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a word from the President of the IsRs

on behalf of the International stereotactic Radiosurgery society, it is my pleasure to welcome 
you to our 2009 meeting in seoul.
seoul, the ancient capital of Korea, has been the center of its political life for the last 600 
years. left in ruins following the Korean War, this amazing city has been rebuilt and restored, 
increasing steadily its population to the present number exceeding 10 million people.  
seoul is a city of many facets. a financial and industrial powerhouse, it is a repository of 
Korean tradition. seoul has something for every taste: a shopping paradise, international 
and local cuisine, museums and high technology applied to life.
one of the world’s largest subway systems enables tourists to get everywhere. the city is 
considered one of the safest metropolises in the world. It is certainly a splendid Host for the 
9th meeting of the IsRs. 
this meeting takes place at pivotal time in our global community. the last two years have 
been characterized by the worst financial crisis in decades, from which the markets are still 
to recover. Instability and uncertainty have spared no place and no area of human enterprise. 
the economy has contracted and the consequences are fewer jobs, less money for public 
expenditure, and less money for research. and still, every crisis has an end, markets always 
recover, the financial web is ever hardened by lessons learned from wrong practices. 
our duty in the medical community is to endure the financial mishaps and keep the continuum 
of education and learning, refining our instruments, improving our methods to better serve 
our patients. the IsRs meeting in seoul is a reaffirmation of these goals.
the scientific Program committee has organized a program that will enable participants 
an update on every major field of stereotactic radiosurgery including new technologies, 
applications in cranial, spinal and extraneural pathologies.  satellite workshops by the major 
players in the field will give the opportunity to learn the latest developments in hardware 
and software for stereotactic radiation.  Radiosurgery is without doubt the fastest developing 
therapeutic technology in medicine.
I thank the local organizing and host committee led by Prof. Dong Gyu Kim and co-chairmen  
Il Han Kim and tae suk suh, who along with more than 40 local collaborators have worked 
enthusiastically to plan this meeting to its finest detail.
More than �00 abstracts have been submitted by authors from all corners in the world.  the 
proceedings of the IsRs meeting will be published as a supplement in the Journal of neuro 
oncology ensuring their diffusion to a vast audience of professionals. authors of accepted 
papers are invited to submit full length articles for publication in this supplement.
on behalf of the IsRs board of Directors, I again welcome you to IsRs 2009 in seoul.

sincerely,
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WelcoMe MessaGes

a word from the local organizing committee of the IsRs 2009

Dear colleagues,

on behalf of the organizing committee, we would like to extend our warmest welcome to all 
participants from over the whole world coming for the 9th biennial congress and exhibition 
of the stereotactic Radiosurgery society, in seoul, Korea.

the organizing committee tried to provide a strong and diverse scientific program covering 
a wide range of issues and challenges in radiosurgery. You will find most interesting and 
up-to-date information and research results in about 170 oral presentations and 100 poster 
presentations. In addition to the general presentations, specially prepared programs such as 
special lectures, seminars, Debates, and the summit sessions will be a good chance to learn 
about the idea and works of masters in radiosurgery and share your experience and idea 
with them. especially, newly introduced two sessions, Debate and the summit, are prepared 
to provide participants more chance to express themselves.

seoul is one the most unique cities in the world where you can find the most modern 
culture and 5,000 years old tradition simultaneously. You can find co-existence and fusion 
of dynamic modern technology and our own old heritage. Please enjoy fresh and fruitful 
experience for you and your family.

We thank to all the organizing committee members to prepare the scientific program. 
We would like to express our sincere gratitude to all speakers, moderators, and scientific 
committee members for their voluntary hard works and invaluable assistance provided in 
making this congress possible.

We hope all the participants enjoy this congress and leave Korea with very productive 
results.

sincerely,

Dong gyu Kim

chairman of the congress
Department of neurosurgery
seoul national University
seoul, Korea

Il Han Kim

co-chairman of the congress
Department of Radiation oncology
seoul national University
seoul, Korea

Tae Suk Suh

co-chairman of the congress
Department of Medical engineering
catholic University
seoul, Korea

roberto Spiegelmann

IsRs President
Dept. of neurosurgery
chaim sheba Medical center
tel Hashomer, Israel



sUnDaY, 7 JUne 2009 MonDaY, 8 JUne 2009
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conGRess PRoGRaM oVeRVIeW

09:30 - 17:30 ReGIstRatIon DesKs 07:00 - 17:30 ReGIstRatIon DesKs

08:00 - 17:30 eXHIbItIon

oPenInG sessIon Vista 1

sPecIal lectURe 1 ethics in radiosurgery Vista 1

sPecIal lectURe 2 Radiobiology basis Vista 1

sPecIal lectURe � Radiobiology basis Vista 1

sPecIal lectURe 4 Malignant brain tumors Vista 1

coffee bReaK anD PosteR VIeW

PlenaRY sessIon 1
brain Radiosurgery Vista 1

PlenaRY sessIon 2
sbRt Vista 1

PlenaRY sessIon �
technical advances Vista 1

Vista Hall

lUncH Vista Hall

oRal sessIon 1
• benign tumors - Part 1 Vista 1
• lung cancer  Mugunghwa 1
• brain Metastasis - Part 1 Mugunghwa 2

oRal sessIon 2
• benign tumors - Part 2 Vista 1
• liver cancer  Mugunghwa 1
• brain Metastasis - Part 2 Mugunghwa 2

oRal sessIon �
• Vascular lesions - Part 1 Vista 1
• Imaging  Mugunghwa 1
• Physics - Part 1  Mugunghwa 2

coffee bReaK anD PosteR VIeW Vista Hall

08:00 - 10:10

10:10 - 10:30

10:30 - 11:10

11:10 - 11:50

11:50 - 12:30

12:30 - 14:00

14:00 - 15:00

15:00 - 16:00

16:00 - 16:30

16:30 - 17:30

13:30 - 15:30

sPonsoReD satellIte 
sYMPosIUM 1 

accuray 

Mugunghwa Hall

13:00 - 13:30 accuray supported lunch

17:30 - 19:30 eXHIbItIon

17:30 - 19:30
WelcoMe RecePtIon

and 
DRInK WItH eXHIbItoRs 

Vista Hall

06:30 - 15:30

07:00 - 08:20

08:30 - 14:30

08:30 - 09:00

09:00 - 09:30

09:30 - 10:00

10:00 - 10:30

11:00 - 12:00

12:00 - 13:00

13:00 - 15:00

tUesDaY, 9 JUne 2009

ReGIstRatIon DesKs

bReaKfast seMInaRs 

Brain 1 - How to improve Body 1 - oligometastasis Physics - Quality Assurance 
functional outcome  treated by SBrT and Dosimetry
Vista 1  Mugunghwa 1  Mugunghwa 2

eXHIbItIon

sPecIal lectURe 5 advanced imaging in Radiosurgery Vista 1

coffee bReaK anD PosteR VIeW

PlenaRY sessIon 4
brain Radiosurgery

PlenaRY sessIon 5
sbRt

fabRIKant aWaRD & lectURe

PosteR sessIon

oRal sessIon 4
• benign tumors - Part � Vista 1
• Head and neck, Prostate Mugunghwa 1
• Physics - Part 2  Mugunghwa 2

sPonsoReD satellIte sYMPosIUM � 
with supported lunch

elekta

Vista 1

Vista 1

10:30 - 11:00

Vista Hall

Vista Hall

15:30 - 17:30

sPonsoReD satellIte 
sYMPosIUM 2 

brainlab

Mugunghwa Hall

Vista 1

15:00 - 17:00IsRs boaRD MeetInG (for IsRs board Members only)

Vista 1



Debates
brain radiosurgery 

fraction number and dose calculation
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conGRess PRoGRaM oVeRVIeW

06:30 - 14:00

07:00 - 08:20

08:30 - 14:00

08:30 - 09:20
09:20 - 10:00

10:30 - 11:30

tHURsDaY, 11 JUne 2009

ReGIstRatIon DesKs

bReaKfast seMInaRs 

Brain 3 - radiosurgery of  Body 3 - radiosensitizer and Technology - recent 
malignant brain tumors  radioprotector for SBrT advances in radiosurgery
  modalities
Vista 1  Mugunghwa 1  Mugunghwa 2

eXHIbItIon

coffee bReaK anD PosteR VIeW

oRal sessIon 8
• Vascular lesions - Part � Vista 1
• others 1  Mugunghwa 1
• Physics - Part 4  Mugunghwa 2

Vista 1

10:00 - 10:30Vista Hall

06:30 - 17:30

07:00 - 08:20

08:30 - 18:00

15:15 - 16:00

10:30 - 11:30

16:20 - 17:10

17:10 - 17:40

12:30 - 14:00

WeDnesDaY, 10 JUne 2009

ReGIstRatIon DesKs

bReaKfast seMInaRs 

Brain 2 - New Approaches Body 2 - Spinal radiosurgery Imaging - Advanced Imaging 
   Technology
Vista 1  Mugunghwa 1  Mugunghwa 2

eXHIbItIon

sPecIal lectURe 6 Welcome to Korea Vista 1

lUncH

PosteR sessIon

oRal sessIon 7
• Vascular lesions - Part 2 Vista 1
• functional Disorders  Mugunghwa 1
• Radiobiology  Mugunghwa 2

IsRs bUsIness MeetInG (for IsRs Members only)

Vista Hall

Vista Hall

08:30 - 10:00 oRal sessIon 5
• benign tumors - Part 4  Vista 1
• spine and others  Mugunghwa 1
• Malignant tumors  Mugunghwa 2

10:00 - 10:30 coffee bReaK anD PosteR VIeW Vista Hall

11:30 - 12:30 oRal sessIon 6
• benign tumors - Part 5 Vista 1
• Metastasis  Mugunghwa 1
• Physics - Part �  Mugunghwa 2

14:00 - 15:15 RaDIosURGeRY PlannInG 
the summit Vista 1

16:00 - 16:20 coffee bReaK anD PosteR VIeW Vista Hall

Vista 1

19:00 - 22:00 IsRs 2009 conGRess PaRtY 
sheraton Walkerhill

11:30 - 12:30oRal sessIon 9
• others 2  Vista 1
• others �  Mugunghwa 1
• Physics - Part 5  Mugunghwa 2

12:30 - 13:30closInG sessIon
• Poster award
• Young Investigator’s award 
• Young Professional IsRs award 
• closing speeches  Vista 1
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the IsRs 2009 congress & exhibition will take place in the Sheraton Walkerhill Hotel, 
in seoul (Korea). all the congress activities will be organized in one location, which has 
been almost exclusively booked for the 2009 IsRs organization: a major exhibition, scientific 
sessions, poster sessions, catering, accommodation and Gala Dinner.

this deluxe five-star venue is located in northeastern seoul, just far enough from downtown 
to enjoy clean and fresh air and yet within minutes of the city’s popular attractions. Perched 
on a promontory with a picturesque view overlooking the Han River, the property is a perfect 
melding of modern technology and comfort, surrounded by outdoor gardens and woodlands 
that exude an airy, alpine feel. You can reach almost any section of the city by a short taxi 
ride, one of the hotel’s regular shuttles, or the safe and efficient subway system.

address:  21 Gwangjang-Dong Gwangjin-Gu  Phone: + 82 2 455 50 00
 seoul 14� 708 - Korea fax: + 82 2 456 68 67
 Website: http://www.sheratonwalkerhill.co.kr/

ISrS 2009 SIDE VIEW   

ISrS 2009 mAIN FLoor PLAN   

Floor B2 (main congress floor): VISTA
•  Registration desks and tour Info
•  Main exhibition, poster area 
 and catering
•  Plenary sessions and special lectures
•  oral sessions and breakfast seminars 
 (in parallel with Mugunghwa rooms 
 on 1f) 
•  cloak Room

organized by                      , Professional congress organizer – www.colloquium-group.com
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Dong gyu Kim, m.D. 
chairman of the congress
Department of neurosurgery
seoul national University                     
seoul, Korea                                      

Il Han Kim, m.D.
co-chairman of the congress 
Department of Radiation oncology 
seoul national University 
seoul, Korea

Tae Suk Suh, Ph.D.
co-chairman of the congress 
Department of Medical engineering 
catholic University    
seoul, Korea

Hyun-Tai Chung, Ph.D.
scientific secretary
Department of Medical Physics 
seoul national University
seoul, Korea

IsRs 2009 coMMIttees & oRGanIzeRs

IsRs 2009 local oRGanIzInG coMMIttee

adler, John Usa
andrews, David Usa
aoyama, Hidefumi Japan
biggs, chris Usa
bova, frank Usa
buatti, John Usa
bucholz, Richard Usa
chang, eric Usa
chang, steve Usa
cho, chul-Koo Korea
cho, Kwan Ho Korea
chuang, cynthia Usa
chung, Hyun-tai Korea
colombo, federico Italy
correa, sebastiao brazil
crocker, Ian Usa
De salles, anthony Usa
Devriendt, Daniel belgium
Dieterich, sonja Usa
flickinger, John Usa
friehs, Gerhard Usa
Gibbs, Iris Usa
Goetsch, steve Usa
Guo, Wan Yu taiwan

Inoue, takehiro Japan
Jokura, Hidefumi Japan
Kavanagh, brian Usa
Kim, Dong Gyu Korea
Kim, Mi sook Korea
Kim, Moon chan Korea
Kim, Il Han Korea
Koong,  albert c. Usa
Kresl, John J. Usa
Kwon, Do Hoon Korea
larson, David Usa
laws, ed Usa
lee, Dong Joon Korea
levendag, Peter the netherlands
lim, Young-Jin Korea
lunsford, Dade Usa
McDermott, Michael Usa
nagata, Yasushi Japan
noren, Georg Usa
Paddick, Ian United Kingdom
Pan, David taiwan
Park, Yong Gou Korea
Petti, Paula Usa
Pfeffer, Rafael Israel

IsRs 2009 scIentIfIc coMMIttee
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IsRs 2009 scIentIfIc coMMIttee

Pollock, bruce Usa
Prasad, Dheerendra Usa
Regis, Jean france
Ryu, samuel Usa
schwade, Jim Usa
sheehan, Jason Usa
shrieve, Dennis Usa
smee, Robert australia
sneed, Penny Usa
solberg, timothy Usa
sperduto, Paul Usa
spiegelmann, Roberto Israel

sturm, Volker Germany
suh, John Usa
suh, chang ok Korea
suh, tae suk Korea
takakura, Kintomo Japan
timmermar, Robert D. Usa
Verhey, lynn Usa
Vermeulen, sandra sweden
Volker, stieber Usa
Yimin, Hu china
Yoo, seong-Yul Korea

local oRGanIzInG coMMIttee - aDVIsoRY boaRD

Last Name First Name Field of Activity Degree Affiliation  

bae Hoonsik Radiation oncology M.D. Hallym University   
cho Kyung Gi neurosurgery M.D. ajou University   
cho Kwan Ho Radiation oncology M.D. national cancer center  
choi chang Hwa neurosurgery M.D. Pusan national university   
choi tae Jin Medical Physics Ph.D. Keimyung University  
chu sung sil Medical Physics Ph.D. Yonsei  University  
chung sang sup neurosurgery M.D. Pochun cHa Medical University 
Ha sung Whan Radiation oncology M.D. seoul national University  
Hamm In suk neurosurgery M.D. Kyungpook national University  
Jung chul-Ku Radiation oncology M.D. Konyang University   
Jung Hee-Won neurosurgery M.D. seoul national University   
Kang sam-suk neurosurgery M.D. chonnam national University  
Kang Wee-saing  Medical Physics Ph.D. seoul national University 
Kim Moon-chan neurosurgery M.D. the catholic University of Korea  
Kim sung Kyu Medical Physics Ph.D. Yeungnam University 
Kim Young soo neurosurgery M.D. Hanyang University 
Kim Jae-Hyoo neurosurgery M.D. chonnam national University  
Kim Jong Hyun neurosurgery M.D. sunkyunkwan University  
Kim Han Gyu neurosurgery M.D. eulji Medical University 
Kim Hee-Joung Medical Physics Ph.D. Yonsei University 
Koh Young-cho neurosurgery M.D. Konkuk University  
Kwon soo-Il Medical Physics Ph.D. Kyonggi University 
Kwun byung Duk neurosurgery M.D. University of Ulsan 
lee Kyung Jin neurosurgery M.D. the catholic University of Korea 
lee seung Hoon neurosurgery M.D. national cancer center 
lee Uhn neurosurgery M.D. Gachon University 
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IsRs 2009 local oRGanIzInG coMMIttee

IsRs 2009 scIentIfIc coMMIttee

IsRs 2009 local oRGanIzInG coMMIttee - aDVIsoRY boaRD

Park Yong-Gou neurosurgery M.D. Yonsei University 
Park charn Il Radiation oncology M.D. seoul national University  
son eun-Ik son neurosurgery M.D. Keimyung University 
suh chang-ok Radiation oncology M.D. Yonsei Univerisity  
Yoo seong Yul Radiation oncology M.D. Korea Institute of Radiological  
    and Medical sciences  
Yoon sei-chul Radiation oncology M.D. the catholic University of Korea 

local oRGanIzInG coMMIttee - eXecUtIVe MeMbeRs

Last Name First Name Field of Activity Degree Affiliation 

ahn sung-Ja Radiation oncology M.D. chonnam national University 
cha seung Heon neurosurgery M.D. Pusan national university 
chang Jong Hee  neurosurgery M.D. Yonsei University 
cho Moon-June Radiation oncology M.D. chungnam national University 
choe bo-Young    Medical Physics Ph.D. the catholic University of Korea 
choi eun Kyung Radiation oncology M.D. University of Ulsan 
choi Jinho Medical Physics Ph.D. Gachon University 
choi Ha-Young neurosurgery M.D. chonbuk national University 
Huh Ryoong neurosurgery M.D. Pochun cHa Medical University 
Hur beong Ik Medical Physics Ph.D. Pusan national University 
Hwang sung Kyoo neurosurgery M.D. Kyungpook national University 
Im Yong-seok Medical Physics Ph.D. sunkyunkwan University 
Jeung tae sig Radiation oncology M.D. Kosin University 
Joh chul Woo Medical Physics Ph.D. ajou University 
Jung shin Jung neurosurgery M.D. chonnam national University 
Kang seung Hee Radiation oncology M.D. ajou University 
Kim Ki Uk neurosurgery M.D. Dong-a University 
Kim Moo seong neurosurgery M.D. Inje University 
Kim Mi-sook Kim Radiation oncology M.D. Korea Institute of Radiological  
    & Medical sciences 
Kim se-Hyuk neurosurgery M.D. ajou University 
Kim In-ah Radiation oncology M.D. seoul national University 
Kim Jong Hoon Radiation oncology M.D. University of Ulsan 
Kim Jin Hee Radiation oncology M.D. Keimyung University 
Kwon Do Hoon neurosurgery M.D. University of Ulsan 
lee Do Hee Medical Physics Ph.D. University of Ulsan 
lee Dong Joon Medical Physics Ph.D. Inje University 
lee Rena Medical Physics Ph.D. ewha Womans University 
lee sun-il neurosurgery M.D. Inje University 
lee Jung-Kyo neurosurgery M.D. University of Ulsan 
lee Jung-Il neurosurgery M.D. sunkyunkwan University 
lee tae-Kyu neurosurgery M.D. the catholic University of Korea 
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tHe IsRs socIetY

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   

roberto Spiegelmann  Dennis Shrieve 
President Vice President
Israel Usa

Jean regis  robert Smee  
secretary/treasurer Past President  
france australia
 
BoArD mEmBErS   

Marc levivier (2005-2009)  steve Goetsch (2007-2011)
Josef novotny (2005-2009)  Keisuke Maruyama (2007-2011)
samuel Ryu (2005-2009)  timothy solberg (2007-2011)
sandra Vermeulen (2005-2009)

ISrS CoNgrESS 2011   

During the 2009 congress, the city and venue that have been chosen to host the 10th edition 
of the IsRs biennial congress & exhibition in 2011 will be officially announced. once again, 
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 oFFICErS & BoArD mEmBErS oNLy) 

tuesday 9 June, 2009, 15.00 – 17.00 in the IDa room 

ISrS BuSINESS mEETINg (For ISrS SoCIETy mEmBErS oNLy) 

Wednesday 10 June, 2009, 17.10 – 17.40 in Vista 1 

IsRs 2009 coMMIttees & oRGanIzeRs
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IsRs 2009 local oRGanIzInG coMMIttee - eXecUtIVe MeMbeRs

the official scientific secretariat & Professional congress organizer (Pco), appointed by the 
local organizing committee of the IsRs 2009 to ensure the successful & efficient administration 
of all the logistic aspects of the congress as well as abstracts management is: 

colloquium brussels
av. e. Van nieuwenhuyse, 6
1160 brussels, belgium
Phone: + �2 (0)2/779 59 59
fax: + �2 (0)2/779 59 60
e-mail: info@clq-group.com & isrs2009@clq-group.com
Website: www.colloquium-group.com & www.isrs2009.org

You can find the team members of colloquium brussels at the registration desks located in 
the Vista lobby (b2). they will be pleased to help you! 

scIentIfIc secRetaRIat 
& PRofessIonal conGRess oRGanIzeR

lim Young Jin neurosurgery M.D. Kyung Hee University 
Paek sun Ha  neurosurgery M.D. seoul national University 
Park Moon sun neurosurgery M.D. eulji Medical University 
Park sung Yong Medical Physics Ph.D. national cancer center
Rhee chang Hun neurosurgery M.D. Korea Institute of Radiological
    & Medical sciences 
shin Kyung Hwan Radiation oncology M.D. national cancer center 
sohn Moon-Jun neurosurgery M.D. Inje University 
Yoo Heon neurosurgery M.D. national cancer center 
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ReGIstRatIon InfoRMatIon

WELComE DESKS   

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

Location: Vista lobby (floor b2) - sheraton Walkerhill Hotel

opening hours: sunday 7 June 09.�0 – 17.�0
 Monday 8 June 07.00 – 17.�0
 tuesday 9 June 06.�0 – 15.�0
 Wednesday 10 June 06.�0 – 17.�0
 thursday 11 June 06.�0 – 14.00

Services available at the desks:

Pre-registration desk
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.

on-site registration desk & Info
for participants who register and pay the registration fee on-site and for participants who 
already registered but still have a balance to settle. 
for all requests about hotel pre-booking, social program, IsRs society…

sponsors & exhibitors desk
assistance for sponsors and exhibitors (their company staff members).

speakers desk
for whole participants who are holding an oral presentation (Plenary session, special lecture, 
oral session, breakfast seminar, Debates).

MecI tour desk 
for any information about the city, pre-booking or on-site reservation of tours.

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

ReGIstRatIon InfoRMatIon
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these items :

name badge

congress bag*

final Program 
& book of abstracts*

access to:

scientific program

satellite symposia

exhibition & Poster area

Welcome cocktail

coffee breaks and lunches

Participants

 ”

”

”

 

”

”

”

”

”

exhibitors

 ”

”

(upon availability)

 

”

(own company)

”

”

”

accompanying 
persons 

”

 

If 4-day package

”

If 4-day package

one-day

”

”

(upon availability)

 ”
(upon availability)

” (1 day)

” (1 day)

” (1 day)

If 7 June

” (1 day)

oN-SITE rEgISTrATIoN   

on-site registration will open on sunday 7 June at 09.�0.

0n-site registration fees

Type of participant or event  on-site fee (in uSD) 
non-Members of IsRs  1150 
IsRs Members 2008/2009 or 2009/2010 900 
Medical students and assistants*  450 
Residents*  550 
one-day registration  400 
exhibitors  450 
accompanying persons - 4-day Package 250 
accompanying persons - Welcome Cocktail only 100  
Gala Dinner on 10th June (upon availability) 150 

*  these participants should provide (at the registration desk) an official letter from their head 
of department, university or institution, indicating that they are a student, an assistant or 
a resident. 

Payments
Payments are made in Us DollaRs ($), either by credit card (Visa, Master/eurocard and 
american express) or cash. other currencies, checks, bank transfers or money orders will not 
be accepted.

rEgISTrATIoN FEES INCLuDE  

*  for on-site registrations, exhibitors and one-day participants, the full congress 
documentation and materials are subject to availability. 
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ABSTrACTS BooK   

the abstracts are printed and listed in the second part of this book. they will also be available 
on-line through the conference website at www.isrs2009.org, after the congress.

AWArDS   

the winner of the fabrikant award will hold a lecture on tuesday 9 June from 10.00 to 10.�0 
(Vista 1).

the winners of the Poster, Young Investigator and Young Professional IsRs awards  will be 
recognized and celebrated during the closing session, on thursday June 11 from 12:�0 to 
1�:�0 (Vista 1).

BADgES  

name badges are used as passes. admission into the congress venue (Vista Hall and rooms, 
Mugunghwa Hall and rooms, speakers area) 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 desks. lost badges can be replaced at the 
cost of UsD 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:  this final program and book of abstracts, 
documentation from the major congress sponsors, a city map and documentation about 
seoul.

the documentation for accompanying persons includes: tourist information, a map of seoul 
and documentation about the social program and 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. 

conGRess InfoRMatIon & seRVIces
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CANCELLATIoN & NAmE CHANgE 

any cancellation of registration should be notified in writing to the Headquarter secretariat 
by e-mail at isrs2009@clq-group.com or by fax at +�2 2 779 59 60 and is subject to the 
following conditions:

• cancellations received by 2� March 2009: refund of fee minus a 20% administrative 
charge and bank service charge deducted. 

• cancellations received after 2� March 2009 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 Headquarter secretariat 
in writing before 10 May 2009. 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 change. substitutions after that date will not be allowed.

• all refunds will be processed after the congress.

CATErINg   

Registered delegates have free access to the congress catering area, organized in the 
exhibition area (Vista Hall).

Monday 8 June 10.10 – 10.�0 coffee break 
 12.�0 – 14.00 lunch 
 16.00 – 16.�0 coffee break 
tuesday 9 June 10.�0 – 11.00 coffee break 
Wednesday 10 June 10.00 – 10.�0 coffee break 
 12.�0 – 14.00  lunch 
 16.00 – 16.20 coffee break 
thursday 11 June 10.00 – 10.�0 coffee break 

CErTIFICATES oF ATTENDANCE 

You can collect your certificate of attendance at the registration desks as for tuesday 9 June 
(during the registration desks opening hours).

CoAT CHECK  

a coat rack near the registration desks in the Vista lobby is at your disposal during the 
congress opening hours. Please note that the organizers of the IsRs 2009 congress and the 
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sheraton Walkerhill Hotel cannot be held responsible in case of loss and/or theft. Participants 
with luggage should see the hotel bellman, located near the Hotel front desk.

DISCLAImEr  

the IsRs 2009 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. the IsRs 2009 congress 
and/or its agent shall not be liable for any loss, damage, expenditure or inconvenience 
caused as a result of such alteration 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 in the 
Vista lobby or the Hotel front desk.

HoTEL BooKINg  

for further information regarding hotel booking or availability, please go to the Hotel front 
desk directly.

INTErNET  

Wireless Internet is available throughout the sheraton Walkerhill Hotel at the rate of  KRW 
24,200 a day (about UsD 20), excluding taxes.
Moreover, computers connected to the Internet are at your disposal in the business center 
of W seoul Hotel (2f). 
for more information about this service and fees, please ask the Hotel front desk.

LANguAgE  

the official language of the IsRs 2009 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 desks (Vista lobby).

mEETINg roomS  

the scientific sessions of the IsRs 2009 congress and all related activities are exclusively held 
in the sheraton Walkerhill Hotel meeting rooms.

the sessions are organized in the following meeting rooms:

Plenary sessions & special lectures: Vista 1
breakfast seminars & oral sessions: Vista 1, Mugunghwa 1 and Mugunghwa 2

satellite symposia: Mugunghwa Hall (accuray & brainlab)
 Vista 1 (elekta)

Poster sessions: Vista Hall (exhibition area)

see maps on page 10 for the exact location of these meeting rooms.
cellular phones should be switched off and video or tape recording is prohibited.

mESSAgE BoArD  

Delegates have the opportunity to leave messages for other participants on the message 
board located in the registration area. You can pick up your messages there.

PArKINg  

car parking is available at sheraton Grande Walkerhill and W seoul Hotel on floors b2 &  b� 
or right next to the casino. Parking is open 24 hours.

for hotel residents, parking is free of charge. for visitors, the first 4 hours are free of charge 
and after 4 hours it costs KRW 1,000 (about UsD 0.80) per 10 minutes.

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

PErSoNAL INSurANCE  

all participants should carry their proper travel and health insurance. the IsRs 2009 congress 
cannot accept liability for any accidents or injuries that may occur during the congress.
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PHoToCoPy & FAx  

the venue offers a full range of services in the business center located in W seoul Hotel (2f). 
the business center is open from Monday to friday from 07.00 to 2�.00 and from 09.00 to 
18.00 on saturday and sunday.

SECurITy  

access within the congress floors during the congress hours is controlled by the security of 
the IsRs 2009 congress and it is limited to the participants wearing the congress badges. 
the sheraton Walkerhill Hotel surveillance agents will ensure the general security of the 
hotel’s guests. the exhibition area will be locked during the night but when exhibitors leave 
any materials in the exhibition area, 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.

SPECIAL NEEDS  

for any special needs or dietary requests, please go to the registration desks. special 
requirements for vegetarians or other diets can be arranged upon request.

2�2�

INTroDuCTIoN   

on pages 6 to 9, you will find the overview chart of the whole scientific program.

a detailed daily scientific program is published in the second part of this booklet (right 
after the color page) and is followed by the book of abstracts.

Abstracts have been listed in the chronological order and are grouped according to the 
category of scientific session to which they belong:
 • Plenary sessions
 • oral sessions
 • Poster sessions
 • satellite symposia

CATEgorIES oF SCIENTIFIC SESSIoNS 

BS - Breakfast seminars

Parallel breakfast seminars are taking place in Vista 1 and Mugunghwa rooms (1 and 2)  
in parallel on:

tuesday  9 June 07.00 – 08.20
Wednesday  10 June 07.00 – 08.20
thursday  11 June 07.00 – 08.20

a light continental breakfast is served in the respective rooms to the attendees of these 
sessions. there are no published abstracts for breakfast seminars.

PL – Plenary sessions, Special lectures, The Summit and Debates

these sessions are always taking place in the main meeting room (Vista 1) and are held by 
renowned experts. Please see the scientific program for detailed information. only some of 
these abstracts have been published.

o – oral sessions 

oral sessions are taking place in Vista 1 and Mugunghwa rooms (1 and 2) in parallel. Please 
see the scientific program for detailed information.

P – Poster sessions

During the following sessions organized in the poster area located in the exhibition room 
(Vista Hall), you are able to meet the authors of the posters as well as some of the co-
authors.

they will take place on:

tuesday  9 June 11.00 – 12.00
Wednesday  10 June 10.�0 – 11.�0
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SPEAKErS guIDELINES & PrEVIEW room 

guidelines

all presentations should be checked and downloaded in the Preview room located in the 
speakers area (IDa room) for distribution to the right conference room. It is not allowed to 
bring your presentation directly to the technical assistant in the meeting room. 

In order to avoid any delay, speakers are kindly requested to hand in their presentation on an 
electronic support (cD-Rom, Usb key, DVD) at least two hours prior to their session. If your 
session starts early in the morning, please bring the presentation the day before.

speakers are requested to be in their conference room at least 10 minutes before the start 
of the session. 

Technical equipment 

the technical equipment and software in the Preview room is both Pc and Mac compatible 
although presentations run with PowerPoint only.

If you have any questions, please contact a staff member or technician in the speakers 
room.

all meeting rooms are equipped with a data projector and a computer. a technician and a 
hostess are present in each meeting room to help you. speakers do not need to bring their 
own laptop.

Speakers area opening hours:

sunday  7 June 08.�0 – 17.�0
Monday  8 June 07.00 – 17.�0
tuesday  9 June 06.�0 – 15.�0
Wednesday  10 June 06.�0 – 17.�0
thursday  11 June 06.�0 – 14.00

PoSTEr PrESENTErS  

Posters setup

Upon arrival, all poster presenters must mount their poster in the correct location, on the 
boards provided. 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. 

scIentIfIc PRoGRaM InfoRMatIon

Poster Sessions 

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

Best Poster award 

During both poster sessions, the scientific committee members will circulate and discuss 
poster subjects in order to select candidates for the Poster award. be prepared to discuss all 
aspects of your work. the winner of the Poster award will be announced during the closing 
session on June 11 from 12.�0 to 1�.�0.

Dismantling 

You are requested to remove your poster at the end of the congress on June 11, between 
14.00 and 15.00. any poster remaining after this time will be removed and discarded. the 
congress cannot accept liability for lost or damaged posters. 

DISCLAImEr & guEST EDITor  

Disclaimer on the published scientific information 

this final program and book of abstracts have been produced using the author-supplied 
copy. 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. 
the IsRs and organizers assume no responsibility for any claims, instructions, methods or 
information contained 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 colloquium, 
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 
us by e-mail at isrs2009@clq-group.com or inquire the scientific desk at the time of the 
congress, located in the speakers area.  
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ExHIBITorS LIST By ALPHABETICAL orDEr 

 11 accuray
 15 american shared Hospital services
 8 brainlab
 17 civco
 9 elekta
 - Karger Publishers (located outside the exhibition, in Vista Hall)
 16 standard Imaging
 18 sun nuclear
 14 tomotherapy
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MaJoR sPonsoRs 
& eXHIbItoRs bUsIness actIVItIes

The organizers of the 9th ISrS Congress & Exhibition gratefully acknowledge the 
support of the following companies (in alphabetical order):

Accuray   

accuray, a leader in the field of radiosurgery develops and markets the cyberKnife® Robotic 
Radiosurgery system, the world’s first and only robotic radiosurgery system designed to treat 
tumors anywhere in the body with sub-millimeter accuracy. Using image guidance technology 
and computer controlled robotics, the cyberKnife system is designed to continually track, 
detect and correct for tumor and patient movement, does not require invasive head or body 
frames to stabilize patient movement.

http://www.accuray.com/

BrainLAB  

brainlab specializes in the development and marketing of image-guided medical technology 
for the entire oncology spectrum: radiosurgery, radiotherapy, IGRt, adaptive Gating, 
minimally 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  

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. 

Kungstensgatan 18   
se-10� 9� stockholm 
sweden 
www.elekta.com



all congress participants and 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 2009 congress:

sunday 7 June 2009 

Wednesday 10 June 2009

17.�0 - 19.�0

 
19.00 - 22.00 

Welcome Reception 
and Drink with the exhibitors

IsRs 2009 congress Party 
in Myung Wol Gwan Garden 
(sheraton Walkerhill)

Included in the 
registration fee

UsD 150 per person

Do you need any information or are you interested in one of these activities and not yet 
registered? come and visit us at the registration desks in the Vista lobby.

ISrS 2009 WELComE rECEPTIoN 

the IsRs 2009 congress & exhibition will officially open with the Welcome Reception and 
Drink with the exhibitors in the sheraton Walkerhill Hotel. the guests will enjoy the welcome 
speeches followed by a walking reception composed of drinks, canapés and zakouskis in 
the exhibition. 

• sunday 7 June 2009 (17.�0 – 19.�0) in Vista Hall
• access is included in the registration fee

Welcome speeches given by:   Roberto spiegelmann, President of the IsRs 
   Dong Gyu Kim, chairman of the IsRs 2009 congress

Participants are kindly asked to wear their badges.

ISrS 2009 CoNgrESS PArTy   

looking to mix business with pleasure? the IsRs is suggesting many different ways in which 
you can experience Korea during your stay. one of these is the IsRs 2009 congress Party that 
will showcase Korean culture while offering guests the opportunity to socialize with their 
colleagues in a relaxed and friendly atmosphere. 

• Wednesday 10 June 2009 (19.00 – 22.00) in Myung Wol Gwan Garden  
(sheraton Walkerhill)

• Price: UsD 150 per person, all included. by pre-registration only, subject to availability. 

Participants will give their name upon arrival and are kindly asked to wear their badges.

conGRess socIal PRoGRaM
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A culinary and gourmet experience:  Walk around the impressive themed buffets of 
Korean specialties including a Korean barbecue, in a typical Korean garden.

The place:  the Myung Wol Gwan Garden is part of the sheraton Grande Walkerhill Resort, 
at 5 minutes walking from the Hotel front desk. the party should take place outside but in 
case of cold weather, it will be inside.
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PASSPorT AND VISA INFormATIoN  

International visitors coming to Korea need to have a valid passport and a visa. Visitors from 
countries with special agreements with Korea may enter Korea temporarily without visa. 

Visitors from countries that do not have special agreements with Korea must apply for a visa 
before entering Korea. Please visit the following website for all information needed in order 
to obtain a visa: http://english.visitkorea.or.kr/enu/index.kto (please go to «Getting to Korea» 
and click on «Visa & customs»).

