate
cancer with 3-dimensional pararectal computed tomography (CT) guided approach.

Material and Method: From February 1995 to February 2007 Seven hundred twenty four (724)
patients with clinical stage T1or T2 prostate cancer underwent 3-dimentional pararectal CT-gui-
ded biopsy of the seminal vesicles under local anesthesia. Range of age was 45-88,with median
66 and with mean 66. Range of PSA was 1.7 ng/mL -95 ng/mL, with median 11 ng/mL and mean
14 ng/mL. Range of prostate volume by CT was 18 cm3 -126 cm3, with median 45 cm3 and means
51cm3.The x-y-z coordinates of the path of the biopsy needle were preselected with CT software
and were integrated with the 3-D stereotactic system. The template of the 3-dimensional stereo-
tactic system was adjusted to avoid needle penetration of the rectum and obstruction of needle
insertion by the coccyx. The correct position of the biopsy needle on the seminal vesicle was ver-
ified with CT prior to biopsy.

Multiple core biopsies averaging twelve (12) were taken six (6) from each seminal vesicle from
proximal (near the base of the prostate) mid portion and distal portion. Average time of the pro-
cedure was 10-20 minutes.

Results: Ninety four (94) patients (13 %) out of seven hundred twenty four (724) were upstaged
to T3b (seminal vesicle invasion). Twenty one (21) of these ninety four (94) patients had bioche-
mical failure after brachytherapy and twelve (12) after external beam radiation therapy (EBRT).
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Nineteen (19) patients (20 %) of these 94 patients had a Gleason’s score =6. Forty-six (46)
patients (49%) had Gleason’s score =7. Fifteen (15) patients (16 %) had Gleason’s score =8 and
fourteen (14) patients (15%) had Gleason’s score = 9 or 10. The incidence of positive seminal
vesicle biopsy is the same as that described with surgical staging in post prostatectomy patients.
One or two sites were positive after each biopsy. The patients tolerated the procedure very well
and no significant bleeding and no infection occurred.

Conclusion: We describe a method of biopsy of the seminal vesicles for staging of the prostate
cancer. The avoidance of needle penetration of the rectum and prostate allows multiple core biop-
sies in a very short time. The verification of the correct position of the biopsy needle in the 
seminal vesicle with CT avoids limitation of the pathologist to distinguish the origin of the biop-
sy (wall of the seminal vesicle from stroma of the prostate). Regardless of the grade of prostate
cancer, staging of the prostate cancer with biopsy of the seminal vesicles is essential for manage-
ment of prostate cancer

Evaluation of effective number of crucial vessels in arteriovenous 
malformation nidus based on clinical data and binomial modeling P201
Bahram Andisheh (Karolinska Inst., Medical Radiation Physics, Sweden) 
Bengt K. Lind (1) Panayiotis Mavroidis (1) Anders Brahme (1) Mohammad Ali Bitaraf (2) 
(1) Department of Medical Radiation Physics, Karolinska Institutet and Stockholm University, Stockholm,
Sweden (2) Department of Neurosurgery, Tehran University of Medical Sciences and Iran Gamma Knife
Center, Tehran, Iran 

Objective: Many different models with or without radiobiological background have been pro-
posed to predict AVM obliteration. Previous studies have shown that considering AVM as a tumor
and using Poisson statistic which is defined for large numbers with small probabilities (N>>1
and S<<1) to evaluate.

Methods and Materials: Dose Volume Histograms (DVHs) and peripheral doses for large AVMs
from different centers were collected and dose-response parameters N0 (effective number of ves-
sels) and D0 (radiosensitivity) derived by a maximum likelihood fitting of the Binomial model to
these data. 

Also in an electrical simulation of AVMs a network of plexiform and fistulous vessels in AVM nidus
was considered and based on dose response of AVMs the concept of effective number of arte-
ries was studied. 

Results: A fit of the Binomial model to the Karlsson_Lax curve for the range of doses higher than
10 Gy and less than 40 Gy shows that the Binomial model can fit it well.Also the dose-response
curves, which were produced after fitting the Binomial model to data from 4 different centers
shows higher number of effective vessels for larger AVMs which complies with the fact that a
large AVM typically has more compartments with more feeding arteries and draining veins and
crucial vessels. 

And finally in an electrical simulation of AVM network role of main effective vessels inside AVM
nidus was observed.

Conclusion: Although methods such as staged volume radiosurgey are being proposed by some
centers but management of patients with large AVMs is still difficult and non effective. As the
binomial model based on the effective number of crucial vessels in the AVM predicts AVM obli-

teration probability for small and large AVMs quite well, with proposing new imaging modalities
in future one maybe able to target effective crucial vasculature inside large AVM nidus with 
higher doses to get better obliteration rates with less complications . 

Skull attenuation effect on Gamma Knife stereotactic radiosurgery P202
Weijun Xiong (Memorial Sloan-Kettering Cancer Center, Medical Physics, United States) 
David Huang (1) Lucille Lee (1) Jianian Feng  (1) Kevin Morris  (1) Emel Calugaru  (1) Chandra Burman
(1) Jinsheng Li  (2) Charlie, C-M Ma  (2) 
(1) Memorial Sloan-Kettering Cancer Center, United States (2) Fox Chase Cancer Center, United States 

Objective: Currently the planning system for Gamma Knife stereotactic radiosurgery has not
applied the inhomogeneity correction for dose calculation. Many Gamma Knife treatment plans
are based on patient MR image. This study is to investigate the inhomogeneity effect from low
density air cavity and especially high density skull on Gamma Knife stereotactic radiosurgery using
Monte Carlo simulation.

Method and Materials: Total 22 Patient CT data from 2005 to 2006 were selected in the Monte
Carlo simulation. Patient geometries were rebuilt from patient CT data. The 201 Cobalt-60
sources in Gamma Knife unit were considered to have the same activity. The beam data was
stored in four beam phase-space files which were generated in the inner side for each of 4 treat-
ment helmets, after the Cobalt beam passed through the primary and secondary collimators. The
dose was calculated using Monte Carlo simulation in both homogenous and inhomogeneous
geometries with identical beam setup. A small volume was created around the iso-center for DVH
comparison. The doses in a 16cm diameter spherical QA phantom were measured with and 
without 1.5mm Lead-covering to mimic with and without skull presence. The dose measurement
in QA phantom was also simulated in Monte Carlo. 

Results: For QA phantom, the dose ratios with and without 1.5mm Lead-covering are 89.8% from
measurement and 89.2% from Monte Carlo with 18mm Helmet. For patient’s CT image, Monte
Calor results show that although the relative isodose lines remain almost the same with and 
without inhomogeneity correction, the difference in absolute dose has been observed. The aver-
age difference is (3.86+-0.90) % from 22 patients. The highest effect observed is 5.9% and the
lowest is 2.5%. 

Conclusion: Monte Carlo simulation results and measurements matched very well for the dose in
spherical QA phantom. It shows that the Monte Carlo simulation provides an excellent way to
investigate the dose distribution for Gamma Knife. 

Skull has significant attenuation effect on absolute dose. The skull attenuation effect increases
with skull density in general. However other factors such as thickness and shape of skull also have
significant impact on the effect. The results show that the skull attenuation effect should be con-
sidered in gamma knife treatment planning. 

279278

Poster Abstracts



Poster Abstracts

Quantitive verification of the patient positioning accuracy 
of Linac based stereotactic radiosurgery and radiotherapy treatments 
using multiple measurement methods P203
Ashley Richmond (Derriford Hospital Plymouth, Stereotactic Radiosurgery, United Kingdom) 
Peter Whitfield (1) James Palmer  (1) Sarah Pascoe  (1) Steve Kelly  (1) William Adams, (1) Teressa Treloar
(1) 
(1) South West Radiosurgery Unit, Derriford Hospital, plymouth, Devon, UK PL6 8DH, United Kingdom 

Relevance: Certainty about positional accuracy is of paramount importance when delivering
stereotactic radiosurgery and radiotherapy. Movement of the BrainLabTM stereotactic frame or
thermoplastic mask between placement or moulding and treatment needs to be quantified. 