CurrENCy AND CrEDIT CArDS  

the basic Korean currency unit is the Korean Won. the exchange rate is approximately KRW 
1,250  to the UsD 1 as of May 2009. credit cards, including VIsa, american express, Diners 
club and Mastercard, are accepted at the airport, major hotels and at all Korean banks. 
foreign banknotes and travellers cheques can be exchanged at foreign exchange banks and 
other authorised money changers. 

LANguAgE   

the official language spoken in Korea is Korean (Hangeul).
You will not have any problem communicating in english in tourist facilities. all employees 
there have at least a basic understanding of english. 

CLImATE   

seoul is located in a temperate zone and is characterised by a monsoon period starting at 
the end of June until september. at the beginning of June you can expect mild and pleasant 
weather. the temperature at this time is between 15°c and 20°c. However, do not forget to 
bring a warmer jacket to wear during the evening and in some air-conditioned restaurants 
or shops.
the day is about 14 hours long. sunrise takes place around 04.00 and the sun sets around 
18.�0.

FooD   

seoul’s dining scene is diverse. You can get all kinds of international food such as Indian, 
Italian, french, thai and Japanese. of course while in seoul, the easiest food to find is 

basIcs

encircled by mountains and crossed by the mighty Han River, seoul, the capital of the 
Republic of Korea, is one of the world’s largest cities with over 11 million people. from 
traditional palaces to technologically advanced skyscrapers, seoul is a city of contrasts and 
place where the ancient and the modern coexist in perfect harmony.
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Korean. the Itaewon area has a burgeoning dining scene and apkujong is glutted with chic 
eateries which are great for soaking up atmosphere. 
there are also several dining options in the city hall business district as well as in the 
adjacent samcheong Dong area. 
Korean cuisine has something for everyone. Meat lovers will no doubt welcome such dishes 
as galbi and bulgogi, while vegetarians will love such favourites as bibimbap and Korea’s 
rich noodle dishes.  

LoCAL TImE    

standard time zone (Uct/GMt + 9 hours). 

VoLTAgE   

In Korea, 220 volt outlets are most common.  

SAFETy TIPS   

In general, seoul is a very safe city. crime levels are far below those of most other major 
cities, especially in regard to violent crimes. the biggest risk especially for pedestrians are 
the motorists. Do not forget to look both ways before crossing a road even if the traffic lights 
are green!
as it is true for most major cities, one should take all of common-sense safety precautions 
one would take anywhere else. take a good street map with you and perhaps a mobile 
phone in case you get lost. 

SHoPS   

Korea’s shopping hours are almost limitless. Most shops are open until 22.00, and some 
markets are even open 24 hours.
there is a wide variety of shops ranging from markets to huge shopping malls. be aware 
that aside from shops in the Itaewon area and the duty free shops, you may encounter 
communication problems.

TIPPINg   

tipping is not a traditional Korean custom. a 10% service charge is added to the bill and 
tipping is not expected. It is also not necessary to tip the taxi driver unless he carries your 
luggage or helps you around.

UsefUl InfoRMatIon
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UsefUl InfoRMatIon

BuSINESS HourS    

Government offices are open from 09.00 to 18.00 on Monday through friday. Most private 
businesses open at 08.�0 and close at 18.00 but some open until late evening. bank hours 
are from 09.�0 to 16.00 on weekdays. foreign diplomatic missions in seoul are usually open 
from 09.00 to 17.00 on weekdays and are closed on saturday, sunday and their respective 
national holidays.

EmErgENCy CALL     

Dial 112 for the police, 119 for the fire department, or 1��9 for medical emergency (though 
most operators speak only Korean). a hotel staff or hotel manager can arrange for a doctor 
or an ambulance. 

PuBLIC TrANSPorTATIoN   

Getting around within the city itself is pretty easy thanks to seoul’s system of subways, 
buses and taxis.
the subway system is the fastest and cheapest way - but try to avoid the rush hour.
the eight lines of the seoul subway corporation (http://www.seoulsubway.co.kr) and the 
seoul Metropolitan Rapid transit corporation (http://www.smrt.co.kr) cover downtown and 
the suburbs.
the express bus terminal, located along the Hangang River, handles most of seoul’s out of 
town bus traffic via four lines.
Korail, Korean Railroad (http://www.korail.com/) services all of Korea.

TAxIS   

taxis are easy to flag in the city and passengers can choose between inexpensive or pricey. 
Regular taxis are white or silver and charge less. almost none of the drivers, however, 
speak english; having a written destination is recommended. the deluxe taxis are twice 
as expensive but worth the cost since most of the drivers speak english and are trained to 
cater to tourists. and as an added bonus mobile car phones are available. tol fees are the 
passenger’s responsibility.

tRansPoRtatIon

For more information about Seoul, the Must-sees and city maps, 
come and visit MECI TOUR desk in the Vista Lobby of Sheraton Walkerhill Hotel.
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HAN rIVEr NIgHT CruISE Tour  

Dinner (local restaurant) – Han River cruise– 6� building’s observation tower 

TrADITIoNAL PErFormANCE - JEoNgDoNg THEATEr 

Dinner - Jeongdong theater 

nIGHt toURs
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HArmoNy oF NATurE AND ArCHITECTurE  

changdeokgung Palace & secret Garden - Insadong antique street

IN THE EyES oF SEouL   

n seoul tower - namsan Hanok Village-Dongdaemun shopping complex

LET’S ENJoy KorEAN FLAVor WITH KIm CHI 

Kimchi making class - Wearing Korean costume with photo time 

TEmPLE LIFE oF KorEA   

zen Meditation & tea ceremony at Myogak temple

toURs PRoGRaM

Half DaY toURs

experience firsthand Korea’s wealth of historic relics which remain to this day a vestige of 
its 5,000 year history. In addition to the optional tours, post congress tours have also been 
organized to allow you a glance of the country outside its capital. Discover and enjoy the 
unique charm of Korea’s ancient culture and get to know its people!

Here are several kinds of tours that you cannot miss : 



LEgENDAry SHILLA DyNASTy, gyEoNgJu (1N 2D)  

Day 1:  seoul - Gyeongju national Museum - tumuli Park - anapji Pond 

Day 2:  seokguram Grotto - bulguksa temple - seoul

rELISHES THE romANTIC oF JEJu ISLAND (2N 3D) 

Day 1:  seoul - flight to Jeju-Yongduam Rock - Yeomiji botanic Garden - c/I Hotel

Day 2:  Jeongbang Waterfall - sungeup folk Village - seongsan sunrise Peak -  
 Manjang cave - sangumb

Day 3: Jeju natural History Museum - sex & Health Museum - flight to seoul

PRe & Post conGRess toURs

toURs PRoGRaM
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HoPINg For rEuNIFICATIoN oF KorEA  

Imjingak Park - the �rd Infiltration tunnel - Dora observatory - lunch - Paju Heyri art Village

SuWoN HWASuNg ForTrESS & KorEAN FoLK VILLAgE Tour 

suwon Hwaseong fortress - Hwaseong trolley - temporary palace - lunch - Korean folk 
Village 

BACK To THE ANCIENT KorEA   

Pass by the presidential blue House - Gyeongbokgung Palace(or changedeok Palace) - 
national folk Museum - Insadong antique alley - Icheon Pottery Village

fUll DaY toURs

For more information about those tours, please come and see us
at MECI TOUR desk (Vista Lobby) or contact us: 

Ms. Kelly Lim , MECI TOUR, Inc - Official Tour Agency
Rm.1906, 19F Daerung Post Tower #1,

212-8, Guro-dong, Guro-gu, Seoul 152-790, Korea
Tel: +82 2 2082 2319  I Fax: +82 2 2082 2310 I Email: info@mecitour.com
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sUnDaY, 7 JUne 2009

sunday 
7 June 2009

13:30 - 15:30  SPoNSorED SATELLITE SymPoSIum 1 - Accuray (gold Sponsor) -  
 mugunghwa Hall 

 moderator: Iris C. gIBBS, mD (Stanford, CA, uSA) 

 cyberKnife® treatment for extracranial Malignant skull base tumors
 Kengo sato, MD, DMsc (Yokohama, Japan)

 Image-guided stereotactic body Radiotherapy for localized Prostate 
 cancers 
 chul-Koo cho, MD, PhD (seoul, Korea)

 four-dimensional stereotactic Radiotherapy for Peripheral early-stage  
 lung cancer: a � years’ experience 
 Joost nuyttens, MD, PhD (Rotterdam, the netherlands)

 stereotactic body Radiotherapy in Hepatocellular carcinoma
 Mi-sook Kim, MD, PhD (seoul, Korea)

15:30 - 17:30  SPoNSorED SATELLITE SymPoSIum 2 - BrainLAB (gold Sponsor) -  
 mugunghwa Hall 

 Welcome
 trevor earle (Product line Director, brainlab)

 extra-cranial Radiosurgery
 Reinhard Wurm (frankfurt, Germany)

 Developing clinical Indication of spine Radiosurgery
 samuel Ryu (Detroit, Usa)

 evolution of Radiosurgery from frame to frameless to spine - 
 new Horizons
 antonio De salles (los angeles, Usa)

 Podium Discussion
 all speakers

17:30 - 19:30  WELComE rECEPTIoN & DrINK WITH THE ExHIBITorS 
 IN THE VISTA HALL 

�9
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MonDaY, 8 JUne 2009

08:00 - 08:10  oPENINg SESSIoN - 
 Vista 1 

 Roberto spiegelmann
 President of the IsRs

 Dong Gyu Kim
 chairman of the IsRs 2009 congress

08:10 - 08:30  SPECIAL LECTurE 1 -  
 Vista 1 

SL1  Ethics in radiosurgery

 moderator: roberto Spiegelmann (Israel) 

 PRIncIPal In RaDIosURGeRY
 Kintomo takakura (Japan)

08:30 - 09:00  SPECIAL LECTurE 2 -  
 Vista 1

SL2  Radiobiology Basis 

 moderator: Chul S. Ha (Usa) 

 aPPlIcatIon of RaDIobIoloGIc PRIncIPles to tHe tReatMent 
 of benIGn IntRacRanIal tUMoRs
 Dennis shrieve (Usa)

09:00 - 09:30  SPECIAL LECTurE 3 -  
 Vista 1

SL3  Radiology Basis   

 moderator: Chul S. Ha (uSA) 

 RaDIobIoloGIcal basIs of RaDIosURGeRY foR MalIGnant tUMoRs
 samuel Ryu (Usa)
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09:30 - 10:10  SPECIAL LECTurE 4 -  
 Vista 1

SL4  Malignant Brain Tumors   

 moderator: Seung Hoon Lee (Korea) 

 clInIcal anD ReseaRcH IssUes RelateD to cHeMoResIstance 
 of GlIal tUMoRs
 tali siegal (Israel)

10:10 - 10:30  PoSTEr VIEW & CoFFEE BrEAK  
 Vista Hall

10:30 - 11:10  PLENAry SESSIoN 1 -  
 Vista 1

PL1  Brain radiosurgery   

 moderator: masaaki yamamoto (Japan) 

 Pl1-01 RaDIosURGeRY foR MetastatIc bRaIn tUMoRs-an 
  oVeRVIeW
  William friedman (Usa)

 Pl1-02 stn GaMMa KnIfe sURGeRY
  Jean Regis (france)

11:10 - 11:50  PLENAry SESSIoN 2 -  
 Vista 1

PL2  SBRT   

 moderator: Il Han Kim (Korea) 

 Pl2-01 on tHe selectIon of PatIent sPecIfIc fRactIonatIon 
  scHeDUles foR steReotactIc boDY RaDIotHeRaPY 
  foR staGe la anD lb lUnG canceR
  Wolfgang tomé (Usa)

 Pl2-02 estIMatInG sPInal coRD toXIcItY foR conVentIonal 
  RaDIotHeRaPY VeRsUs steReotactIc RaDIosURGeRY
  John Kirkpatrick (Usa)

DaIlY scIentIfIc PRoGRaM

11:50 - 12:30  PLENAry SESSIoN 3 -  
 Vista 1

PL3  Technical Advances   

 moderator: Tae-Suk Suh (Korea) 

 Pl�-01 tecHnIcal aDVances In steReotactIc RaDIosURGeRY  
  anD steReotactIc boDY RaDIatIon tHeRaPY
  timothy solberg (Dallas, Usa) 

 Pl�-02 RaDIosURGeRY, PResent anD fUtURe tecHnoloGY
  frank. J. bova (Gainesville, Usa)

14:00 - 15:00  orAL SESSIoN -  
 Vista 1

O1_P1  Benign Tumors 1   

 moderators: Sang Sup Chung (Korea) & yoshihisa Kida (Japan)

 o1_P1-01 lInac-baseD RaDIosURGeRY foR tHe tReatMent 
  of RaDIatIon- InDUceD MenInGIoMas
  Yigal shoshan (Israel)

 o1_P1-02  tHe banalItY of sUccess: 100 caVeRnoUs sInUs 
  MenInGIoMas anD lInac RaDIosURGeRY
  Roberto spiegelmann (Israel)

 o1_P1-0� GaMMa KnIfe RaDIosURGeRY foR sKUll base 
  MenInGIoMa – lonG-teRM ResUlts of loW-Dose 
  tReatMent
  Yoshiyasu Iwai (Japan)

 o1_P1-04  cYbeRKnIfe fRaMeless steReotactIc RaDIotHeRaPY 
  foR oPtIc neRVe sHeatH MenInGIoMas tReatMent
  laura fariselli (Italy)

 o1_P1-05 MUltIPle MoDalItY tReatMent of cRanIal base 
  MenInGIoMas InVolVInG tHe caVeRnoUs sInUs 
  anD PetRoclIVal ReGIon 
  chain-fa su (taiwan)

 o1_P1-06  RaDIosURGIcal stRateGY foR sKUll base MenInGIoMas 
  anD Its tReatMent ResUlts baseD on MIcRoanatoMY
  Motohiro Hayashi (Japan)
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14:00 - 15:00  orAL SESSIoN -  
 mugunghwa 1

O1_P2  Lung Cancer   

 moderators:  Joost Nuyttens (The Netherlands)  
  & Weon-Kuu Chung (Korea)

 o1_P2-01 cHaRlson co-MoRbIDItY InDeX PReDIcts foR MoRtalItY 
  afteR steReotactIc boDY RaDIotHeRaPY foR MeDIcallY 
  InoPeRable eaRlY staGe non-sMall cell lUnG canceR
  neil Kopek (Denmark)

 o1_P2-02  PeRIPHeRal eaRlY staGe lUnG tUMoRs tReateD 
  WItH Real-tIMe tUMoR tRacKInG DURInG steReotactIc 
  RaDIotHeRaPY: a � YeaRs eXPeRIence
  Joost nuyttens (the netherlands)

 o1_P2-0� steReotactIc PRoton RaDIotHeRaPY MaY offeR 
  ReDUceD noRMal lUnG eXPosURe foR PatIents 
  WItH localIzeD non-sMall cell lUnG canceR WHo 
  aRe canDIDates foR PHoton baseD steReotactIc 
  RaDIotHeRaPY
  soon Huh (Usa)

 o1_P2-04  foUR-DIMensIonal lUnG tUMoR tRacKInG foR centRal 
  tUMoRs DURInG steReotactIc RaDIotHeRaPY
  Joost nuyttens (the netherlands)

 o1_P2-05 tHe clInIcal effect analYsIs of boDY RotatInG GaMMa 
  sYsteM RaDIosURGeRY foR lUnG canceR WItH sUPeRIoR 
  Vena caVa sYnDRoMe 
  feng shouxin (china)

 o1_P2-06  sHoRt-teRM tHeRaPeUtIc effectIVeness of boDY 
  RotatInG GaMMa sYsteM WItH concURRent 
  cHeMotHeRaPY In PatIents WItH aDVanceD nsclc
  Haiying cao (china)

14:00 - 15:00  orAL SESSIoN -  
 mugunghwa 2

O1_P3  Brain Metastasis 1   

 moderators:  robert Smee (Australia) & yong-gou Park (Korea)

 o1_P�-01 PHase III RanDoMIzeD clInIcal tRIal of RaDIosURGeRY 
  WItH oR WItHoUt WHole bRaIn IRRaDIatIon In PatIents 
  neWlY DIaGnoseD WItH 1 to � bRaIn Metastases 
  eric chang (Usa)

DaIlY scIentIfIc PRoGRaM

 o1_P�-02  GaMMa KnIfe sURGeRY foR 1-10 bRaIn Metastases 
  WItHoUt PRoPHYlactIc WHole bRaIn RaDIatIon 
  tHeRaPY
  toru serizawa (Japan)

 o1_P�-0� GaMMa KnIfe RaDIosURGeRY foR bRaIn Metastases: 
  cHallenGes of laRGeR tUMoR nUMbeRs anD MUltIPle 
  PRoceDURes
  Masaaki Yamamoto (Japan)

 o1_P�-04  MUltIsessIon cYbeRKnIfe RaDIosURGeRY foR laRGe 
  bRaIn Metastases: tHe 14 GY-VolUMes anD 
  IsonecRosIs RIsK lInes to aVoID RaDIatIon necRosIs
  Hiroshi Inoue (Japan)

 o1_P�-05 WHole-bRaIn RaDIotHeRaPY anD tUMoR beD 
  RaDIosURGeRY folloWInG ResectIon of solItaRY bRaIn 
  Metastases
  David Roberge (canada)

 o1_P�-06  RaDIosURGeRY foR RecURReD MetastatIc bRaIn 
  tUMoRs afteR WHole bRaIn RaDIatIon tHeRaPY: 
  WHen Is tHe oPtIMal tIMInG of WHole bRaIn 
  RaDIatIon tHeRaPY?
  Jong Hee chang (Korea)

15:00 - 16:00  orAL SESSIoN -  
 Vista 1

O2_P1  Benign Tumors 2   

 moderators:  David Hung-Chi Pan (Taiwan) & Sun-Il Lee (Korea)

 o2_P1-01 can cHoRDoMas be aDeQUatelY tReateD bY PHotons 
  RatHeR tHan PRotons – tHe Role foR steReotactIc IMRt
  Robert smee (australia)

 o2_P1-02  RaDIosURGeRY foR MenInGIoMas: tHe lonG-teRM 
  ResUlts anD PItfalls
  Jong Hee chang (Korea)

 o2_P1-0� eValUatIon of tHe Use of cYbeRKnIfe steReotactIc 
  RaDIosURGeRY In ResIDUal oR RecURRent cHoRDoMas
  Marco lee (Usa)

 o2_P1-04  PaRtIal VolUMe coVeReD In tHe RaDIosURGeRY  
  of sKUll base MenInGIoMas, clInIcal anD  
  RaDIoloGIcal ValUatIon 
  Kita sallabanda Diaz (spain)
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 o2_P1-05 steReotactIc IRRaDIatIon foR anteRIoR anD MIDDle  
  sKUll base PeRIoPtIc MenInGIoMas 
  andrey Golanov (Russia)

 o2_P1-06  GaMMa KnIfe RaDIosURGeRY foR sKUll base  
  MenInGIoMas: lonG-teRM RaDIoloGIcal anD  
  clInIcal oUtcoMe 
  Jung Ho Han (Korea) 

15:00 - 16:00  orAL SESSIoN -  
 mugunghwa 1

O2_P2  Liver Cancer    

 moderators: Lijun ma (uSA) & mi-Sook Kim (Korea)

 o2_P2-01 steReotactIc boDY RaDIotHeRaPY (sbRt) foR lIVeR 
  Metastases fRoM coloRectal canceR
  Yasmin lassen-Ramshad (Denmark)

 o2_P2-02  Dose PlannInG In steReotactIc RaDIotHeRaPY 
  of lIVeR tUMoRs UsInG 18-flUoRoDeoXYGalactose 
  anD Pet/ct-scannInG
  Morten Hoyer (Denmark)

 o2_P2-0� ResPIRatoRY lIVeR tUMoR MotIon ReDUctIon UsInG 
  an abDoMInal aRc coMPRessIon DeVIce
  Martin fuss (Usa)

 o2_P2-04  clInIcal obseRVatIon of steReotactIc RaDIotHeRaPY 
  on PatIents WItH PRIMaRY HePatocellUlaR caRcInoMa 
  zhongkui zhang (china)

 o2_P2-05 ResUlts of steReotactIc tHe boDY RotatInG GaMMa 
  sYsteM RaDIosURGeRY In coMbInatIon WItH 
  tRanscatHeteR aRteRIal cHeMoeMbolIzatIon foR 
  aDVanceD HePatocellUlaR caRcInoMa WItH PoRtal 
  VeIn tUMoR tHRoMbosIs 
  Ding Guangcheng (china)

 o2_P2-06  caRDIac eMbolIzatIon of an IMPlanteD fIDUcIal 
  MaRKeR foR HePatIc steReotactIc boDY RaDIotHeRaPY 
  (sbRt)
  David Roberge (canada)

DaIlY scIentIfIc PRoGRaM

15:00 - 16:00  orAL SESSIoN -  
 mugunghwa 2

O2_P3  Brain Metastasis 2    

 moderators:  Dennis Shrieve (uSA) & moon-Chan Kim (Korea)

 o2_P�-01 contRollInG MalIGnant MelanoMa centRal neRVoUs 
  sYsteM MetastasIs WItH lInac steReotactIc RaDIo-
  sURGeRY (sRs). tHe sHeba MeDIcal centeR eXPeRIence
  ouzi nissim (Israel)

 o2_P�-02  bleeDInG fRoM MetastatIc bRaIn tUMoRs befoRe 
  anD afteR GaMMa KnIfe RaDIosURGeRY 
  Hidefumi Jokura (Japan)

 o2_P�-0� HoW lonG can GK RaDIosURGeRY/WbRt be PostPoneD 
  bY MeDIcal tReatMent In lUnG canceR PatIents 
  WItH bRaIn Metastases?
  Masaaki Yamamoto (Japan)

 o2_P�-04  cases WItH lonG sURVIVal afteR GaMMa KnIfe 
  RaDIosURGeRY foR bRaIn Metastases
  Kazuhiro Yamanaka (Japan)

 o2_P�-05 steReotactIc RaDIosURGeRY alone foR olIGo-
  MetastatIc bRaIn Metastases--WHat Do RaDIosURGeRY 
  PRactItIoneRs consIDeR aPPRoPRIate?  
  Jonathan Knisely (Usa)

 o2_P�-06  steReotactIc RaDIotHeRaPY UsInG noValIs foR sKUll 
  base Metastases DeVeloPInG cRanIal neRVe sYMPtoMs
  Yoshimasa Mori (Japan)

16:00 - 16:30  PoSTEr VIEW & CoFFEE BrEAK  
 Vista Hall

16:30 - 17:30  orAL SESSIoN -  
 Vista 1

O3_P1  Vascular Lesions 1 - AVM   

 moderators:  Hidefumi Jokura (Japan)  
  & Jung-Il Lee (Korea)

 o�_P1-01 lonG-teRM oUtcoMes of steReotactIc RaDIosURGeRY 
  foR ceRebRal aVMs of eacH sPetzleR-MaRtIn GRaDe: 
  coMPaRIson WItH sURGIcal oUtcoMes
  tomoyuki Koga (Japan)
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 o�_P1-02  aneURYsMs assocIateD WItH aVM as a PossIble caUse 
  of RebleeDInG afteR RaDIosURGeRY
  Yoshihisa Kida (Japan)

 o�_P1-0� contRIbUtIon of tecHnoloGIcal PRoGRess anD 
  InflUence of InteR-oPeRatoR DIffeRence In GaMMa 
  KnIfe RaDIosURGeRY foR aRteRIoVenoUs MalfoRMatIon
  Masahiro shin (Japan)

 o�_P1-04  tHe eVolUtIon of RaDIosURGIcal tReatMent of laRGe 
  aRteRIoVenoUs MalfoRMatIons
  Gabor nagy (United Kingdom)

 o�_P1-05 staGeD-VolUMe RaDIosURGeRY foR ceRebRal aRteRIo-
  VenoUs MalfoRMatIons: tHe MaYo clInIc eXPeRIence 
  bruce Pollock (Usa)

 o�_P1-06  tReatMent oUtcoMe of GaMMa KnIfe RaDIosURGeRY 
  foR PeDIatRIc aRteRIoVenoUs MalfoRMatIons
  Young Jin lim (Korea)

16:30 - 17:30  orAL SESSIoN -  
 mugunghwa 1

O3_P2  Imaging    

 moderators: Wan-yuo guo (Taiwan) & masahiro Shin ( Japan)

 o�_P2-01 cRanIal neRVe tRactoGRaPHY In RaDIosURGIcal 
  tReatMent of ceRebelloPontIne anGle tUMoRs
  Mojgan Hodaie (canada)

 o�_P2-02  tRactoGRaPHY of tHe tRIGeMInal neRVe afteR GaMMa 
  KnIfe RaDIosURGeRY foR tRIGeMInal neURalGIa
  Mojgan Hodaie (canada)

 o�_P2-0� Dose-PlannInG foR MalIGnant bRaIn tUMoRs UsInG 
  MR anD MetHIonIne Pet fUsIon IMaGes: tecHnIQUes 
  anD PRelIMInaRY ResUlts
  Masaaki Yamamoto (Japan)

 o�_P2-04  DYnaMIc obseRVatIon of IMaGInG In PatIents WItH loW-
  GRaDe bRaIn GlIoMas afteR tReateD bY GaMMa-KnIfe 
  zhongxi li (china)

 o�_P2-05 clInIcal Use of MetHIonIne Pet foR GaMMa KnIfe 
  RaDIosURGeRY
  tadashi nariai (Japan)

DaIlY scIentIfIc PRoGRaM

 o�_P2-06  DIRect ValIDatIon of atlas-baseD HIPPocaMPUs 
  IDentIfIcatIon 
  Pantaleo Romanelli (Italy)

16:30 - 17:30  orAL SESSIoN -  
 mugunghwa 2

O3_P3  Physics 1    

 moderators: Timothy Solberg (uSA) & Dong Joon Lee (Korea)

 o�_P�-01 IntensItY-MoDUlateD RaDIatIon tHeRaPY (IMRt) 
  VeRsUs steReotactIc RaDIosURGeRY (sRs) In sPInal 
  tUMoRs - a HeaD to HeaD coMPaRIson betWeen tHe 
  Most aDVanceD PlannInG tecHnIQUes
  andrew Kanner (Israel)

 o�_P�-02  InItIal assessMent of a noVel DeVIce foR IMaGe 
  GUIDeD steReotactIc boDY RaDIosURGeRY
  timothy solberg (Usa)

 o�_P�-0� eValUatIon of MotIon & tReatMent accURacY WItH 
  lIVeR tUMoR of RaDIosURGeRY UsInG a cYbeRKnIfe 
  Weonkuu chung (Korea)

 o�_P�-04  a noVel tecHnIQUe to MeasURe MotIon tRacKInG 
  accURacY In RobotIc RaDIosURGeRY
  stephen Humphries (Usa)

 o�_P�-05 QUalItY assURance of a GatInG sYsteM baseD on 
  InteRnal anD eXteRnal fIDUcIal MaRKeRs foR PatIents 
  tReateD WItH sbRt 
  Daniel zucca (spain)

 o�_P�-06  Use of a Gel PHantoM InteGRatInG a DIaMonD 
  DetectoR anD a PIn PoInt caMeRa to cHecK tHe 
  tReatMent Dose of RaDIosURGeRY cones, QUalItY 
  contRol tHe tReatMent sYsteM PlannInG anD Dose 
  calcUlatIon
  Jesus Davila (Venezuela)

49

M
onday 

8 June 2009



tUesDaY, 9 JUne 2009

07:00 - 08:20  BrEAKFAST SEmINAr -  
 Vista 1 

BS1-1  Brain 1 - How to improve functional outcome

 moderator: Jean regis (France) 

 bs1-1-01 HeaRInG PReseRVatIon
  Jean Regis (france)

 bs1-1-02 RaDIosURGeRY foR GenUIne anD sYMPtoMatIc ePIlePsY
  Yoshihisa Kida (Japan)

 bs1-1-0� seIzURe oUtcoMe afteR aVM RaDIosURGeRY
  Dong-Gyu Kim (Korea)

07:00 - 08:20  BrEAKFAST SEmINAr -  
 mugunghwa 1

BS1-2  Body 1 - Oligometastasis treated by SBRT 

 moderator: Clara Choi (uSA) 

 bs1-2-01 olIGoMetastataIc Rectal canceR tReateD bY sbRt
  Mi-sook Kim (Korea)

 bs1-2-02 foUR-DIMensIonal steReotactIc RaDIotHeRaPY 
  foR olIGoMetastasIs In tHe lUnG anD abDoMen
  Joost nuyttens (the netherlands)

 bs1-2-0� clInIcal oUtcoMes of steReotactIc boDY RaDIo-
  tHeRaPY anD steReotactIc cRanIal IRRaDIatIon 
  foR PatIents WItH olIGoMetastIc lesIons
  tetsuya Inoue (Japan)

07:00 - 08:20  BrEAKFAST SEmINAr -  
 mugunghwa 2

BS1-3  Physics - Quality Assurance and Dosimetry 

 moderator: Paul medin (uSA)

 bs1-�-01 fRoM fRaMe baseD to IMaGe-GUIDeD Qa
  Paul Medin (Usa)

 bs1-�-02 a ReVIsIt on RelIabIlItY of sRs fRaMes
  si-Yong Kim (Usa)

50

DaIlY scIentIfIc PRoGRaM DaIlY scIentIfIc PRoGRaM

51

tuesday 
9 June 2009

 bs1-�-0� tHe VeRIfIcatIon of MoVInG taRGet UsInG steReo 
  caMeRa anD MoVInG PHantoM
  tae-suk suh (Korea)

08:30 - 09:00  SPECIAL LECTurE 5 -  
 Vista 1

SL5  Advanced imaging in radiosurgery

 moderator: Kil Soon Choi (Korea)

 PeRI-tHeRaPeUtIc neURoIMaGInG In aVM RaDIosURGeRY
 Wan-Yuo Guo (taiwan)

09:00 - 09:30  PLENAry SESSIoN 4 -  
 Vista 1

PL4  Brain radiosurgery   

 moderator: Peter gerstzen (uSA) 

 Pl4-01 IntRacRanIal MeMInGIoMas-steReotactIc IRRaDIatIon 
  anD tHe IMPact on tHe PatIent 
  Robert smee (australia)

 Pl4-02 DeVeloPMent anD testInG of a RaDIosURGeRY-baseD 
  aVM GRaDInG sYsteM
  bruce e. Pollock (Usa)

09:30 - 10:00  PLENAry SESSIoN 5 -  
 Vista 1

PL5  SBRT   

 moderator: Samuel ryu (uSA)

 Pl5-01 sbRt foR sPInal Metastases 
  eric chang (Usa)

 Pl5-02 steReotactIc boDY RaDIatIon tHeRaPY foR lIVeR tUMoRs
  Peter nowak (the netherlands)

10:00 - 10:30  FABrIKANT AWArD & LECTurE  -  
 Vista 1  

 moderator: roberto Spiegelmann (Israel)

  fabRIKant lectURe
  Jean Regis (france)
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10:30 - 11:00  PoSTEr VIEW & CoFFEE BrEAK -  
 Vista Hall

11:00 - 12:00  PoSTEr SESSIoN -  
 Vista Hall

 see page 72

12:00 - 13:00  orAL SESSIoN -  
 Vista 1

O4_P1  Benign Tumors 3   

 moderators: yoshihisa Kida (Japan) & Changhun rhee (Korea)

 o4_P1-01 ManaGeMent of DeeP seateD RecURRent cRanIo-
  PHaRYnGIoMa bY PeRMInant steReotactIc InseRtIon 
  of oMMaYa ReseRVoIR
  ahmed Yahia Rizk (egypt)

 o4_P1-02  lonG-teRM ResUlts of RaDIosURGeRY In tHe tReatMent 
  of PaRaGanGlIoMas (GloMUs tUMoRs)
  Robert lieberson (Usa)

 o4_P1-0� IntensItY MoDUlateD RaDIosURGeRY foR PaRasellaR 
  lesIons: tecHnIQUe anD lonG-teRM oUtcoMes
  Randy Jensen (Usa)

 o4_P1-04  MIcRoanatoMY-baseD RobotIzeD RaDIosURGeRY foR 
  PItUItaRY tUMoRs eXtenDInG Into tHe caVeRnoUs sInUs
  Motohiro Hayashi (Japan)

 o4_P1-05 tReatMent WItH HIGH MaRGInal Dose Is ManDatoRY 
  on steReotactIc RaDIosURGeRY to acHIeVe lonG-teRM 
  contRol of sKUll base cHoRDoMas anD cHonDRo-
  saRcoMas
  tomoyuki Koga (Japan)

 o4_P1-06  ManaGeMent of olD cRanIoPHaRYnGIoMas 
  WItH steReotactIc �2P IntRacaVItaRY IRRaDIatIon
  Junzhao sun (china)

12:00 - 13:00  orAL SESSIoN -  
 mugunghwa 1

O4_P2  Head and Neck, Prostate     

 moderators:  Arjun Sahgal (Canada) & yeon Sil Kim (Korea) 

 o4_P2-01 steReotactIc RaDIotHeRaPY foR JUXtaPaPIllaRY 

DaIlY scIentIfIc PRoGRaM
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  cHoRoIDal MelanoMa
  arjun sahgal (canada)

 o4_P2-02  sInGle VeRsUs MUltIPle fRactIons of steReotactIc 
  RaDIotHeRaPY In salVaGInG local faIlURes of 
  nasoPHaRYnGeal caRcInoMa
  tsin tien Daniel chua (Hong Kong)

 o4_P2-0� ValIDatIon of a PRoGnostIc scoRInG sYsteM foR 
  locallY RecURRent nasoPHaRYnGeal caRcInoMa 
  tReateD bY steReotactIc RaDIosURGeRY
  tsin tien Daniel chua (Hong Kong)

 o4_P2-04  GaMMa KnIfe RaDIosURGeRY foR UVeal MelanoMas: 
  teMPoRal VolUMe cHanGes anD lonG-teRM ResUlts 
  Won seok chang (Korea)

 o4_P2-05 IMaGe-GUIDeD steReotactIc boDY RaDIatIon tHeRaPY 
  foR localIzeD PRostate canceR 
  Jin-Kyu Kang (Korea)

 o4_P2-06  steReotactIc HYPofRactIonateD boDY RaDIotHeRaPY 
  foR clInIcallY localIzeD PRostate canceR
  Giancarlo beltramo (Italy)

12:00 - 13:00  orAL SESSIoN -  
 mugunghwa 2

O4_P3  Physics 2     

 moderators:  Frank. J. Bova (uSA) & Hyun-Tai Chung (Korea)

 o4_P�-01 IMaGe-GUIDance In steReotactIc RaDIosURGeRY/
  RaDIotHeRaPY: tHe Role of 2D steReoscoPIc IMaGInG 
  anD �D VolUMetRIc IMaGInG
  James tanyi (Usa)

 o4_P�-02  eXactRac X-RaY 6D IMaGe GUIDance foR IntRacRanIal 
  nonInVasIVe steReotactIc RaDIatIon tHeRaPY: 
  coMPaRIson WItH KIlo-VoltaGe cone-beaM ct
  Jinli Ma (china)

 o4_P�-0� oPtIMIzatIon of accURacY of IMaGInG In steReotactIc 
  RaDIo sURGeRY PRoceDURes UsInG IMaGe fUsIon
  sajeev thomas (India)

 o4_P�-04  PRelIMInaRY stUDY on accURacY of a steReo caMeRa 
  baseD QUalItY assURance sYsteM foR steReotactIc 
  HeaD fRaMe
  seungjong oh (Korea)
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 o4_P�-05 PRoGRess toWaRDs an IMaGe-GUIDeD steReotactIc 
  sMall anIMal IRRaDIatoR  
  timothy solberg (Usa)

 o4_P�-06  QUalItY assURance of sInGle fRactIon steReotactIc 
  RaDIosURGeRY UsInG electRonIc PoRtal IMaGInG
  Dean Inwood (australia)

13:00 - 15:00  SPoNSorED SATELLITE SymPoSIum 3 - Elekta (Platinum Sponsor) -  
 Vista 1

 60 YeaRs of steReotactIc eXPeRtIse contRIbUtInG to clInIcal  
 aDVances

 moderator: Dan Leksell, mD (Stockholm, Sweden) 

 future management of brain metastases
 David larson, MD (san francisco, Usa)

 Modern management of skull base tumors
 Guus beute, MD (tilburg, the netherlands)

 spinal radiosurgery
 Peter Gerszten, MD (Pittsburgh, Usa)