Innovation: Our objective was to assess accuracy using CT verification, portal imaging and a
physical measurement technique employing a depth helmet, RadionicsTM. 

Approach: In total 47 patients were studied. 30 underwent SRS with a stereotactic frame locali-
sation, 6 underwent SRS with thermoplastic mask localisation and 11 had several fractions of SRT
using a thermoplastic mask for localisation. CT verification was assessed by means of a repeat CT
on the first day of treatment and a comparison of anatomical and artificial markers. Daily portal
images were compared to digitally reconstructed radiographs generated from the localising/plan-
ning CT. Depth helmet measurements were performed immediately after placement of the
frame/mask and again immediately before each fraction of treatment. All treatments were deli-
vered using the BrainLabTM m3 microleaf collimator system. In all cases paired or multiple 
measurements of the displacements were performed and 3D vectors were calculated for all three
techniques.

Results: Each of the measurement techniques has its limitations. A CT in the treatment position
cannot be performed on the Linac at our centre. Portal imaging suffers from poor resolution and
depth helmet measurements have some subjectivity and might not detect rotations. From all meth-
ods of measurement the frame had an overall 3D displacement vector of 0.5 mm with a standard
deviation of 0.2 mm. The mask system was 1.3mm with a standard deviation of 0.6 mm.

Conclusions: As expected the invasive head frame provides a more accurate method of fixation
than the thermoplastic mask system and should be used when dealing with tumour volumes
close to eloquent structures.

The effect of onyx on the radiation dose during stereotactic radiosurgery P204
Gennady Neyman (Cleveland Clinic, Radiation Oncology, United States) 
Toufik Djemil, United States (0) John Suh, United States (0) Michael Kelly, United States (0) David
Fiorella, United States (0) Henry Woo, United States (0) 

Introduction: Recently a new liquid for endovascular embolization, Onyx (eV3 Inc.), has been
made commercially available. It is a biocompatible liquid polymer that precipitates and solidifies
in contact with blood and forms a soft embolus. Onyx has been approved by the FDA for the
presurgical embolization of arteriovenous malformations (AVMs). Sometimes, AVMs are treated
with stereotactic radiosurgery after endovascular embolization with Onyx. The composition of this
embolic liquid is ethyl vinyl alcohol (EVOH) and micronized tantalum powder suspended in
dimethylsulfoxide (DMSO.) In the precipitated form of Onyx, the resulting cast by weight is com-
posed primarily of tantalum. Due to the high atomic number of tantalum (Z=73), Onyx has the

potential of attenuating the radiation dose delivered during radiosurgery. This experiment was
conducted to investigate this potential attenuation of the radiation beam by Onyx during stereo-
tactic radiosurgery.

Method: A block of Onyx (80x50x8 mm) was precipitated in water in a plastic container and irra-
diated on the Novalis linear accelerator (BrainLAB). The energy of the photon beam was 6 MV
and the field size was 20 mm in diameter. The beam was oriented to traverse the 8mm thickness
of the block. Two types of ion chambers, PTW N31010 and Scanditronix/Weelhofer CC01, were
used to measure the attenuation properties of the beam. 

Results: The 8 mm Onyx block attenuation of the photon beam was measured and demonstra-
ted a mean value of 4% and 3.5% decrease in dose, relative to the same thickness of water, using
PTW and Wellhofer ion chambers, respectively. The slight difference in results can be explained
by a difference in active volume of used chambers (partial volume effects.) 

Conclusions: Onyx may cause a decrease in the delivered dose compared to the prescribed dose
for an AVM treated with stereotactic radiosurgery. This attenuation may be more pronounced for
AVMs treated with Gamma Knife radiosurgery considering the lower energy of Co-60 gamma
rays, the average energy being 1.25 MV compared to 6 MV photons from Novalis. Further 
studies are necessary to characterize this attenuation and determine its impact on the clinical
treatment of AVMs with stereotactic radiosurgery.

The trigeminal neuralgia treatment accuracy with Cyberknife 
radiosurgery system P205
Jun Yang (Cyberknife Center of Philadelphia, United States) 
Larry Thomson (2) Xiaodong Wu (3) Jorge E. Freire  (1) Linda Tobin  (1) Steven J. Dibias (1) Luther W.
Brady  (1) 
(1) Cyberknife Center of Philadelphia, United States (2) Accuray Inc. , United States (3) Cyberknife Center
of Miami, United States 

Introduction: Because of the small size of the target, the nearby critical structures and very high
prescription dose, the trigeminal neuralgia (TN) case presents a significant challenge to conven-
tional radiation therapy. Here, an effective method using radiochromic films and the head phan-
tom is presented to test and report the geometrical and dosimetric accuracy of the TN plan deli-
very for the new Cyberknife unit.

Method: Two radiochromic films were orthogonally loaded into the ball cube, which is tightly
placed inside of the Accuray head phantom. The film edges were carefully aligned with the sur-
faces of the ball cube. 

Four iso-centric shots (Shot I~IV) were planned and positioned on the two films, using 5mm col-
limator and 650 mm SAD. The centers of the Shot I and Shot II, located on the axial plane film,
are 20mm and 45mm to the anterior ball cube surface and 20mm and 45 mm to the left surface,
with the maximum dose of 1081 cGy and 1515 cGy. The Shot III and Shot IV, located on the sagit-
tal plane film, are 20mm and 45mm to the anterior ball cube surface and 20mm and 45mm to
the left surface, with the maximum dose of 2033 cGy and 2511 cGy. 

The plan was delivered to the loaded phantom with accurate setup. The two radiochromic films
were scanned and analyzed thereafter, to check the delivery precision. According to the film opti-
cal density analysis, with the optical density of shot I and shot IV as reference, the shot II and
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Shot III¡¯s dosimetry have been determined.

Result: The film analysis demonstrates that all the shots were delivered within 0.5 mm from the
planned positions. Considering the uncertainty caused by CT resolution, film placement and the
film analysis, the overall uncertainty is within a sub-millimeter range. The dosimetry has also been
verified and proven accurate with simple analysis.

The actual clinical TN treatment delivery was successful. The patient stated that she was pain free
within 24 hours. 

Conclusion: This systemic test proves that this Cyberknife is able to deliver the prescribed dose to
the designated position with stereo-tactic precision. 

Phantom studies to determine accuracy of the Cyberknife spinal radiosurgery
using skeletal structure tracking P206
Anthony Ho (Hong Kong Adventist Hospital, Cyberknife, Hong Kong) 
Victor Tsang (1) Andrew Wong (1) Iris Gibbs (2) Steven Chang (2) John Adler (2) 
(1) Theresa Po Cyberknife Center, Hong Kong Adventist Hospital, Hong Kong (2) Stanford University
Medical Center, Stanford, California, United States. 

Objectives: Xsight of the CyberKnife image-guided radiosurgery system localizes spinal or skele-
tal targets by direct reference to the adjacent vertebral elements or skeletal structures. Previous
study determined the total system error for Xsight using both patient and phantom data1. This
presentation also studies the accuracy of the system, with the introduction of an intended error
during setting up of the phantom for measuring the total system error.

Methods: A 15-mm diameter collimator was used to deliver the dose to a pair of orthogonal
placed radiochromic films. The total system error, which is defined as the distance between the
centroids of the planned and delivered dose distributions, was measured using a realistic, anthro-
pomorphic phantom. The phantom consists of a cranium and seven cervical vertebrae. The cen-
ter of a 19-mm diameter target was located approximately 4.5 cm from the reference point, which
is also the center of rotation. The total system error of the previous study without intended shifts
was measured to be 0.61 mm1. In this study, the phantom was moved in both translation and
rotation directions, and the total system error determined. The total system error was first 
measured without introducing any shifts in the phantom. Then the phantom was moved to (A)
superior 10 mm, and head-up of 1 degree, (B) anterior 10 mm, and rotation (yaw) of 2.5 degree,
and the total system error measured again. 

Results: The imaging system detected the shift in positions, and the robot corrected for it before
dose delivery. The original total system error was measured as 0.25 mm. The system corrected
for the shifts in both translation and rotation, and dose were delivered with the robot making the
automatic corrections. The total system error measured with the translation and rotation shifts
were (A) 0.44 mm, (B) 0.27 mm.

Conclusion: The total system errors measured were within a fraction of 1 mm for a combination
of translation and rotation errors introduced when setting up the phantom for dose delivery. 
Reference (1) Ho, A.K., Fu, D., Cotrutz, C., Hancock, S.L., Chang, S.D., Gibbs, I.C., Maurer, C.R., Adler,
J.R. A Study of the Accuracy of Cyberknife Spinal Radiosurgery Using Skeletal Structure Tracking.
Neurosurgery Journal. February 2007.

A method for the evaluation of dose distribution in stereotactic radiotherapy P207
Aleksandra Grzadziel (Center of Oncology-M. Sklodowska Curie Memorial Institute, Branch in
Gliwice, Radiotherapy and Brachytherapy Planning Department, Poland) 
Joanna Bystrzycka (1) Edyta Wolny (2) Krzysztof Slosarek (1) 
(1) Center of Oncology-MSC Memorial Institute, Branch in Gliwice, Radiotherapy and Brachytherapy
Planning Department, Poland (2) Center of Oncology-MSC Memorial Institute, Branch in Gliwice,
Radiotherapy Department, Poland 

Background: he evaluation of treatment plans is mostly made by assessment of dose distribution
in CT slices, either using histogram data or by known from literature indexes. These methods
highlight different aspects of treatment plans depending on what factor was incorporated into
evaluation. Due to that an investigation of a new, more universal quality index was necessary.

In the study a new Radiation Planning Index (RPI), invented in Radiotherapy and Brachytherapy
Planning Department Center of Oncology – MSC Memorial Institute, Branch Gliwice was incorpo-
rated in order to assess stereotactic plans for head cancer cases.

Aim: The aim of the study was to implement and investigate the utility of the RPI in the treatment
plan evaluation.

Material and Method: 30 treatment plans made for 15 patients with head cancer were analyzed:
10 plans for scull base lesions, 10 plans for metastase located close to organs at risk (OARs), 
10 plans for metastase relatively distant from OARs. All plans were individually designed for each
patient in BrainSCAN treatment planning system. Each couple of treatment plans was evaluated,
using RPI to determine if both OARs protection and target volume coverage fulfill the acceptance
criteria. For RPI calculation home made software was created.

Results and discussion: Calculation of RPI shows, that in 85% cases the evaluation of plans cor-
related with RPI assessment. In these cases the same treatment plan was pointed by physician
and by RPI software computation as better plan . Therefore the RPI can be helpfull in selection of
optimal treatment plan. It should be emphasize that RPI is strongly sensitive to number of OARs.
However the RPI allows to asses different stereotactic plans more comprehensively than other
known indexes or isodose distribution in scans alone.

Conclusion: The RPI can be used to unify the evaluation of dose distribution. An important fea-
ture of this factor is that RPI joins information on dose distribution in target and OARs simultane-
ously. The RPI can be a chief plan evaluation factor, serving for stereotactic radiotherapy, where
numerous numbers of OARs are present.

The use of two dimensional diode arrays for treatment plan verification 
of intensity modulated radiosurgery P208
Jin-Beom Chung (Seoul National University Bundang Hospital, Radiation Oncology, Republic of
Korea) 
Tae-Suk Suh (1) Jeong-Woo Lee (1) Jai-Woong Yoon (1) 
(1) The Catholic University of Korea (2) KonKuk University Hospital, Republic of Korea 

Purpose: We investigated the suitability of the routine clinical use of 2-D diode arrays for the 
verification of intensity modulated radiosurgery (IMRS) plans.

Materials and Methods: An inverse IMRS plans were generated using a commercial planning sys-
tem (BrainSCAN version 5, BrainLAB AG, Heimstetten Germany). Highly-modulated fields of 6 MV
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were produced by sixty pairs of MLC. The treatment planning system automatically calculates the
quality assurance planes of dose for individual IMRS beams at a user-specified SSD and depth in
phantom. The diode array, MapCHECK (Sun Nuclear, Melbourne, FL), is used to measure every
beam with the beam central axis oriented perpendicular to the plane of diodes. The array con-
sists of 445 N-type diodes that are in a 22 ¡¿ 22 cm2 2-D array with variable spacing between
diodes. In this study, the dose was calculated for a plane at 5 cm depth, which corresponds to
the plane of diodes of the MapCHECK with 5g/cm2 buildup, and SSD of 95 cm. The diode array
represents up to 445 point dose measurements that are superimposed on the virtual film for both
percent difference and distance-to-agreement, DTA, analysis. For clinical patient specific QA, we
specify 2% dose difference and 2 mm distance acceptance scaling criteria. 

Results: The comparison of measured and calculated dose maps was made at a given tolerance
of 2%/2mm. The excellent agreements of 97.9%-100% were observed in all six fields. Even at a
tighter tolerance of 2%/1 mm the agreements was on the level of 95.8%-97.1%.

Conclusion: The use of the 2D diode array for routine quality assurance of IMRS field was very
efficient. The setup, calibration, and analysis time of the diode array are significantly less than
those of radiographic films, required to do the similar analysis. Also, the excellent agreement
between measurement and plan calculation has been observed. Thus, 2D diode dearrays have
been found to provide a suitable and easy to handle quality assurance instrument for IMRS plan.

Quantitative assessment of IMRT treatment plan and delivery 
of BrainLAB ís Novalis stereotactic system P209
Javad Rahimian (Southern California Permanenet Medical group, Radiation Oncology, United
States) 
Joseph, C.T. Chen (1) Michael R Girvigian  (1) Michael J Miller  (1) 
(1) Southern California Permanenet Medical Group, Los Angeles, California, United States 

Purpose: The purpose of this study was to assess objectively the goodness of an IMRT plan in 3D
using BrainScan planning software, and to evaluate the accuracy of BrainLAB Novalis Linear
Accelerator IMRT delivery system. 

Materials and Methods: We proposed and defined an Optimization Index (OI), a quantitative
technique, to evaluate, and rank the goodness of multiple competitive IMRT plans. OI is calcula-
ted as the product of the conformity index (CI), Uniformity Index (UI), and Organs-At-Risk Indices
(OARIs). The proposed optimization concept was validated in a brain phantom with a Cube, and
a Sphere-shaped objects defined as PTV’s, and an adjacent structure defined as OAR for each PTV.
Eight IMRT plans were designed for each PTV using 6, 7, 8, 9, 10, 11, 12, and 15 IMRT beams.
The CI, UI, OARI, and OI were calculated, and compared. The technique was validated in 17 IMRT
/ IMRS patients with Intracranial and Extracranial lesions optimized similarly. The quality of
Novalis IMRT delivery system for the final plans of the patients was assessed in a phantom by
measuring the absolute dose at the isocenter as well as the distance to agreement (DTA) between
the planned and delivered isodose distributions. 

Results: The calculated OI had a range of 0.95 to 1.39 for the Cube PTV, and a range of 1.35 to
3.03 for the Sphere PTV for the 6 to 15 beams configurations. The OI for the 17 patients varied
from 0.22 to 4.04 with an average value of 1.65+/-1.42 for their final plans. Expected, and
measured absolute dose in phantom yielded a linear function with a slope of 0.99, an excellent

correlation. The average DTA's for the 80%, and 50% Isodose Lines (IDL)were measured to be
1.74+/-0.97, and 1.16+/-0.54 mm, respectively.