 Physical aspects of leksell Gamma Knife® Perfexion™
 Hyun-tai chung, PhD (seoul, Korea)

site visit: 
after the symposium at 15:00, elekta arranges a site visit to seoul national University 
Hospital for a demonstration of leksell Gamma Knife Perfexion and elekta neuromag®. 
for participation at this event please come and see us in the exhibition.
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WeDnesDaY, 10 JUne 2009

07:00 - 08:20  BrEAKFAST SEmINAr - 
 Vista 1 

BS2-1  Brain 2 - New Approaches

 moderator: Antonio De Salles (uSA)

 bs2-1-01 UsInG leKsell GaMMa KnIfe In oPHtHalMoloGY
  ladislav novacek (czech Republic)

 bs2-1-02 enDoVascUlaR aDVances In tReatMent 
  of aRteRIoVenoUs MalfoRMatIons
  brendan steinfort (australia)

 bs2-1-0� PaIn contRol WItH RaDIosURGeRY
  antonio De salles (Usa)

07:00 - 08:20  BrEAKFAST SEmINAr -  
 mugunghwa 1

BS2-2  Body 2 - Spinal Radiosurgery

 moderator: Eric Chang (uSA) 

 bs2-2-01 sPIne RaDIosURGeRY at MeMoRIal sloan KetteRInG 
  canceR centeR. oUtcoMes anD coMPlIcatIons
  Josh Yamada (Usa)

 bs2-2-02 RaDIosURGIcal DecoMPRessIon of sPInal coRD 
  coMPRessIon
  samuel Ryu (Usa)

 bs2-2-0� tecHnIcal ReQUIReMents foR sPIne sbRt
  arjun sahgal (canada)

 bs2-2-04 cHallenGes anD Qa IssUes foR sPIne steReotactIc 
  boDY RaDIotHeRaPY fRoM a PHYsIcIst’s PeRsPectIVe
  lijun Ma (Usa)
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07:00 - 08:20  BrEAKFAST SEmINAr -  
 mugunghwa 2

BS2-3  Imaging - Advanced Imaging Technology 

 moderator: rock mackie (uSA)

 bs2-�-01 steReotactIc RaDIosURGeRY anD steReotactIc boDY 
  RaDIotHeRaPY WItH HelIcal toMotHeRaPY
  Rock Mackie (Usa)

 bs2-�-02 PReVentInG MoRbIDItY of RaDIosURGeRY bY
  InteGRatInG tRactoGRaPHY of tHe bRaInWHIte MatteR
  Keisuke Maruyma (Japan)

 bs2-�-0� IntensItY baseD IMaGe ReGIstRatIon
  chen-shou (taiwan)

08:30 - 10:00  orAL SESSIoN -  
 Vista 1

O5_P1  Benign Tumors 4 - Vestibular Schwannoma   

 moderators:  roberto Spiegelmann (Israel) & Shin Jung (Korea)

 o5_P1-01 QUalItY of lIfe afteR RaDIosURGeRY foR VestIbUlaR 
  scHWannoMa
  John G. Wolbers (the netherlands)

 o5_P1-02  QUalItY of lIfe afteR fRactIonateD steReotactIcal 
  RaDIotHeRaPY foR VestIbUlaR scHWannoMa
  John G. Wolbers (the netherlands)

 o5_P1-0� HYPofRactIonateD steReotactIcal RaDIotHeRaPY 
  foR VestIbUlaR scHWannoMa
  Peter JGM nowak (the netherlands)

 o5_P1-04  lIneaR acceleRatoR steReotactIc RaDIosURGeRY 
  foR VestIbUlaR scHWannoMas. a RePoRt of 
  194 consecUtIVe cases
  ouzi nissim (Israel)

 o5_P1-05 cancelleD

 o5_P1-06  lonGItUDInal assessMent of QUalItY of lIfe anD 
  HeaRInG test oUtcoMes In VestIbUlaR scHWannoMa 
  PatIents tReateD WItH GaMMa KnIfe steReotactIc 
  RaDIosURGeRY
  sean Park (Usa)
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 o5_P1-07  VestIbUlaR eVoKeD MYoGenIc PotentIal (VeMP) 
  In VestIbUlaR scHWannoMas tReateD bY GaMMa-KnIfe 
  RaDIosURGeRY 
  cheng-chia lee (taiwan)

 o5_P1-08  PRoGnostIc factoRs of HeaRInG PReseRVatIon afteR 
  GaMMa KnIfe RaDIosURGeRY foR VestIbUlaR 
  scHWannoMa
  Jung-Il lee (Korea)

 o5_P1-09  RaDIosURGeRY foR VestIbUlaR scHWannoMa- 
  MoRe tHan 5 YeaRs folloW-UP
  Do Hoon Kwon (Korea)

08:30 - 10:00  orAL SESSIoN -  
 mugunghwa 1

O5_P2  Spine & Others

 moderators:  Josh yamada (uSA) & Ihl Bohng Choi (Korea)

 o5_P2-01 cURatIVe steReotactIc RobotIc RaDIotHeRaPY 
  tReatMent foR eXtRacRanIal, eXtRaPUlMonal, 
  eXtRaHePatIc, anD eXtRasPInal tUMoRs
  Joost nuyttens (the netherlands)

 o5_P2-02  non-RanDoM IntRafRactIon taRGet MotIons 
  anD stRateGY of coRRectIon foR sPIne steReotactIc 
  boDY RaDIotHeRaPY 
  lijun Ma (Usa)

 o5_P2-0� RaDIosURGIcal DecoMPRessIon of ePIDURal sPIne 
  MetastasIs
  samuel Ryu (Usa)

 o5_P2-04  toleRance of tHe sPInal coRD to steReotactIc 
  RaDIosURGeRY: InsIGHts fRoM sPInal coRD 
  HeManGIoblastoMas 
  scott soltys (Usa)

 o5_P2-05 steReotactIc RaDIosURGeRY foR tReatMent of sPInal 
  Metastases RecURRInG In close PRoXIMItY to PReVIoUs 
  IRRaDIateD sPInal coRD
  clara choi (Usa)

 o5_P2-06 clInIcal ResUlt of steReotactIc cYbeRKnIfe 
  RaDIosURGeRY In IntRaDURal sPInal coRD tUMoRs
  Ung-Kyu chang (Korea)



DaIlY scIentIfIc PRoGRaM

58

 o5_P2-07 sPInal coRD toleRance foR steReotactIc boDY 
  RaDIotHeRaPY
  arjun sahgal (canada)

 o5_P2-08 sYneRGY-s sYsteM foR steReotactIc IRRaDIatIon sPInal 
  tUMoRs-PRelIMInaRY ResUlts
  andrew Kanner (Israel)

 o5_P2-09  folloW UP ResUlt of cYbeRKnIfe RaDIosURGeRY 
  In sPInal MetastasIs
  Ung-Kyu chang (Korea)

08:30 - 10:00  orAL SESSIoN -  
 mugunghwa 2

O5_P3  Malignant tumors      

 moderators:  Ladislav Novacek (Czech republic)  
  & moo Seong Kim (Korea)

 o5_P�-01 steReotactIc RaDIosURGeRY elIGIbIlItY anD selectIon 
  bIas In tHe tReatMent of GlIoblastoMa MUltIfoRMe
  christopher anker (Usa)

 o5_P�-02  effectIVe contRol of RecURRent HeManGIo-
  PeRIcYtoMas can be acHIeVeD WItH steReotactIc 
  RaDIosURGeRY
  Marco lee (Usa)

 o5_P�-0� tHe Role of GaMMa KnIfe RaDIosURGeRY 
  foR MalIGnant MenInGIoMas
  Jinwook Kim (Korea)

 o5_P�-04  steReotactIc RaDIotHeRaPY folloWeD bY 
  IntRatUMoRal DenDRItIc cell IMMUnotHeRaPY 
  foR MalIGnant GlIoMa
  John Yu (Usa)

 o5_P�-05 GaMMa KnIfe RaDIosURGeRY foR atYPIcal oR 
  anaPlastIc MenInGIoMa – effIcacY anD PatHoloGIcal 
  fInDInGs  
  Manabu tamura (Japan)

 o5_P�-06 effect of Dose escalatIon bY steReotactIc 
  RaDIotHeRaPY foR tHe tReatMent of GlIoblastoMa 
  MUltIfoRMe   
  Kazutaka Yatsushiro (Japan)

 o5_P�-07 tHe RotatInG GaMMa sYsteM tReatMent of 
  IntRacRanIal GeRMInoMa RePoRt of 12 cases   
  zengmin tian (china)
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 o5_P�-08 RaDIosURGeRY In MUltIPle Metastases (MoRe tHan 4),  
  a contRoVeRtIal DecIsIon  
  Kita sallabanda Diaz (spain)

 o5_P�-09  steReotactIc RaDIosURGeRY In tHe ManaGeMent of 
  bRaIn Metastases fRoM PRIMaRY tHYRoID canceRs
  David Roberge (canada)

10:00 - 10:30  PoSTEr VIEW & CoFFEE BrEAK -  
 Vista Hall

10:30 - 11:30  PoSTEr SESSIoN -  
 Vista Hall

 see page 72

11:30 - 12:30  orAL SESSIoN -  
 Vista 1

O6_P1  Benign Tumors 5   

 moderators: David Larson (uSA) & Chang-Hwa Choi (Korea)

 o6_P1-01 tHe effIcacY of coRtIcosteRoIDs foR HeaRInG 
  PReseRVatIon afteR GaMMa KnIfe RaDIosURGeRY 
  of VestIbUlaR scHWannoMa: a PRosPectIVe stUDY
  Jinwook Kim (Korea)

 o6_P1-02  GaMMa KnIfe RaDIosURGeRY foR PItUItaRY aDenoMa
  Maheep singh Gaur (India)

 o6_P1-0� lonG-teRM ResUlts of GaMMa KnIfe sURGeRY 
  foR tRIGeMInal scHWannoMas 
  Qun chen (china)

 o6_P1-04  lonG-teRM ResUlts of tHe RotatInG GaMMa sYsteM 
  RaDIosURGeRY foR tRIGeMInal scHWannoMas 
  Qun chen (china)

 o6_P1-05 tHe RotatInG GaMMa sYsteM RaDIosURGeRY 
  foR acoUstIc neURoMa  
  Xijun Meng (china)

 o6_P1-06  a clInIcal analYsIs of tHe RotatInG GaMMa sYsteM 
  anD MIcRosURGeRY In tReatMent foR PItUItaRY 
  aDenoMa
  Weizhong Yang (china)
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11:30 - 12:30  orAL SESSIoN -  
 mugunghwa 1

O6_P2  Metastasis   

 moderators:  Iris gibbs (uSA) & Sun Ha Paek (Korea)

 o6_P2-01 sURGIcal ResectIon anD RaDIosURGeRY to tHe 
  ResectIon caVItY foR solItaRY bRaIn MetastasIs 
  samuel Ryu (Usa)

 o6_P2-02  eValUatIon of Dose DIstRIbUtIon In PRe-oPeRatIVe 
  VeRsUs Post-oPeRatIVe steReotactIc RaDIosURGeRY 
  of sInGle bRaIn Metastases
  John Kirkpatrick (Usa)

 o6_P2-0� sURVIVal of PatIents WItH sInGle bRaIn Metastases 
  tReateD WItH sURGIcal ResectIon folloWeD bY 
  RaDIosURGeRY
  Dennis shrieve (Usa)

 o6_P2-04  GaMMa KnIfe RaDIosURGeRY foR bRaIn MetastasIs 
  fRoM sMall cell lUnG canceR
  shin Jung (Korea) 

 o6_P2-05 GaMMa KnIfe RaDIosURGeRY foR MetastatIc bRaIn 
  tUMoRs fRoM bReast canceR
  satoshi suzuki (Japan)

 o6_P2-06  tReatMent stRateGY foR MetastatIc bRaIn tUMoRs 
  fRoM Renal cell caRcInoMa: selectIon of GaMMa 
  KnIfe anD cRanIotoMY fRoM tHe stanD PoInf of 
  GRoWtH contRol anD PeRItUMoRal eDeMa contRol
  takashi shuto (Japan)

11:30 - 12:30  orAL SESSIoN -  
 mugunghwa 2

O6_P3  Physics 3    

 moderators:  Chen-Shou Chui (Taiwan) & rena Lee (Korea)

 o6_P�-01 tReatMent PlannInG foR DYnaMIc GaMMa KnIfe 
  RaDIosURGeRY 
  shuang luan (Usa)

 o6_P�-02  QUalItY assURance of an IMaGe GUIDeD IntRacRanIal 
  steReotactIc PosItIonInG sYsteM foR toMotHeRaPY
  emilie soisson (Usa)
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 o6_P�-0� assessMent of lonG teRM stabIlItY of leKsell GaMMa 
  KnIfe PeRfeXIon PatIent PosItIonInG sYsteM
  Josef novotny Jr. (Usa)

 o6_P�-04  VeRIfYInG tHe lGP PReDIctIon In GaMMa KnIfe UsInG 
  PaGat PolYMeR Gel DosIMeteR anD Mc sIMUlatIon
  Mahmoud allahverdi (Iran, Islamic Republic of)

 o6_P�-05 a cHaRacteRIstIc estIMatIon of WateR absoRbeD Dose 
  foR GaMMa KnIfe RaDIosURGeRY
  Hyuntai chung (Korea)

 o6_P�-06  IntRoDUcInG tHe contInUoUs MotIon MonItoRInG 
  sYsteM DURInG cYbeRKnIfe RaDIosURGeRY
  Kenichi saito (Japan)

14:00 - 15:15  rADIoSurgEry PLANNINg - THE SummIT -  
 Vista 1

 moderator: Bruce E. Pollock (uSA)

 Rs-01  IntRoDUctIon - HoW to aVoID oRGans at RIsK
  bruce e. Pollock (Usa)

 case PResentatIons foR eacH MoDalItY

 Rs-02 cRItIcal stRUctURes sPaRInG WItH PeRfeXIon GaMMa  
  KnIfe sURGeRY
  Jean Regis (france)

 Rs-0� cYbeRKnIfe
  lawrence s. chin (Usa)

 Rs-04 noValIs
  samuel Ryu (Usa)

 Rs-05 aXesse
  Peter Gerstzen (Usa)

15:15 - 16:00  SPECIAL LECTurE 6 -  
 Vista 1

SL6  Welcome to Korea    

 moderator: Dong-gyu Kim (Korea) 

 natIVe KoReans
 byung Mo Kim (Korea)
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16:00 - 16:20  PoSTEr VIEW & CoFFEE BrEAK -  
 Vista Hall

16:20 - 17:10  orAL SESSIoN -  
 Vista 1

O7_P1  Vascular Lesions 2 - Hemangiomas    

 moderators: Keisuke maruyama (Japan) & Do-Hoon Kwon (Korea)

 o7_P1-01 RaDIosURGeRY of caVeRnoUs MalfoRMatIons 
  coMPaRIson WItH tHe natURal HIstoRY
  Yoshihisa Kida (Japan)

 o7_P1-02  RelatIon betWeen HeMosIDeRIn content anD eDeMa 
  DeVeloPeMent In PatIents WItH caVeRnoUs anGIoMas 
  tReateD WItH lInac-baseD RaDIosURGeRY
  sergio Moreno-Jiménez (Mexico)

 o7_P1-0� GaMMa KnIfe RaDIosURGeRY foR caVeRnoUs sInUs 
  HeManGIoMas: IMaGInG cHaRacteRIstIcs befoRe 
  anD afteR tHe tReatMent
  David Hung-chi Pan (taiwan)

 o7_P1-04  GaMMa KnIfe tReatMent of caVeRnoUs HeManGIoMas 
  In tHe caVeRnoUs sInUs: RePoRt of eleVen cases 
  Yong Hu (china)

 o7_P1-05  tHe oUtcoMe of steReotactIc RaDIosURGeRY 
  foR IntRacRanIal HeManGIoMas 
  aftab Khan (Kuwait)

16:20 - 17:10  orAL SESSIoN -  
 mugunghwa 1

O7_P2  Functional disorders     

 moderators:  yoshiyasu Iwai (Japan) & Ki uk Kim (Korea)

 o7_P2-01 GaMMa KnIfe sURGeRY foR essentIal tRIGeMInal 
  neURalGIa: PResent anD cHallenGe foR tHe fUtURe
  Motohiro Hayashi (Japan)

 o7_P2-02  oUtcoMe of tRIGeMInal neURalGIa alonG tHe 
  PRescRIbeD Dose In GaMMa KnIfe RaDIosURGeRY; 
  coMPaRIson of 80 anD 85 GY
  Yong Hwy Kim (Korea)
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 o7_P2-0� GaMMa KnIfe sURGeRY foR tRIGeMInal neURalGIa: 
  an analYsIs of GaDolInIUM enHanceMent of 
  tHe tRIGeMInal neRVe Root
  shinji Matsuda (Japan)

 o7_P2-04  cYbeRKnIfe RaDIosURGeRY as a fIRst tReatMent 
  foR IDIoPatHIc tRIGeMInal neURalGIa
  Marcello Marchetti (Italy)

 o7_P2-05  analYsIs of Reason aboUt RecURRence of tRIGeMInal 
  neURalGIa WItH GaMMa-RaDIosURGeRY
  Haitao liu (china)

16:20 - 17:10  orAL SESSIoN -  
 mugunghwa 2

O7_P3  Vascular Lesions 1 - AVM   

 moderators:  Jonathan Knisely (uSA) & John Kirkpatrick (uSA)

 o7_P�-01 sPInal coRD toleRance to RaDIosURGIcal Dose 
  DIstRIbUtIons: a stUDY of lateRal VolUMe effects 
  anD ReIRRaDIatIon
  Paul Medin (Usa)

 o7_P�-02  DIffeRentIatIon anD MIGRatIon of neURal steM cells 
  InJecteD Into MoUse bRaIn afteR GaMMa IRRaDIatIon
  Jung-Il lee (Korea)

 o7_P�-0� concURRent tReatMent of bcnU anD GaMMa KnIfe 
  RaDIosURGeRY In tHe Rat MalIGnant GlIoMa MoDel 
  cho Keun-tae (Korea)

 o7_P�-04  U�7�MG cell lIne eXPoseD to HIGH eneRGY 
  IRRaDIatIon: sURVIVal fRactIon
  Mariana Hernández-bojórquez (Mexico)

 o7_P�-05  tHe effect of confoRMatIonal X-RaY IRRaDIatIon on 
  tHe RecoVeRY fRoM a tRaUMatIc lesIon of tHe sPInal 
  coRD In Rats 
  claudia Katiuska González Valdez (Mexico)

W
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thursday 
11 June 2009

tHURsDaY, 11 JUne 2009

07:00 - 08:20  BrEAKFAST SEmINAr - 
 Vista 1 

BS3-1  Brain 3 - Radiosurgery of malignant brain tumors

 moderator: Bruce E. Pollock (uSA)

 bs�-1-01 neW aPPRoacHes In steReotactIc RaDIosURGeRY 
  foR bRaIn Metastases
  scott soltys (Usa)

 bs�-1-02 RaDIosURGeRY foR GlIal neoPlasMs
  bruce e. Pollock (Usa)

 bs�-1-0� RaDIosURGeRY foR otHeR PRIMaRY IntRacRanIal 
  tUMoRs (atYPIcal/MalIGnant MenInGIoMa, HeManGIo-
  PeRIcYtoMa, HeManGIoblastoMa, ePenDYMoMa, 
  MalIGnant lYMPHoMa, GeRM cell tUMoR)
  Yoshiyasu Iwai (Japan)

07:00 - 08:20  BrEAKFAST SEmINAr -  
 mugunghwa 1

BS3-2  Radiosensitizer and radioprotector for SBRT 

 moderator: Chul-Koo Cho (Korea) 

 bs�-2-01 cHeMo-RaDIosensItIzatIon of RaDIosURGeRY
  Jonathan Knisely (Usa)

 bs�-2-02 MoDUlatIon of RaDIatIon ResPonse In bRaIn tUMoR  
  cells
  In-ah KIM (Korea)

 bs�-2-0� RaDIosURGeRY as PaRt of tHe MUltIMoDalItY tHeRaPY 
  of sPIne tUMoRs
  Peter Gerstzen (Usa)

 bs�-2-04 MIGRatIon anD DIffeRentIatIon of neURal steM cell 
  InJecteD Into IRRaDIateD bRaIn
  Jung-Il lee (Korea)
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07:00 - 08:20  BrEAKFAST SEmINAr -  
 mugunghwa 2

BS3-3  Technology - Recent advances in radiosurgery modalities  

 moderator: Josef Novotny Jr. (uSA)

 bs�-�-01 WHat Is tHe state of tHe aRt In cYbeRKnIfe 
  RaDIosURGeRY? 
  sonya Dietrich (Usa)

 bs�-�-02 lInac RaDIosURGeRY
  Harald treuer (Germany)

 bs�-�-0� leKsell GaMMa KnIfe PeRfeXIon - tHe state-of-tHe-aRt 
  RaDIosURGeRY tool
  Josef novotny Jr. (Usa)

08:30 - 10:00  DEBATES -  
 Vista 1

 moderator: David Larson (uSA)

 Brain radiosurgery

 D-01  laRGe aVM 
  Hidefumi Jokura (Japan)

 D-02 laRGe aVM
  David H. c. Pan (taiwan) 

 D-0� bRaIn Metastases
  Masaaki Yamamoto (Japan)

 D-04 bRaIn Metastases
  David larson (Usa)

 Fraction number and dose calculation

  sInGle fRactIon
  Peter Gerstzen (Usa)

  HYPofRactIonatIon
  Iris Gibbs (Usa)
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10:30 - 11:30  orAL SESSIoN -  
 Vista 1

O8_P1  Vascular Lesions 3 - AVM    

 moderators:  Tohru Serizawa (Japan) & Sung Kyoo Hwang (Korea)

 o8_P1-01 coMPlIcatIons of GaMMa KnIfe RaDIosURGeRY - 
  lessons leaRneD fRoM 1500 PatIents WItH ceRebRal 
  aVMs
  chun-Po Yen (Usa)

 o8_P1-02  lonG-teRM folloW-UP ResUlts of GK-RaDIosURGeRY 
  foR aVMs: IncIDences of tReatMent-RelateD 
  coMPlIcatIons
  Masaaki Yamamoto (Japan)

 o8_P1-0� GaMMa KnIfe RaDIosURGeRY foR aRteRIoVenoUs 
  MalfoRMatIon: Rate of oblIteRatIon anD 
  coMPlIcatIons
  Hae Yoo Kim (Korea)

 o8_P1-04  eMbolIzatIon anD RaDIosURGeRY In tHe tReatMent 
  of aVMs, RelUsts anD contRaDIctIons
  Kita sallabanda Diaz (spain)

 o8_P1-05 fRactIonateD steReotactIc RaDIosURGeRY foR GIant 
  aVM
  furen Xiao (Usa)

 o8_P1-06  RaDIosURGeRY of ceRebRal aRteRIoVenoUs  
  MalfoRMatIons : a PRescRIPtIon alGoRItHM
  nicolas blanchard (france)

10:30 - 11:30  orAL SESSIoN -  
 mugunghwa 1

O8_P2  Others 1      

 moderators: maheep Singh gaur (India) & Ho-Shin gwak (Korea)

 o8_P2-01 steReotactIc RaDIosURGeRY (sRs) – tHe PatIents 
  PeRsPectIVe
  Robert smee (australia)

 o8_P2-02  tHe RaDIobIoloGIcal effects stUDY of RHesUs 
  MonKeYs oPtIc neRVe afteR RotatInG GaMMa 
  sYsteM RaDIosURGeRY 
  Jinwei zhang (china)

thursday 
11 June 2009
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 o8_P2-0� tHe HIstoloGIcal effects of MonKeY tRIGeMInal 
  neRVe afteR RotatInG GaMMa sYsteM RaDIosURGeRY
  Jinwei zhang (china)

 o8_P2-04  eXPeRIences of 450 PatIents WItH centRal sKUll base 
  tUMoRs tReateD WItH MIcRosURGeRY, GaMMa KnIfe 
  anD cYbeRKnIfe RaDIosURGeRY 
  Hiroshi Inoue (Japan)

 o8_P2-05 cancelleD

 o8_P2-06  tHe eVolVInG stanDaRD of tReatMent VIa IMaGe 
  GUIDance, PRecIse IMMobIlIzatIon anD VolUMe-
  MoDUlateD aRc tHeRaPY WItH tHe noValIs tX: 
  a RaDIatIon tHeRaPIst’s PeRsPectIVe 
  breann bollinger, Robyn Walker (Usa)

10:30 - 11:30  orAL SESSIoN -  
 mugunghwa 2

O8_P3  Physics 4       

 moderators: Harald Treuer (germany) & Haijo Jung (Korea)

 o8_P�-01 MIGRatIon fRoM a PencIl beaM alGoRItHM to a 
  conVolUtIon-sUPeRPosItIon alGoRItHM In sbRt 
  of lUnG tUMoURs: Mc stUDY
  Vanessa Panettieri (sweden)

 o8_P�-02  UsInG Monte caRlo sIMUlatIon anD GafcHRoMIc fIlM  
  to coMMIssIon steReotactIc PlannInG sYsteM
  Kin Wa chan (australia)

 o8_P�-0� accURacY testInG of a noVel steReotactIc DeVIce foR 
  eXtRacRanIal RaDIotHeRaPY/RaDIosURGeRY In Rats 
  claudia K Gonzalez (Mexico)

 o8_P�-04  2.5 MM Vs. 5 MM Mlc WIDtHs: effects on Dose 
  confoRMItY of tWo tReatMent PlannInG tecHnIQUes 
  foR lInac-baseD sRs
  James tanyi (Usa)

 o8_P�-05 RaPIDaRc foR tReatMent of IntRacRanIal MUltI-focal 
  steReotactIc RaDIosURGeRY  
  zhiheng Wang (Usa)

 o8_P�-06  assessMent of setUP RePRoDUcIbIlItY anD 
  IMMobIlIzatIon caPabIlItY of fRaMeless steReotactIc 
  MasK sYsteM
  nadine linthout (belgium)
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11:30 - 12:30  orAL SESSIoN -  
 Vista 1

O9_P1  Others 2   

 moderators: motohiro Hayashi (Japan) & Ha-young Choi (Korea)

 o9_P1-01 GaMMa KnIfe RaDIosURGeRY foR bRaIn Metastases 
  fRoM UnKnoWn PRIMaRY oRIGIn
  Hae Yoo Kim (Korea)

 o9_P1-02  a PHase I tRIal of teMozoloMIDe anD RaDIosURGeRY 
  foR RecURRent bRaIn Metastases: PRelIMInaRY ResUlts
  David Roberge (canada)

 o9_P1-0� cancelleD

 o9_P1-04  GaMMa KnIfe RaDIosURGeRY of cHIlD HYPotHalaMIc
  HaMaRtoMa ( RePoRt of 24 cases ) 
  ziqiang Xu (china)

 o9_P1-05 RePeat GaMMa sURGeRY foR stIll Patent ceRebRal 
  aRteRIoVenoUs MalfoRMatIons folloWInG tHe InItIal 
  GaMMa PRoceDURes  
  chun-Po Yen (Usa)

 o9_P1-06  GaMMa KnIfe RaDIosURGeRY foR laRGe aRteRIoVenoUs 
  MalfoRMatIon -staGeD stRateGY of taRGetInG tHe 
  nIDUs of eaRlY aRteRIal PHase-
  Hiroyuki Kenai (Japan)

11:30 - 12:30  orAL SESSIoN -  
 mugunghwa 1

O9_P2  Others 3    

 moderators: Peter Nowak (The Netherlands)  
  & Seong yul yoo (Korea)

 o9_P2-01 DeVeloPMent of clInIcal stRateGIes foR IMaGe-
  GUIDeD steReotactIc RaDIosURGeRY
  John Kirkpatrick (Usa)

 o9_P2-02  4Dct IMaGe-GUIDance foR sbRt
  Martin fuss (Usa)

 o9_P2-0� cone-beaM ct (cbct) IMaGe-GUIDance foR sbRt
  Martin fuss (Usa)

thursday 
11 June 2009
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 o9_P2-04  lIneaR acceleRatoR RaDIosURGeRY tReatMent 
  foR UVeal MelanoMas:eXPeRIence anD ResUlts
  Miron sramka (slovakia)

 o9_P2-05 PRelIMInaRY eXPeRIence on steReotactIc boDY 
  RaDIotHeRaPY (sbRt) UsInG GatInG bReatH contRol 
  foR tHe tReatMent of tUMoRal lesIons
  ovidio Hernando (spain)

 o9_P2-06  Real-tIMe IMaGe-GUIDeD steReotactIc RaDIosURGeRY 
  foR PRostate canceR: a PRelIMInaRY RePoRt
  Weonkuu chung (Korea)

11:30 - 12:30  orAL SESSIoN -  
 mugunghwa 2

O9_P3  Physics 5    

 moderators:  Sonja Dieterich (uSA) & youngyih HAN (Korea)

 o9_P�-01 aRe cones stIll UsefUl In steReotactIc RaDIosURGeRY  
  [sRs]?
  Margaret schneider (australia)

 o9_P�-02  InflUence of MaRGInal Dose DefInItIon on tHe 
  VaRIabIlItY of seVeRal confoRMItY InDIces anD 
  GRaDIent InDeX In MIcRo-MUltIleaf collIMatoR-baseD 
  DYnaMIc confoRMal aRc tHeRaPY
  Kazuhiro ohtakara (Japan)

 o9_P�-0� ePR DosIMetRY of steReotactIc RaDIosURGeRY 
  In an antHRoPoMoRPHIc HeaD PHantoM
  einar Waldeland (norway)

 o9_P�-04  Dose confoRMItY InDeX In lInac RaDIosURGeRY: 
  analYsIs of VestIbUlaR scHWannoMa cases
  Marco Italiani (Italy)

 o9_P�-05 PHYsIcal asPects of MoDeRn steReotactIc 
  RaDIosURGeRY a tReatMent DeVIce coMPaRIson
  andreas Mack (switzerland)

 o9_P�-06  PlannInG coMPaRIson betWeen X-RaY RaDIosURGeRY 
  anD PRoton RaDIosURGeRY
  sung Hwan ahn (Korea)
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12:30 - 13:30  CLoSINg SESSIoN -  
 Vista 1   

 moderators:  roberto Spiegelmann (Israel) & Dennis Shrieve (uSA)

 Poster award
 Young Investigator’s award
 Young Professional IsRs award (new)
 closing speeches

thursday 
11 June 2009
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  Vista Hall 

P-01  tReatMent foR sMall cell lUnG canceR WItHoUt PRoPHYlactIc
 cRanIal IRRaDIatIon: a RetRosPectIVe sInGle-InstItUtIonal 
 analYsIs of 54 PatIents 
 atsuya akabane (Japan)

P-02  lIneaR acceleRatoR-baseD steReotactIc RaDIosURGeRY foR 
acoUstIc neURoMa: HonG KonG eXPeRIence  

 Wai Kong tsang (Hong Kong)

P-03  InItIal ResUlts of aRteRIoVenoUs MalfoRMatIons In cHIlDRen 
tReateD WItH RaDIosURGeRY- eXPeRIence at tHe Innn-MeXIco 

 Jose suarez-campos (Mexico)

P-04  ResUlts of fRactIonateD RaDIosURGeRY foR MetastatIc bRaIn 
tUMoRs

 Do Hoon Kwon (Korea)

P-05  WoRlD JoURnal of sURGIcal oncoloGY tecHnIcal InnoVatIons 
steReotaXIc GaMMa KnIfe sURGeRY In tReatMent of cRItIcallY 
locateD PIlocYtIc astRocYtoMa: PRelIMInaRY ResUlt Raef fa 
Hafez*

 Raef Hafez (egypt)

P-06  PRoGnostIc factoRs analYsIs of PRolactIn PItUItaRY tUMoR afteR 
GaMMa KnIfe tReatMent 

 zhanbiao He (china)

P-07  RobotIc RaDIosURGeRY foR tReatMent of PeDIatRIc tUMoRs
 Iris c. Gibbs (Usa)

P-08  RotatInG GaMMa sYsteM sURGeRY foR caVeRnoUs sInUs 
MenInGIoMa 

 Xinghua zhang (china)

P-09  GaMMa KnIfe RaDIosURGeRY foR GIant cell tUMoR of tHe PetRoUs 
bone: a case RePoRt

 In-Young Kim (Korea)

P-10  effIcacY of tHe lInac baseD steReotactIc RaDIosURGeRY foR 
InoPeRable bRaIn tUMoR

 sui-sum Kung (taiwan)

tUesDaY, 9 JUne 2009 11.00-12.00 
anD WeDnesDaY, 10 JUne 2009 10.�0-11.�0

7�

P-11  GaMMa KnIfe RaDIosURGeRY foR GloMUs JUGUlaRe tUMoRs   
 Mooseong Kim (Korea)

P-12  IMPact of onYX eMbolIzatIon on RaDIosURGIcal ManaGeMent In 
aVM PatIents-PRelIMInaRY eXPeRIence

 andrew Kanner (Israel) 

P-13  bRaIn tUMoR VIsUalIzatIon bY lInac-MoUnteD cone-beaM ct WItH 
contRast MeDIa aDMInIstRatIon

 Hiroshi Igaki (Japan)

P-14  RaDIatIon necRosIs WItH seVeRe PeRItUMoRal eDeMa afteR 
steReotactIc RaDIotHeRaPY foR PaRasaGIttal MenInGIoMa: 
IMMUnoHIstocHeMIcal stUDY of anGIoGenesIs anD HYPoXIc 
factoRs

 Koichi Mitsuya (Japan)

P-15  case ReVIeW GaMMa KnIfe sURGeRY foR IDIoPatHIc tRIGeMInal 
neURalGIa taRGetInG tHe neURoVascUlaR contact zone: tHe 
caIRo InteRnatIonal MeDIcal centRe InItIal eXPeRIence Raef 
faRoUK aHMeD Hafez

 Raef Hafez (egypt)

P-16  tHe GRaDeD PRoGnostIc assessMent (GPa)-DeRIVeD InDeX Is not 
ValID foR PReDIctInG bRaIn MetastatIc PatIents’ sURVIVal afteR 
GaMMa KnIfe RaDIosURGeRY

 shang-Ming chiou (taiwan)

P-17  lonG-teRM oUtcoMe of GaMMa KnIfe RaDIosURGeRY foR tHe 
tReatMent of tYPIcal tRIGeMInal neURalGIa 

 Jung Ho Han (Korea)

P-18  tUMoR sHRInKaGe of acoUstIc neURInoMa folloWeD foR MoRe 
tHan 5 YeaRs afteR GaMMa KnIfe sURGeRY

 osamu nagano (Japan)

P-19  tHe RotatInG GaMMa sYsteM coMbIneD WItH steReotactIc 
asPIRatIon foR cYstIc bRaIn MetastasIs 

 zengmin tian (china)

P-20  tHe RePoRt of RotatInG GaMMa sYsteM tReatMent of 501 cases 
of PItUItaRY aDenoMa

 Jin lei (china)

P-21  tReatMent stRateGY foR bRaIn Metastases: foR IMPRoVeD 
PatIents’ QUalItY of lIfe

 Motohiro Hayashi (Japan)
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P-22  MUltIsessIon cYbeRKnIfe sURGeRY foR PaRasellaR tUMoRs 
aDJacent to oPtIc aPPaRatUs; safetY foR oPtIc aPPaRatUs, 
PRelIMInaRY stUDY  

 Hyeonseon Park (Korea)

P-23  cancelleD

P-24  cYbeRKnIfe RaDIosURGeRY foR Mental Illness
 Moon chan Kim (Korea)

P-25  tHe clInIcal eValUatIon anD coRRelatIon factoRs analYsIs of 
RotatInG GaMMa sYsteM RaDIosURGeRY foR PRIMaRY tRIGeMInal 
neURalGIa

 Jinwei zhang (china)

P-26  GK sURGeRY foR MUltIPle MenInGIoMas
 Mooseong Kim (Korea)

P-27  tHe RotatInG GaMMa sYsteM on ResIDUal PItUItaRY aDenoMas 
afteR sURGeRY

 Wentao li (china)

P-28  GaMMa KnIfe RaDIosURGeRY foR IntRacRanIal MenInGIoMa: tHe 
PnUH eXPeRIence 

 chang Hwa choi (Korea)

P-29  eaRlY 11c-MetHIonIne Pet cHanGes foR MonItoRInG tHeRaPeUtIc 
ResPonse folloWInG sIMUltaneoUs InteGRateD boost tecHnIQUe 
WItH cHeMotHeRaPY foR GlIoblastoMa MUltIfoRMe

 Kazuhiro Miwa (Japan)

P-30  clInIcal aPPlIcatIon of RotatInG GaMMa sYsteM In 
neURosURGeRY (anneXal analYsIs of 2625 cases) 

 Weizhong Yang (china)