Conclusions: The proposed optimization index is found to correlate well with the goodness of the
IMRT plan. OI is shape dependent, and represents the trade offs among all the pertinent IMRT
parameters. Measured absolute dose, and the isodose distributions are accurate for the IMRT
plans using Novalis delivery system, and BrainScan IMRT planning software.

Application of multiple respiratory sensor system to the gated radiotherapy P210
Jai-Woong Yoon (The Catholic University of Korea, Dept. of Biomedical Engineering, College of
Medicine, Republic of Korea) 
Won Kyun Chung (1) Tae Suk Suh (1) 
(1) The Catholic University of Korea, Republic of Korea 

In case of a radiosurgery system without tracking function, implanted fiducials are generally used
to locate a target. Since the seed implanting is uncomfortable for patients, respiratory signals
could be carefully used for gated radiotherapy after obtaining the correlation with an organ
motion. In this process, a reliable respiratory signal acquisition is essential for the gating. A
spirometer has a direct correlation with a lung volume change but is susceptible to a possible 
signal drift, while a surface displacement measurement is drift-free but its signal amplitude can
be affected by daily patient setup. To combine the advantages of each respiratory sensor and
facilitate a signal processing for reliable respiratory signal acquisition, we propose a PC-based
multiple respiratory sensor system including a spirometer, a belt transducer and a stereo vision
camera. A PCI-bus type of data acquisition board with A/D converter was used to acquire the
spirometer and the belt transducer signal. The spirometer signal was corrected for variation in
flow sensitivity and stochastic volume baseline. The 3-D coordinates of surface markers were
monitored in real time by stereo CCD cameras using the triangulation algorithm. Fluoroscopy
images were acquired to obtain the correlation of target motion with the each surrogate signal.
A gating signal was produced by analyzing the amplitude and phase of the respiratory signal and
fed into the CyberKnife system. We performed a dynamic phantom study to investigate the dosi-
metric effect of the gating. The multiple respiratory sensor system allowed a reliable respiratory
signal acquisition for the gated radiotherapy.

Patients treated by model-C Gamma Knife with APS exposed less 
non-therapeutic irradiation P211
Shang-Ming Chiou (China Medical University Hospital, Gamma Knife Center, Department of
Neurosurgery, Taiwan) 

Objective: Between shots the patients treated by the Automatic Positioning System?(APS) mode
stay the course in the treatment chamber until the shielding doors fully closed. This study will
investigate whether these patients receive a greater unplanned, defocused (non-therapeutic) irra-
diation dose than that by the truunion mode.

Methods: 41 males and 59 females with a mean age of 54 years had the following pathologies:
38 benign tumors, 43 malignant tumors, 16 vascular lesions, and 3 trigeminal neuralgias. These
included 192 lesions (mean volume: 4.8 ml). 61 (32%) of them located deeply. The radiation and
treatment time needed and the choice of helmets and shorts for each lesion were analyzed. The
inter-group difference is analyzed using one-way ANOVA method.
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Results: The APS mode could be applied alone in 79 patients or always possible in nearly 95%
of patients with benign lesions. Three patients failed due to unexpected collisions, and the other
18 harbored some advanced peripheral metastatic lesions. the Non-APS mode spent 47% more
defocused time than the pure APS mode (1.1 vs. o.75 minutes, p< 0.05) unplanned, defocused
irradiation dose than those by the truunion mode. The APS group used fewer helmets but more
shots per lesion to achieve an optimal dosimetry, but there was no difference in the averaged
defocused time per patient by histology.

Conclusions: The APS system makes GK radiosurgery run more smoothly, faster, comfortable and
safer than ever. It improves the design of more conformal dose plans especially for benign lesions,
and the patients will also be exposed to less unnecessary radiation doses.

A simple method of measurement of relative output factor 
of 4-mm collimator helmet of Leksell Gamma Knife P212
Ajay Niranjan (University of Pittsburgh, Neurological Surgery, United States) 
Ajay Niranjan (1) Douglas Kondziolka  (1) John C Flickinger  (1) L. Dade Lunsford  (1) 
(1) University of Pittsburgh, United States 

Introduction: Measurement of Relative Output Factor (ROF) of 4-mm helmet of Leksell Gamma
Knife presents a challenge to physicists. The dose profile of 4-mm collimator has a very steep
slope with a very small plateau of uniform dose. Consequently, the main difficulties in measure-
ment are to have a detector of a few micron size which would not cause dose-volume-averaging
effect and precise place it at the maximum dose point in three dimensional volume. 

Method: The radiographic films have spatial resolution of a few microns and can record the image
of the 4-mm collimator dose volume in any one plane. The optical density (OD) on the film is con-
verted to radiation dose by knowing the film’s characteristic curve (H&D), which represents the
relationship between OD and absorbed dose. The H&D curve for 60Co gamma rays was deve-
loped by exposing films in the 16 cm dosimetric polystyrene phantom using the 18-mm collima-
tor for which the doses are exactly known. We used Kodak ready pack Extended Dose Range-2
(EDR2) films, which is a slow film with latitude of about 350 cGy. To measure ROF films were
exposed for one minute each using 18 and 4-mm in XY, YZ, XZ planes. The films were processed
in Radiology film processor, which is daily quality controlled. The processed films were scanned
on a high-resolution 16-bit film scanner (Vidar Dosimetry Pro) and analyzed by RIT113 software.
This scanner can detect doses in a few micron size pixel area. The scanner also scans for the 
maximum dose in the recorded image. 

Results: The average peak doses obtained for 18-mm collimator were 228.96, 230.93, and 231.6
cGy in XY, YZ, XZ planes respectively. Similarly the doses for 4-mm collimator were 194.22,
195.85, and 196.94 cGy in XY, YZ, XZ planes. The ROFs for 4-mm collimator measured using
these doses were 0.866 for X-Y plane, 0.849 for Y-Z plane and 0.850 for X-Z plane. The overall
ROF for all planes was 0.855 + 0.01. The measured ROF is in close agreement with 0.87 value
recommended by the manufacturer. 

Conclusion: The present method is simple and accurate. It can be used to measure ROF of any
size collimator on any stereotactic photon radiosurgery unit. 

Stereotactic planning vs conventional external beam radiotherapy planning 
for pituitary radiotherapy P213
Puma Sundaresan (Westmead Hospital, Radiation Oncology, Australia) 
Radhini Chelvarajah (1) Jayasingham Jayamohan (1) , Bahamas (1) 
(1) Department Of Radiation Oncology, Westmead Hospital, Sydney, New South Wales, Australia 

Introduction: Due to the perceived superior conformity in dose distribution that may be achieved
with stereotactic treatment, current practice at our centre is to treat all patients receiving pituitary
radiotherapy with stereotactic radiotherapy (SRT) or radiosurgery (SRS).

Objectives: By examining planning target volumes (PTV), treated volumes (TV), conformity indices
(CI) and dose volume histograms (DVH), we aimed to determine if a stereotactic approach is supe-
rior to conventional 5-field EBRT in terms of dose distribution.

Methods: Simultaneous radiotherapy plans were created for both treatment techniques for all
patients recommended pituitary radiotherapy between January and December 2006. The two
final plans were compared in terms of PTV, TV, dose conformity to the planned treatment volume
(using CI) and dose to normal structures as determined from the DVH. 

Results: The PTVs for all 5 patients was greater (up to 8 times) with 5-field EBRT. The TVs were
markedly greater with 5-field EBRT. Analysis of the DVHs confirmed that the doses received by
structures such as temporal lobes and brainstem were considerably higher with 5-field EBRT.