P-31  cancelleD   

P-32  coMPlIcatIons of GaMMKIfe RaDIosURGeRY foR aVM
 Masahiro Izawa (Japan)

P-33  4176 cases of IntRacRanIal DIseases tReateD WItH tHe RotatInG 
GaMMa sYsteM 

 Jin lei (china)

P-34  steReotactIc RaDIosURGeRY UsInG X KnIfe: an InstItUtIonal aUDIt.
 ashok bhanage (India) 

P-35  HYPofRactIonateD steReotactIc RaDIotHeRaPY foR acoUstIc 
neURoMas

 Davide Di Gennaro (Italy)
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P-36  ManaGeMent of DeeP seateD RecURRent cRanIoPHaRYnGIoMa bY 
PeRMInant steReotactIc InseRtIon of oMMaYa ReseRVoIR

 ahmed Yahia Rizk (egypt)

P-37  tHe clInIcal analYsIs of noValIs sHaPeD beaM RaDIosURGeRY foR 
bRaIn Metastases  

 Moon-Jun sohn (Korea)

P-38  seIzURe oUtcoMe afteR aVM RaDIosURGeRY
 seung Yeob Yang (Korea)

P-39  cURatIVe effect analYsIs foR tHe MeasURe of tRIGeMInal RaDIX at 
MRI on RotatInG GaMMa sYsteM foR tRIGeMInal neURalGIa  

 Qiyong liu (china)

P-40  sHoRt-teRM sURVIVal afteR RaDIosURGeRY foR bRaIn Metastases 
 charles Valery (france)

P-41  MoDeRn RaDIotHeRaPY aPPRoacHes In tHe ManaGeMent of 
cRanIoPHaRYnGIoMas 

 Robert smee (australia)

P-42  toleRance of HYPofRactIonateD steReotactIc RaDIotHeRaPY 
foR bRaIn aRteRIoVenoUs MalfoRMatIons – eXPeRIence of Msc 
MeMoRIal canceR centeR  

 slawomir blamek (Poland)

P-43  cYbeRKnIfe foR PItUItaRY aDenoMas 
 Kyung Jin lee (Korea)

P-44  tUMoUR VolUMe ReDUctIon folloWInG noValIs sHaPeD beaM 
RaDIosURGeRY foR cRanIoPHaRYnGIoMas. oUR eaRlY ResUlts

 Dinesh shree Kumar (singapore)

P-45  tRansIent VolUMetRIc analYsIs of local contRol of 
IntRacRanIal Metastases of MelanoMa anD Renal cell 
caRcInoMa folloWInG GKs

 Yoichi Watanabe (Usa)

P-46  GaMMa KnIfe RaDIosURGeRY foR RefRactoRY obsessIVe-
coMPUlsIVe DIsoRDeR: stRUctURal anD fUnctIonal 
consIDeRatIons 

 Konstantin slavin (Usa)

P-47  steReotactIc RaDIosURGeRY In PeRU. fIVe YeaRs of eXPeRIence
 alejandro castillo (Peru)

P-48  fRactIonateD steReotactIc RaDIotHeRaPY foR InaccessIble laRGe 
MetastatIc bRaIn tUMoRs UsInG GaMMa KnIfe RaDIosURGeRY 

 takuya Kawabe (Japan)
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P-49  HealtH-RelateD QUalItY of lIfe afteR RaDIosURGeRY foR ceRebRal 
aRteRIoVenoUs MalfoRMatIons PResenteD WItH seIzURe

 seung Yeob Yang (Korea)

P-50  GaMMa KnIfe RaDIosURGeRY foR RecURRent anD ResIDUal 
HeManGIoPeRIcYtoMas

 Jinwook Kim (Korea)

P-51  Dose anD VolUMe PaRaMeteRs affectInG oUtcoMe In lInac baseD 
RaDIosURGeRY foR VestIbUlaR scHannoMas (Vs)   

 cesare Giorgi (Italy)

P-52  GK sURGeRY foR neURofIbRoMatosIs tYPe 2
 Mooseong Kim (Korea)

P-53  GaMMa KnIfe RaDIosURGeRY foR oPtIc GlIoMa: RePoRt of tWo 
cases

 cheng-loong liang (taiwan)

P-54  taRGet DefInItIon bY c11-MetHIonIne-Pet foR tHe RaDIotHeRaPY 
of bRaIn tUMoRs

 Masayuki Matsuo (Japan)

P-55  steReotactIc RaDIatIon tHeRaPY (sRt) anD IntensItY MoDUlateD 
RaDIatIon tHeRaPY (IMRt) UsInG noValIs In PatIents WItH 
cRanIoPHaRYnGIoMa RecURRent oR ResIDUal afteR sURGIcal 
ResectIon

 chisa Hashizume (Japan)

P-56  Recent tReatMent stRateGIes baseD on IntRaoPeRatIVe IMaGe 
sUPPoRt sYsteM UsInG GaMMaPlan

 Motohiro Hayashi (Japan)

P-57  cancelleD 

P-58  DesIGn anD DeVeloPMent of a tRans-InstItUtIonal 
RaDIosURGIcal netWoRK In WallonIa oR HoW to MIX eXPeRtIse, 
safetY, HealtH econoMIcs anD GeoGRaPHIc PRoXIMItY

 Jean-françois Daisne (belgium)

P-59  eValUatIon of lIfe QUalItY In PatIents WItH ceRebelloPontIne 
anGle tUMoRs afteR RaDIosURGeRY 

 Miron sramka (slovakia)

P-60  VeRIfIcatIon of aVM tReatMent Plan WItH MR anGIoGRaM
 Kin Wa chan (australia)

P-61  DeteRMInatIon of effects of DetectoR VolUMe bY GaUssIan 
fUnctIon on oUtPUt factoR MeasUReMents In 5 MM sMall fIelD

 Jeong-eun Rah (Korea)
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P-62  eQUIValence In Dose fall-off foR IsocentRIc anD non-IsocentRIc 
IntRacRanIal tReatMent MoDalItIes anD Its IMPact on Dose 
RactIonatIon scHeMes  

 lijun Ma (Usa) 

P-63  InVeRse aPPlIcatIon of GaMMa KnIfe PlUGGInG PatteRn Web 
enGIne foR RaDIosURGeRY of IsolateD taRGet 

 Kaile li (Usa)

P-64  tRIGeMInal neURalGIa tReatMent DosIMetRY of tHe cYbeRKnIfe 
 anthony Ho (Usa)

P-65  IMPlIcatIons of RaDIatIon tHeRaPY PlannInG baseD on aPPaRent 
DIffUsIon coeffIcIent MaP foR GlIoMas

 Ji-Yeon Park (Korea)

P-66  MaGnetIc Resonance sPectRoscoPIc fInDInGs of MenInGIoMas 
tReateD WItH GaMMa KnIfe RaDIosURGeRY; an eaRlY PReDIctIVe 
MetHoD on tUMoR ReGRessIon 

 In-Young Kim (Korea)

P-67  oPtIMIzatIon of tReatMent tIMe bY DefInItIon of MatRIX centeR 
In leKsell GaMMa KnIfe RaDIosURGeRY 

 cyong-lian Guo (taiwan)

P-68  coMPaRIson of DIffeRent MaGnetIc Resonance IMaGInG 
seQUences foR GaMMa KnIfe steReotactIc RaDIosURGeRY of 
tRIGeMInal neURalGIa

 K.P. ng (Hong Kong)

P-69  cYbeRKnIfe RobotIc RaDIosURGeRY as salVaGe tHeRaPY foR 
locallY RecURRent PRostate canceR afteR eXteRnal beaM 
RaDIotHeRaPY

 Giancarlo beltramo (Italy)

P-70  steReotactIc RaDIo - sURGeRY of lUnG noDUles: fIRst eXPeRIences  
 Davide Di Gennaro (Italy)

P-71  IsolateD sInGle lYMPH noDe RecURRent PRostate canceR: 
PRelIMInaRY ResUlts In 14 PatIents tReateD WItH lInac- oR 
cYbeRKnIfe-baseD steReotactIc HYPofRactIonateD RaDIotHeRaPY   

 Giancarlo beltramo (Italy)

P-72  Real-tIMe IMaGe-GUIDeD steReotactIc RaDIosURGeRY foR PRostate 
canceR: a PRelIMInaRY RePoRt

 Weonkuu chung (Korea)
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P-73  boDY RotatInG GaMMa sYsteM RaDIotHeRaPY coMbIneD WItH 
sYncHRonoUs HYPeRtHeRMIa anD cHeMotHeRaPY foR PRIMaRY 
HePatocellUlaR caRcInoMa

 Jingbo Kang (china)

P-74  steReotactIc RaDIotHeRaPY UsInG noValIs foR sKUll base 
Metastases DeVeloPInG cRanIal neRVe sYMPtoMs 

 Yoshimasa Mori (Japan)

P-75  tHe clInIcal stUDY of boDY RotatInG GaMMa sYsteM 
RaDIotHeRaPY foR tHe RecURRence of PRostate canceR 

 Jingbo Kang (china)

P-76  boDY-GaMMa KnIfe RaDIotHeRaPY coMbIneD WItH sYncHRonoUs 
cHeMotHeRaPY foR locallY aDVanceD non - sMa ll cell lUnG 
canceR.£¨nsclc£©

 Qing Qie (china)

P-77  DeVeloPMent of a DefoRMable lUnG PHantoM foR tHe 
eValUatIon of DefoRMable ReGIstRatIon  

 tae-suk suh (Korea)

P-78  tHe Use of tHe PIXel sensItIVItY VaRIatIon coRRectIon of 
electRonIc PoRtal IMaGInG DeVIce (ePID)

 sang Hoon Jung (Korea)

P-79  feasIbIlItY stUDY of RaDIotHeRaPY sYsteM DeVeloPeD at KIRaMs  
 seungwoo Park (Korea)

P-80  DeVeloPMent of Real-tIMe coUcH baseD ResPIRatIon tRacKInG 
sYsteM (RcRts): a feasIbIlItY stUDY  

 suk lee (Korea)

P-81  DosIMetRIc IMPact of taRGet PosItIonInG eRRoRs DURInG IMaGe-
GUIDeD steReotactIc boDY RaDIatIon tHeRaPY foR tHe sPIne   

 siyong Kim (Usa)

P-82  VolUMetRIc IntensItY MoDUlateD aRc tHeRaPY foR sPIne boDY 
RaDIotHeRaPY: coMPaRIson WItH statIc IntensItY MoDUlateD 
tReatMent 

 Jackie Wu (Usa)

P-83  tHRee-DIMensIonal Dose VeRIfIcatIon foR noValIs IntensItY 
MoDUlateD RaDIosURGeRY Plan WItH Gel DosIMetRY 

 Dong Joon lee (Korea)

P-83bis DeVeloPMent of a 4D MoVInG PHantoM foR RePRoDUcInG PatIent 
InteRnal oRGan MotIon

 Jai-Woong Yoon (Korea)
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P-84  tHe GeneRalIzeD beD MoDel coMPaReD to tHe beD MoDel 
consIDeRInG Doses safe VeRsUs Unsafe to tHe sPInal coRD 
folloWInG steReotactIc boDY RaDIotHeRaPY foR sPIne tUMoRs

 arjun sahgal (canada)

P-85  MoRPHoloGIc cHanGes In VeRtebRal boDIes folloWInG 
steReotactIc sPIne IRRaDIatIon

 tom boike (Usa)

P-86  cYbeRKnIfe RaDIosURGeRY foR MetastatIc sPIne tUMoRs: clInIcal 
eXPeRIence In 100 cases

 Ihl bohng choi (Korea)

P-87  noValIs sHaPeD beaM RaDIosURGeRY foR cRanIal anD sPInal 
tUMoRs: 8 YeaRs of eXPeRIence In KoRea   

 Moon-Jun sohn (Korea)

P-88  oUtcoMe afteR lInac- RaDIosURGeRY foR cHeMoDectoMas
 Martin Malacek (slovakia)

P-89  DeVeloPMent of tHe PRactIcal GUIDelInes of Pet-ct QUalItY 
assURance  

 Kyung Hoon Hwang (Korea)

P-90  aPPlIcatIon of fRIcKe DosIMeteR foR tHe calIbRatIon of HIGH 
eneRGY X-RaY beaM In teRMs of absoRbeD Dose to WateR  

 Kook Jin chun (Korea)

P-91  eValUatInG tHe noRMoXIc PolYMeR Gel DosIMeteR In lInac baseD 
steReotactIc RaDIosURGeRY   

 sam Ju cho (Korea)

P-92  eValUatIon of InHoMoGeneItY coRRectIon calcUlatIon of sMall 
fIelD

 Hun-Joo shin (Korea)
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 chul Kee Min (Korea)
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 Kang Young-nam (Korea)

P-100  tHe sKIn InJURY DUe to steReotactIc InstRUMent DURInG 
MaGnetIc Resonance IMaGInG 

 Won seop seo (Korea)
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 Kyoungkeun Jeong (Korea)
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 Jang Jisun (Korea)
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 soon Huh (Usa)
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 Jae Hyuk seo (Korea)
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 timothy solberg (Usa)

P-106  a VIRtUal IsocenteR tecHnIQUe foR IMPRoVInG sbRt DeVlI
 timothy solberg (Usa)

81

radiosurgery for metastatic brain tumors - an overview  

monday, 8 June 2009, 10:30, Vista 1 

William Alan Friedman (Florida, USA)

Metastatic brain tumors are at least 10 times more common than primary brain tumors. 
Hence, they will be a very important part of every radiosurgery practice. this presentation 
will review, in detail, the available class 1 evidence for decision making in the management 
of metastatic tumors. 

STN gamma Knife Surgery in patients with severe parkinson disease  
with contraindication for DBS: about a preliminary series of 3 cases  

monday, 8 June 2009, 10:50, Vista 1 

Jean Regis (Marseille, France), Tatiana Witjas (Marseille, France),  
Denis Porcheron (Marseille, France), Jean Claude Peragut (Marseille, France), 
Jean Philippe Azulay (Marseille, France)

objectives: to assess the long-term outcome of unilateral Gamma Knife subthalamotomy in 
disabling Parkinson disease

Background: chronic stn stimulation is an established treatment for complicated PD. 
bilateral subthalamotomy may induce significant and long-lasting results when Dbs is not 
available. However, which alternative can be proposed for patients with surgical or medical 
contraindications for electrodes implantation? VIM Gamma Knife surgery (GKs) is an effective 
therapy for treating disabling tremor. this technique encounters very few contraindications 
as it is done without craniotomy. We report here the case of three patients with severe PD 
who underwent unilateral stn Gamma Knife surgery.

methods: three PD patients with severe motor complications were assessed before surgery. 
although, all of them had a good motor response to levodopa without emerging axial 
symptoms or cognitive impairment, stn Dbs was contraindicated. Patient 1, a 5�-year-old 
man had a severe diabetes mellitus with vasculopathy at the MRI and foot chronic infection. 
Patient 2, a woman aged of 68 years had severe ventricules enlargement. Patient �, a 64-
year-old man had diabetes, hypertension, and ventricules enlargement. a unilateral Gamma 
Knife subthalamotomy on the most affected side was proposed. each patient gave his 
informed consent. stereotactic MR was including Hight2 ventriculographic axial imaging, 
a coronal t2 sequence (se 60/120) and a �D t1 axial gadolinium enhanced sequence. stn 
targetting was achieved with leksell Gamma unit relying on a single exposure through a 
4mm collimator helmet. the GKs dose at the maximum was 110 Grays.

results: Unfortunately, patient 2 died of an aggressive gastric cancer nine months after the 
radiosurgical procedure. However, she reported motor improvement � months after surgery. 
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In patient 1 and � the follow up was X and Y months and they had an equivalent pattern 
of respons. at � months, they reported mild unilateral dyskinesia. at 6 and 12 months the 
motor improvement was of 51% for patient 1 and 58% for patient � without dyskinesia. 
the leDD decrease was 45% for patient 1 and �5% for patient �. between 12 and 18 
months, both patients experienced sudden severe akinesia that mimic hemiparesia. the MRI 
showed typical gamma knife induced ring-enhancing lesion within the stn associated with 
vasogenic edema that encompasses substantia nigra. the symptoms resolved spontaneously 
in less than 2 months. at � years after radiosurgery, patient 1 remains stable although axial 
symptoms emerge. Patient � has only a slight intermittent tremor without akinesia or rigidity 
after 2 years.

Conclusion: Gamma Knife subthalamotomy may be an alternative treatment for severe PD 
patients with contraindication for Dbs. further follow up and larger series remain necessary 
for safety efficacy assessment of stn GKs in this specific population.

on the selection of patient specific fractionation schedules for Stereotactic Body  
radiotherapy for stage Ia and Ib lung cancer  

monday, 8 June 2009, 11:10, Vista 1 

Wolfgang A. Tomé (Madison, USA)

a method that allows one to select a patient specific dose fractionation schedule for image 
guided stereotactic body radiotherapy (sbRt) for peripheral stage Ia and Ib non- small cell 
lung cancer is described. this method enables one in principle to achieve a progression free 
survival at �0 months of larger or equal to 80% while keeping the incidence of clinically 
significant radiation pneumonitis below 20% based on patient specific data. If proliferation 
can be neglected it appears from current clinical data that one needs to deliver a dose 
fractionation schedule that will deliver an equivalent dose in 2 Gy fractions (eQD2) that is 
larger or equal to 84 Gy (beD10 ≥ 100 Gy10) to achieve larger than 80% of progression free 
survival at �0 months. the model shows that in order to keep the mean eQD2 to the residual 
healthy lung (both lungs – PtV) below 18Gy� the selection of a dose fractionation schedule 
depends on both the ratio of the Prescription Isodose Volume (PIV) to the patient’s residual 
healthy lung volume and the late local damage beD� associated with this fractionation 
schedule within the PIV one is willing to tolerate for a targeted �0 month progression free 
survival of 80% or higher.  this model however, does not address the following question: 
Why is it that in spite of very different doses and fractionation schedules, various sbRt 
techniques for lung cancer report similar local control rates? one possible variable that could 
have a limiting effect on the achievable local control rate is the need for adequate dosimetric 
coverage of tumor microscopic extensions (Me). to determine the potential coverage of Me 
of various sbRt regimens yielding similar local control rates the minimal peripheral eQD2 
(eQD2-MP100) has been calculated. at the edge of the GtV, the sbRt regimens considered 
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differed on average by 174 Gy, but coalesced to a difference of only 10 Gy at 14 mm from the 
edge of the GtV, suggesting that the dose to Me might play a role in the observed similarity 
in local control. therefore, planning and delivery techniques that allow one to minimize the 
PIV as far as possible without compromising adequate PtV and Me coverage are needed in 
order to achieve larger than 80% of progression free survival at �0 months. 

Estimating Spinal Cord Toxicity for Conventional radiotherapy versus Stereotactic  
radiosurgery  

monday, 8 June 2009, 11:30, Vista 1 

John P. Kirkpatrick (North Carolina, USA)

stereotactic radiosurgery of spinal and paraspinal lesions often provides rapid relief of pain 
and excellent tumor control. However, practitioners of radiosurgery, referring physicians and 
patients are concerned about potential spinal cord toxicity (myelopathy) resulting from the 
administration of a high dose of ionizing radiation to an area abutting the spinal cord. 
Knowledge of the relationship between dose, volume, anatomical location and, in the case 
of previously irradiated patients, interval between courses of radiation versus the risk of 
myelopathy would aid practitioners and patients in making rational decisions about spine 
radiosurgery. Using survival-adjusted data on myelopathy in patients receiving full-thickness 
cord irradiation and conventional fractionation, schultheiss (2008) calculates the risk of 
myelopathy at 2Gy/fraction as 0.2, 6 and 74% at 50, 60 and 70Gy, respectively, based 
on an a/b of 0.87Gy.  extrapolating to single-fraction radiosurgery, this model suggests 
a risk of myelopathy of 0.8, 1� and 54% at 12, 1� and 14Gy, respectively. of course, an 
essential feature of radiosurgery is that only a small volume, partial circumference of cord 
receives a high dose of radiation, and retrospective studies of spinal radiosurgery suggest 
a very low rate of myelopathy. out of total of 1�00 cases of spinal radiosurgery in the 
published literature, only 14 cases of myelopathy have been reported despite the fact that 
the maximum cord dose exceeded 1�Gy single-dose equivalent in a substantial fraction 
of these cases. Quantitative analysis of these data is complicated by lack of sufficiently 
detailed dosimetric data, inconsistent metrics, short follow-up and, most importantly, the 
small number of myelopathy cases reported. While preclinical studies and radiobiologic 
models raise as many questions as they answer regarding spinal cord tolerance in the setting 
of radiosurgery, emerging animal studies provide insight into potential mechanisms that 
influence cord tolerance. In turn, development of predictive models of human spinal cord 
toxicity will need to build on these insights, and it will be necessary to carefully collect, 
analyze and report dosimetric data and long-term clinical outcome on spinal radiosurgery 
cases, especially those that exhibit myelopathy. finally, it is also necessary to quantify the 
benefits of spinal radiosurgery, as the goal of this treatment is to optimize palliation and 
tumor control against the risk of myelopathy. 
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Technical Advances in Stereotactic radiosurgery and Stereotactic Body radiation 
Therapy  

monday, 8 June 2009, 11:50, Vista 1 

Timothy D. Solberg (Dallas, USA)

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 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, thousands 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. In 1984, osvaldo betti 
described modifications to a conventional linac to enable radiosurgery. 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 rapid development in technology for linac-based radiosurgery, stimulated primarily by 
groups in boston and Gainesville. 

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 developed the stereotactic body frame. this 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. 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. 

over the last decade, sRs and sbRt has evolved at a rapid pace, producing: dedicated 
linac devices for stereotactic delivery, relocatable frames to facilitate fractionated delivery, 
“frameless” technologies, and the application to extracranial tumor sites. the advent of 
image guidance techniques in particular has greatly expanded the clinical adoption of sbRt. 
It is reasonable to assume that progress in this area will not continue at the torrid pace 
witnessed over the last decade. thus if this discipline is to continue to grow and flourish, 
we must re-dedicate ourselves to a better understanding of the radiation response of tumors 
and normal tissues. this includes thoughtful and systematic efforts in the lab, as well as 
prospective trials in the clinic. technological advances have provided an opportunity for 
discovery. let’s make the most of that opportunity.
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radiosurgery, Present and Future Technology 

monday, 8 June 2009, 12:10, Vista 1 

Frank J. Bova (Gainesville, USA)

the procedures that support Radiosurgery have undergone enormous improvements 
over the past decades. new imaging modalities, better image manipulation algorithms, 
improvements in dose planning and evaluation and improved systems for precision patient 
positioning have all increased the efficacy and availability of Radiosurgery. With each new 
innovation we tend to concentrate on the benefits it brings to the specific portion of the 
procedure that it intends to enhance. It is easy to inadvertently overlook any degradation in 
associated portion of the procedure. 

this lecture will go back through the roots of radiosurgery localization, planning and delivery 
and examine the advances made as well as any unintended consequences. the lecture is 
divided into two parts. the first looks at localization beginning with rigid headring systems 
and includes active as well as passive reference systems. the second portion of the lecture 
examines planning and evaluation beginning with imaging and including forward as well as 
inverse planning and plan evaluation.  

Intracranial meningiomas-Stereotactic Irradiation and the Impact on the Patient 

Tuesday, 9 June 2009, 09:00, Vista 1 

Robert Smee (Randwick, Australia), Janet Williams (Randwick, Australia), 
Margaret Schneider (Randwick, Australia)

objectives: surgical resection provides good management of many intracranial meningiomas. 
this review will focus on the patients perspective of non-surgical treatment.

methods: this review will focus on �72 patients with an intracranial meningioma treated by 
predominately stereotactic irradiation, of which 201 patients had a meningioma involving 
the cavernous sinus. Whilst the emphasis is on the disease and treatment factors relating to 
the treatment, an important feature is the patients perspective of the procedure. 

results: of the 201 patients with a cavernous sinus component to their meningioma 
85 patients had stereotactic Radiosurgery, and 107 patients fractionated stereotactic 
Radiotherapy. the median volume of meningioma that received sRs was 6.5ccm versus 
14.5ccm for fractionated stereotactic treatment, thus volume being a discriminant between 
the 2 treatment approaches. Irrespective of the treatment approach the 5 year local control 
was 94%. from the patient perspective, fatigue and difficulty concentrating were evident of 
variable degree, immediately following the procedure and out to � months in the majority of 
patients. this is in the context of most patients having returned to normal work/life activities 
by � months post treatment.
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Conclusion: Intracranial meningiomas can be controlled by non-surgical means in at least 
95% of patients with many years of follow up. Patients may however still be experiencing 
treatment related features out to at least � months post treatment. 

Development and Testing of a radiosurgery-based AVm grading System 

Tuesday, 9 June 2009, 09:15, Vista 1 

Bruce E. Pollock (Rochester, USA) 

the spetzler-Martin grading system is widely accepted as an accurate method to predict 
patient outcomes after surgical resection of arteriovenous malformations (aVM).  comprised 
of three components (aVM size, location, venous drainage), this system is frequently used to 
categorize the results after aVM radiosurgery despite being relatively insensitive to factors 
critical to successful aVM radiosurgery such as treatment volume.  

over the past 12 years, John flickinger from the University of Pittsburgh and me have developed 
and tested a grading system to predict outcomes after aVM radiosurgery.  Initially conceived 
as the Pittsburgh arteriovenous Malformation (PaR) grading scale, the PaR grading scale 
was based a multivariate analysis of factors that correlated with aVM obliteration without 
new neurologic deficits after a single aVM radiosurgery procedure. However, calculation 
of a patient’s PaR grade was very complex, so regression analysis modeling was used to 
simplify the grading scale resulting in the radiosurgery-based aVM grading system. this 
simpler system used only three factors (age, volume, location). over the past seven years, 
subset analyses by numerous centers have validated the radiosurgery-based aVM system 
for patients with deep aVMs, pediatric aVM patients, and patients having lInac-based 
radiosurgery. In addition, it has been shown to also predict the chance of neurologic decline 
after aVM radiosurgery. However, the original system was developed based on the results 
of aVM radiosurgery using angiography alone for dose planning. last year, the radiosurgery-
based aVM system was modified using location as a two-tiered variable (deep versus other) 
because different hemispheric locations were of equal risk when dose planning also included 
MRI in conjunction with angiography: aVM score=(0.1) (volume,cc) + (0.02) (age,years) 
+ (0.5) (location, hemispheric/corpus callosum/cerebellar=0; basal ganglia/thalamus/
brainstem=1). testing of the modified system on 247 patients having aVM radiosurgery 
from 1990 to 2001 at the Mayo clinic showed that the modified radiosurgery-based aVM 
scale correlated with the percentage of patients with aVM obliteration without new deficits 
(≤1.00, 89%; 1.01-1.50, 70%; 1.51-2.00, 64%; ≥2.00, 46%) (r=-0.98, P<0.01) and a 
decline in Modified Rankin score (≤1.00, 0%; 1.01-1.50, 1�%; 1.51-2.00, 20%; >2.00, 
�6%) (r=0.99, P<0.01).

the radiosurgery-based aVM grading appears to a robust method for predicting outcomes 
after both Gamma Knife and lInac-based procedures. Utilization of this system allows 
accurate pre-operative consoling for individual patients and should permit more precise 
comparisons of future studies on aVM radiosurgery.
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SBrT for spinal metastases 

Tuesday, 9 June 2009, 09:30, Vista 1 

Eric L. Chang (Houston, USA) 

stereotactic body radiation therapy (sbRt) is an emerging technology, and the application 
of sbRt for spinal metastases is a rapidly evolving field. the rationale, indications, and 
prospective evaluation of sbRt through clinical trials in the treatment of spinal metastases 
will be discussed, as well as published outcomes data on sbRt for spinal metastases from 
various centers.

Stereotactic Body radiation Therapy for Liver Tumors 

Tuesday, 9 June 2009, 09:45, Vista 1 

Peter J. C. M. Nowak (Rotterdam, The Netherlands), Alejandra Méndez 
Romero (Rotterdam, The Netherlands), Roel Th. Zinkstok (Rotterdam,  
The Netherlands), Wouter Wunderink (Rotterdam, The Netherlands),  
Rob M. van Os (Amsterdam, The Netherlands), Hans Joosten (Rotterdam,  
The Netherlands), Yvette Seppenwoolde, (Rotterdam, The Netherlands), Rene 
P. Brandwijk (Rotterdam, The Netherlands), Peter C. Levendag, (Rotterdam, 
The Netherlands), Ben J. M. Heijmen, (Rotterdam, The Netherlands) 

Purpose: to determine differences between planned and delivered target volume (tV) and 
organs at risk (oaRs) dose distributions in liver stereotactic body radiation therapy (sbRt).

methods and materials: for 14 patients treated with sbRt, the planning ct-scan and 
� treatment scans (1 for each fraction) were included in this study. for each treatment 
scan, two dose distributions were calculated, one using the planned set-up for the body 
frame (no-correction), and one using the clinically applied (corrected) set-up. Per scan, the 
two dose distributions were mutually compared, and the clinically delivered distribution 
was compared with planning. Doses were recalculated in eQD2. statistical analysis was 
performed with the linear mixed model.

results: With set-up corrections, the mean loss in tV coverage relative to planning was 
1.7%, compared to 6.8% without corrections. Mean deviations of delivered oaRs doses 
from planning were small (-0.4:+0.�Gy). the mean impact of set-up corrections on oaRs 
doses was close to zero, with large positive and negative exceptions.

Conclusions: Daily correction of the treatment set-up is required to obtain an adequate 
tV coverage. Due to day-to-day patient anatomical changes, large deviations in oaRs 
doses from planning occur. on average, set-up corrections had no impact on these doses. 
Development of new procedures for image guidance is warranted.
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o1_P1-01 lInac-baseD RaDIosURGeRY foR tHe tReatMent of RaDIatIon- 
InDUceD MenInGIoMas

yigal Shoshan (Hadassah university Hospital, Jerusalem, Israel)
Iddo Paldor (1) samuel Moskovici (1) annette Wygoda, Israel (�) Marc Wygoda, Israel (1) sergey 
spektor, Israel (1) 
(1) neurosurgery Department, Hadassah University Hospital, Israel  
(2) Radiation oncology Department, Hadassah University Hospital, Israel

objective: Paradoxically, stereotactic radiosurgery can be useful for the treatment of 
radiation-induced meningioma (RIM). our goal was to determine the clinical and imaging 
outcomes of RIM patients who underwent radiosurgery.

methods: twenty six consecutive patients harboring 4� RIMs were treated by radiosurgery 
in our center between March 2004 and January 2007. clinical and radiological follow-
up (mean �9.8 months, range 24-58 months and mean �2 months, range 7-49 months 
respectively) was completed in 2� patients (88%) with 40 meningiomas. the median age 
at the time of radiosurgery was 61 years (range, 42-79). there were 15 female (65%) and 8 
male (�5%) patients. nineteen patients (8�%) had history of low dose scalp irradiation; four 
patients (17%) had received high dose therapeutic cranial irradiation more than 10 years 
earlier; 16 patients (70%) had undergone one or more previous operations. seven (�0%) 
patients had either atypical (n=6) or malignant (n=1) RIMs. Mean tumor volume was 4.7 
cc (range, 0.22-�4.4 cc). Mean tumor marginal dose was 12.9 Gy (range, 12-14 Gy) and 
1�.5 Gy (range, 12.�5-15 Gy) for WHo I, and WHo II/III RIMs respectively. the radiological 
control rate was assessed by volumetric measurements on last follow-up MRI (brainscan 
5.2, brainlab).

results: one patient (4%) with anaplastic meningioma expired during the follow-up period. 
neurological deterioration was observed in five (22%) patients; four with WHo II/III RIMs, 
one with WHo I RIM. the radiological tumor local control rate was 100% for WHo I- and 
22.5% for WHo II/III RIMs. the overall complication rate was 8% and 17% for WHo I, and 
WHo II/III RIMs respectively. complications consisted of symptomatic peritumoral edema (� 
patients), delayed bleeding (1), transient frontal branch of facial nerve paresis (1), and csf 
leak from pin site (1). 

Conclusion: lInac-based radiosurgery for benign radiation-induced meningioma is an 
effective and safe management strategy with current radiosurgery doses; however, patients 
with atypical and anaplastic radiation-induced meningiomas exhibit very high recurrence 
rates, even in comparison with sporadic atypical meningiomas. other treatment modalities, 
as well as higher radiosurgical doses and or larger treatment volumes when possible, should 
be considered for these highly aggressive tumors. further study is required to evaluate 
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complications, 5-year control rates, and the incidence of new disease following radiosurgery 
for RIM.

14:10 - 14:20  orAL CommuNICATIoN  

O1_P1  Benign Tumors 1
room: Vista 1  

o1_P1-02  tHe banalItY of sUccess: 100 caVeRnoUs sInUs MenInGIoMas 
anD lInac RaDIosURGeRY

roberto Spiegelmann (Chaim Sheba medical Center, ramat gan, Israel)
Uzi.nissim@sheba.health.gov.il nissim (1) Dror alezra (2) Pfeffer Raphael (�)  
(1) Dept of neurosurgery, sheba Medical center, tel Hashomer, Israel (2) Dept of Radiation physics, 
sheba Medical center, tel Hashomer, Israel (�) Dept of Radiation oncology, sheba Medical center, tel 
Hashomer, Israel

one hundred and seventeen patients with cavernous sinus meningiomas had lInac 
radiosurgery at our Institution in the period 199�-2007. six cases were lost and 7 had less 
than 1 year follow up. 
the remaining 102 patients were prospectively followed up at 1 year intervals with clinical, 
neuro-ophtalmological and MRI examination by the senior author. 
Patients’ age ranged between �1-86 years (mean 57). seventy percent were females. the 
mean tumor volume was 7 cc. thirty three patients had previous attempts at microsurgical 
removal. 

Treatment: tumors were defined in high resolution MRI obtained 1-2 days before treatment. 
MRI was fused to stereotactic ct. treatment was mostly delivered through a minimultileaf 
collimator and multiple noncoplanar conformal arcs. the minimal dose to the tumor margin 
was 12-17.5 cgy (mean 1�.5) delivered to the 80% isodose shell. Radiation dose to the optic 
apparatus was 10 Gy or less.

results: follow up ranged from 12 to 180 months (mean 67 months). sixty patients had 5 or 
more years follow uptumor control (defined as lack of growth) was 98% (60% of the tumors 
reduced their volumes). 
sixty one patients presented with cranial nerve deficits, including visual loss (n 12), third 
nerve impairment (n 17), fourth (n8) and sixth nerve (n�6) deficit. Improvement or complete 
resolution occurred in �9% following radiosurgery. cranial neuropathy appearing < 1 year 
before radiosurgery had significantly higher resolution rates (5�%) than long-standing 
(improvement in 26%), even in patients with deficits due to surgery. 
Relatively mild permanent complications were seen in 5 patients (1 case each of 
deafferentation pain, facial hypesthesia, and increased optic neuropathy, and 2 patients 
with partial VI neuropathy). 

Conclusions: radiosurgery achieved a high control rate in meningiomas of the cavernous 
sinus in this series with few and mild complications. cranial neuropathy of recent (< 1 year) 
onset had significantly higher resolution rates following radiosurgery (r <0.005).
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o1_P1-0� GaMMa KnIfe RaDIosURGeRY foR sKUll base MenInGIoMa – lonG-
teRM ResUlts of loW-Dose tReatMent

yoshiyasu Iwai (osaka City general Hospital, osaka, Japan)
Kazuhiro Yamanaka (1) Masaki Yoshimura (1)  
(1) Department of neurosurgery, osaka city General Hospital, Japan

objection: We evaluated long-term results of gamma knife radiosurgery of cranial base 
meningiomas, following our previously published early follow-up experience.

methods: between January 1994 and December 2001, we treated and followed 108 
patients with benign cranial base meningiomas using low-dose gamma knife radiosurgery 
(8-12 Gy for the tumor margin). tumor volumes ranged from 1.7 to 55.� cm� (median: 8.1 
cm�). Radiosurgery doses ranged from 8 - 12 Gy (median: 12 Gy) for the tumor margin. 

results: the mean duration of follow-up was 86.1 months (range: 20 – 144 months). tumor 
volume decreased in 50 patients (46%), remained stable in 51 patients (47%), and increased 
(local failure) in 7 patients (6%). eleven patients experienced tumor recurrence outside the 
treatment field; among these patients, marginal failure was seen in 5 cases (5%) and distant 
recurrence was seen in 6 cases (5.6%). seven patients (6%) were thought to have aggressive 
change based on histological or radiological behavior. the actuarial progression-free survival 
rate including malignant transformation and outside recurrence was 9�% at 5 years and 
8�% at 10 years. neurological status improved in 16 patients (15%). Permanent radiation 
injury occurred in 7 patients (6%). 