Conclusion: The magnitude of difference in dose distribution between a stereotactic approach
and 5-field EBRT clearly support our policy of treating all pituitary tumour volumes with SRT or
SRS. Given the lower doses received by the temporal lobes and brainstem when employing a
stereotactic technique, we recommend a stereotactic approach when treating pituitary tumours.

Influence of dosimetric parameters on the histological response after Gamma Knife 
radiosurgery in an experimental model of trigeminal nerve radiosurgery P301
Nicolas Massager (Gamma Knife center, Dept. of Neurosurgery, Belgium) 
Laurence Abeloos, Belgium (0) Calliope Maris, Belgium (0) Ouzi Nissim, Belgium (0) Daniel Devriendt,
Belgium (0) Isabelle Salmon, Belgium (0) Marv Levivier, Belgium (0) 

Objective: To analyze the histological response of the trigeminal nerve and the brainstem after
Gamma Knife radiosurgery in an animal model of trigeminal neuralgia radiosurgery.

Material & Methods: We targeted the trigeminal nerve root of 62 Wistar rats with the Gamma
Knife using various prescription doses and various dose distributions within the same prescription
dose. We sacrificed the rats at different time interval from irradiation; brains were sampled for
histological analysis. Results of the histological effects on both trigeminal nerve and adjacent
brainstem were analyzed. 

Results: The histological response of the nerve root included axonal degeneration and necrosis.
Histological effect on the brainstem included necrosis, shrunken neurons, and vessel wall 
thickening. The histological effects encountered were related to the dosimetric parameters used
and particularly to the dose distribution along the nerve. 

Conclusion: After targeting the trigeminal nerve root, the histological effects of Gamma Knife
radiosurgery on the trigeminal nerve and brainstem were related to the prescription dose and to
the dose distribution outside the target volume.
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Alpha/beta ratios for tumour shrinkage after fractionated 
and single-dose irradiation for neuromas and meningiomas P302
Markus W. Gross (Philipps-University of Marburg, Department of Radiotherapy and
Radiooncology, Germany) 
Klaus Hamm  (2) Martin Henzel  (1) Gunnar Surber  (2) Gabriele Kleinert  (2) Rita Engenhart-Cabillic  (1) 
(1) Philipps-University of Marburg, Dept. of Radiotherapy and Radiooncology, Marburg, Germany (2)
Department for Stereotactic Neurosurgery and Radiosurgery, Helios Klinikum Erfurt, Germany 

Introduction: Stereotactic radiosurgery and fractionated stereotactic radiotherapy yield a signifi-
cant shrinkage of skull base tumours. In this study we tried to calculate alpha/beta ratios for
tumour shrinkage from the volumetric evaluation data of our series of meningiomas and acoustic
neuromas. 

Methods: 75 meningiomas and 42 neuromas with a follow-up of >2 years and a tumour 
volume reduction of >20% were evaluated. Treatment either was radiosurgery (group a; menin-
giomas: median 15 Gy, range, 14 - 20 Gy; neuromas: median 12 Gy, range 12 - 13 Gy), or
hypofractionated (group b; meningiomas: median 7 fractions of 5 Gy, range 7 - 8 fractions; neu-
romas: 6 fractions of 5 Gy), or conventionally fractionated with 1.8 - 2.0 Gy fractions (group c) to
56 Gy (range, 50.4 - 60 Gy) in meningiomas and to 54 Gy in neuromas (range, 54 - 56 Gy).
Tumour shrinkage was evaluated 3-dimensionally with the planning system. Reciprocal total
doses (1/D) and fraction sizes (d) of isoeffective fractionation schemes (E) were entered into a
rearranged form of the linear-quadratic equation: 1/D = (alpha/E)+(beta/E)*d. Alpha/beta ratios
were calculated from the parameters of the regression line.

Results: In the treatment groups a, b, c for meningiomas the mean shrinkage was 56.2%, 35.5%
and 36.0%, respectively, without significant difference (P=0.535). Data of the three treatment
groups revealed an alpha/beta ratio of 4.5 Gy for tumour shrinkage. Regarding fractionated treat-
ment only the alpha/beta ratio was 2.5 Gy. For local tumour control the calculated alpha/beta
ratio was 3.9 Gy.

For acoustic neuromas mean shrinkage was 43.8% in group a, 37.7% in group b and 46.9% in
group c, and was not significantly different (P=0.508). In the three different groups the calcula-
ted alpha/beta ratio amounted 1.1 Gy for tumour shrinkage. Regarding fractionated treatment
only the alpha/beta ratio was 1.8 Gy. For local tumour control in acoustic neuromas the
alpha/beta value 1.6 Gy. 

Conclusion: Reciprocal dose plot analysis for isoeffective fractionation schemes supports the view
that successful treatment of neuromas and meningiomas concerning local control and tumour
shrinkage is a consequence of late effects in terms of classical radiobiology. This underlines the
findings that relatively low radiosurgical doses of 12 - 14 Gy are sufficient to achieve long time
tumour control. 

Influence of dose inhomogeneity inside the target volume on the histological 
response after experimental Gamma Knife radiosurgery in the rat striatum P303
Nicolas Massager (Gamma Knife center, Dept. of Neurosurgery, Belgium) 
Ouzi Nissim, Belgium (1) Calliope Maris, Belgium (2) Laurence Abeloos, Belgium (3) Daniel Devriendt,
Belgium (4) Isabelle Salmon, Belgium (5) Marc Levivier, Belgium (6) 

Objective: To analyze how dose heterogeneity inside the target volume and dose distribution out-
side the target volume influence the histological response of brain tissue following Gamma Knife
radiosurgical treatment in an animal model.

Material & Methods: We targeted the right striatum of 54 Wistar rats with the Gamma Knife using
various prescription doses (15 Gy, 25 Gy, 35 Gy and 45 Gy) and various dose distributions with
the same prescription dose. Three months after irradiation, rats were sacrificed and brains were
sampled for histological analysis. Results of histological changes of the parenchyma inside and
outside the target volume were analyzed. For a similar prescription dose, the different histologi-
cal response of brain tissue was correlated with the dosimetric parameters used. 

Results: Histological response included astrocytosis, necrosis, shrunken neurons, vessel wall
thickening and psammomas. The incidence of these histological effects was related to the pres-
cription dose used. For a same prescription dose, the various dose distributions used were asso-
ciated with highly different histological responses in areas inside and outside the target volume. 

Conclusion: The histological effects of Gamma Knife radiosurgery, as assessed in a rat brain
model, are highly related to the prescription dose used but also to the dose distribution inside
and outside the target volume.
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Twin Peaks

CyberKnife Radiosurgery for Arteriovenous Malformations. Evolution of the Technique
F Colombo M.D.
Department of Neurosurgery, City Hospital, Vicenza, Italy

Summary: In Vicenza Hospital radiosurgery as been employed for treating arteriovenous malfor-
mations (AVMs) From 1984 to 2002 an original, LINAC based, isocentric, multiple arcs technique
was utilized.  Since January 2003, an image-guided robotic radiosurgery apparatus (the
Cyberknife) has been employed in clinical practice. Automatic target delineation is based on
image fusion between CT and 3D rotational angiography (3DRA).  The new procedure was
employed in a series of 200 patients affected by AVMs. In large (>8ml) and spinal AVMs, 
radiation has been delivered in 2 fractions. One patient suffered for adverse effects due to irra-
diation. Three bleeding occurrences have been observed so far in treated patients. In AVM 
<8 ml (39 patients) one-year complete obliteration rate is 90%.Results in term of complete obli-
teration seems to be superior to those we obtained with the standard LINAC-based procedure.  

Key words: arteriovenous malformations- stereotactic radiosurgery- intracranial hemorrage

Stereotactic Radiosurgery with Real-Time Tumor Tracking in the Treatment 
of Small Peripheral Lung Tumors
Brian T. Collins, M.D.
M.D., Kelly Erickson, B.A., Sean Collins, M.D., Ph.D., Gregory Gagnon, M.D., Sonja Dieterich, Ph.D., Don
McRae, Ph.D., Ying Zhang, M.S. M.D., Cristina A. Reichner, M.D., Thomas Chang, M.D., Carlos Jamis-
Dow, M.D., Filip Banovac, M.D, Shakun Malik, M.D.,  Eric D. Anderson, M.D.
Georgetown University Hospital, Washington, DC

Background: Recent developments in radiotherapeutic technology have resulted in a new
approach to treating patients with localized lung cancer. We report preliminary outcomes using
stereotactic radiosurgery with real-time tumor tracking to treat small peripheral lung tumors.

Methods: Eligible patients were treated over a 24-month period. Fiducials were placed in or near
tumors under CT guidance. A non-isocentric treatment plan with a 5-mm margin was generated.
Patients received 45-60 Gy in 3 equal fractions. CT imaging and routine pulmonary function 
testing were completed at 3, 6, 12, 18 and 24 months. 

Results: Twenty-four consecutive patients were treated, 15 with stage I lung cancer and 9 with
single lung metastases. Pneumothorax was a complication of fiducial placement in 7 patients,
requiring tube thoracostomy in 4. All patients completed radiation treatment with few acute side
effects and no procedure-related mortalities. Grade III pneumonitis was seen in 2 patients, one
with prior conventional thoracic irradiation and the other treated with concurrent Gefitinib. A
small statistically significant decline in the mean % predicted DLCO was seen at 6 and 12 months.
All evaluable tumors responded to treatment at 3 months and local failure was seen in only 2 sin-
gle metastases. There have been no regional lymph node recurrence. At a median follow-up of
12 months, the crude survival rate is 83%, with 3 deaths due to co-morbidities and 1 secondary
to metastatic disease. 
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Twin Peaks

Trilogy Treatment Image-Guided Radiosurgery – 
The Multidisciplinary Medical Team Approach
John F. Alksne, MD
Professor of Surgery & Founding Chief
Division of Neurological Surgery

Kevin Murphy, MD
Medical Director of Radiation Oncology
Director of Business Development
Assistant Professor of Radiation Oncology
Department of Radiation Oncology

Todd Pawlicki, PhD
Associate Professor
Director of Medical Physics and Clinical Operations
Department of Radiation Oncology

Full integration of advanced 2-D and 3-D imaging in the treatment room, non-invasive immobi-
lization, automated patient positioning, and real-time motion management methods into radio-
surgery have resulted in fundamental changes in therapeutic strategies and approaches that are
leading us to the treatment room of the future. With the introduction of image-guided radio-
surgery (IGRS) systems, such as Trilogy™, physicians have for the first time a practical means of
routinely identifying and treating very small lesions throughout the entire body.

At the same time, the practice of modern therapeutic medicine has become increasingly a multi-
disciplinary team approach. 

During this symposium, underlying clinical and technical IGRS principles will be demonstrated
through case discussion of intracranial, spinal and soft tissue indications.

Using these IGRS principles, there is promise that cancer could be turned into a chronic disease,
managed through a series of checkups, and Trilogy Treatments when metastatic lesions reappear.
Or, functional lesions may be treatable with non-invasive IGRS techniques that were unimagined
just a few short years ago.
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Conclusion: High-dose fractionated stereotactic radiosurgery with real-time tumor tracking is a
promising well-tolerated single modality treatment option for small peripheral lung tumors. 

Virtual HDRsm CyberKnife Prostate Radiosurgery: Toward the Development 
of Non-Invasive HDR Dosimetry Delivery and Early Clinical Observations
Donald B. Fuller, M.D., Chad Lee, PhD, Steven Hardy, CMD, Haoran Jin, PhD

Objectives: Based on successful treatment of prostate cancer with High Dose Rate (HDR)
brachytherapy monotherapy, we initiated a CyberKnife (CK) IRB-approved protocol, using repor-
ted HDR fractionation (38Gy/4fx), deliberately escalating peripheral zone dose. In this study we
evaluate protocol CK versus simulated HDR for identical prostate volumes in a series of patients,
comparing dosimetric endpoints, and describing early protocol patient clinical observations.

Methods: 10 consecutive patients treated with CK from July 2006 - November 2007 are studied; 
9 receiving protocol CK monotherapy and 1 receiving a CK boost. All were normalized to the CK
monotherapy protocol dose (38Gy/4fx). Minimum CK PTV V100 requirement was 95%. CK dose
constraints: PTV - 200% (76Gy); rectal wall - 100% (38Gy); rectal mucosa (3mm rectal wall contrac-
tion) - 75% (28.5Gy); urethra - 120% (45.6Gy); bladder - 120% (45.6 Gy); For all patients, a 
corresponding simulated HDR plan using dicom-transferred common contour sets was designed on
the Varian Varisource® HDR computer, using 15-20 simulated HDR catheters, matching median PTV
V100 values within 0.6%, minimizing HDR urethra and rectal wall doses as much as possible.

Results: Median CK prescription isodose line was 57% (49 - 67%). Respective median CK vs. HDR
PTV: D90 - 39.8Gy vs. 41.0Gy; V100 - 96.2% vs. 95.6%; V125 – 42.1% vs. 67.5%; V150 7.3%
vs. 37.1%. Respective median CK vs. HDR urethra: Dmax - 44.3Gy vs. 50.0Gy; D10 - 41Gy vs.
47.1Gy; D50 - 38.6Gy vs. 44.9Gy. Respective median CK vs. HDR bladder: Dmax - 42.8Gy vs.
54Gy: D10 - 29.3Gy vs. 24.1Gy. Respective median CK vs. HDR rectal wall: V80 - 1.3cc (0.3 -
4.0) vs 2.4cc (0.7 - 3.3); Dmax - 37.3Gy vs. 36.9Gy; D1 - 33.3Gy vs. 34.7Gy; D10 - 22.9Gy vs.
25.7Gy; D25 - 14.8Gy vs. 19.2Gy.

Conclusion: V100 and D90 coverage appear comparable for CK and HDR, while V125 and V150
are higher for HDR, indicating similar prescription isodose target volume coverage with each
modality in this protocol, with moderately higher estimated uniform dose (EUD) for HDR. Urethra
dosimetry values were typically lower in CK cases. Matching simulated HDR with actual CK ure-
thra dosimetry usually caused HDR PTV V100 deviation below the protocol requirement, sugges-
ting that CK better balanced the protocol urethra dose limitation and PTV coverage requirement.
Bladder Dmax was higher with HDR but comparative dose fall-off beyond the bladder Dmax point
was greater with HDR. Both modalities created similar rectal wall Dmax, D1 and V80 values,
while CK created a more rapid dose fall-off with increasing distance beyond the PTV. Additional
simulated CK iterations 5 patients, allowing higher CK urethra doses (more closely matching com-
parison HDR values), resulted in significantly increased CK PTV V125 and V150 values that much
more closely approximated HDR, without significantly altering CK rectal wall dosimetry, though at
the expense of a somewhat higher bladder EUD of unknown clinical significance. Preliminary 
clinical results are encouraging, with a median 50% one month PSA decrease in the first 8 eva-
luable CK monotherapy protocol patients, and self limited, primarily urologic side effects.