Conclusion: Gamma knife radiosurgery is a safe and effective treatment modality for cranial 
base meningiomas over a long-term follow-up period of more than 7 years. We must be 
aware of treatment failure, defined as local failure, marginal failure, and aggressive change; 
this may be the natural course of meningiomas and not related to radiosurgery.
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o1_P1-04  cYbeRKnIfe fRaMeless steReotactIc RaDIotHeRaPY foR oPtIc 
neRVe sHeatH MenInGIoMas tReatMent

Laura Fariselli (Fondazione Irccs Istituto Neurologico C Besta, milano, Italy)
Marcello Marchetti (1) Ida Milanesi (2) Giancarlo beltramo (�) livia bianchi (�) lorenzo brait (�)  
achille bergantin (�) stefania bianchi (4) Giovanni broggi (1) angelo franzini (1) laura fariselli (2) 
(1) Department of neurosurgery, fondazione IRccs Istituto neurologico c besta Milano, Italy  
(2) Division of Radiotherapy, fondazione IRccs Istituto neurologico c besta Milano, Italy (�) centro 
Diagnostico Italiano (cDI), Milano Italy (4) Dept. of neurooftalmology Istituto s. Raffaele, Milano, Italy   
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objective: the management of primary optic nerve sheath Meningiomas (onsMs) is still 
controversial. surgery easily lead to a complete blindness of the affected eye. on the other 
hand the role of conventional Radiotherapy remains uncertain and the literatures lacks of 
data to confirm its usefulness. 
the aim of this study is to evaluate the level of effectiveness and safety, according to our 
experience, of cyberKnife® (accuray Incorporated, sunnyvale, california, Usa) robotic 
radiosurgery as first-choice treatment for optic nerve sheath Meningiomas.

methods: In the period between May 2004 and June 2008, we treated 21 patients affected 
by an onsMs, with the frameless cyberKnife system. the age ranged from 28 to 72 years 
(average 52 years). the M/f ratio was 4/17. 
the prescribed dose ranges from 11 to �0 Gy prescribed to the 70-85% isodose line. three 
patients were treated with Radiosurgery, whereas the other 18 patients underwent a 
frationated teratment (1 to 6 fractions).
before the treatment 4 had a conserved visual function whereas YY presented a deficit of the 
sight or of the visual field. seven patient were blind.
Patients were evaluated both for the tumor growth control and the visual function. 

results: the mean follow-up period was 19 months. all patients well tolerated the procedures. 
only one patient developed a mild optic neuropathy (actually this patient is under care with 
steroids). no others acute or late radiation induced toxicities were observed.
the median of tumour volume was 4,� cc (range 0.�-�0 cc)
no patients showed a progression disease at MRI controls. two patients (9%) had a partial 
response.
no patients had a worsening of the visual function. the 60 % of patients, with a pre-
treatment deficit of sight or visual field, showed an improvement (�2 % overall). 

Conclusions: onsMs frameless stereotactic radiotherapy was found to be safe and effective. 
tumor growth control was complete and visual function was maintained or improved. If the 
long term follow-up will sustain the preliminary results, stereotactic Radiotherapy could 
become the new first choice treatment.

14:40 - 14:50  orAL CommuNICATIoN  
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o1_P1-05 MUltIPle MoDalItY tReatMent of cRanIal base MenInGIoMas 
InVolVInG tHe caVeRnoUs sInUs anD PetRoclIVal ReGIon

Chain-Fa Su (Buddhist Tzu Chi general Hospital, Hualien City, Taiwan)
tzu-Wen loh (1) tsung-lang chiu (1)  
(1) Department of neurosurgery, tzu chi General Hospital, taiwan

objective: surgical resection of cranial base meningiomas is often limited owing to 
involvement of crucial structures. Within the last two decades Gamma Knife Radiosurgery 
(GKRs) has gained increasing importance as a treatment after the incomplete resection of 

oRal sessIons abstRacts

9�

MonDaY, 8 JUne 2009

tumor or as an alternative treatment to open surgery. We retrospectively analyzed our recent 
cases by the results in different modality treatments. 

methods: between 2002 and 2008, we treated 42 cases of cranial meningiomas involving 
the petroclival and/or cavernous sinus region of basal skull. (male:female ratio, 11:�1, mean 
age: 55.6 yrs; range, 9-81 yrs). In group I of 7 patients, only surgical resection was used. 
the surgical goal was set at the level to remove the tumor totally. In group II, 14 patients 
were treated with a combination of surgery and GKRs. the goal of surgical resection was 
mainly focusing on the petroclival region by taking out the tumors with compression of brain 
stem. four cases were skull base extensive tumors (volume > 50 cc). those patients were 
treated with volume-staged GKRs after operation (group IIa). the other 10 patients (group 
IIb) who were treated with GKRs after operation had the mean tumor volume of 9.75 cc 
(range 1-28.�), mean marginal dose 14.1 Gy (range, 12-18) and an isodose line of 50%. 
In group III, 21 patients were treated with GKRs alone. the mean tumor volume was 6 cc, 
mean marginal dose was 14 Gy and in most cases, the isodose line was set at the 50% with 
a mean of 49.6 %. 

results: In group I, two patients were expired within 6 months after surgical resection. In 
group II (mean follow up, �1.5 mos) and III (mean follow up �0 mos) patients are kept in 
good Karnofsky Performance status before and after the treatments. 

Conclusions: We concluded that the urgent decompression by using the open surgery 
is mandatory in patients with basal meningiomas compressing the brain stem or optic 
apparatus. However, it is not necessary to remove the whole tumors whenever tumors 
involve the neurovascular structures because the excellent long term tumor control rate and 
the low morbidity rate in GKRs treatments can be achieved. 
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o1_P1-06  RaDIosURGIcal stRateGY foR sKUll base MenInGIoMas anD Its 
tReatMent ResUlts baseD on MIcRoanatoMY

motohiro Hayashi (Tokyo Women’s medical university, Tokyo, Japan)
ztb05666@nifty.com tamura (1) Mariko nagai (2) shoji Yomo (�) tomokatsu Hori (1)  
(1) Department of neurosurgery, tokyo Women’s Medical University, Japan  
(2) Kasai Gamma Knife center, Kasai cardiology and Radiosurgery Hospital, Japan 
(�) Department of neurosurgery, san-ai Hospital, Japan

Introduction: skull base meningiomas are difficult to remove surgically completely without 
developing neurological deficits. at our institute, we performed Gamma Knife surgery for 
such tumors based on microanatomy from microsurgical point of view.

methods: from January 200� to september 2008, 164 skull base meningiomas were 
treated. constructive interference in steady state (cIss) enhanced with gadolinium was 
used for MR imaging. critical surrounding structures and tumors were well delineated. the 
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centers of each 201 isocenter were targeted at the dura attachment, and 80% high isodose 
area was placed to cover as much of the tumor as possible. Radiation beams were delivered 
only within the tumor capsule to minimize exposure to the surrounding healthy tissue. all 
cases were treated with 12Gy at the 50% isodose line.

results: seventy five patients were followed more than 2 years. at the average follow-
up of 42 months, tumor control rate was 98.7% and shrinkage rate was 7�.1%. transient 
abducent nerve palsy was observed in 1.�%. Radiation induced-like edema was indicated in 
2.6% of the patients on follow-up imaging. no patient complained neurological symptoms.

Conclusions: our study indicates that precise treatment planning contributes to safer and 
more effective results than simple observation.

14:00 - 14:10  orAL CommuNICATIoN  
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o1_P2-01 cHaRlson co-MoRbIDItY InDeX PReDIcts foR MoRtalItY afteR 
steReotactIc boDY RaDIotHeRaPY foR MeDIcallY InoPeRable 
eaRlY staGe non-sMall cell lUnG canceR

Neil Kopek (Aarhus university Hospital, Aarhus, Denmark)
Merete Paludan (1) Joergen Petersen (2) cai Grau (1) Morten Hoyer (1)  
(1) aarhus University Hospital, Department of oncology, Denmark 
(2) aarhus University Hospital, Department of Medical Physics, Denmark

Background: Despite improved local control rates, overall survival for early stage medically 
inoperable nsclc treated with sbRt remains low. While it is logical that advanced age and 
co-morbidity could compromise the survival outcomes of sbRt, there has been little effort to 
quantify these competing causes of death and to analyse outcomes as a function thereof. as 
we look towards the application of sbRt to operable early stage lung cancer patients, such 
an analysis becomes of particular interest in order to substantiate the competing-causes-of-
death premise and reassure that potential treatment related mortality is not being hidden 
under the umbrella of “co-morbidities“. the present report of long term clinical outcomes of 
sbRt in the treatment of early stage nsclc investigates the age-adjusted impact of number 
and kinds of baseline co-morbidities upon overall survival. 

methods and materials: between 2000 and 2007, 88 consecutive stage I primary lung 
cancer patients, 81 peripheral and 7 central lesions, were treated by linac-based sbRt. forty-
five gray in three fractions prescribed to the isocenter was given until 2005 when 67.5 Gy 
in � fractions was introduced for peripherally located tumors. baseline co-morbidities were 
retrieved by consultation of a formal electronic registry of diagnoses as well as patients’ 
charts. the age-adjusted charlson co-morbidity index (ccI) was scored for each patient and 
subjected to univariate and multivariate survival analysis. 

results: With a median follow-up of 44 months, 5 patients developed local failure. the local 
control rate at 4 years was 89% while the median overall survival was 22 months. the most 
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frequent adverse event was asymptomatic pulmonary fibrosis. the median ccI score was 5. 
the ccI was a highly significant predictor of overall survival on both univariate (p = 0.002) 
and multivariate analysis (p = 0.006). Patients with a ccI score of � or less had a median 
survival of 41 months versus only 11 months for those scoring 6 or more. 

Conclusion: longer follow-up confirms the excellent local control of sbRt for inoperable 
early stage nsclc and appears well tolerated. Much higher survival rates were observed 
in patients with a low ccI. the persistently low survival outcome observed with sbRt does 
appear to be largely attributable to the advanced age and array of competing co-morbidities 
characterising this patient population.

14:10 - 14:20  orAL CommuNICATIoN  
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o1_P2-02  PeRIPHeRal eaRlY staGe lUnG tUMoRs tReateD WItH Real-tIMe 
tUMoR tRacKInG DURInG steReotactIc RaDIotHeRaPY: a � YeaRs 
eXPeRIence

Joost Nuyttens (Erasmus mc, rotterdam, The Netherlands)
Joost nuyttens (1) noelle Van der Voort van zijp (1) Mischa Hoogeman (1) Peter levendag (1)  
(1) erasmus Mc, the netherlands 

Purpose: to report local recurrence rate and survival of the first 98 inoperable patients with 
peripheral early stage lung cancer treated with the cyberKnife.

methods: of the 98 early stage peripheral lung cancer tumors, 4� tumors were t1 and 55 
t2. fifty one of the 98 tumors (52%) were pathology proven. the other 47 patients had 
a growing tumor on ctscan or a Pet positive tumor. Platinum fiducials and intravascular 
embolisation coils were used as markers. In total, 297 markers were placed: 91 intrapulmonal 
for �4 tumors, 196 intravascular for 62 tumors, and 10 extrapulmonal in 2 patients for fixed 
tumors to the thoracic wall. eighty four tumors were treated with a total dose of 60 Gy 
(20 Gy/fr), 1 with a total dose of 50 Gy (10 Gy/fr), 12 with a total dose of 45 Gy (15 Gy/fr), 
and 1 with a total dose of �6 Gy (12 Gy/fr). PtV = GtV + 5 mm. the dose to the PtV was 
prescribed to the 70-85% isodose line. the median follow up was 1� months (range, 1-�8). 
the median age was 76 years old (range: 51-90). thirty one percent of the patients were 
equal to or more than 80 years. 

results: the 2- and �-years local control for a total dose of 60 Gy and for doses less than 
60 Gy was 9�% and 8�%, resp. In total, 5 tumors recurred locally: � tumors were treated 
with 60 Gy (� Gy/fr), and 2 tumors with 45 Gy (� Gy/fr). all recurrences except one were seen 
in t2 tumors. the 2-years overall survival for t1 and t2 tumors was 77% and 51%, resp 
(p=0.14). no difference in survival in patients with pathology compared to patients without 
pathology was seen. twenty nine patients died (�0%), of which 11 from tumor progression. 
nine patients were diagnosed with locoregional progression and 18 with metastasis. seven 
patients had a pneumothorax after intrapulmonal placement. a thoraxdrain was placed in � 
patients. one patient needed a pacemaker after vascular placement.
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Conclusion: Real-time tumor tracking for peripheral early stage lung tumors in the lung 
resulted in a 2- and �-years local control of 9�% with doses of 60 Gy in � fractions. Patients 
with t1 tumors had a significant better survival compared to patients with a t2 tumor.

14:20 - 14:30  orAL CommuNICATIoN  
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o1_P2-0� steReotactIc PRoton RaDIotHeRaPY MaY offeR ReDUceD 
noRMal lUnG eXPosURe foR PatIents WItH localIzeD non-sMall 
cell lUnG canceR WHo aRe canDIDates foR PHoton baseD 
steReotactIc RaDIotHeRaPY

Soon Huh (university of Florida Proton Therapy Institute, Jacksonville, uSA)
shuh@floridaproton.org Huh (1) bradford Hoppe (1) Romaine nichols (1) stella flampouri (1)  
zoufeng li (1) nancy Mendenhall (1)  
(1) University of florida Proton therapy Institute, Usa  

Purpose: Determine the potential normal tissue exposure benefit of stereotactic proton 
radiotherapy over conventional stereotactic photon radiotherapy in the treatment of patients 
with localized non-small cell lung cancer.

methods and materials: from Date through Date, 10 consecutive patients with solitary 
localized non-small cell lung cancer were treated with linear accelerator based fractionated 
stereotactic radiotherapy at University of florida. 4-dimensional treatment planning with 
shrink wrap immobilization was utilized for all patients to account for and minimize tumor 
motion.normal tissue constraints limited the maximum spinal cord, esophageal, tracheal 
and cardiac dose (0.1cc) to 12Gy. Proton plans were generated for these patients using the 
same target goals and normal tissue constraints. 

results: Proton plans for all patients were iso-effective with the corresponding photon 
plans in that they met the PtV target doses while respecting normal tissue constraints. 
compared with the photon plans, all proton plans demonstrated reduced volume of normal 
lung irradiated to doses of: 5Gy(cGe); 10Gy(cGe); and 20Gy(cGe). 

Conclusion: In this dosimetric study, by reducing the volume of normal lung irradiated, 
protons demonstrated potential for improving the therapeutic index for patients with 
localized non-small cell lung cancer undergoing fractionated stereotactic radiotherapy. a 
Phase II clinical trial utilizing proton radiotherapy in this setting is currently in development 
at our institution.
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o1_P2-04  foUR-DIMensIonal lUnG tUMoR tRacKInG foR centRal tUMoRs 
DURInG steReotactIc RaDIotHeRaPY

Joost Nuyttens (Erasmus mc, rotterdam, The Netherlands)
J.nuyttens@erasmusmc.nl nuyttens (1) noelle Van der Voort van zijp (1) Mischa Hoogeman (1)  
Peter levendag (1)  
(1) erasmus Mc, the netherlands

Purpose: to report on local control, survival and toxicity of central tumors in the lung treated 
with the cyberKnife.

methods: of the 29 tumors, 17 were early stage lung cancer tumors and 12 were solitary 
metastases. twelve tumors were < � cm (median: 20 mm; range, 11-28 mm) and 1� 
were >� cm (median: 52 mm; range, ��-105 mm). Platinum fiducials and intravascular 
embolisation coils were used as markers. In total, 85 markers were placed: 29 intrapulmonal 
for 11 tumors, 48 intravascular for 16 tumors, 4 extrapulmonal in 1 patient for a fixed large 
tumor to the thoracical wall, and 4 bronchoscopically placed markers in 1 patient. eleven 
central tumors close to the oesophagus were treated with 6*8 Gy. the maximum allowed 
dose to the oesophagus for this schedule was 6 Gy/fraction. central tumors close to the main 
stembronchus but not the oesophagus were first treated with 5*9 Gy (5 tumors), thereafter 
the dose was escalated to 5*10 Gy (7 tumors) and 5*12 Gy (6 tumors). PtV = GtV + 5 mm. 
the dose to the PtV was prescribed to the 70-85% isodose line. the median follow up was 
12 months (range, �-24). the median age was 6� years (range: �4-87).

results: the 1- and 2-year local control was 88%. two tumors treated with 45 Gy in 5 
fractions recurred locally. overall survival after 1 and 2 years were 7� and �2%, respectively. 
eight patients died, 6 of them due to metastases. the disease free survival at 2 years was 
54%. the disease free survival for patients with early stage lung cancer or metastatic cancer 
was not significant different, however the overall survival for tumors � cm. two patients had 
a pneumothorax after intrapulmonal placement and needed both a thorax drain. Patients 
with a tumor close to the oesophagus experienced 1 to 2 weeks after the last irradiation a 
short episode of RtoG grade 1 or 2 oesophagitis.

Conclusion: four-dimensional tumor tracking for central tumors in the lung resulted in a 2 
years local control of 88%. tumors treated with a dose higher than 5*9 Gy did not result in 
local recurrences. a maximal dose of �6 Gy in 6 fractions to the oesophagus resulted in low 
acute toxicity.
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o1_P2-05 tHe clInIcal effect analYsIs of boDY RotatInG GaMMa sYsteM 
RaDIosURGeRY foR lUnG canceR WItH sUPeRIoR   
Vena caVa sYnDRoMe 

Feng Shouxin (The gamma Knife Center of Affiliated Hospital of xouzhou medical 
College, xuzhou, China)
amsmedical@16�.com feng (1) bingwei zhang (1) zhongxi li (1)  
(1) the Gamma Knife center of affiliated Hospital of Xouzhou Medical college, china     

objectives: to study the clinical effect of Rotating Gamma system (bRGs) radiosurgery for 
lung cancer with superior vena cava syndrome,and to observe tumor control, symptom 
remission, Vice response after the bRGs treatment. 

methods: between January 2006 and March 2008, 26 patients of lung cancer with superior 
vena cava syndrome were treated in our instituation by bRGs radiosurgery. among this 
cases ,there were 19 cases of squamous cell carcinoma, 5 cases of adenocarcinoma, two 
cases of adenosquamous carcinoma. In 26 cases, male 19 cases, female 7 cases, aged 4�-76 
years old, with a median age of 62.� years old. all patients were confirmed by pathology 
and had imaging show.the development of planning by tumor location, size, patient status, 
therapeutic purposes. 50% - 70% isodose line enveloping the dose more than 95% of lesions, 
each �.0 - 4.5Gy, once a day, five times a week, a total of 8-1� times. all patients during 
treatment at the same time application of glucocorticoid, dehydration agents, diuretics, some 
patients given oxygen, anti-infection, such as symptomatic treatment.patients were followed 
prospectively by clinical exam and imaging show at 2-4monthly interval treatment.

results: all patient were followed .mean follow-up time was 1.2yrs. the chest enhanced ct is 
reviewed after 2-4months .the evaluation standards are divided into (1) complete remission 
(cR): visible lesions completely disappeared; (2) partial remission (PR): mass narrowing> 
50%; (�) no change (nc): mass narrowing 25% or the emergence of new lesions by WHo,in 
26 cases, cR 18 cases PR 5 cases, nc 2 cases, PD 1 cases, about 88.6 percent efficient. 
69.�% complete remission, partial remission 19.�%, total effective rate was 88.6%. clinical 
symptom improvement rate was as high as 100%. Radiation pneumonitis, esophagitis, liver 
and kidney dysfunction, bone marrow suppression and other lesser side effects. 

Conclusion: bRGs radiosurgery is an effective treatment for lung cancer with superior vena 
cava syndrome.
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o1_P2-06  sHoRt-teRM tHeRaPeUtIc effectIVeness of boDY RotatInG 
GaMMa sYsteM WItH concURRent cHeMotHeRaPY In PatIents 
WItH aDVanceD nsclc

Haiying Cao (Cancer Center of The 82nd Hospital of Pla Huai’an, Shenzhen, China)
amsmedical@16�.com cao (1) Jianyu zhang (1) Yunxiang Du (1)  
(1) cancer center of the 82nd Hospital of Pla Huai’an, china        

objective: to observe the short-term curative effects of body rotating gamma system (bRGs) 
combined with concurrent chemotherapy for treatment of advanced non-small cell lung 
cancer (nsclc). 

methods: all 64 patients were treated with body rotating gamma system (bRGs) combined 
with concurrent chemotherapy. Radiation was delivered in 10 to 14 fractions with a 
cumulated marginal dose ranged �5-45 Gy. nP project were given with bRGs, 28 days per 
cycle. at least 2 cycles were delivered. clinical effects were evaluated three months after 
bRGs treatment.

result: the total efficacy rates were 9�.75%. acute radiation induced lung injury were 
9.�8% acute radiation induced esophagus injury were 7.81%; bone-marrow toxicity 12.50%. 
follow-up �6 months,the survival rate at 1,2 and � year was 60.94% ; 40.6�% and �2.81%, 
respectively.  

Conclusion: bRGs combined with concurrent chemotherapy is a feasible, safe, and effective 
method and could be well tolerated in most patients. It is a good treatment for patients with 
advanced lung cancer and deserves further investigation.
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o1_P�-01 PHase III RanDoMIzeD clInIcal tRIal of RaDIosURGeRY WItH oR 
WItHoUt WHole bRaIn IRRaDIatIon In PatIents neWlY DIaGnoseD 
WItH 1 to � bRaIn Metastases 

Eric Chang (u.t. m. D. Anderson Cancer Center, Houston, uSA)
Jwefel@manderson.org Wefel (1) Kenneth Hess (1) Pamela allen (1) frederick lang (1)  
David Kornguth (1) Moshe Maor (1) christina Meyers (1)  
(1) Ut MD anderson, Usa         

Introduction: Giving WbRt after radiosurgery (sRs) in the initial management of pts newly 
diagnosed with 1-� brain metastases (bM) is controversial. It was hypothesized that pts 
receiving initial sRs + WbRt would have inferior neurocognitive function (ncf) compared 
to pts receiving initial sRs alone. 



oRal sessIons abstRacts

100

MonDaY, 8 JUne 2009

methods: an IRb-approved randomized clinical trial (Rct) was conducted. all pts received 
initial sRs alone for 1 - � bM as detected on baseline screening MR. eligible: age > 18, 
KPs > 70, 1 - � newly diagnosed bM all eligible for sRs, MR brain within 1 mo. excluded: 
prior brain surgery, sRs, or WbRt; leukemia, lymphoma, germ-cell tumor, small-cell lung 
cancer, leptomeningeal disease, unknown primary, RPa class �. Pts randomized to WbRt 
received �0 Gy in 12fx within � wk of sRs. the primary endpoint was learning and memory 
dysfunction as measured by the Hopkins Verbal learning test (HVlt-R) measured at 4 mos. 
trial assessment schedule included neuro exam, brain MR and formal ncf testing 1 mo, 2 
mos, 4mos, 6 mos, and Q� mos thereafter. Pts were stratified according to # bM, histology, 
and RPa class. frequent interim monitoring was done by an independent Data Monitoring 
committee (DMc) using bayesian design.

results: 58 patients were enrolled with �0 pts randomized to sRs alone, and 28 pts 
randomized to sRs + WbRt from Jan 2001-sept 2007. on interim analysis, DMc 
recommended halting the trial because of high statistical probability (96.4%) that patients 
randomized to sRs + WbRt performed inferiorly (49% cognitive decline) with respect to 
learning and memory compared to those randomized to sRs alone (2�% cognitive decline). 
for brain, 1-year local brain freedom from progression (ffP) was 67% in sRs alone and 100% 
in sRs + WbRt (p=0.012) while 1-year distant brain ffP was 45% and 7�% (p=0.02�) 
respectively. Median f/U for the entire study cohort of patients was 7.5 mos. type and # 
of salvage therapies given at first brain progression were categorized according to sRs + 
WbRt and sRs groups: surgery (0 vs. 9), WbRt (0 vs. 10), sRs (2 vs. 7) respectively. 

Conclusion: Pts in sRs + WbRt arm demonstrated a statistically greater proportion with 
marked decline in learning and memory at 4-mos compared to patients randomized to sRs 
alone (49% vs 2�% respectively) despite sRs+WbRt producing higher rates of local and 
distant brain ffP. Memory is affected more by WbRt toxicity than by recurrent metastasis.
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o1_P�-02  GaMMa KnIfe sURGeRY foR 1-10 bRaIn Metastases WItHoUt 
PRoPHYlactIc WHole bRaIn RaDIatIon tHeRaPY 

Toru Serizawa (Tsukiji Neurological Clinic, Tokyo, Japan)
tatsuo Hirai (1) osamu nagano (2) Yoshinori Higuchi (�) shinji Matsuda (2) Junichi ono (2)  
naokatsu saeki (�) Manabu Hatano (1)  
(1) tokyo Gamma Unit center, tsukiji neurological clinic, Japan (2) Gamma Knife House, chiba 
cardiovascular center, Japan (�) Department of neurological surgery, chiba University, Japan         

Purpose: In Japan, a prospective multi-center trial (Japan leksell Gamma Knife; JlGK0901) 
of gamma knife surgery (GKs) for 1-10 brain metastases without whole brain radiation 
therapy (WbRt) has been conducted by the JlGK society. the present study was designed, 
anticipating the results of the JlGK0901 study to focus on numbers of brain metastases. 
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materials and methods: among 1849 cases with brain metastases treated with GKs by 
the first author (ts) from 1998 through 2008, 81� consecutive patients who satisfied the 
following 5 criteria were analyzed: 1) newly diagnosed, 2) less than �cm in diameter, �) 
a maximum of 10 brain metastases; 4) no more than 15 cc total tumor volume; 5) no MR 
findings of csf dissemination. all lesions were treated with GKs without upfront WbRt. new 
distant lesions, detected with follow-up MRI at least every three months, were appropriately 
re-treated with GKs or WbRt. 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: the primary organs were the lung in 596 patients, gastro-intestinal tract in 81, 
breast in 48, urinary tract in �6, and others/unknown in 52. the lesion numbers were single 
in 288, 2-� in 142, �-4 in 157, 5-6 in 99 and 7-10 in 128 cases. Mean survival time (Mst) 
was 0.72 years (0.8� years in single, 0.69 for two, 0.69 for �-4, 0.59 for 5-6 and 0.62 for 
7-10 metastases). In multivariate analysis, significant poor prognostic factors for os were 
un-controlled systemic disease, poor (<70) initial KPs score and male gender. ns and Qs at 
1 year were 92.7% and 88.2% respectively. Diagnostic timing was a significant prognostic 
factor for ns and neurological symptoms for Qs. nlfs at 6 months and 1 year were 69.8% 
and 4�.8% respectively. In 592 deceased cases, salvage treatment times for new distant 
lesions were 0 in �92 (66.2%), 1 in 100 (16.9%), 2 in 46 (7.8%) and � in 54 (9.1%) cases.

Conclusion: GKs provides excellent results in selected patients with 1-10 brain lesions, 
without prophylactic WbRt. this study revealed that brain lesion number has no effect on 
any survivals, which is anticipated to be confirmed by the JlGK0901 study.
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o1_P�-0� GaMMa KnIfe RaDIosURGeRY foR bRaIn Metastases: cHallenGes 
of laRGeR tUMoR nUMbeRs anD MUltIPle PRoceDURes 

masaaki yamamoto (Katsuta Hospital mito gammahouse, Hitachi-naka, Japan)
Yasushi nagatomo (1) bierta barfod (1) Yoichi Urakawa (1)  
(1) Katsuta Hospital, Japan           

Introduction: treatment results for our own series of cancer patients who underwent 
gamma knife radiosurgery (GKRs) for brain metastases (Mets) are presented. 

Patients: a consecutive series of 1676 patients (14�6 procedures) with brain Mets, who 
underwent GKs during 1991 to 2006 peirod, was studied. Mean and median tumor numbers 
were 7 and �, (range; 1-85). GKRs was performed once in 1172 patients (69.9%), twice in 
�47 (20.7%), three times in 96 (5.7%), four times in 40 (2.4%) and five or more times in 
21 (1.�%, maximum; eight times). the most common original malignancy was lung (62%), 
followed by breast (10%), lower alimentary tract (9%), uro-genital organs (8%), others (8%) 
and undetermined (�%).
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results: the Kaplan-Meier method was used to compare tumor numbers at the time of 
initial radiosurgery, grouped as follows; 4 or less, 5-9, 10-14, 15-19, 20-29 and �0 or 
more. Median survival times (Msts) were 8.2, 5.5, 7.0, �.4, 4.9 and 4.0 months (p<.0001), 
while causes of death were non-brain diseases in 87%, 90%, 94%, 89%, 92% and 88%, 
respectively (n.s.). this approach was also used to assess numbers of GK procedures; one, 
two, three and four or more. Msts were 4.7, 12.�, 19.5 and 26.8 months, (p<.0001), causes 
of death were non-brain diseases in 90%, 86%, 86% and 88%, respectively. the incidence of 
radiation-induced dementia was far lower than has been documented with WbRt.

Conclusion: number of tumors treated with GK radiosurgery impacts Mst but not the cause 
of death. long-term survivors have a greater chance of developing further Mets, and of 
eventually requiring multiple GK procedures. In such patients, the risk of death due to brain 
disease can be decreased.

14:30 - 14:40  orAL CommuNICATIoN  
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o1_P�-04  MUltIsessIon cYbeRKnIfe RaDIosURGeRY foR laRGe bRaIn 
Metastases: tHe 14 GY-VolUMes anD IsonecRosIs RIsK lInes to 
aVoID RaDIatIon necRosIs

Hiroshi Inoue (Institute of Neural organization, Fujioka, Japan)
akihiko nozaki (1) Yoshiyuki suzuki (2) takashi nakano (2) Hideyuki sakurai (�)  
(1) cyber center, Kanto neurosurgical Hospital, Japan (2) Dpt. Rad. oncol. Gunma University Graduate 
school of Medicine, Japan (�) University of tsukuba, Graduate school of comprehensive Human 
sciences, Japan            

objective: Radiosurgery is a safe and effective treatment for brain metastases. However, 
large tumors more than � cm in diameter are difficult to treat with only a single session. the 
14-Gy volumes and isonecrosis risk lines were analyzed to avoid complications for treatment 
of large brain metastases using multisession radiosurgery.

methods: fifty patients with large brain metastases more than � cm in diameter were 
treated between March 2005 and february 2008 with multisession cyberKnife radiosurgery 
and followed up to october 2008. the 14 Gy-volume of surrounding brain included in the 
prescribed isodose was calculated to evaluate the risk of radiation necrosis according to the 
isonecrosis risk lines based on experiences of single-session radiosurgery. the theoretical 
doses of 14 Gy to normal brain in multisession treatment were calculated using the l-Q 
formula with an a/b ratio of 2.

results: the tumor volume was 15.4-114.9 ml (mean: �2.2). the marginal dose was 10-40 
Gy (median: �0 Gy) in 1-10 session (median: 4 session). tumor size reduction was found 
in 9�.� percent of patients and local tumor control was obtained in 88.9 percent. only 
three patients required removal operation for radiation necrosis five to 1� months after 
radiosurgery. the 14 Gy-volumes of surrounding brain included in the prescribed isodose 
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were 8 to 18.7 ml in these three patients. no radiation necrosis was found in patients with 
the 14 Gy-volume less than 7 ml. 

Conclusion: Multisession radiosurgery is a safe and effective treatment for large brain 
metastases. the 14 Gy-volume of surrounding brain included in the prescribed isodose is 
a useful indicator to determine proper marginal doses and session numbers. lower 14 Gy-
volumes than the isonecrosis risk lines are recommended to decrease the risk of radiation 
necrosis in multisession radiosurgery.

reference: chin ls, Ma l, Dibiase s. Radiation necrosis following gamma knife surgery: 
a case-controlled comparison of treatment parameters and long-term clinical follow up. J 
neurosurg 94:899-904, 2001.
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o1_P�-05 WHole-bRaIn RaDIotHeRaPY anD tUMoR beD RaDIosURGeRY 
folloWInG ResectIon of solItaRY bRaIn Metastases

David roberge (mcgill university Health Center, montreal, Canada)
Kevin Petrecca (1) Munir el Refae (1) luis souhami (1)  
(1) McGill University Health center, canada           

Background: a standard approach to solitary brain metastases is resection followed by 
whole-brain irradiation (WbRt). Despite WbRt, the tumor bed remains a common site 
of failure. We reviewed outcomes following adjuvant WbRt with or without tumor bed 
radiosurgery (sRs).

methods : We retrospectively identified patients having undergone neurosurgical resection 
of a single brain metastasis followed by adjuvant irradiation from 2000-2008. tumor bed 
sRs was introduced in 2006. sRs dose selection was independent of target volume (10 Gy 
peripheral dose). outcomes were calculated actuarially. Patients were censured for local 
control at the time of last imaging.

results : 96 cases treated with surgery and adjuvant WbRt were identified, 27 with 
additional tumor bed sRs, 69 without. both groups were well balanced for age (median 57.6 
years) and primary malignancies (lung in 70% and 67% of patients, breast in 15% and 12%). 
Median follow-up was 9.4 in the WbRt group and 9.7 months in the WbRt and sRs group.
following the combination of surgery, WbRt and sRs the median overall survival was 17.6 
months vs. 12.2 months following surgery and WbRt (p=0.4). actuarial 2-year local control 
was 94% with sRs and �4% without (p=0.002).
the sRs boost was well tolerated with one patient requiring reoperation for symptomatic 
radiation necrosis 16 months post treatment.

Conclusion: Radiosurgery can be safely added to whole-brain radiotherapy as an adjuvant 
treatment following resection of a single brain metastasis. In our retrospective series, the 
addition of radiosurgery significantly improved local control.
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o1_P�-06  RaDIosURGeRY foR RecURReD MetastatIc bRaIn tUMoRs afteR 
WHole bRaIn RaDIatIon tHeRaPY: WHen Is tHe oPtIMal tIMInG of 
WHole bRaIn RaDIatIon tHeRaPY?

Jong Hee Chang (yonsei university College of medicine, Seoul, Korea)
Hae Yoo Kim (1) Dong Wan Kang (1) Won suk chang (1) Jin Woo chang (1) Yong Gou Park (1)  
(1) Yonsei University college of Medicine, Korea             

Introduction: the incidence of brain metastases may be increasing. a growing elderly 
population and better treatment modalities to achieve systemic control have led to a higher 
number of elderly patients with prolonged survival and higher incidence of repeated brain 
metastases. therefore, we often encounter the recurred brain metastases which were 
previously treated with whole brain radiation therapy (WbRt). the purposes of this study 
are to evaluate the results of radiosurgery for recurred metastatic brain tumors after WbRt 
and to determine the optimal timing of WbRt for treatment of brain metastases.

material and methods: We included 247 lesions of �� patients treated by Gamma Knife 
radiosurgery for the recurred brain metastases after WbRt between 200� and 2007. 
Radiosurgical data, survival time, local control rate and the incidence of radiation-related 
complications were evaluated and compared to those in the patients treated by radiosurgery, 
who did not have WbRt history. Radiosurgical parameters including prescribed dose, target 
volume, number of lesions, performance status, previous WbRt dose, and the time interval 
between WbRt and radiosurgery were statistically analyzed to identify significant factors 
related to the treatment results.

results: there were 14 male and 19 female patients the mean age was 5�.8 (range, �4-78) 
year. the mean tumor volume was 19.1 (range, 0.00�-6�.7) cc. the mean prescribed dose 
of radiosurgery was 21.1 (range, 7.8-29.�) Gy and the mean radiation dose of previous 
WbRt was 40.7 (range, 25-65) Gy. there was no statistically significant factor affecting the 
treatment results. 

Conclusion: Radiosurgery for recurred metastatic brain tumors after WbRt did not remarkably 
increase the radiation-related complications. therefore, prescribed dose reduction during 
dose planning was not necessary in all cases. If we waste all the possible treatment tools in 
early stage of brain metastases, we will not have any treatment options for delayed multiple 
recurrence or leptomeningeal seeding. Moreover, because WbRt has both early and late 
complications and can be performed only one time during survival, the timing of receiving 
WbRt must be carefully determined.
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o2_P1-01 can cHoRDoMas be aDeQUatelY tReateD bY PHotons RatHeR 
tHan PRotons – tHe Role foR steReotactIc IMRt

robert Smee (Prince of Wales Hospital, randwick, Australia)
Janet.williams2@sesiahs.health.nsw.gov.au Williams (1) nicola Meagher (1)  
(1) Prince of Wales Hospital, Department of Radiation oncology, australia             

Introduction: the optimum treatment of skull base/vertebral chordomas is regarded as 
maximal surgical resection and proton radiotherapy. the quoted advantage of protons is 
the ability via the bragg peak concept to deliver a higher dose to the defined tumour, with 
a lower dose to surrounding normal tissue. this review will address the literature evidence 
and provide some guidance as to whether « like » is being compared with « like ».

materials and methods: a Medline/Pubmed search was performed of all english 
publications from 1990 to november 2008, for articles relating to skull base chordoma 
where photon radiotherapy was used, a similar search was performed for proton articles. 
articles were excluded if they did not report skull base chordoma data independently to 
avoid confounding results of extra cranial chordomas or other skull base lesions. Relevant 
data was sourced on total dose delivered, treatment approach, number of fractions, median 
follow-up, local control at 2, 5 and 10 years, respective survival figures, and treatment 
related morbidity.

results: for such a rare malignancy there is a limited number of publications with more 
patients being treated at proton based facilities. there are 18 photon series included in this 
review, covering only 260 patients, whereas in the 9 selected proton publications, there are 
985 patients. Median dose range for the photon series is 50-65Gy at 1.8-2.5cGy per fraction. 
local control rates at 5 years are 17-100% (be this latter figure relating to 5 patients), the 
higher figure where doses of 65cGy are used. Proton publications have a median dose range 
of 68-78Gy at 1.8-2.5Gy per fraction for 5 year local control of 42-78% but 10 year local 
control of 55%. these higher doses are achievable with stereotactic Intensity Modulated 
Radiotherapy (IMRt). the biological significance of the higher integral dose with photons is 
yet to be determined.

Conclusions: the dose used in the photon series is 10-15Gy less than that used with protons 
and may account for the different outcome rather than modality, with failure being merely 
deferred rather than prevented. further research is required to evaluate this.
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o2_P1-02  RaDIosURGeRY foR MenInGIoMas: tHe lonG-teRM ResUlts anD 
PItfalls

Jong Hee Chang (yonsei university College of medicine, Seoul, Korea)
Hae Yoo Kim (1) Jin Mo cho (1) Dong Wan Kang (1) Kyu sung lee (1) Yong Gou Park (1)  
(1) Yonsei University college of Medicine, Korea              

objective: even though there have been a lot of reports about the results of radiosurgery 
for meningiomas, most reports are related only to short or mid-term results. We tried to 
evaluate the long-term effectiveness and complications, and to suggest the caution during 
the radiosurgery of meningiomas. 

materials and methods: from May 1992 to august 2007, 795 meningiomas were treated 
with Gamma Knife radiosurgery (GKs). among these patients, 65 patients were followed 
more than 10 years. In this long-term follow-up group, the mean follow-up duration was 
about 12 years. adjuvant GKs cases could be followed longer than primary GKs cases 
comparing to overall cases. 

results: there was 5 recurred cases and the long-term tumor control rate was 92.�%. 
all recurred cases were skull base meningiomas. among several factors, the volume was 
significantly larger in recurred cases. the median time to recurrence after GKs was about 9 
years. We performed additional treatment such as operation, 2nd GKs, or external radiation 
therapy, but � patients expired after all. During selection of candidates, dose planning, and 
follow-up of meningiomas treated by radiosurgery, there were several pitfalls. there was 
risk of peritumoral edema or cyst formation after radiosurgery. the location, shape, and 
pre-existing edema of tumor were significantly related to the occurrence of these radiation-
related complications. because of some portion of tumor close to optic pathway, in the 
Meckel’s cave, and dural tail might be under-irradiated, it could cause the delayed tumor 
recurrence. 

Conclusion: even though radiosurgery is proven to be a safe and effective treatment tool 
for primary, residual, or recurred meningiomas, we should keep several points in mind: 
accurate diagnosis especially in non-pathological diagnosis cases, careful consideration 
in high risk cases for radiation-related complications, full coverage as possible including 
dural tail especially in en plaque type, proper selection of postoperative radiation modality, 
and long term follow-up. surgery should be considered as the primary mode of treatment 
especially for the large skull base meningioma of young patients. finally, at least 10 to 15 
years follow-up should be mandatory regardless of treatment modality.
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o2_P1-0� eValUatIon of tHe Use of cYbeRKnIfe steReotactIc 
RaDIosURGeRY In ResIDUal oR RecURRent cHoRDoMas

marco Lee Stanford university, Stanford, uSA)
Robert lieberson (1) Iris Gibbs (1) scott soltys (1) John adler (1) steven chang (1)  
(1) stanford University, Usa               

objectives: chordomas are rare and locally aggressive tumors that arise from remnants of 
the notochord along the craniospinal axis. their propensity to occur and invade the skull 
base or saccrococcygeal regions present significant management challenges. complete 
surgical excision is rarely possible and adjuvant proton beam radiotherapy or radiosurgery 
is given to enhance local control of the disease. We present here our experience of treating 
residual or recurrent chordomas using the cyberKnife, a frameless image-guided lInac 
radiosurgical system.

methods: between 1994 and 2008, 22 patients with a histological diagnosis of a chordoma 
underwent stereotactic radiosurgery (sRs) at stanford. 17 patients underwent frameless sRs 
at the stanford cyberKnife center. a retrospective and prospective review of these patients 
was undertaken by obtaining clinical information from an institutional review board-
approved prospective database. 

results: there were 11 males and 6 females with an average age of 4�.1 years (range 10-
7�). 12 were in the clivus, � in the cervical spine below c2, 1 lumbar and 1 sacral region. 
all but one patient had prior surgery. 9 had undergone one resection, 6 had two, 1 had 
three resections, specifically for tumor clearance. three patients had prior radiation or proton 
beam therapy. the average tumor volume treated was 10.9 cm� (range 1.9-�1.6 cm�), with 
a mean radiation dose of �2.6 Gy (range 20-50 Gy), and a mean maximum intratumoral 
dose of 41.0 Gy (range 24.1-67.6 Gy). Patients were followed up for an average of �.4 
years. tumor control was achieved in 12 out of the 17 cases. 5 of the 12 patients showed 
tumor size reduction. However, 5 out of the 17 cases showed progression with one in fact 
showing good local control but a new lesion at a lower cervical vertebra. none of the 
patients with tumor control developed new neurological deficits, but 4 of the 5 cases with 
tumor progression showed new deficits. there was no radiation associated complications.

Conclusions: Good tumor control rates can be achieved with cyberKnife based stereotactic 
radiosurgery. cases with poor control tended to have complex multiple surgical resections. 
longer follow-up in larger series is required to adequately compare this technique with other 
forms of radiation therapy. 
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o2_P1-04  PaRtIal VolUMe coVeReD In tHe RaDIosURGeRY of sKUll base 
MenInGIoMas, clInIcal anD RaDIoloGIcal ValUatIon 

Kita Sallabanda Diaz (Instituto madrileño De oncologia (Imo), madrid, Spain)
Jose carlos bustos, (0) Jose samblas Garcia, (0) Jose angel Gutierrez Diaz, (0) cesar beltra, (0)  
carmen Peraza, (0) Graciela Garcia, (0) Jose Miguel Delgado, (0) Hugo Marsiglia, (0)                

Introduction: the radiosurgical treatment of the skull base Meningiomas has become not 
only a complementary treatment of surgery, but in many cases the treatment of choice the 
majority of these tumours are near to important structures of central nervous system and the 
treatment plan must always consider the dose that can receive these structures, which in 
many occasions limits the total cover of meningiomas volume.

material and method: We analyzed retrospectively 152 patients with meningioma of skull 
base treated in our centre from 1992 to July 2000, a total of 154 radiosurgical treatments.

87 of meningiomas were covered totally with the prescription dose and in 67 tumours, 4�, 
6%, the covered was partial, because of the size of the tumours and its proximity to the 
brain important structures, radiating with the required dose the base of implantation of 
meningioma. Mean follow-up10� months, 8.5 years. Male 27 and female 125, mean age 
54.42 years, initial tumour volume 1�, 051, 2�± 12, 548.�5 mm�. Mean prescribed dose 
1405, 16±40 cGy, and mean maximum dose 2001, 4�±49�,27cGy. 

results: 8� patients presented tumour volumes reduction, in 55 the tumour volume 
remained stable and only 14 patients (9.1%) the tumour volume increased.

91.6% of the patients presented neurological improvement or remained stable and only 
8.4% presented neurological worsening. there is not statistically significant difference in the 
evolution of tumour volume comparing both groups (total and partial covered).
there is not statistically significant difference in the neurological evolution having compared 
both groups. In absolute values, better evolution has the tumours that have been covered 
totally with the prescribed dose.

Conclusions: the radiosurgery irradiation action in the treatment of benign tumours, 
like meningioma, happened in two forms, ablative - toxic by ionization of the extra cell 
space, and through vascular effect, obliteration of the nutritional artery that irrigate the 
tumour. It is well-known that nourish artery of skull base meningiomas come from the 
base of implantation, reason why although is not arrived to cover the total tumour volume, 
radiating the base of implantation and obliterating the nourish artery we can probably stop 
the tumour growth.
the partial covered of tumour volume of skull base meningiomas on the one hand reduces 
the radiation dose on the important adjacent brain structures and on the other hand gets to 
control the tumour growth in satisfactory form.
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o2_P1-05 steReotactIc IRRaDIatIon foR anteRIoR anD MIDDle sKUll base 
PeRIoPtIc MenInGIoMasn 

Andrey golanov (Burdenko Neurosurgery Institute, moscow, russian Federation)
Golanov.golanov@gmail.com Golanov (1) natalija serova (1) Gennadiy Gorlachev (1)  
sergey Ilyalov (1) Valeriy Kostuchenko (1) Polina Kudryavtseva (1) Michael Galkin (1) 
(1) burdenko neurosurgery Institute, Russian federation                

objective: surgical treatment of skull base meningiomas is connected with many difficulties. 
If meningioma is situated near the optic apparatus, surgical treatment becomes even more 
complicated. We have conducted retrospective study to evaluate how stereotactic irradiation 
of anterior and middle skull base meningiomas with perioptic localization can effect tumor 
growth control and preserve optic nerve function.

materials and methods: between august 2005 and august 2008 117 patients were 
treated for different anterior and middle skull base meningiomas related to visual paths. 
following localizations were treated - cavernous sinus, parasellar and medial sphenoid 
wings meningiomas. �5 patients had histological verification due to previous operations 
of tumor partial removal. Different cranial neuropathies were observed in 107 patients, 
visual disturbances were found in 4� patients. We used Gamma-Knife model c (elekta) 
and « novalis » (brainlab) with micro-multileaf collimator for radiosurgery. Radiotherapy 
was conducted with « novalis » (brainlab). Radiotherapy was performed in cases when 
visual paths were adjacent to meningioma. In other cases radiosurgery was applied. Mean 
marginal dose for radiosurgery was 14 Gy (10-18 Gy), mean marginal dose for radiotherapy 
was 46,7 Gy (�5-5�,5 Gy). 90 patients have undergone stereotactic radiotherapy. In 27 
patients radiosurgery was performed.

results: 85 patients were available for neurological and opthalmologic follow-up, 89 
patients were available for imaging follow-up (mean follow-up period – 15,7 months for 
both). 97,8% of tumors diminished in size or were stable and 2,2% enlarged. In 99% of 
patients visual functions were stable or improved. other cranial nerves functions were stable 
or improved.

Conclusion: stereotactic irradiation of perioptic anterior and middle skull base meningiomas 
is capable to control tumor growth effectively, while preserving or improving visual 
function. 
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o2_P1-06  GaMMa KnIfe RaDIosURGeRY foR sKUll base MenInGIoMas: lonG-
teRM RaDIoloGIcal anD clInIcal oUtcoMe

Jung Ho Han (Seoul National university Bundang Hospital, Seongnam-si, Korea)
Dong Gyu Kim (1) Hyun-tai chung (1) chul-Kee Park (1) sun Ha Paek (1) chae-Yong Kim (1)  
Hee-Won Jung (1)  
(1) Department of neurosurgery, seoul national University college of Medicine, Korea                

Purpose: We analyzed the long-term outcomes in patients with skull base meningiomas 
(sbMnGs) treated with gamma knife radiosurgery (GKRs).

methods: of the 98 consecutive patients with sbMnGs treated with GKRs between 1998 
and 2002, 6� were followed up for more than 48 months. the mean age of the patients 
was 50±2 years, the mean tumor volume was 6.5 cm� (0.5-18.4), the mean marginal dose 
was 12.6 Gy (7.0-20.0), and the mean follow-up duration was 77±18 months. the mean 
number of shots was 1�.7±�.8. the tumor volume was decreased at the last follow-up in 
28 (44.4%) patients, and increased in 6 (9.6%) patients. the actuarial tumor control rate was 
90.2% at five years. no notable prognostic factor related to tumor control was identified. 
ten (15.9%) patients with a cranial neuropathy showed unfavorable outcomes. the rate of 
improvement in patients with a cranial neuropathy was 45.1%. age>70 years was likely 
correlated with an unfavorable outcome in patients with cranial neuropathy (oR=0.027; 
p=0.025; 95% cI, 0.001-0.6�2). cavernous sinus location was independently associated 
with improvement of a cranial neuropathy (oR=7.�14; p=0.007; 95% cI, 1.707-�1.�4).

Conclusions: GKRs is an effective modality for the treatment of sbMnGs and provides 
favorable outcomes in patients with cranial neuropathy, even in the long-term follow-
up period. However, radiosurgery for patients with no or only mild symptoms should be 
performed cautiously because neither complication rate is low enough to be negligible, 
especially in elderly patients. a cranial neuropathy by MnGs involving the cavernous sinus 
seems to have a higher chance of improvement after radiosurgery than other sbMnGs.
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o2_P2-01 steReotactIc boDY RaDIotHeRaPY (sbRt) foR lIVeR Metastases 
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Introduction: the treatment of colorectal oligometastases in various localisations is often 
related to promising survival. We report the results from a single institution experience at a 
Danish university hospital on sbRt of liver metastases in patients with colorectal cancer. 

material and methods: We analysed the outcome of 8� patients with liver metastases 
from colorectal cancer treated in our department in the period 2000-2008 by sbRt with 
a central dose of 45 Gy in � fractions within 5-8 days. Most of the patients had hepatic 
progression after local treatment in form of hepatic surgery or radiofrequency ablation (Rfa) 
or after systemic chemo- or targeted therapy. sbRt was only offered to patients who were 
not amendable for surgical resection or Rfa.

results: after a median follow-up of 17 months the � and 5 year overall survival rates were 
2� and 8.5 %, respectively. the median survival was 22 months. In a subgroup analysis, 
the group of patients treated from 2004-2008 had a � year survival of 44% and a median 
survival �� months in comparison to the patients treated from 2000-200� who had a � year 
survival of 1�% and a median survival 15 months (p=0.002). there was a trend for better 
survival in patients with small tumors, but this was not significant.

Conclusion: In this group of highly pretreated and poor risk patients, sbRt for liver 
metastases offered promising outcome with a median survival of 22 months. Patients 
treated after 2004 had a better survival than patients treated in the years before. although 
the systemic treatment has changed, we believe that this is also a result of improved patient 
selection and treatment. sbRt should be part of the treatment of colorectal liver metastases, 
even in poor risk patients.
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o2_P2-02  Dose PlannInG In steReotactIc RaDIotHeRaPY of lIVeR tUMoRs 
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objectives: Dose planning constraints in stereotactic body radiation therapy (sbRt) of liver 
tumors is primarily based on liver volume after exclusion of the clinical target volume (ctV) 
estimated by ct-scanning. We have developed a method where the dose planning process 
takes metabolic liver function rather than volume into consideration.

methods: the present method is based on the carbohydrate galactose which is metabolized 
primarily in the liver and Pet/ct-scanning. 120 minutes prior to Pet/ct, a bolus of 
18fluorodeoxygalactose (18fDGal) is administrated as an intravenous bolus injection. Hepatic 
uptake and net metabolic clearance, K are quantified from time changes in 18fDGal-activity 
during dynamic scanning in 40 minutes. conventional contrast enhanced ct-scanning is 
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acquired simultaneously. Results from Pet/ct are compared to galactose elimination capacity 
as a measure of global liver function.

results: the 18fDGal Pet/ct procedure was developed in a pig model and has now been 
tested in 12 patients with a variety of liver diseases inclusive liver tumors of whom 5 patients 
had cirrhosis of the liver. Preliminary results show positive correlation between function and 
fDGal uptake. 18fDGal Pet/ct-scanning is now being tested as a dose planning procedure 
in patients undergoing sbRt for liver tumors. 

Conclusion and perspectives: Preliminary results show that dose planning for sbRt based 
on 18fDGal Pet/ct scanning in patients with liver tumors is feasible. Dose planning for 
radiotherapy in general and for sbRt in particular may in the future be based on combined 
physiological and anatomical imaging rather than anatomical imaging alone. 

Key refs:

1.  sørensen-M et al.: Hepatic uptake and metabolism of galactose can be quantified in 
vivo by 2-[18f]fluoro-2-deoxygalactose positron emission tomography. am J Physiol 
Gastrointest liver Physiol 295: G27–G�6, 2008.

2.  Høyer-M et al.: Phase II study on stereotactic body radiotherapy of colorectal metastases. 
acta oncol 45: 82�-8�0, 2007
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o2_P2-0� ResPIRatoRY lIVeR tUMoR MotIon ReDUctIon UsInG an 
abDoMInal aRc coMPRessIon DeVIce

martin Fuss (oregon Health & Science university, Portland, uSA)
apiradee srisuthep (2) Jayashree Kalpathy cramer (1) Warren D’souza (�)  
(1) oregon Health & science University, Usa (2) bhumibol adulyadej Hospital, thailand  
(�) University of Maryland, Usa                  

Purpose: to investigate how the use of an abdominal arc compression device impacts on 
respiration-induced liver motion as assessed by volumetric 4Dct imaging. 

materials: 15 patients with primary (n=1�), and secondary liver tumors (n=2) have 
undergone simulation for a course of sbRt using a novel abdominal arc compression 
device adapted to a clinically established double-vacuum whole body immobilization 
device (bodyfix, Medical Intelligence). the compression device consists of a carbon fiber 
arc, and a choice of abdomen compression plates that are placed caudal to the xyphoid 
on the anterior abdomen with the intent to restrict liver respiration motion. all patients 
underwent 4Dct imaging with and without the compression device in place; when no 
abdominal compression was used, the double vacuum was still utilized. target volumes 
were delineated in free breathing (fb) scans, 10 respiratory phases, and maximum-intensity 
projection (MIP) reconstructions. We assessed the range of tumor motion with and without 
abdominal compression in place, and compared planning target volumes typically used for 
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sbRt planning (PtVfb: GtVfb + 5 mm axial, 10 mm cranio-caudal; PtVMIP: internal target 
volume, ItVMIP + 5 mm). We also assessed patient tolerance.

results: among the patients studied, only 1 patient rejected the use of the arc compression 
for sbRt delivery. While the pattern of motion remained unchanged in 1�/15 cases studied, 
the range of motion differed significantly with a smaller range of target motion observed 
in 4Dct studies acquired with arc compression. PtVs derived from both fb and ItV target 
volumes were smaller in arc compression studies by up to ��% (mean PtVfb reduction 
7%, with 11/15 studies having a smaller PtVfb; mean PtVMIP reduction 14%, with 1�/15 
studies showing a smaller PtVMIP). 4Dct image-guidance, as routinely conducted in our 
institution, confirmed the consistency of tumor motion over the course of sbRt. 

Discussion: the studied addition of an arc abdominal compression device resulted in 
reduced liver tumor respiration-induced motion in the majority of patients. PtVs for planning 
were consequently smaller in volume by up to ��%. based on pre-treatment comparative 
assessment, 12 patients were treated using the abdominal arc compression device (1 patient 
refused despite assessed PtV reduction of 24%). the observed discrepancies between fb 
studies derived target volumes, and ItVs that fully incorporate the respiration motion 
envelope of a tumor, indicate the necessity to incorporate more advanced volumetric 
imaging tools when 
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o2_P2-04  clInIcal obseRVatIon of steReotactIc RaDIotHeRaPY on PatIents 
WItH PRIMaRY HePatocellUlaR caRcInoMa

Zhongkui Zhang (Systemic r-Knife Treatment Center Liuzhou People’s Hospital 
Liuzhou, China)
amsmedical@16�.com zhang (1) Hongjun liu (1) biao chen (1)   
(1) systemic R-Knife treatment center, liuzhou People’s Hospital, liuzhou, china                    

objective: to investigate the effect of stereotactic radiotherapy sRt© in the treatment of 
primary hepatocellular carcinoma. 

methods: 125 patients with primary hepatocellular carcinoma were treated with sRt. the 
treatment plan was made according to the tumor size, clinical targer volume ctV© and the 
performance status and therapeutic purpose. the dose was prescribed to the 50% -  80% 
isodose distribution areas. sRt was given � - 5Gy per fraction,  one fraction every day or 
every other day, with a total dose of �5 -50Gy. 

results: � months after the treatment, pain relief was achieved in 82.8% of patients. 90.9% 
of patients had negative afP or had their afP concentrations decreased. the Karnofsky 
performance scores were improved 52.0%. the 1, � and 5 year survival rates were 89.2%, 
64.2%  and 7.1% respectively in patients with tumors 5 cm. for patients with tumors 10 cm 
or ±  10 cm,  the 1, � and 5 year survival rates were 51.1% , 20.0%, 4.4% and 40.5%,1�.5% 
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and 0. for patients with diffusion hepatocellular carcinoma, the 1 year survival rate was 
20.0% and no patient survived 2 years after the treatment. the side effects were mild during 
and after treatment. 

Conclusion: sRt can give precise and high radiation dose to hepatocellular carcinoma 
without significantly increasing the damage to the surrounding tissues. the short term 
therapeutic effect of sRt in the treatment of hepatocellular carcinoma is satisfactory.

15:40 - 15:50  orAL CommuNICATIoN  
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o2_P2-05 ResUlts of steReotactIc tHe boDY RotatInG GaMMa sYsteM 
RaDIosURGeRY In coMbInatIon WItH tRanscatHeteR aRteRIal 
cHeMoeMbolIzatIon foR aDVanceD HePatocellUlaR caRcInoMa 
WItH PoRtal VeIn tUMoR tHRoMbosIs

Ding guangcheng (The Fifth Affiliated Hospital of Zhengzhou university, Zhengzhou, 
China)
Guangcheng, Ding (1) Xinzhou, Xia (1) Jian liu (1) Jiafu chen (1) liyuan Wei (1) PuxueWei zhao (1) 
Dehua Qin (1)  
(1) the fifth affiliated Hospital of zhengzhou University, china                    

Purpose: to analyze the recanalization rate for PVtt in the major protal vein (PV) or inferior 
vena cava (IVc) and treatment safety after stereotactic the body Rotating Gamma system 
radiosurgery followed by tace.

methods: from april 2002 to october 2006, thirty-two patients were enrolled in this study 
with PVtt, 10 in right IVc alone, single left IVc in 5, right and/or left IVc plus major trunk of 
protal vein in 17 (complex PVtt) . the mean dose of 42Gy (range �5 to 49Gy) was delivered 
at �.5Gy/fraction to the 60% isodose line covering the planning target volume, whereas 
a total dose of 49Gy was delivered at 4.1Gy/fraction to the gross target volume in 70% 
isodose line. the therapies to intrahepatic primary tumor included tace in 25 (10 before 
sbRt; after sbRt in 15). the median follow-up duration was 10 months. the therapeutic 
effect was assessed by tumor regression for sbRt.

results: three to 6 months after treatment, of the �2 patients, the tumor thrombosis 
completely disappeared in 11 patients (�4.4%; 4 in right IVc; � in left IVc; 4 in complex 
PVtt), 8 patients (25%) had a partial response, 10 patients (�1.�%) had stable disease, 
and � patients (9.�%) had progressive disease, and the overall response rate was 59.4% 
(19/�2). the 6-month, 12-month, and 18-month overall survival rates were 88% (28/�2), 
44% (14/�2), and 19% (6/�2), respectively. the median survival time was 11 months (tace 
treatment before sbRt in 10.�; after in 11.5). all patient did not have severe deterioration of 
liver function during bRGs and tace.

Conclusion: In the current study, we concluded that stereotactic body rotating gamma system 
radiosurgery was superior treatment in terms of local control capability for portal vein tumor 
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thrombosis and was usefull to continue further tace treatment bacause bRGs did not make 
liver functioon worse, instead with a better of portal vein blood flow recannlization.

references:

1.  zeng zc, fan J, tang zY, et al. Prognostic factors for patients with hepatocellular 
carcinoma with macroscopic portal vein or inferior vena cava tumor thrombi receiving 
external- beam radiation therapy. cancer sci, 2008; 99(12): 2510-2517.

2.  sugiyama s, beppu t, tshiko t, et al. efficacy of radiotherapy for PV and IVc tumor 
thrombosis in unresectable Hcc. Hepatogastroenterology, 2007; 54(78): 1779-1782.
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o2_P2-06  caRDIac eMbolIzatIon of an IMPlanteD fIDUcIal MaRKeR foR 
HePatIc steReotactIc boDY RaDIotHeRaPY (sbRt)

David roberge (mcgill university Health Center, montreal, Canada)
Hooman Hennessey (1) tatiana cabrera (1) Valerie Panet-Raymond (1) David Valenti (1)  
(1) McGill University Health center, canada 

Background: In hepatic sbRt, reduction of normal tissue irradiation requires image-guidance. 
this is typically accomplished through imaging of a surrogate to the tumor. the surrogate 
is commonly an implanted marker. We have used platinum embolization coils for tumor 
localization in stereotactic liver radiotherapy. there are no reports addressing the specific 
risks of hepatic fiducial implantation. these risks are assumed to be similar to percutaneous 
liver biopsies which are associated with a 1-4% complication rate - almost always pain or 
bleeding. 

Case: an 81-year-old male 5 years post gastrectomy for a gastric adenocarcinoma was 
referred post second line palliative chemotherapy for sbRt of an isolated liver metastasis. 
It was decided to proceed with treatment and platinum fiducials were chosen for sbRt 
targeting. following local anesthesia, nester embolization coils (cook Medical Inc., 
bloomington, Indiana) were implanted under ct guidance. three coils were placed. Prior 
to the placement of each coil, the location of the tip of the delivery needle was confirmed 
by ct imaging. During the procedure, the third coil unexpectedly migrated through the 
hepatic vein to the inferior vena cava (IVc) and lodged at the IVc/right atrial junction. the 
patient remained asymptomatic. He was immediately referred to angiography for extraction 
of the coil. Using fluoroscopic guidance, an en snare Retrieval system (Hatch Medical l.l.c., 
snellville, Ga, Usa) was introduced through a jugular catheter, successfully grasped the 
coil and was removed. the patient was kept overnight for observation and no immediate 
or delayed complications were encountered due to the migration or retrieval of the coil. He 
subsequently went on to be treated using the remaining fiducials.

Conclusion: Implanted fiducials are increasingly used for sbRt. there is sparse literature on 
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the risks of such procedures. We report the first case of cardiac migration of an implanted 
hepatic fiducial marker.

15:00 - 15:10  orAL CommuNICATIoN  
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o2_P�-01 contRollInG MalIGnant MelanoMa centRal neRVoUs sYsteM 
MetastasIs WItH lInac steReotactIc RaDIosURGeRY (sRs). tHe 
sHeba MeDIcal centeR eXPeRIence

ouzi Nissim (Sheba medical Center, ramat gan, Israel)
Dror alezra (1) Raphael Pfeffer (1) Roberto spiegelmann (1)  
(1) sterotactic radiosurgery unit 

objective: to evaluate the efficacy of sRs in treating malignant melanoma brain 
metastases.

Introduction: Metastatic malignant melanoma is preceded only by lung and breast cancer 
in its central nervous system (cns) involvement. Higher disease incidence combined with 
prolonged survival, more meticulous screening and improved neuroimaging detecting 
multicentric involvement, has increased the identification of patients suitable for stereotactic 
radiosurgery.

methods: In the years 199�-2008, 697 patients with brain metastases were treated at 
our sheba Medical center- tel Hashomer lInac facility. of the 1�7 melanoma patients, 27 
patients (1� males, 14 females), aged 24-8� years, were treated recently, between 2006-
2008. Malignant melanoma diagnosis had been made 2-1�2 (median �6) months before 
sRs. thirty six treatment sessions were delivered to 75 brain metastases, measuring 0.08-81 
cc in volume. Up to 7 metastases (2 median) were treated at each session, up to 4 in the first. 
fourteen sessions were for a single lesion. four patients were treated thrice and one patient 
twice. When treated, 7 patients (25%) were asymptomatic from their intracranial lesions. 
nine patients (�2%) had prior surgical interventions and three (11%) received upfront whole 
brain radiotherapy (WbRt). With the exception of one patient with a brainstem metastasis, 
their KPs ranged from 90-100. Using 5 dynamic noncoplannar arcs and a mini multileaf 
collimator, a prescribed marginal dose of 20 Gy was delivered to each target. the brainstem 
lesion received 16 Gy. 

results:  Patients were first followed up 2 months post treatment clinically and with MR 
imaging and periodically thereafter as deemed. During the follow up period of of 0.5-26 
months (4.5 months median) 51 lesions were available for follow up. forty two (8�%) were 
controlled. the 1 year actuarial control rate was 78%. of the 9 (17%) enlarging lesions, 
� had imaging characteristics compatible with necrosis, all appearing within � months of 
treatment. two other patients had temporarily growing lesions that subsequently receded 
(one symptomatic for memory dysfunction).
one enlarging lesion necessitated surgical resection. eighteen (66%) patients died, a third of 
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them due to relentlessly progressive intracranial (including leptomeningeal) involvement.

Conclusions: stereotactic radiosurgery plays a central role in effectively controlling 
malignant melanoma cns metastases, lesions considered relatively radioresistant to 
conventional radiotherapy. still, relentless systemic and intracranial progression continues 
to lead to patent demise.

15:10 - 15:20  orAL CommuNICATIoN  
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o2_P�-02  bleeDInG fRoM MetastatIc bRaIn tUMoRs befoRe anD afteR 
GaMMa KnIfe RaDIosURGeRY

Hidefumi Jokura (Furukawa Seiryo Hospital, osaki, Japan)
Jun Kawagishi (1) Kazuyuki sugai (1) Kou takahashi (1)  
(1) Jiro suzuki Memorial Gamma House, furukawa seiryou Hospital, Japan  

Purpose: to analyze our experience of bleeding from metastatic brain tumors before and 
after Gamma Knife radiosurgery. 

materials and methods: Materials are 2174 patients (2897 treatment) with metastatic 
brain tumors treated by Gamma Knife Radiosurgery (GKRs) between november 1991 and 
february 2008. average number of tumor treated in a treatment was �.2 (1-22) and average 
peripheral dose was 2�Gy. all the patients stayed our hospital at the day of the treatment 
and leave the hospital the next day or in very few cases later on. follow up information 
including imaging study after leaving our hospital were available in 1��1 patients. bleeding 
was defined from MR and/or ct images that are compatible with blood accumulation within 
or adjacent to metastatic brain tumors. clinical information about type of onset etc. was also 
taken into account. 

results: bleeding form non-treated tumor was confirmed in 46 patients and bleeding from 
treated tumors was confirmed in 17 patients. bleeding from both non-treated and treated 
tumor was observed in another 5 patients. lung cancer was the most popular source of 
bleeding tumor due to its large denominator (�4 /1�47), but metastases from liver (�/11), 
melanoma (5/26) and kidney (15/114) bled more frequently. signs and symptoms showed 
the timing of bleeding from treated tumor clearly in 14 patients. four patients (0.18%) bled 
within 24 hours after GKRs and in which 2 patients died of the bleeding. another 4 patients 
(0.18%) bleed between one and �0 days after GKRs and one patient died of the bleeding. 
no bleeding more than �1 days after GKRs became direct cause of death. 

Conclusions: GKRs may have some influence on the occurrence of bleeding in acute stage 
after treatment. It is very rear phenomenon but it can be devastating when it happens. on 
the contrary, there is a possibility that rapid and powerful effect on regression of tumors by 
GKRs may have prevented bleeding from non-treated metastatic brain tumors.
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o2_P�-0� HoW lonG can GK RaDIosURGeRY/WbRt be PostPoneD bY MeDIcal 
tReatMent In lUnG canceR PatIents WItH bRaIn Metastases?

masaaki yamamoto (Katsuta Hospital mito gammahouse, Hitachi-naka, Japan)

Introduction: Recently developed chemotherapeutic agents and molecular targeting agents 
have shown remarkable efficacy for brain metastases (Mets) in some lung cancer patients. 

Patients: the author describes 54 lung cancer patients (26 females, 28 males, mean age; 61 
[range; 40-78] years), in whom shrinkage or disappearance of brain Mets was demonstrated 
after initiation of medical treatment. the pathology was adenocarcinoma in 40 patients, 
small cell carcinoma in 12, squamous cell carcinoma in two. Gefitinib was administered to 
�0 patients, cbDca+VP-16 to six, erlotinib, cbDca+PtX and cbDca+ cPt-11 to three 
each, cbDca+Doc and Doc to two each and other agents to six.

results: MR images taken 2-8 weeks after initiating medical treatment demonstrated 
disappearance of brain Mets in 22 patients and remarkable shrinkage in �2. excluding the 
five patients who died relatively early, further MR follow-up (4-24 months) showed cR in 27 
patients (50%), recurrence or development of new lesions in the other 22. therefore, GKRs 
was required in 18, WbRt in two and both in two. the mean/median further procedure free 
intervals were 15.0/12.� months.

Conclusion: Medical treatment using chemotherapeutic agents or molecular targeting 
agents was shown to be effective in some patients with brain Mets from lung cancers. 
However, meticulous MR follow-up is crucial during and, particularly, after discontinuation 
of chemotherapy.

15:30 - 15:40  orAL CommuNICATIoN  
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o2_P�-04  cases WItH lonG sURVIVal afteR GaMMa KnIfe RaDIosURGeRY 
foR bRaIn Metastases

Kazuhiro yamanaka (osaka City general Hospital, osaka, Japan)
Yoshiyasu Iwai (1) Masaki Yoshimura (1)  
(1) osaka city General Hospital, Japan   

the rate of long survival after treatment for brain metastases is low. We evaluated the 
patients with long survival of more than 5 years after gamma knife radiosurgery (GKs) for 
brain metastases.

We treated 1171 patients with brain metastases between January 1994 and December 200�. 
nineteen patients (1.6%) survived more than 5 years after the GKs. they include 10 men and 
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9 women, with a mean age of 56 (range �1-74). the median Karnofsky performance score 
was 90 (range 50-90). origins of the brain metastases were 12 from the lung and 7 from other 
locations and the histologies were 1� adenocarcinomas and 6 others. fourteen patients had 
solitary metastasis and five had multiple (range 1-4) lesions. additional treatments including 
GKs, craniotomy, or whole brain radiation therapy were carried out for recurrences or new 
brain metastases. Mean follow-up period was 85 months (range 60-140 months).

extracranial disease was controlled in 16 patients at GKs. the treatment for brain metastases 
were GKs alone in 7 patients, repeated GKs (+ whole brain radiation therapy) in 8 patients, 
craniotomy + repeated GKs in � patients. Median survival time is 116 months after GKs. 
seven patients died after 60-116 months after the first GKs and the causes of death were 
brain tumor in 1 patient, meningeal carcinomatosis in � patients, and the progression of 
extracranial disease in � patients. symptomatic radiation complications including large cyst 
formation or hemorrhage appeared in 4 patients �2-84 months after GKs.

though the rate is low, there are cases with long survival of more than 5 years after GKs 
for brain metastases. as there is a possibility of radiation injury even a long period after 
GKs, imaging follow-up has to be continued. In case of recurrence or symptomatic necrotic 
complications, proper selection of treatment will lead to long survival.

15:40 - 15:50  orAL CommuNICATIoN  
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o2_P�-05 steReotactIc RaDIosURGeRY alone foR olIGo-MetastatIc bRaIn 
Metastases--WHat Do RaDIosURGeRY PRactItIoneRs consIDeR 
aPPRoPRIate?