BRAINLAB 15.30 - 17.30

Twin Peaks
Respiratory Gating with Novalis Shaped Beam Surgery
Dr. Reinhard E. Wurm
Charité Universitätsmedizin - Berlin, Germany

Respiration induced motion of lung and liver tumors make the accurate delivery of radiation to
these lesions particularly challenging. Up to now, large areas around the tumor had to be trea-
ted in order to account for the patient's breathing and ensure that the entire tumor was covered
with a sufficiently high treatment dose. This often resulted in a significant volume of healthy and
often sensitive tissue being exposed to radiation, preventing physicians from using higher dose
levels that could improve treatment outcomes. To spare surrounding normal tissue and to allow
higher doses to be delivered, the radiation dose needs to be focused exclusively on the tumor. In
this overview, major issues related to the management of mobile tumors and gating in radiothe-
rapy are discussed. For most types of organ motion, there are both interfraction and intrafraction
components. For respiratory motion, the magnitudes of these 2 components can be comparable
and therefore both should be handled carefully. There are various methods for handling organ
motion in treatment delivery. Positron emission tomography (PET) and 4-dimensional CT scan
technique are recommended for treatment simulation of patients with mobile tumors. Caution
should be exercised when using patient-specific motion information for treatment planning
because motion characteristics may vary from the treatment simulation time to the treatment
delivery sessions. Respiratory gating has been advocated as a potentially accurate method which
is easy to implement and may be widely adopted in clinical practice. 

We report our experience with Novalis Shaped Beam Surgery ExacTrac X-Ray Adaptive Respiratory
Gating since its clinical implementation at the Charité in 2005. Novalis ExacTrac Shaped Beam
Surgery X-Ray Adaptive Respiratory Gating correlates internal tumor motion with the patient's
breathing cycle. The system's millimeter targeting precision is the basis for delivering a focused
dose to the target that is subject to respiration-induced movement. ExacTrac's infrared tracking
technology enables automatic, multiple x-ray image acquisition during the patient's breathing
cycle. These x-ray image sets allow the detection of the tumor's three-dimensional movement in
relation to a previously implanted marker. The robotic couch of the ExacTrac system aligns the
patient automatically for treatment. The exact magnitude of tumor movement is calculated auto-
matically in 3D, allowing precise synchronization of the "beam- on window" with the patient's
breathing frequency. According to our results the Novalis Shaped Beam Surgery ExacTrac X-Ray
Adaptive Respiratory Gating set-up accuracy is around 1 mm, which is the basis for precise 'gated'
radiotherapy. Once the patient is precisely positioned, ExacTrac Adaptive Gating ensures that the
dose delivery is accurately focused on the tumor compared to conventional radiotherapy
approaches. The automated Novalis Shaped Beam Surgery ExacTrac X-Ray Adaptive Respiratory
Gating allows us to reduce user interaction and keep sources of error to a minimum. Following
our initial experience we are now in a position to evaluate more promising dose delivery proto-
cols with increased dose over time and expect improved outcomes for patients with mobile
tumors and reduced side-effects at the same time.
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FSR dose optimization for fractionated stereotactic radiotherapy treatment 
of acoustic neuromas: Comparison of two dose cohorts
Dr. David Andrews
Thomas Jefferson University Hospital, Philadelphia, PA

Introduction: Extensive Gamma Knife literature has reflected downward dose iterations yielding
higher rates of hearing while maintaining high tumor control rates. We describe our initial expe-
rience of FSR dose reduction comparing two dose cohorts with examination of tumor control rates
and serviceable hearing preservation rates.

Methods: After IRB approval, we initiated a retrospective chart review looking specifically at out-
comes reflected in serial audiometry and clinical examination, including amelioration or exacer-
bation of symptoms including tinnitus, vertigo, and gait ataxia. We also reviewed pre- and post-
treatment MRI scans to assess tumor control rates.  Audiograms were considered reliable if the
pure tone average approximated the speech reception threshold and hearing was graded accor-
ding to the Gardner-Robertson scale.  All data were entered into a JMP v5.5 statistical spread-
sheet for analysis.  Audiometric data were judged not to fit a normalized distribution and
Willcoxon rank sum analysis was performed with a 1-way test, ChiSquare approximation. Kaplan-
Meier analysis of hearing preservation was performed for both cohorts and corrected for compa-
rable follow-up.  Paired t-test analysis was performed to assess pre- and post- treatment pure
tone average (PTA) and speech discrimination score (SDS).  Significance was established at 
p < .05.  Tumor control was defined as either tumor shrinkage, no further growth, or one inter-
val of documented growth after treatment with no further growth on subsequent imaging inter-
vals requiring no further intervention.

Results: One hundred-thirty one patients with Gardner-Robertson Grade III or greater hearing
were treated with FSR between 1994 and 2007.  Of these serial audiometry was available in 124
patients. The higher dose cohort (HDC) included 70 patients treated to 50.4 Gy with a median
follow-up (latest audiogram) of 63 weeks and the lower dose cohort (LDC) included 60 patients
treated to 46.8 Gy with a median follow-up of 59 weeks, both in daily fractions with a 1.8 Gy
isosurface prescription. Forty-nine of 73 patients in the higher dose cohort had serviceable hear-
ing, and 44 of 51 patients in the lower dose cohort had serviceable hearing. Tumor control rates
were 100% in both cohorts. When patients with serviceable hearing were analyzed, the raw
hearing preservation rate was higher for the LDC compared to the HDC (80% v. 68%, respective-
ly), and the median time to loss of serviceable hearing was significantly shorter in the HDC at
comparable follow-up (79 v. 165 weeks for LDC, p= .0408, logrank and p = 0181, Willcoxon).
The LDC yielded a significantly lower PTA compared to the HDC (35.8 dB v. 49.4 dB, p = 0.011)
which remained significant when corrected for comparable follow-up at < 165 weeks (32 dB v.
42 dB, p = .0466).  When assessing outcomes in each cohort by paired comparisons, the LDC
manifested a smaller mean difference in both PTA and SDS changes compared to the HDC and
the PTA difference was significantly less (p = .0288) which remained significant for comparable
follow-up at < 165 weeks (p=.0340). 

Conclusion: A lower total dose at 46.8 Gy has therapeutic benefit for patients with serviceable
hearing treated with FSR without compromising tumor control rate when compared to a higher
dose cohort treated to 50.4 Gy. Further dose reductions may be necessary to achieve an optimal
dose which yields the highest hearing preservation rate without compromising tumor control rate
for these patients.   

Frameless Intracranial Stereotactic Radiosurgery Using the BrainLAB Novalis Treatment
Unit: Clinical Outcomes for Brain Metastases
Dr. Ron Warnick - Mayfield Clinic  -Westchester, Ohio
Ronald Warnick, Ryan Steinmetz, Mike Lamba, and John C. Breneman

Introduction:  Stereotactic radiosurgery (SRS) for lesions in the brain typically uses an invasive,
stereotactic frame for target localization and immobilization. Recent technologic advances in
LINAC radiosurgery units allow for near real-time x-ray image-guided target localization, raising
the possibility of performing SRS without an external stereotactic localization device. Beginning
in 2005, we began performing “frameless” SRS with a noninvasive mask and image guidance
using the BrainLAB Novalis treatment unit.

Materials and Methods: Pre-clinical phantom measurements and concurrent framed SRS/image-
guided studies were performed to verify the technical accuracy of the frameless procedure.
Subsequently, 52 patients with brain metastases were treated with frameless radiosurgery. Local
control of treated lesions was assessed as the primary endpoint to verify the accuracy and vali-
dity of the frameless procedure.

Results: After median follow-up of 28 weeks, actuarial local control of 167 treated lesions is 97%
at 6 months, 82% at 9 months, and 64% at 12 months. A trend toward improved local control
was seen with SRS doses of 18 Gy or greater. Survival was a secondary endpoint, with overall
survival of 87% at 6 months (100% for RPA class I patients and 82% for RPA class II and III
patients). One patient required surgery for radiation necrosis. There was no evidence on follow-
up SRS imaging to suggest mis-targeting of a radiation iso-center.