Jonathan Knisely (yale university School of medicine & yale Cancer Center,  
New Haven, uSA)
William castrucci (1) cary Gross (2) Veronica chiang (�)  
(1) Yale University school of Medicine, Department of therapeutic Radiology, Usa 
(2) Yale University school of Medicine, Department of General Internal Medicine, Usa  
(�) Yale University school of Medicine, Department of neurosurgery, Usa    

Purpose/objectives: the use of stereotactic radiosurgery (sRs) alone for oligometastatic 
brain metastases is becoming increasingly common, but no consensus exists as to when 
sRs alone would be appropriate. a survey was conducted to determine which factors sRs 
practitioners consider and emphasize in formulating a recommendation for sRs alone, 
and what physician characteristics are associated with recommending sRs alone for >5 
metastases. 

materials/methods: all physicians attending the 8th congress of the International 
stereotactic Radiosurgery society in san francisco in 06/2007 were asked to complete a 
questionnaire ranking 14 clinical factors on a 5-point likert-type scale (1=none; 5=very 
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strong) to determine how much each factor might influence a decision to recommend sRs 
alone for brain metastases. Results were condensed into a single dichotomous outcome 
variable of « influential » (4-5) vs. all others (1-�). the characteristics of physicians willing to 
recommend sRs alone for >5 metastases were assessed (univariate: c2; multivariate (MVa): 
logistic regression). 

results: 95 completed surveys were collected. 60.7% were academicians; 5�.7% were 
neurosurgeons; 7�.7% had >5 years of sRs experience; and 65.�% treated >�0 cases 
brain metastases/year with sRs. Most influential were KPs (78%), presence/absence of mass 
effect (76%) and systemic disease control (6�%). also important were metastases-related 
neurologic symptoms (56%) or unrelated neurologic disease (51%), metastases location 
(55%), size (45%), histopathology (40%) and radiographic appearance (20%), patient age 
(50%) and social situation (21%), and availability of additional useful chemotherapy (�8%). 
55% of respondents considered treating > 5 metastases « reasonable », including 77.1% of 
private practitioners vs. 44.4% of academicians (x 2, p= 0.002), 68.6% of neurosurgeons 
vs. �8.6% of radiation oncologists (p=0.00�), and 72% of Gamma Knife users vs. �4.9% of 
linear accelerator users (p=0.002). by MVa, neurosurgeons (p=0.0��) and Gamma Knife 
users (p=0.002) were significantly more likely to treat >5 metastases with sRs alone. 

Conclusion: no clear consensus exists for how many metastases are reasonable to treat 
with sRs alone or what factors should be used to assess candidate patients. People who are 
active sRs practitioners are likely to recommend sRs alone for patients with more metastases 
than the patients studied in randomized, controlled trials evaluating the relative roles of 
whole brain radiotherapy and sRs. further studies should confirm these findings and assess 
attitudes of referring physicians. 

15:50 - 16:00  orAL CommuNICATIoN  
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o2_P�-06  steReotactIc RaDIotHeRaPY UsInG noValIs foR sKUll base 
Metastases DeVeloPInG cRanIal neRVe sYMPtoMs

yoshimasa mori (Nagoya Kyoritsu Hospital, Nagoya, Japan)
chisa Hashizume (1) tatsuya Kobayashi (1) naoki Hayashi (1) Yuta shibamoto (2)  
(1) nagoya Kyoritsu Hospital, Japan (2) nagoya city Graduate school of Medicine     

skull base metastases are challenging situations because they often involve critical structures 
such as cranial nerves. stereotactic radiotherapy (sRt) can give high dose to the tumors 
sparing normal structures. 

We treated 14 cases of skull base metastases from other visceral malignant neoplasms. 
thirteen patients had neurological symptoms by cranial nerve involvement including optic 
nerve (4 patients), oculomotor (�), trigeminal (6), abducens (1), facial (�), acoustic (1), and 
lower cranial nerves (1). the interval between the onset of cranial nerve symptoms and 
novalis sRt was a half month to 7 months. fourteen tumors of 8 to 112 ml in volume were 
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treated by novalis sRt with 25 to 50 Gy in 5 to 14 fractions. the tumors were covered by 
90 to 95% isodose. 

Imaging and clinical follow-up has been obtained in 8 patients for 2 to 1� months after 
sRt. only one patient died from primary hepatocellular carcinoma 9 months after novalis 
sRt. all 8 metastatic tumors were locally controlled until the end of the follow-up time or 
patient death, though retreatment for re-growth was done in one patient. In 6 of 8 patients 
with cranial nerve deficits the symptoms were improved completely or partially. In all 6 
cases with cranial symptoms treated recently, though no follow-up imaging was obtained 
so far, somewhat improvement of cranial nerve symptoms were observed even during the 
treatment. 

novalis sRt is thought to be safe and effective treatment for skull base metastases with 
involvement of cranial nerves and it may improve cranial nerve symptoms quickly. 

16:30 - 16:40  orAL CommuNICATIoN  

O3_P1  Vascular Lesions 1 - AVM
room: Vista 1

o�_P1-01 lonG-teRM oUtcoMes of steReotactIc RaDIosURGeRY foR 
ceRebRal aVMs of eacH sPetzleR-MaRtIn GRaDe: coMPaRIson 
WItH sURGIcal oUtcoMes

Tomoyuki Koga (university of Tokyo Hospital, Tokyo, Japan)
shinmasa@ka2.so-net.ne.jp shin (1) Keisuke Maruyama (1) nobuhito saito (1)  
(1) University of tokyo Hospital, Japan     

Purpose: to evaluate the role of stereotactic radiosurgery (sRs) and microsurgery in the 
treatment of cerebral arteriovenous malformations (aVMs).

methods: the long-term outcomes were evaluated according to spetzler-Martin grading 
(sMG) for 625 patients with cerebral aVMs treated by sRs using gamma knife at our 
institute. the outcomes of sRs for sMG I and II aVMs were compared with the microsurgical 
outcomes for 220 aVM patients reported by Morgan et al.. for sMG III and IV aVMs, they 
were compared with the surgical results reported by spetzler et al.. 

results: the follow-up period after sRs was 1-215 months (median 6� months). the number 
of patients with sMG I, II, III, IV, and VI aVMs was 125, 211, 216, 41, and 27, respectively. 
the rates of angiographically confirmed obliteration were 90%, 91%, 88%, 75%, and 
87%, respectively, and the number of cases in which hemorrhages were observed after 
treatment was � (2%), 12 (6%), 17 (8%), � (7%), and 2 (7%). annual bleeding rates after sRs 
were 0.�%, 1.4%, 2.5%, 1.6%, and 1.8%, respectively before angiographically confirmed 
obliteration, and decreased to 0.�%, 0.6%, 0%, 0.6%, and 1.6%, after obliteration. Disease-
related deaths, all resulted from hemorrhages before nidus obliteration, were observed in 0 
(0%), 2 (1%), 4 (2%), 1 (2%), and 2 cases (7%), respectively. factors associated with higher 
mortality included multiple hemorrhages before sRs (p = 0.0006), lesions in the brainstem 
(p < 0.0001), and sMG VI aVMs (p = 0.0105). new deficits including the results of post-
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treatment hemorrhages was observed in 4 (�%), 1� (5%), 24 (11%), 5 (12%), and 2 (7%), 
and remained until the last follow-up in 1 (1%), 6 (�%), 15 (7%), 5 (12%), and 1 (4%), 
respectively. Morbidity of sRs was equivalent to that of microsurgery for sMG I and II aVMs, 
and lower for sMG III and IV lesions. some sMG VI lesions would be good indications for 
sRs, although mortality due to pre-obliteration hemorrhages still exists.

Conclusion: Morbidity related to sRs were lower than that of microsurgery for sMG III and 
IV aVMs and almost equivalent even for sMG I and II lesions. sRs was safe and effective 
and could be a good treatment of choice for patients with aVMs, especially sMG III, IV, and 
VI lesions.
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o�_P1-02  aneURYsMs assocIateD WItH aVM as a PossIble caUse of 
RebleeDInG afteR RaDIosURGeRY

yoshihisa Kida (Komaki City Hospital, Komaki City, Aichi Prefecture, Japan)
Yoshihisa Kida (1) toshinori Hasegawa (1)  
(1) Komaki city Hospital, Japan       

Purpose: flow-related aneurysms associated with aVM, were followed up after 
radiosurgery. 

Cases and methods: among 895 cases of aVM treated with gamma knife, there are 71 
cases (7.9%) associated with aneurysm, mostly flow-related. the treatments for these aVM 
with aneurysm were embolization (19), surgical resection (6), coil packing (4) and clipping 
of an in 2. the other cases were treated with radiosurgery alone. 

results: after gamma knife treatment, ans were subsequently shrank and disappeared 
concomitttently with aVM nidus. However 9 bleedings occurred during 2�56 months 
of follow-up, indicating a hemorrhage rate of 4.6%/year/case. two cases died of severe 
hemorrhage and another 2 cases were operated on just after bleeding. the hemorrhage rate 
is not so high when compared with that of aVMs without an. However there found several 
cases associated with apparent bleedings from ruptured ans.

Conclusion: since there are some rebleedings after radiosurgery in the relatively long 
latency period. ans are seemingly one of the cases of such bleedings. therefore endovascular 
occlusion or clipping of ans are recommended to decrease the risk of hemorrhage before 
radiosurgery. 
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o�_P1-0� contRIbUtIon of tecHnoloGIcal PRoGRess anD InflUence of 
InteR-oPeRatoR DIffeRence In GaMMa KnIfe RaDIosURGeRY foR 
aRteRIoVenoUs MalfoRMatIon

masahiro Shin (The university of Tokyo Hospital, Tokyo, Japan)
tomoyuki Kouga, (0) nobuhito saito, (0)      

Purpose: In microsurgical resection of cerebral arteriovenous malformations (aVM), success 
of the surgery largely depends on the skill and experience of the operator. on the other 
hand, in gamma knife surgery (GKs), there has been no study which legitimately evaluate 
those factors and it is still unknown whether the inter-operator difference influences in 
the treatment outcome or how much the experience of the operator or the technological 
progress is reflected on the outcomes.

method: since 1990, we have treated 621 aVM with GKs. Until now, each 5 neurosurgeons 
is in charge of it during a certain period (� to 6 years) one after another. In our department, 
the next neurosurgeon in charge received GKs internship from his predecessor for more 
than 6 months and then became a chief of GKs unit. the applied radiographic images were 
angiography alone (aG, 1990-1992) at first, then aG+ct (1992-2006), and aG+MRI (200�) 
progressively. the dose planning was initially made with KUla (manually superimposed on 
the images, 1990-1998), and then the computer software, Gamma plan (1998). since 2006, 
we introduced robotized automatic positioning system on irradiation. the influence of the 
factors related characteristics of aVM (patient’s age, sex, nidus volume, location, history of 
hemorrhage, type of venous drainage, maximum diameter) and the applied marginal dose 
are statistically corrected and the influence of 1) inter-operator difference, 2) the operator’s 
experience, and �) the progress of radiographic or radiosurgical technologies was assessed 
in obliteration rates (oR) and the risk of radiation induced neuropathy (RRIn).

results: oR was correlated with neither the operators’ factors nor technological progress. 
RRIn didn’t change among the operators but decreased in use of ct or MRI at dose planning. 
especially in aVM with maximum diameter >� cm, RRIn decreased in use of Gamma plan  
(p = 0.024�) and ct or MRI (p = 0.0�42). also, it reduced with the experience of the 
operator (p = 0.0178).

Conclusions: In oR of aVM after GKs, there was no difference among the operator and 
depending on the experience. the technological progress in dose planning contributed 
to reducing RRIn associated with GKs, and especially in aVM with larger diameters, this 
progress and the experience of operator in GKs can contribute to decreasing RRIn. We 
believe that further technological advancement will improve the outcome of GKs for aVM.
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o�_P1-04  tHe eVolUtIon of RaDIosURGIcal tReatMent of laRGe 
aRteRIoVenoUs MalfoRMatIons

gabor Nagy (royal Hallamshire Hosptital, Sheffield, united Kingdom)
Jeremy G. Rowe (1) Matthias W. R. Radatz (1) andras a. Kemeny (1)  
(1) Royal Hallamshire Hospital, United Kingdom       

objectives: large aVMs remain challenging and difficult to treat, reflected by evolving 
strategies that have developed from simple radiosurgical plans, to encompass embolisation 
procedures, and more recently staged volume treatments. to establish a baseline for future 
practice, we reviewed our past clinical experience.

methods: outcomes of 492 patients (567 treated) with radiosurgical treatment volumes 
greater than 10cc were analysed in terms of planning issues, previous embolisation and 
size.

results: from 1986 to 199� (157 patients) plans were simplistic, based on angiography 
using a median of 2 isocentres and a nominal marginal dose of 2�Gy covering 45-70% 
of the aVM (median volume 15.7cc). 7% of these patients had undergone embolisation 
before radiosurgery. four years later 27% of patients achieved obliteration, but 16.5% had 
developed persisting radiation induced side effects.
from 1994 to 2000 (227 patients) plans became more sophisticated, a median of 5 isocentres 
used covering 64-95% of the aVM (median volume 14.6cc) with a marginal dose of 21Gy. 
29% of patients had prior embolisation. obliteration rates were �1%; complications 12%.
since 2000 MRI has been used systematically in combination with angiography to treat 
18� patients. Median isocentres have increased to 7 with similar coverage (62-94%) of 
the aVM (median volume 14.�cc) and marginal dose 21 Gy. 2�% of the patients had prior 
embolisation. obliteration rates are better, 55%; and complications similar, 16%.
excluding the embolised patients, the improvement in planning have resulted in obliteration 
rates increasing from 28% to �6% and finally 6�%.
75% of the lesions 10-12cc treated with MRI-plan without pre-embolisation were obliterated 
with 7% morbidity, whereas obliteration was 60% for both 12-20cc and >20cc lesions, with 
18% permanent morbidity. However, temporary complications increased from 10 to 20% in 
the largest size group.

Conclusion: better visualisation of the aVM nidus with multimodality imaging has improved 
obliteration rates without changing morbidity. It is well recognised that prior embolisation 
can make interpretation of the aVM nidus more difficult, and this is reflected in our clinical 
results. embolised aVMs may of course be a selected subgroup particularly difficult to treat. 
staged volume radiosurgical treatments may offer a new strategy for these challenging 
aVMs. It will be important to see how results compare with this historical material. If staged 
radiosurgery offers an alternative to embolisation, it is particularly important to consider and 
plan the contributions of these different modalities in advance.
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o�_P1-05 staGeD-VolUMe RaDIosURGeRY foR ceRebRal aRteRIoVenoUs 
MalfoRMatIons: tHe MaYo clInIc eXPeRIence 

Bruce Pollock (mayo Clinic, rochester, uSA)
link.michael@mayo.edu link (1) Robert Kline (1) scott stafford (1) Robert foote (1) Paul brown (1)  
(1) Mayo clinic, Usa        

Introduction: to limit the radiation exposure to the surrounding normal brain, we performed 
staged-volume aVM radiosurgery for 2� patients between 1997 and 2007.

methods: Patients underwent a median of 2 procedures (range, 2-4). the median patient 
age was �5 (range, 10-60). nine patients (�9%) had suffered a prior intracranial hemorrhage 
(IcH). seven patients (�0%) had aVMs in deep locations. the spetzler-Martin Grades were 
III (n=8), IV (n=10), and V (n=5). the median aVM volume was 16.2 cc (range, 7.4-5�.�); 
the median modified Pollock-flickinger aVM score was 2.50 (range, 1.54-6.45). follow-up 
(median, 51 months) was censored at the time of last examination (n=15), additional aVM 
procedures (n=7) or death (n=1). 

results: twenty-one patients had imaging follow-up three or years after completion 
of staged-volume radiosurgery. angiographic obliteration was noted in 5 of 17 patients 
(29%); MRI obliteration was noted in 2 of 4 additional patients. explainable causes for non-
obliteration included inadequate aVM coverage (« marginal miss », n=4) and re-canalization 
of previously embolized aVM component (n=1). no patient bled between procedures. five 
patients (22%) sustained 10 IcH after staged-volume radiosurgery. three patients suffered 
significant neurologic deficits from the post-radiosurgical bleeds, one patient remained 
neurologically normal, and one patient died. the annual IcH rate was 9.5% for the first 
four years after radiosurgery compared to 10% in the four years preceding radiosurgery. no 
patient developed a radiation-related complication. five patients (22%) underwent repeat 
radiosurgery at a median of 46 months after radiosurgery. obliteration was documented 
in four of these patients by angiography (n=2) or MRI (n=2) after repeat radiosurgery. 
one patient had a radiation-related complication after repeat radiosurgery. final outcomes 
after radiosurgical management was complete obliteration without deficit (n=10, 4�%), 
complete obliteration with new deficit (n=1, 4%), incomplete obliteration without new 
deficit (n=8, �5%), incomplete obliteration with new deficit (n=�, 1�%), and dead (n=1, 
4%). two patients underwent later aVM resection (neurologically unchanged, n=1; dead, 
n=1). 

Conclusions: staged-volume radiosurgery of large aVMs is associated with a low risk of 
radiation-related complications but provides no clear protection from the future risk of IcH. 
More follow-up is needed to determine whether this technique improves outcomes for this 
difficult patient group. 
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o�_P1-06  tReatMent oUtcoMe of GaMMa KnIfe RaDIosURGeRY foR 
PeDIatRIc aRteRIoVenoUs MalfoRMatIons 

young Jin Lim (Kyung Hee university medical Center, Seoul, Korea)
seok Keun choi (1) Won seob seo (1)  
(1) Kyung Hee University Medical center, Korea        

object: to define the effectiveness of radiosurgery for the pediatric arteriovenous 
malformation aVMs, the authors evaluate the radiological and clinical outcome 

methods: between March 1992 and December 2007, 64 GKs were applied for 55 pediatric 
aVMs. We reviewed the clinical characteristics of 22 male and 27 female patients aged 11.4 
(range 4-18) after the gamma knife radiosurgery (GKs). among them, 2� patients could 
have been observed during the period of � years or more, we have evaluated radiosurgical 
results. 

results: Presenting symptom of 55 aVMs were bleeding in 46, seizure in �, headache in 5, 
others in 2. We applied mean marginal dose of 22.5(7.2-26.6)Gy to nidus of mean 2.9(0.1-
�8.4)cc. the niduses were �� in cerebral hemisphere, 9 in midbrain and thalamus, 8 in 
ventricular, 5 in cerebellum. 
twenty three patients could have observed continuously over� years (mean 51.4months: 
�6-151) and treated by mean 22.8 Gy dose on 2.4cc (0.2-7.4) nidus. angiographically 15 
(65.2%) aVMs were diffuse type and 8 (�4.8%) with compact type. on follow-up, there were 
bleeding in 2 cases; 8 year old female had blood at 4 years follow-up (2.6cc/marginal 18 Gy) 
and expired. another 5 years old female had ruptured at the next day of GKs (0.�cc/marginal 
25.2 Gy). as for symptomatic adverse radiation effect, two patients experienced at 1 and 
10 months respectively after GKs and one had suffered at 6 months after the 2nd GKs. 
after follow-up during the period of � years or more, complete obliteration rate was 52.2% 
(12/2�) four cases of aVMs were applied by 2ndary GKs. one patient had showed increased 
nidus in spite of radiosurgical treatment. 

Conclusion: Gamma knife radiosurgery could be an effective treatment option for the pediatric 
aVMs. but by the reason that the niduses of pediatric aVMs have mainly characteristics of 
diffuse type, de novo aVMs may be occurred or the radiosurgical target can be missed. 
therefore, in radiosurgery for pediatric aVMs, close and long follow-up than is essential. 
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o�_P2-01 cRanIal neRVe tRactoGRaPHY In RaDIosURGIcal tReatMent of 
ceRebelloPontIne anGle tUMoRs 

mojgan Hodaie (university of Toronto, Toronto, Canada)
Qixiang.chen@gmail.com chen (1) Michael tymianksi (1) abhijit Guha (1)  
(1) University of toronto, canada        

Introduction: Preservation of cranial nerves during the treatment of cerebellopontine (cP) 
angle tumors is a paramount concern. the anatomical relationship between tumor and 
surrounding cranial nerves (cn) is determined primarily using multiplanar, two-dimensional 
magnetic resonance (MR) imaging. novel methods of imaging analysis have been developed, 
including tractography, which involves analysis of MR diffusion tensor image (DtI) sequences 
followed by tract reconstruction based on fractional anisotropy (fa) values. We investigated 
the possibility of a) reconstruction of cP angle cn tracts using tractography; b) delineation 
of cP angle tumor volume using anatomical MR images and c) integration of these two 
imaging modalities to create a �D representation of the tumor and surrounding nerves. 

methods: � tesla diffusion tensor imaging (DtI) sequences for three patients with cP angle 
tumors were studied and cn tracts reconstructed using slicer software (na-MIc). all patients 
had a � tesla fsPGR anatomical MR study. tumor volume was contoured on anatomical 
images while tractography of the cranial nerves was performed using DtI sequences. the 
reconstructed cn tracts were then overlaid on the anatomical images, thereby creating a �D 
representation of tumor volume and surrounding cn tracts. �D and conventional MR images 
were then compared, looking in particular at a) ease of reconstruction of the cranial nerve 
tracts, and b) the presumed distortion of the cranial nerves as estimated on multiplanar 2D 
and reconstructed �D images.

results: compared with other softwares, cn tracts could be delineated easily using slicer. 
additionally, overlaying cn tracts onto anatomical images allowed detailed and accurate 
�D representation of the cn tracts and tumor. the trigeminal nerve was seen most robustly, 
with tracts extending distally to the Gasserian ganglion and visualization of postganglionic 
branches. the trigeminal nerve was frequently distorted medially and superiorly over acoustic 
tumors, a finding that was not obvious on 2D MR images alone. cn VII and VIII complex 
could be visualized surrounding the tumors and the flared-out fibers of VII could be coursed. 
the cisternal segment of cn VI could also be visualized up to its entry into Dorello’s canal.

Conclusions: �D representation of cn tracts surrounding cP angle tumors allows improved 
assessment of cP angle anatomy compared with multiplanar 2D images. this may allow 
safer delivery of radiation and potentially help minimize cn deficits after radiosurgery. 
further efforts are underway for integration of these imaging modalities in radiosurgical 
planning.
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o�_P2-02  tRactoGRaPHY of tHe tRIGeMInal neRVe afteR GaMMa KnIfe 
RaDIosURGeRY foR tRIGeMInal neURalGIa 

mojgan Hodaie (university of Toronto, Toronto, Canada)
Qixiang.chen@gmail.com chen (1)  
(1) University of toronto, canada         

Introduction: the radiosurgical target for the treatment of trigeminal neuralgia is typically 
the midcisternal, retrogasserian portion of the trigeminal nerve. Post treatment imaging 
using gadolinium-enhanced MR ranges between broad enhancement of the trigeminal 
nerve to no enhancement. We are interested in developing novel methods of imaging small 
intracranial fiber bundles using tractography. tractography involves analysis of MR diffusion 
tensor image sequences followed by tract reconstruction based on fractional anisotropy 
(fa) values. We hypothesized that the trigeminal nerve would show fa changes after 
radiosurgery, and studied the feasibility of using tractography to assess the trigeminal nerves 
after radiosurgery. In particular, we were interested to determine whether tractography can 
provide additional value in the assessment of the structural fibers of the trigeminal nerve, 
above that seen with gadolinium MR. 

methods: Pre and post treatment �t MR images in one patient with left sided trigeminal 
neuralgia pain were studied. the interval between the images was 1 month. the patient 
was treated with Gamma Knife radiosurgery consisting of 80 Gy to the 100% isodose line 
using a 4mm collimator. Post treatment gadolinium enhanced images were also performed. 
tractography of bilateral trigeminal nerves was performed using the slicer software (na-
MIc). the constructed tracts were overlaid onto the anatomical images to ensure the 
tracts adequately represented the course of the nerves. functional anisotropy values were 
calculated for both trigeminal nerves and compared before and after treatment.

results: tracts for the trigeminal nerve could be reconstructed with ease using the slicer 
software. Pre-treatment left trigeminal nerve had homogeneous fa values throughout 
its course. Post treatment fa values dropped significantly in the midcisternal portion. 
additionally, the medial, but not lateral aspect of the nerve showed very low fa values 
suggesting loss of anisotropy. fa values for the right trigeminal nerve did not change 
significantly. Post treatment gadolinium enhanced MR showed clear enhancement along the 
midcisternal portion of the nerve.

Conclusions: GK treatment results in marked changes in fa values in the trigeminal nerve. 
tractography appears more accurate than gadolinium MR in determination of effect of 
radiation on the trigeminal nerve. tractography can be a strong research tool in the study of 
trigeminal neuralgia, and may provide more detail on target location, temporal evolution of 
fa changes and correlation with pain relief and associated dysesthesiae.
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o�_P2-0� Dose-PlannInG foR MalIGnant bRaIn tUMoRs UsInG MR anD 
MetHIonIne Pet fUsIon IMaGes: tecHnIQUes anD PRelIMInaRY 
ResUlts 

masaaki yamamoto (Katsuta Hospital mito gammahouse, Hitachi-naka, Japan)
tadashi nariai (2) toshiya Momose (2) Yasushi nagatomo (1) bierta barfod (1) Yoichi Urakawa (1)  
(1) Katsuta Hospital, Japan (2) tokyo Medical & Dental University, Japan         

Introduction: Methionine (Meth) Pet has recently proven to be effective for diagnosing 
malignant brain tumors. However, Meth-Pet has seldom been employed in dose planning 
for GK radiosurgery because this imaging technique has not yet come into widespread use. 
few facilities have both the Met-Pet system and a GK unit.

Patients and Techniques: the authors describe 67 patients (77 GK procedures) who 
underwent GK radiosurgery for malignant brain tumors, using MR and Meth-Pet fusion 
images for dose planning, between July, 2005 and December, 2008. thirty-four patients 
had metastases, 29 malignant glioma and four had other lesions. Meth-Pet was performed 
�-�7 days prior to GK radiosurgery. at the time of dose planning, Meth-Pet images were 
fused with stereotactic 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 or not the lesion was enhanced on MR images. 

results: the most of the irradiated tumors appeared to be well-controlled on follow-up MR 
studies. Decreased uptake of Meth was shown on follow-up Pet studies although a limited 
number of patients were followed by means of Meth-Pet. 

Conclusion: although a final conclusion awaits further studies, these preliminary results 
suggest that GK radiosurgery using Meth -Pet and MR fusion images for dose planning 
might have certain benefits in managing patients with malignant brain tumors. 
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o�_P2-04  DYnaMIc obseRVatIon of IMaGInG In PatIents WItH loW-GRaDe 
bRaIn GlIoMas afteR tReateD bY GaMMa-KnIfe 

Zhongxi Li (The gamma Knife Center of Affiliated Hospital of xouzhou medical 
College, xuzhou, China)
zhongxi li (1) shouxin feng (1) bingwei zhang (1) Xueyong Wang (1) aijun Jiang (1)  
(1) the Gamma Knife center of affiliated Hospital of Xouzhou Medical college, china         

Purpose: to observe the features of dynamic variety of ct or MR imaging in patients with 
low-grade brain astrocytic gliomas after being treated by stereotactic radiation (gamma 
knife), and evaluate the therapeutic value 

methods: 85 cases with low-grade brain astrocytic gliomas have been treated single (small 
focuses) or separately by gamma knife from 2001.1 to 2007.12. Pathological changes had 
been partially cut in �2 cases before being treated. 12 cases displayed calcification in spots or 
strip shapes in ct. all pathological changes were not intensified or only slight intensification 
(not include linear edge intension after surgery) when enhanced. almost all diseases’ edges 
were not clear. single therapeutic doses were 12-20Gy. While the doses separate were about 
14-25Gy. and the time of callback ct or MRI is every �-6 months. the features of dynamic 
imaging variety after being treated by gamma knife are classified and described. the indexes 
about the big or small variety of the focuses and the occurrence rates of imaging features in 
different time are dealt with statistics. Multiple group contrasts adopt analysis of Variance. 
the contrasts before and after treatment use the chi-square test. 

result: about 85 cases were called back. the time to call on about �- 60 months, average 
25 months. there are 22 cases callback not less than 0nce, upwards twice 6� cases. about 
�, 6, 12, 24 and �6 months after treatment with Gamma Knife, mend rate of clinic symptom 
or body-sign about 69.4-40.6 %, p0.05. 

Conclusion: Gamma knife can kill effectively tumor cells, and stave tumors’ growth, but it 
couldn’t long time control border tumor cells’ growth and recrudesce. and it is important to 
evaluate the curative and to set down next therapeutic plans.
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o�_P2-05 clInIcal Use of MetHIonIne Pet foR GaMMa KnIfe RaDIosURGeRY 

Tadashi Nariai (Tokyo medical And Dental university, Tokyo, Japan)
bcD06275@nifty.com Yamamoto (2) toshiya Momose (1) Yasushi nagatomo (2) bierta barfod (2)  
Yoichi Urakawa (2) Kiichi Ishiwata (�) Kikuo ohno (1)  
(1) tokyo Medical & Dental University, Japan (2) Katsuta Hospital, Japan (�) tokyo Metropolitan Institute 
of Gerontology, Japan          
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Introduction: Methionine Pet (Meth-Pet) has recently been demonstrated to be effective 
for the diagnosis of various malignant brain tumors. However, this modality is seldom used 
for evaluating malignant brain tumor patients before and/or after radiosurgery because few 
facilities have the Meth-Pet system.

Patients and Techniques: the authors describe 122 patients who underwent Meth-Pet 
examinations (192 in tatal) for malignant brain tumor evaluation before and/or after GK 
radiosurgery between January, 2002, and December, 2008. forty-eight patients had 
malignant gliomas, 66 metastases and eight had other lesions. there were 58 females, 64 
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 images.

results: among the 48 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. GK radiosugery was performed in 
the remaining 44. 
Meth-Pet, conducted for evaluation of the irradiated lesions, showed increased enhancement 
on post-radiosurgical MR images, �-91 (mean/median; 21/17) months after GK radiosurgery 
in the 52 patients with metastases. Disappearance of Meth was demonstrated in 14 patients 
and significant Meth uptake in the other 24. the former 14 patients were carefully followed 
while the latter 24 underwent GK radiosurgery again.
Meth-Pet and MR fusion images were used for dose-planning in 6� patients.

Conclusion: While cannot draw any final conclusions until further studies have been 
conducted, these early results suggest that Meth-Pet might have certain benefits in 
managing patients with malignant brain tumors.
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o�_P2-06  DIRect ValIDatIon of atlas-baseD HIPPocaMPUs IDentIfIcatIon  

Pantaleo romanelli (Irccs Neuromed, Pozzilli, Italy)
fabio sebastiano (1) Joseph stancanello (2)  
(1) IRccs neURoMeD, Italy (2) Imaging laboratory, bracco Imaging, colleretto Giacosa, Italy         

objectives: the hippocampus is a crucial structure in the genesis of memory and is widely 
involved also in several cognitive disorders such as various forms of dementia and in 
epilepsy. an automatic procedure performing a volumetric analysis of the hippocampus can 
be of benefit in the study of the progression of cognitive decline as well as in the study of 
epileptogenesis. furthermore, this procedure can be useful to plan surgical and radiosurgical 
approaches to a diseased hippocampus.

methods: coordinates of hippocampus were obtained from the talairach and tournoux (tt) 
atlas and transformed into the coordinates of the Montreal neurological Institute (MnI) 
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atlas, creating a mask representation of hippocampus. the MnI atlas volume was non rigidly 
registered onto the patient magnetic resonance imaging MRI. this deformation field was 
then applied to the hippocampus mask, providing its location on the patient MRI. because 
hippocampus are easily identifiable on 1.5 t t2-MRI images, they were manually delineated; 
the coordinates of the centers of mass of the manually and automatically identified structures 
were compared. additionally, volumetric overlapping indices were calculated.

results: five patients were examined by this technique. all indices indicated a high level of 
agreement between manually and automatically identified structures.

Conclusion: these results not only confirm the accuracy of the method but also allow fine 
tuning of the automatic identification method to be performed.Volumetric analysis of the 
hippocampus can be useful in a wide variey of clinical and research tasks. 
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o�_P�-01 IntensItY-MoDUlateD RaDIatIon tHeRaPY (IMRt) VeRsUs 
steReotactIc RaDIosURGeRY (sRs) In sPInal tUMoRs - a HeaD 
to HeaD coMPaRIson betWeen tHe Most aDVanceD PlannInG 
tecHnIQUes  

Andrew Kanner (Tel Aviv Sourasky medical Center, Tel Aviv, Israel)
natans@tasmc.health.gov.il shtraus (1) shlomo alani (1) Dan schifter (1) Diana Matceyevsky (1)  
Haim tempelhof (1) benjamin W. corn (1)  
(1) tel aviv sourasky Medical center, Department of Radiation oncology, Israel          

Background: Radiation treatment of spinal and paraspinal tumors has been limited by 
the tolerance of the spinal cord. therapeutic options are restricted to surgically accessible 
lesions or the use of sub-optimal dosing of external beam irradiation. With new treatment 
technologies, like IMRt and extracranial sRs, higher radiation dose can be delivered to the 
target with the capability of sparing sensitive normal structure. this study compares the 
most advanced radiation techniques (IMRt and sbRt) for spinal tumor treatment.

methods: between 11/2007 and 07/2008 11 patients were treated for 12 spinal lesions. 9 
patients were female, median age was 47.� years and median KPs 90. the treated lesions 
included metastases and primary spinal tumors in varying spinal segments. treatment 
indications were tumor control and pain palliation. all patients had been treated with sRs 
using the synergy-s (elekta corp, crowley, UK) linear accelerator based system that enables 
the delivery of sophisticated stereotactic-based treatment with high-resolution multi-leaf 
collimation and volumetric image guidance (integrated cone beam ct, localization and 
positioning system). We retrospectively compared the sRs and IMRt treatment plans. sRs 
was planned using the �Dline, (eRGo++, elekta) for direct treatment planning. for IMRt 
planning, the same treatment target was planned using cMs Xio software (cMs, st. louis, 
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Mo). criteria for comparison were dose-volume histogram and tumor coverage. We compared 
normal tissue volume that was exposed during the treatment (peripheral dose volume). In 
addition the overall planning and (assumed) treatment duration was evaluated.

results: the median target volume was 8.1 cc (4.1-12.5cc). the sRs plan showed lower 
median target dose (5.�%, range �-�1%) and lower median dose (27.9%, range 6.6-27.2%) 
to critical structures (spinal cord, kidneys). the IMRt plan showed higher peripheral dose 
volume exposure for of �0.�%, 49.4% and 62.7% for the 10%, 20% and �0%, respectively, 
of overall exposed tissue volume. the planning and quality assurance duration for sRs 
was on average 75 minutes and for the IMRt plan 480 minutes. there was no significant 
difference in treatment time comparing both techniques.

Conclusion: sRs technique showed a higher and steeper gradient fall-off reflected by a 
more conformal tumor coverage and less exposure to normal tissue. sRs was less time 
consuming for planning and quality assurance compared to the IMRt. the treatment time 
was the similar for both techniques.
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o�_P�-02  InItIal assessMent of a noVel DeVIce foR IMaGe GUIDeD 
steReotactIc boDY RaDIosURGeRY  

Timothy Solberg (university of Texas Southwestern medical Center, Dallas, uSA)
Michael.speiser@Utsouthwestern.edu speiser (1) Paul Medin (1) Weihua Mao (1) lech Papiez (1)  
franz Gum (1)  
(1) Ut southwestern Medical center, Usa         

objectives: Recently, a new device dedicated to the delivery of stereotactic body Radiation 
therapy (sbRt) has been developed. the MHI-tM2000 (Mitsubishi Heavy Industries. ltd., 
tokyo, Japan) utilizes an inline 6 MV c-band lInac with Mlc, coupled with multiple image 
guidance capabilities, including an electronic portal imaging device (ePID) and two kV 
imaging devices with flat panel detectors, all integrated into a ring gantry. novel capabilities 
of the device include a +/- 60 degree « skew » rotation of the gantry about the vertical axis, 
and a gimbal providing treatment head pan-and-tilt for real-time tumor chasing. In this study, 
initial commissioning tests were performed in order to assess the physical characteristics and 
clinical capabilities of this device.

methods: to characterize the treatment beam energy spectrum, depth dose profiles and 
output factors were measured in a water phantom at field sizes of 2x2, 5x5, 10x10, and 
15x15 cm2. additionally, cross-beam profiles were measured to characterize field flatness 
and symmetry at depths of 1.5, 5, 10, 15, and �0 cm. In addition to symmetric fields, 
depth dose and off axis characteristics were measured for a 5x5 cm2 beam « tilted » 1.5 cm 
off the central axis using the gimbal mechanism. MU linearity, output stability with dose 
rate, and output stability with gantry angle were also evaluated. a commercial stereotactic 
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phantom (lucytM, standard Imaging, Middleton, WI) was used to assess end-to-end 
localization accuracy of the image guidance system (through a « hidden-target » test) and 
for a comparison of measured dose and dose distribution relative to treatment planning 
calculations.

results: Depth dose and relative output characteristics are similar to other dedicated 
radiosurgery linacs; flatness and symmetry are well within industry specifications. MU 
linearity, output stability with dose rate, and output stability with gantry angle all varied 
less than 1%. the percent depth dose characteristics of the « tilted » beam were within 2% 
of centered beam for all depths, suggesting that elaborate dose calculations may not be 
needed for tracking applications with motion on the order of 1-2 cm. the integrated image 
guidance systems provide sub-millimeter end-to-end targeting accuracy.