Conclusion: Frameless SRS for brain metastases using the BrainLAB Novalis unit results in clinical
outcomes comparable with frame-based SRS techniques. Given the significant advantages in
patient comfort, convenience, and utilization of personnel and equipment resources, frameless
SRS will likely gain quick acceptance as the technique of choice for patients requiring cranial SRS.
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Twin Peaks
Spinal radiosurgery - clinical and technical indications
Assistant Professor MD, PhD, Jason Sheehan, Lars Leksell Center for Gamma Knife Radiosurgery
University of Virginia, Charlottesville, Virginia

Objective:  The coupling of minimally invasive spinal surgery with intracranial radiosurgery has
led to the development of spinal radiosurgery.  An overview of the principles and indications of
spinal radiosurgery is presented.

Methods:  The current body of literature as well as the author’s own experience with spinal radio-
surgery was reviewed.

Results:  Spinal radiosurgery represents the natural extension of minimally invasive principles and
Leksell’s concept of intracranial radiosurgery.  Improvements in neuro-imaging, computer proces-
sing, and dose planning have permitted the application of frameless stereotactic techniques to
spinal neuropathology.  Radiosurgery can be delivered in one to five fractions to spinal lesions
with precision, steep fall-off, and avoidance of structures at risk of injury.  Spinal radiosurgery
necessitates a multidisciplinary team including a spinal surgeon, radiation oncologist, and me-
dical physicist.

Indications for spinal radiosurgery include metastases, meningiomas, hemangiomas, schwanno-
mas, neurofibromas, chordomas, ependymomas, focal gliomas, and arteriovenous malforma-
tions.  For radiosurgery, the radiobiologic superiority for many types of neuropathology and its
convenience over conventional fractionation schemes has led to an embracement of the tech-
nique by many institutions.  Spinal radiosurgery can be performed for recurrent or residual patho-
logy following an open surgical procedure (e.g. resection and fusion) or conventional radiation
therapy.  Optimal dose schemes and tolerance of the spinal cord and organs at risk remain the
subjects of continued investigation.

Conclusions:  The field of spinal radiosurgery has grown rapidly over the past 5 years.  Short and
intermediate results indicate that this is an attractive option for patients with spinal metastasis
and some types of benign pathology.  Longer studies still need to be performed to better define
the technique and clinical indications. Nevertheless, the technique of spinal radiosurgery has
greatly expanded the treatment armamentarium for spinal surgeons and radiation oncologists,
and it will likely be employed with increasing frequency.

Potential of Elekta Axesse™
Dr. Matthias Guckenberger, Clinic of Radiation Oncology, University of Würzburg

Results from phantom studies have shown very high accuracy and mechanical stability of the
Elekta Axesse system: the kilovoltage 3D volume imaging allows the detection of set-up errors
with submillimeter accuracy and high-precision correction of the errors in six degrees of freedom
is possible by means of the HexaPOD. This accuracy is not only achieved in phantom studies but
also in daily patient treatment: in cranial and extra-cranial treatment errors of less than 1mm were
measured using IGRT.

Immobilization of the patient to prevent intra-fractional patient movement was demonstrated as
the limiting factor of the accuracy in clinical practice. We showed that IGRT is possibly superior to
Stereotactic treatment based on external fiducials: frameless cranial and extra-cranial IGRT is now
routine practice at our department. KV-imaging with soft-tissue is considered as a key advantage:
IGRT based on the soft-tissue tumor itself will replace EPID for targets moving independently from
the bony anatomy, e.g. lung tumors, prostate cancer.

Latest achievement in Stereotactic radiosurgery
Professor David Larson, MD, PhD, University  of California, San Francisco, USA

This year Gamma Knife radiosurgery celebrates 20 years of operation in clinical practice. In 1987
the first Gamma Knife model B and the first Gamma Knife model U were installed, in Bergen,
Norway and at the University of Pittsburgh, respectively. From 1996 until the recent development
of Perfexion, only the model B and subsequent upgrades have been acquired. To date some
500,000 procedures have been performed with these systems. Internationally, over 250 Gamma
Knife centers are now treating almost 50,000 patients per year. Although significant workflow
and treatment planning improvements have been made via Leksell Gamma Knife C and 4C and
various generations of GammaPlan, the basics have remained the same.

In 2002 I was asked to participate in an ongoing, multi-disciplinary, multi-cultural expert panel
which periodically met with Elekta's product creation team to design and implement a complete-
ly new generation of Leksell Gamma Knife. What we set out to do was no small task. We wished
to take a quantum leap forward in stereotactic radiosurgery while at the same time retaining 
clinical compatibility with protocols and procedures based on 20 years experience and tens of
thousands of cases documented in the literature. Four years later Leksell Gamma Knife Perfexion
was introduced.

This presentation will concentrate on the discussions and thought processes that led to the final
design as well as what this new technology can bring into the field of radiosurgery.
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Radiosurgery with the worlds first fully robotized 192 Cobalt-60 source Leksell Gamma
Knife® PerfeXion™ in clinical use
Jean Régis*, Manabu Tamura*, Cécile Guillot*,
Xavier Muracciolle**, Mariko Nagaje**, Denis Porcheron**
* Stereotactic and Functional Neurosurgery, Timone University Hospital, Marseille, France
** Radiation Oncology Department, Timone University Hospital, Marseille, France.

The world first fully robotized 192 Cobalt-60 source Leksell Gamma Knife PerfeXion have been
installed in Timone University Hospital in July 10th, 2006, in addition of our 4C Gamma Knife
reloaded and upgraded during the installation of the PerfeXion device. In order to evaluate this
very new radiosurgical instrument a prospective trial have been organized.

The total number of patients treated with this new device since July 10th is 361 (Vestibular
Schwannomas 152; Metastases 76; Meningiomas 59; AVM 29, Trigeminal Neuralgia 15,
Pituitary 9, Epilepsy 7, others 14). The first 200 patients eligible for a comparative prospective
study (informed consent signed, tumoral or vascular indication, no previous radiosurgery or radio-
therapy) have been included in a comparative study. In accordance with the blinded randomiza-
tion process 100 patients were treated with 4C and 100 with PerfeXion. 

No technical failure of the treatment procedure was encountered. The new dose planning system
led to the use of composite shots in  39,4% of the patients. The mean number of different colli-
mator sizes used was larger with PerfeXion than with 4C (1,91 and 1,52 respectively). The mean
number of isocenters used was lower (10,67 vs. 13,08). The median total treatment time (40,00
min vs. 60,00 min) and the median the radiation time (34,02min vs.  33,40 min) were signifi-
cantly shorter with PerfeXion. The procedure was performed using only a single run in  98,99 %
the PerfeXion cases and in  42,00 % of the 4C cases. Collision risk on the 4C forced us to change
the frame gamma angle for at least one shot in  24,00 % of the patients and led to treatment in
manual mode for at least one shot in  21,00 % of the patients. Collision risk requiring technical
adaptation was one time observed with PerfeXion (change of Gamma angle). In  two patients
treated on PerfeXion the system required a direct collision check. PerfeXion is delivering 8.2 time
less dose to the vertex, 10 time less to the thyroid, 12.9 less to the sternum and 15 time less to
the gonads.

This preliminary analysis of our prospective data indicates that procedures with PerfeXion were
collision-free even with extreme location of the lesion. The duration of the surgical procedure,
duration of nurse, physicist and physician intervention on the machine, and the duration of the
QA procedure are all dramatically reduced with the PerfeXion. Patient protection, already very
good with the Leksell Gamma Knife 4C, is strongly improved with the PerfeXion and much bet-
ter than all the existing devices. In our experience, Leksell Gamma Knife PerfeXion technological
advances will contribute to very significant future progress in radiosurgery.

This new radiosurgical instrument, in this first preliminary experience, is turning out not to be just
a new version of the Gamma Knife. Our overall feeling is that this new generation of platform for
radiosurgery is a real quantum leap for radiosurgery technology and appears to make radio-
surgery even easier, faster and safer than before. However, longer follow up and more extensive
experience is required before drawing any kind of definitive conclusions. We may well be 
looking at a dawn of a new era for radiosurgery.
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