Conclusion: We have conducted preliminary commissioning and assessment of a novel 
device for image guided sbRt. Performance of the MHI-tM2000 is commensurate with 
modern stereotactic requirements. additionally, integrated 2D and �D imaging, tracking 
capabilities, and real-time feedback provide unique potential for developing advanced 
delivery techniques aimed 
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o�_P�-0� eValUatIon of MotIon & tReatMent accURacY WItH lIVeR tUMoR 
of RaDIosURGeRY UsInG a cYbeRKnIfe  

Weonkuu Chung (Konyang university medical Center, Daejeon, Korea)
Ghajung Kim, Korea (1) Jeongho Kim, Korea (1) chulki Min, Korea (1) sujung sim, Korea (1)             

Purpose: to quantitatively measure real-time tumor motion and to evaluate treatment 
accuracy during treatment of patients with liver tumors who underwent radiosurgery with 
the cyberKnife© Robotic Radiosurgery system using the synchrony© tracking method.

materials and methods: the study subjects included 24 liver tumor patients who underwent 
cyberKnife treatment in 64 sessions with the synchrony respiratory motion tracking system. 
the treatment involved inserting 4 to 5 acupuncture needles into the vicinity of the liver 
tumor in all patients using ultrasound guidance. a treatment plan was generated using 
the planning ct volume. the positions of the acupuncture needles were identified for each 
fraction by digitally reconstructed radiographs (DRR) prepared from the planning ct, and 
X-ray images recorded in real-time. the tumor motion was measured by the comparison 
of these images. furthermore, the accuracy of cyberKnife radiosurgery was evaluated by 
correlation errors between the real-time positions of the acupuncture needles and the 
predicted coordinates.

results: the maximum and the average translational movement of the liver tumor were 
measured 2�.5 mm and 1�.9±5.5 mm, respectively, from the superior to the inferior 
direction; �.9 mm and 1.9±0.9 mm, respectively, from left to right; and 8.� mm and  
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4.9±1.9 mm, respectively, from the anterior to the posterior direction. the maximum 
and the average rotational movement of the liver tumors were measured to be �.�0 and 
2.6±1.�0, respectively, for X (left-Right) axis rotation; 4.80 and 2.�±1.0, respectively, for Y 
(cranio-caudal) axis rotation; and �.90 and 2.8±1.10, respectively, for z (anterior-Posterior) 
axis rotation. In addition, the average correlation error, which represents the treatment’s 
accuracy was 1.1±0.7 mm.

Conclusion: In this study, real-time movement of liver tumors during radiosurgery could 
be recorded quantitatively and the accuracy of cyberKnife radiosurgery with the synchrony 
respiratory motion tracking system could be evaluated. on this basis, the decision of 
treatment volume in radiosurgery or conventional radiotherapy can be based, and useful 
information on the movement of liver tumors are provided. 

Key Words: liver tumor, Motion, cyberKnife, Radiosurgery, synchrony, Respiratory tracking 
system

17:00 - 17:10  orAL CommuNICATIoN  

O3_P3  Physics 1
room: mugunghwa 2

o�_P�-04  a noVel tecHnIQUe to MeasURe MotIon tRacKInG accURacY In 
RobotIc RaDIosURGeRY  

Stephen Humphries (rocky mountain Cyberknife Center, Boulder, uSA)
David D. taylor, Jr. (1)  
(1) Rocky Mountain cyberKnife center, Usa            

objectives: Robotic radiosurgery enables treatment of tumors that move with respiration. 
the synchrony system (accuray, sunnyvale, ca Usa) measures patient skin surface motion 
correlated with periodic x-ray imaging of target position to develop predictive models of 
target motion. the robot continuously adjusts linear accelerator (linac) position based on this 
model so that treatment beams remain aimed at the target. the objective of this study is to 
use an independent optical tracking system (ots) to measure motion tracking accuracy with 
different target / skin surface motion patterns.

methods: the ots rigidly fixes to the linac (cyberKnife, accuray, sunnyvale, ca Usa) and 
continuously measures its position and orientation with respect to a target array. a motorized 
phantom simulates respiratory motion of the target and skin surface. the phantom can be 
adjusted to introduce phase angle differences between target and surface motions. accuracy 
measurements were acquired with no motion, no phase difference and 10, 20, �0, 45 and 
60 degrees of phase difference. Measurement with full target motion with no motion 
tracking was also performed. Data from the ots was reconciled to produce time-correlated 
measurements of beam pointing error throughout a given treatment path.

results: Mean absolute targeting error for the no motion and no track cases was 0.6 mm 
and 7.7 mm respectively. for the in-phase trial mean targeting error was 0.6 mm. for the 
phase shifted trials (10, 20, �0, 45, and 60 degrees) mean targeting error was measured as 
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follows: 0.8 mm, 1.1 mm, 1.2 mm, 1.5 mm, and 1.4 mm. errors appear somewhat greater 
in portions of the cycle where target and markers are moving in opposite directions due 
to phase difference. computer animations of beams’-eye-view complement quantitative 
measurements revealing accuracy trends. analysis of total error readings in three dimensions 
does not show a strong directional bias. this indicates that while dose gradients would be 
blurred by beam pointing errors the overall distribution would not be offset.

Conclusions: a slight reduction in accuracy, albeit small compared to beam pointing error 
when no motion tracking is used, is seen with increased phase difference between surface 
marker and target motions. Use of the linac mounted optical tracking system enables 
continuous measurement of beam pointing, which reveals accuracy as a function of target 
and skin surface motion. this technique is useful in evaluating the complicated accuracy 
issues related to motion tracking.
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o�_P�-05 QUalItY assURance of a GatInG sYsteM baseD on InteRnal anD 
eXteRnal fIDUcIal MaRKeRs foR PatIents tReateD WItH sbRt  

Daniel Zucca (Centro Integral oncológico Clara Campal, madrid, Spain)
fernández-letón Pedro (1) Pérez Juan María (1) castro Pablo (1)  
(1) centro Integral oncológico clara campal, spain              

the present abstract summarizes the results obtained during the Quality assurance (Qa) 
done to a gating system based on the localization of some internal and external fiducial 
markers, previous to the clinical implementation of this type of treatments for patients 
treated with sbRt.

for this reason, two methods have been utilized for analyzing the dose administrated 
by a noValIs system, manufactured by brainlab (feldkirschen, Germany) during gating 
treatments. the first one, was the evaluation of the absorbed dose in an heterogeneous 
cavity equivalent to lung tissue measured with an ionization chamber inside a gating 
phantom called QUasaR test Motion assy, positioned at the treatment unit with the IR 
exactrac system, identifying some external markers reflective to IR radiation (body Markers) 
and locating the treatment isocenter (which was done to coincide with the effective point 
of the chamber) identified over two stereoscopic digital images obtained with the X-Ray 
exactrac system by the internal markers (Implant Markers) specified by the central electrode 
of the chamber.

the second method, was the comparison of the absorbed dose distribution on a coronal 
plane crossing the isocenter calculated on the tPs (iPlan Rt Dose) with the measures obtained 
with a 2D array detector type based on 729 ionization chambers placed over a QUasaR 
Respiratory Motion Platform, during a gating process, and without any movement.

the same was done radiating some pieces of radiochromic films (Gafchromic ebt) with two 
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small squared fields and considering three differents beam on areas during the respiratory 
cycle of the phantom.

the result we have found for the first method, has been a difference between the measures 
done considering gating and without movement of 0,4% for the prescribed dose, and for the 
second method, the comparison matrix obtained with 2D array for a gamma index of �% - � 
mm, has been of an absolutly 100% of interest points of agreement.

nevertheless, the comparison between the rest radiated film and the gated films shows how 
the value of the penumbra increases while the beam on area increases, achieving worse 
results for the gamma distribution.

the knowledge about how the gating process enlarges the physical penumbras of a rest 
field versus a gated field, makes it necessary for improving the delimitation margins of the 
PtV according to a more realistic value for the clinical penumbras of a treatment field.
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o�_P�-06  Use of a Gel PHantoM InteGRatInG a DIaMonD DetectoR 
anD a PIn PoInt caMeRa to cHecK tHe tReatMent Dose of 
RaDIosURGeRY cones, QUalItY contRol tHe tReatMent sYsteM 
PlannInG anD Dose calcUlatIon  

Jesus Davila (grupo De radioterapia oncologica gurve, Caracas, Venezuela)
laura aguirre (�)  
(1) Grupo de radioterapia oncologica gurve (2) Universidad central de Venezuela (�) Universidad de los 
andes, Venezuela              

Due to the need for a phantom for the practice of quality control in stereotactic radiosurgery 
treatments (sRt) intracranial, we build a model based on domestic gelatin [1] [2], because 
this is easy to handle and complies with the characteristics needed to be considered as a 
replacement tissue, to verify the exact correspondence of the dose is delivered to planning 
target volumes [�]. the main objective of this work is to acquire information of doses, the 
delivered dose radiation to the phantom with a conventional treatment plan and compare 
it with sRt doses calculated theoretically and that display the planning system (tPs). this 
action made sRt dose, using a 6 MV linear accelerator Varian clinac 2100 c / D along with 
the tPs brainlab using computed tomography images. the detectors are used: ionization 
chamber pin - point PtW (0015mm�) and PtW diamond detector (1 to 6mm�). the values of 
the density of the dummy gel was compared with the size and density of tissue to use these 
values to the attenuation of radiation. the results of the measurements in the detectors 
showed a similarity in the action with a maximum deviation of 4% in all measurements 
verified the correspondence between the dose measured and dose calculated and opening 
the possibility of using these phantom to include within the quality control programs of the 
our Department.
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o4_P1-01 ManaGeMent of DeeP seateD RecURRent cRanIoPHaRYnGIoMa bY 
PeRMInant steReotactIc InseRtIon of oMMaYa ReseRVoIR

Ahmed yahia rizk (Faculty of medicine, Zagazyg, Egypt)
Ibraheem Metwally (1)  
(1) zagazyg university, egypt 

craniopharyngioma is one of most common lesion in children, according to american 
national cancer Data base, over all incidence is 0,1� per 100,000 per year, but in children 
(age 0-14) it represented 4.2%.
craniopharyngioma has age bimodal peak one at 5-14 years in children and other at age 
65-67 years.
overall recurrence after surgery and radiotherapy ranged from 12.5 to 25.
Many cases further radiotherapy or surgery carry high risks.

Aim of the work: management of recurrent cystic craniopharyngioma to decompressing 
permanently by insertion of ommaya reservoir and aspiration in need and/or injection of 
bleomycen and test its effect .

material and method: 1� patients were included 7 children and 6 adult. 8 cases did 
external beam radiation and 5 did not.
all cases were in grade 4 and 5 according samii & samii 2000 classification.
the tip of ommaya Reservoir was inserted stereotacticcaly inside the cyst in all cases by 
leksell G arch in zagazyg functional surgery Unit .
Water tight test was done 7 cases showed no leak in whom bleomycin (bl) were injected,  
� children did radiotherapy only (Rt).
follow up was ended after 2 years during which aspiration of the cyst was done at any time 
re-inflate till reach the fixed minimal size which was reported as Very good as cyst size shrink 
>75%, Good shrink>50% ,fair and poor shrink < 50%.

results: according to method there were 7 children � did Rt only and 4 did bl only. there 
were 6 adult � did Rt only and � did Rt+bl.
Results showed that in children bl group was better 4 cases showed VG +G 100%),but Rt 
showed 2 cases G, 1 case f.
In adult cases, bl +Rt group showed better results � cases showed VG+G, but � cases of 
R t alone showed f results.
Presence of ommaya reservoir was very helpful to approach the cavity of cyst permanently 
at any time by simple maneuver for decompression or injection.

Conclusion: Intra-cystic ommaya insertion is very helpful to manage craniopharyngioma 
recurred after surgery and radiotherapy.
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bleomycine injection intra cyst showed very good result in controlling tumor tissue viability 
but more study may be needed.
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o4_P1-02  lonG-teRM ResUlts of RaDIosURGeRY In tHe tReatMent of 
PaRaGanGlIoMas (GloMUs tUMoRs)

robert Lieberson (Stanford Hospital And Clinics, Pleasanton, uSA)
Marco lee (1) John adler (1) scott soltys (1) Iris Gibbs (1) clara choi (1) steve chang (1)  
(1) stanford Hospital and clinics, Usa  

Paragangliomas are rare, slow-growing vascular lesions that arise from the chief cells of 
the paraganglia. they most commonly present in the middle ear (glomus tympanicum) and 
jugular foramen (glomus jugulare). We previously published the results of frame-based-
lInac or cyberKnife radiosurgical ablation in 18 patients with 21 lesions followed for a 
mean of 60 months. We now report the original 18 patients followed for a mean of 90 
months and an additional 17 lesions in 16 new patients. these �8 lesions, in a total of �4 
patients, have been followed for a mean of 60 months. Included are eight patients followed 
for more than 12 years. Patients were treated with doses ranging from 1400 cGy to 2700 cGy 
in one to three sessions. We retrospectively assessed patients for efficacy and radiosurgical 
complications. Most patients had failed at least one open surgical resection prior to 
radiosurgery. two patients experienced transient ipsilateral tongue weakness and hearing 
loss that subsequently resolved. one patient who was previously treated with external beam 
radiosurgery experienced transient ipsilateral vocal cord paresis. the remaining patients had 
unchanged neurological symptoms. all tumors remained stable or decreased in size by serial 
MRI exams. our results confirm that radiosurgery is safe and effective for paragangliomas. 
based on this experience we conclude that radiosurgery is superior to open surgical resection 
for recurrent paragangliomas. We believe that radiosurgery would be superior to open 
surgery as a primary treatment modality for some paragangliomas.

12:20 - 12:30  orAL CommuNICATIoN  

O4_P1  Benign Tumors 3
room: Vista 1  
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annabelle shrieve (1) Peter Jensen (1) lisa Hazard (1) Dennis shrieve (1)  
(1) Huntsman cancer Institute, Usa  

Approach: We review the long-term outcome of patients treated with intensity-modulated 
radiosurgery (IMRs) for parasellar lesions.

relevance: skull base lesions can be treated with either single fraction radiosurgery (sRs) 
or fractionated stereotactic radiotherapy (fsRt). our preference is to treat these lesions with 
sRs when feasible. linear accelerator sRs is usually delivered with dynamic conformal arcs 
(Dca) but IMRs is another option when proximity of the optic nerve and chiasm limit dose 
to these structures. 

Innovation: We describe our methods and results of IMRs for patients with parasellar 
lesions that we wished to treat with sRs but were concerned that dose to the optic nerve or 
chiasm might exceed our acceptable dose tolerances (8 Gy).

methods: sixteen patients with parasellar lesions that appeared to have more than 4 mm 
distance from the optic nerve and chiasm on standard MR imaging but were thought to be 
questionable candidates for radiosurgery due to concerns of dose to optic nerve or chiasm 
were considered for IMRs. Preprocedure plans were performed and analyzed. 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. Marginal doses were 15 to 20 Gy (median 15 Gy) to prescription isodose 
line of 80-100% (median 97%) delivered by 8-22 fields. long-term endocrine function, 
detailed opthalmological exam, tumor control, and patient survival were assessed.

results: eight patients have meningiomas and 8 patients have pituitary tumors (5 
nonsecreting, 2 actH secreting, 1 GH secreting). fifteen of 16 patients are alive with 
follow-up of 8.9 to 90.86 months (median �8.4� months). one patient died of breast cancer 
unrelated to the treated lesion. fifteen of 16 tumors are stable without radiographic or 
hormone tumor progression. one patient had progression of her actH secreting tumor 2 
years after treatment requiring repeat surgery and fractionated radiotherapy. In most cases 
the Dca plan precluded delivery of therapeutic dose without exceeding optic tolerance. IMRs 
allowed maximum doses of 20 to �1 Gy using the same optic apparatus dose restriction. 
there are no opthalamologic or endocrine complications to date.

Conclusions: IMRs can be used to deliver radiosurgery treatment to lesions near the optic 
apparatus when standard Dca sRs is not feasible. IMRs for parasellar lesions appears to be 
an effective and safe treatment option.
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o4_P1-04  MIcRoanatoMY-baseD RobotIzeD RaDIosURGeRY foR PItUItaRY 
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noriko tamura (1) Kotaro nakaya (1) Masahiro Izawa (1) takakazu Kawashima (1) Kosaku amano (1) 
tomokatsu Hori (1)  
(1) Department of neurosurgery, tokyo Women’s Medical University, Japan    

Background: skull base tumors, especially the cavernous sinus lesions, are generally difficult 
to treat by surgical removal, and radiosurgery has gradually been recognized as a treatment 
of choice. Gamma Knife radiosurgery (GKRs) is well-known to be the most accurate and 
precise radiosurgery for intracranial lesions. the surgeons are required to perform treatment 
with great anatomical knowledge, so that the treatment can be performed with the similar 
concept as microsurgery.

methods: In GKRs, thin sliced MRI is always performed as an pre-treatment examination. 
We added gadolinium enhancement to constructive interference in steady state or cIss (�D 
heavily t2-weighted) sequence. this provided us a lucid vision of neoplastic lesions and 
components of the cavernous sinus, and such important structures were easily distinguished. 
this technique was especially helpful in treating tumors extending into the cavernous sinus, 
by clarifying the anatomical relationships between tumors and important structures in the 
cavernous sinus (internal carotid artery, oculomotor nerve, and abducent nerve), Meckel’s 
cave and normal pituitary. Gamma Knife 4c with 0.1mm level of dose planning ability added 
more accuracy and precision to the treatment results.

results: eighty nine patients with residual or recurrent pituitary tumors in the cavernous 
sinus were followed more than 6 months. GKRs was performed by deliverying the average 
dose of 18.2 (12-25) Gy for non-secreting, and 25.2 (12-�5) Gy for secreting tumors, 
respectively. follow-up period was 18.2 (6-54) months in average. tumor control rate was 
96.6 (86/89 and shrinkage rate reached 64.0). three patients were poorly controlled, and 
all of them had cushing’s syndrome. one patient experience transient abducent nerve palsy 
after GKRs, but was completely recovered at 6 months follow-up.

Conclusions: our study is preliminary, and comparison with other treatment results is yet 
to be investigated. However, it was indicated that our original usage of MRI sequence is 
technically beneficial and will bring more benefits in the near future.
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o4_P1-05 tReatMent WItH HIGH MaRGInal Dose Is ManDatoRY on 
steReotactIc RaDIosURGeRY to acHIeVe lonG-teRM contRol of 
sKUll base cHoRDoMas anD cHonDRo-saRcoMas

Tomoyuki Koga (university of Tokyo, Tokyo, Japan)
sHIn-nsU@h.u-tokyo.ac.jp shin, (0) nobuhito saito, (0)     

Purpose: the purpose of this study was to evaluate the effect of stereotactic radiosurgery 
(sRs) for chordomas and chondrosarcomas of the skull base and to determine the optimal 
marginal dose to control these tumors.

methods: fourteen patients with histologically confirmed chordomas or chondrosarcomas 
underwent 16 sessions of sRs using gamma knife. the mean tumor volume was 12 cm� and 
the marginal doses ranged from 10 to 20 Gy (mean, 15 Gy). lower marginal doses of 12 
Gy on average (range, 10-12.5 Gy) was applied for 4 patients since they underwent prior 
fractionated radiotherapy, and partial treatment for which parts of tumors were excluded 
from planned target volume (PtV) because of their proximity to critical normal structures 
such as the optic pathway and the brainstem was applied for 5 patients. the whole tumor 
volume was covered with higher marginal doses of 18 Gy on average (range, 16-20 Gy) for 
6 patients. the mean follow-up period after sRs was 55 months. 

results: Progression free survival (Pfs) rates at 1, 2, and 5 years after sRs were 9�%, 
51%, and �4%, respectively. five-year Pfs rate for patients whose tumors were completely 
covered by PtV was 5� months and tended to be higher than that of 17 months for partially 
treated patients (p = 0.11). five-year Pfs rates for patients underwent sRs with higher and 
lower marginal doses were 60% and 14%, respectively, which were significantly different 
(p = 0.02�). tumor progression after partial irradiation mainly occurred from sites where 
delivered doses were reduced.

Conclusions: sufficient marginal dose at least 18 Gy appears crucial to obtain tumor control 
in case of chordomas. Proper combination with surgical resection to detach tumors from 
critical structures and to reduce tumor volume is necessary to completely deliver sufficient 
marginal doses to lesions at the time of sRs.
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o4_P1-06  ManaGeMent of olD cRanIoPHaRYnGIoMas WItH steReotactIc 
�2P IntRacaVItaRY IRRaDIatIon

Junzhao Sun (Navy general Hospital of Pla, Beijing, China)
tianzengmin@ vip.sina.com zengmin, (1)      

objective: the purpose of this study was to examine the results of �2P intracavitary 
irradiation in the treatment of old patients with craniopharyngiomas. Methods twenty-six 
old patients were treated with stereotactic �2P intracavitary irradiation. of 26 patients, 
12 received frameless stereotactic cystic fluid aspiration and phosphorus-�2 intracavitary 
irradiation, 14 received frame stereotactic cystic fluid aspiration and �2P intracavitary 
irradiation. among them,10 patients treated with gamma knife surgery in solid part of the 
tumors. Results the volume of stereotactic cystic fluid aspiration varied from 1.5 to 27ml 
(average 11.�ml). Visual acuity and fields improved in different degree postoperatively 
thesame day in 11 patients. no severe complications or related to the operation occurred in 
these patients. 22 patients were followed up from 12 months to 22years (mean, 46 months). 
4 patients were death. the actuarial tumor control rates were 8�.�% in 18 cases. of 10 
patients combination gamma knife surgery, 9 were followed up. the solid part of the tumors 
control rates were 88.9%.

Conclusion: old patients who cannot endure the craniotomy or has postoperative residual 
and recurrent craniopha -ryngiomas, can be treated with stereotactic cystic fluid aspiration 
and intracavitary brachytherapy for the cystic part. the solid part of the tumors can combine 
gamma knife surgery. It represents a simple, safe and effective method.

references:

1.  chung WY, Pan DH, shiau cY, et al. Gamma knife radiosurgery for craniopharyngiomas[J]. 
J neurosurg. 2000;9�[suppl �] 47¨c56. 

2. Hasegawa t, Kondziolka D, Hadjipanayis cG, et al. Management of cystic 
craniopharyngiomas with phosphorus-�2 intracavitary irradiation[J]. neurosurgery. 
2004;54(4):81�-822.

�. Julow J, lanyi f, Hajda M, et al. stereotactic intracavitary irradiation of cystic 
craniopharyngiomas with yttrium-90 isotope[J]. Prog neurol surg.2007; 20:289¨c296.

4.  chiou sM, lunsford lD, niranjan a,et al. stereotactic radiosurgery of residual or recurrent 
craniopharyngioma, after surgery, with or without radiation therapy[J]. neuro-oncology. 
2001,�(�): 159¨c166. 
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o4_P2-01 steReotactIc RaDIotHeRaPY foR JUXtaPaPIllaRY cHoRoIDal 
MelanoMa

Arjun Sahgal (university of Toronto, Toronto, Canada)
Htmkrm19@yahoo.com Krema (1) sohel somani (1) Wei Xu (1) Mostafa Heydarian (1)  
David Payne (1) Howard Michaels (1) Hugh McGowan (1) Rand simpson (1) normand lapperiere (1)  
(1) Princess Margaret Hospital, canada       

objective: to report the treatment outcomes and rate of complications following stereotactic 
radiotherapy for patients with juxtapapillary choroidal melanoma.

methods: a retrospective review was performed of 64 consecutive patients with 
juxtapapillary choroidal melanoma, located within 2 mm of the optic disc, treated with linac 
based stereotactic radiotherapy at Princess Margaret Hospital between october 1998 and 
January 2006.

results: Median age was 6� years. Median tumor height and maximum tumor diameter 
was 4.2 mm and 9.8 mm, respectively. the prescribed radiation dose was 70 Gy in five 
fractions over 10 days, and the median follow-up was �7 months. 
all patients were immobilized in the Gill-thomas-cosman relocatable head frame modified 
with an in-house eye monitoring device. treatment planning was accomplished using 
the Radionics XKnife-4®, and more recently XKnife Rt�®, software (Integra Radionics, 
burlington, Ma). Multiple converging non-coplanar arcs of radiation were used to achieve 
the best dose distribution using circular collimators ranging from 10-27.5 mm. 
Post-treatment, � patients developed local tumor recurrence and 8 patients developed 
systemic metastases. actuarial rates of local tumor control, metastases, and survival at �7 
months were 94%, 15%, and 90%, respectively. Rates of radiation-induced neovascular 
glaucoma, cataract, retinopathy, and optic neuropathy at �7 months were 42%, 5�%, 81%, 
and 64%, respectively. secondary enucleation was necessary for 10 patients, in 4 patients 
for tumor recurrence and in 6 for painful neovascular glaucoma.

Conclusions: stereotactic radiotherapy offers a non-invasive alternative to enucleation 
and brachytherapy in the management of juxtapapillary choroidal melanoma with a 
high tumor control rate, however, at the expense of a significant rate of long-term ocular 
complications.
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o4_P2-02  sInGle VeRsUs MUltIPle fRactIons of steReotactIc RaDIotHeRaPY 
In salVaGInG local faIlURes of nasoPHaRYnGeal caRcInoMa

Tsin Tien Daniel Chua (Queen mary Hospital, Pokfulam, Hong Kong)
firenzi14�@hotmail.com Wu (1) Kwan-ngai Hung (2) sherry ng (2)  
(1) sun Yat-sen University, china (2) Queen Mary Hospital, Hong Kong       

Background: Despite the improved outcome with modern radiotherapy and combined 
modality treatment, local failure is still an important cause of morbidity and mortality in 
advanced nasopharyngeal carcinoma (nPc). stereotactic radiotherapy has been employed 
in salvaging local failures using various fractionation schemes, but the relative efficacy of 
single (sRs) versus multiple (sRt) fractions is not known.

Patients and methods: a retrospective study was conducted and the records of nPc 
patients who received either sRs or sRt as salvage treatment were reviewed. Patients who 
received stereotactic radiotherapy as a planned boost after external radiotherapy and those 
with disease elsewhere were excluded. a matched-pair study design was adopted in order 
to select patients with comparable prognostic factors. a total of 86 patients were included 
in the study, with equal number of patients treated by sRs and sRt. all patients were 
individually matched for type of failure (persistent if within 6 months of 1st radiotherapy vs. 
recurrent if more than 6 months), retreatment t stage (rt1-2 vs. rt�-4), and tumor volume (5 
cc or smaller vs. 5.1-10 cc vs. larger than 10 cc). Median dose was 12.5 Gy in single fraction 
by sRs, and �4 Gy in 2-6 fractions by sRt. 

results: local failure-free rate was significantly improved in patients treated by sRt (�-year 
rate: 8�% for sRt vs. 51% for sRs, p=0.00�), but there was no significant difference in 
overall survival (�-year rate: 61% for sRt vs. 66% for sRs, p=0.�1). the differences in local 
control were mainly observed in patients treated for more extensive disease with tumor 
extended beyond the nasopharynx. there was no significant difference in local failure-free 
rate using either sRs or sRt in treatment of t1 recurrence. severe late complications occurred 
in ��% of patients treated by sRs and 21% by sRt group, including brain/brainstem necrosis 
(16% vs. 12%), mucosal necrosis (0 vs. 12%), and hemorrhage (5% vs. 2%). 

Conclusion: this retrospective study showed that sRt was superior to sRs in salvaging 
local failures of nPc, especially in those with more extensive recurrence (t2-4 recurrence). 
In patients with local failure of nPc, sRt is the preferred technique of reirradiation when 
compared when sRs.
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o4_P2-0� ValIDatIon of a PRoGnostIc scoRInG sYsteM foR locallY 
RecURRent nasoPHaRYnGeal caRcInoMa tReateD bY 
steReotactIc RaDIosURGeRY

Tsin Tien Daniel Chua (Queen mary Hospital, Pokfulam, Hong Kong)
Kwan ngai Hung (1) sherry ng (1)  
(1) Queen Mary Hospital, Hong Kong        

Background: selection of patients with local failure of nasopharyngeal carcinoma (nPc) for 
appropriate type of salvage treatment can be difficult due to the absence of comparative 
studies. the purpose of the present study was to validate a previously published prognostic 
scoring system for local failures of nPc treated by radiosurgery based on reported results 
in the literature.

methods: a literature search yielded � published reports on the use of radiosurgery as 
salvage treatment of nPc that contained sufficient clinical information for validation of the 
scoring system. Prognostic scores of 18 patients from these reports were calculated and 
actuarial survival rates were estimated and compared to the original cohort used to design 
the prognostic scoring system. the area under the receiver operating characteristic curve 
was also determined and compared in the current and original patient groups.

results: the calculated prognostic scores ranged from 0.�2 to 1.21, with 15 patients 
assigned to the poor prognostic group and � to the intermediate prognostic group. the 
actuarial �-year survival rates in the intermediate and poor prognostic groups were 67% 
and 0%, respectively. these results were comparable to the observed �-year survival rates 
of 74% and 2�% in the intermediate and poor prognostic group in the original reports. the 
area under the receiver operating characteristic curve for the current patient group was 
0.846, compared with 0.841 in the original group.

Conclusions: the previously published prognostic scoring system demonstrated good 
prediction of treatment outcome after radiosurgery in a small group of nPc patients with 
poor prognosis. Prospective study to validate the scoring system in other prognostic groups 
is currently being carried out in our institution.
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o4_P2-04  GaMMa KnIfe RaDIosURGeRY foR UVeal MelanoMas: teMPoRal 
VolUMe cHanGes anD lonG-teRM ResUlts

Won Seok Chang (yonsei university College of medicine, Seoul, Korea)
Won seok chang (1) Hae Yoo Kim (1) Jong Hee chang (1) Jin Woo chang (1) Yong Gou Park (1)  
(1) Yonsei University college of Medicine, Korea        

Gamma Knife radiosurgery (GKs) is now believed as a safe and minimally invasive treatment 
modality in uveal melanomas whereas enucleation has long been the traditional treatment 
in the past. the authors report the experiences about GKs for uveal melanomas between 
september 199� and December 2006.

twenty-seven patients with an uveal melanoma were enrolled in this study. they were 1� 
males and 14 females, and their mean age was 5�.4 (24-79) years. the mean tumor volume 
was 1.4 cc and mean marginal dose was �9.� Gy. the median follow up was 48 (20-120) 
months.

the mean volume change of tumor at 1 year after GKs was 19% decrease. tumor regression 
was achieved in 22 patients (81.5%) at 1 year after GKs. three-year survival rates was 
75%.

GKRs provides excellent local control of uveal melanomas with temporal volume decrease. 
We think that long term prognostic factors may be the age at diagnosis, tumor volume, and 
temporal volume change or not and it is necessary for more patients to be involved.

12:40 - 12:50  orAL CommuNICATIoN  

O4_P2  Head and Neck, Prostate
room: mugunghwa 1

o4_P2-05 IMaGe-GUIDeD steReotactIc boDY RaDIatIon tHeRaPY foR 
localIzeD PRostate canceR

Jin-Kyu Kang (Korea Institute of radiological & medical Sciences, Seoul, Korea)
chul Koo cho (1) seoung Yul Yoo (1) Mi-sook Kim (1) KwangMo Yang (1) HyungJun Yoo (1)  
chul Won choi (1) Young seok seo (1) Dong Han lee (1)  
(1) Korea Institute of Radiological & Medical sciences, Korea        

Purpose: the hypofractionated radiation therapy has therapeutic advantage due to 
radiobiological characteristics of localized prostate cancer. We report prospective phase 
I/II study of stereotactic body radiation therapy (sbRt) using cyberKnife for the localized 
prostate cancer focusing on its safety and feasibility.

methods and materials: between october 2002 and september 2007, forty-four patients 
having adenocarcinoma of localized prostate cancer (ct1c-�bn0M0) were treated with 
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sbRt using cyberKnife at Korea cancer center Hospital. five patients were in the low-risk 
group, 10 patients in the intermediate-risk group, and 29 patients in the high-risk group. six 
patients received �2 Gy in 4 fractions (biological equivalent dose was 87 Gy assuming a/b 
ratio 1.5), 29 patients received �4 Gy in 4 fractions (beD 97 Gy), and 10 patients received �6 
Gy in 4 fractions (beD 108 Gy). the early and late toxicities were scored using the Radiation 
therapy oncology Group (RtoG) toxicity criteria. the definition of biochemical failure was 
nadir Psa value +2 (Phoenix definition).

results: the median age was 69 years (range, 5� ?79), and the median follow-up duration 
was �1 months (range, 8 ?68). there were 6 acute and � late grade 2 urinary toxicities, and 
4 acute and 5 late grade 2 rectal toxicities. but there was no grade � or more treatment 
associated toxicities. Radiation dose was shown a predictor of grade 2 urinary and rectal 
toxicities (p-value=0.097). the 5-year overall survival rate (osR) and disease progression 
free survival rate (DPfsR) were 100%. the 5-year biochemical failure free rate (bneD) of low-
risk, intermediate-risk, and high-risk patients were 100%, 100%, 90.8%, respectively. there 
were no prognostic factors statistically influencing osR, DPfsR, and bneD.

Conclusion: even though this study has limitations of short follow-up duration and small 
cohorts, sbRt using cyberKnife for the localized prostate cancer is safe, well tolerated, and 
effective. We could obtain better results especially in the high-risk patients than any other 
studies.

12:50 - 13:00  orAL CommuNICATIoN  

O4_P2  Head and Neck, Prostate
room: mugunghwa 1

o4_P2-06  steReotactIc HYPofRactIonateD boDY RaDIotHeRaPY foR 
clInIcallY localIzeD PRostate canceR

giancarlo Beltramo (Head of Cyberknife radiotherapy unit, milano, Italy)
livia corinna bianchi, (0) lorenzo brait, (0) achille brgantin, (0) federica locatelli, (0) Donata tabadion, 
(0) Maria cristina locatelli, (0) Giovanni longo, (0)         

Purpose: the low alpha/beta ratio for prostate cancer, suggests a good response to 
Hypofractionation such as experimental data, high-dose rate (HDR) brachytherapy, and 
some experiences of hypofractionated ebRt, have already shown yielding high tumour 
control rates while maintaining an equivalent dose to normal tissues for late effects and 
reducing acute effects. cyberknife is currently being used as a monotherapy treatment for 
early-stage prostate cancer, and because of similar conformality and dose fractionation to 
HDR brachytherapy, local control and toxicity rates are expected to be similar. We tasted this 
hypothesis in men with clinically localized prostate cancer.

methods and materials: from July 2007 to December 2008, �0 patients with low 
and selected intermedie risk prostate cancer were treated with cyberknife stereotactic 
radiosurgery at our institution. the treatment regimen consists of a total dose of �8 Gy 
delivered at 9.5 Gy per fraction. three gold fiducial seeds were placed in prostate gland, 
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and to allow fiducial stabilization and resolution of swelling, prostate planning study was 
imaged 7 days after fiducial placement. ct and MRI t1-t2 scans will be taken for treatment 
planning. a foley catheter was place before ct and Mri scan to define the course of the 
urethra. after the treatment completion, the patients were evaluated by radiation oncologists 
or urologist every � months. Psa test was performed every 2-� months. self administered 
questionnaire, such as the International prostatic symptom score, was used to better define 
urinary function. toxicity was defined according to the Radiation therapy oncology Group/
european organization for Research and treatment of cancer (RtoG-eoRtc) acute and late 
radiation morbidity scoring system.

results: all patients were placed on a-blockade medication at the initation of their 
cyberknife treatment.
With a median time of a-blockers of 8 weeks, we observed an IPss increase from baseline 
to 6-14 points respectively with a tipically peaked at 2 week post cK. no urinary obstruction 
was observed to date. Rectal toxicity was mild and transiet with acute RtoG grade 1-2 
toxicity appearing by the 2 weeks. Rectal bledding was observed in 2 patients the following 
week the end of ck treatment. to date, no patients has experienced a Psa failure.

Conclusions: early clinical results are encouraging and we conclude that cyberknife robotic 
radiosurgery is a feasible non invasive method to deliver Hypofractionated radiotherapy for 
localized prostate cancer. 

12:00 - 12:10  orAL CommuNICATIoN  

O4_P3  Physics 2
room: mugunghwa 2

o4_P�-01 IMaGe-GUIDance In steReotactIc RaDIosURGeRY/RaDIotHeRaPY: 
tHe Role of 2D steReoscoPIc IMaGInG anD �D VolUMetRIc 
IMaGInG

James Tanyi (oregon Health And Science university, Portland, uSA)
Katie Kato (1) Martin fuss (1)  
(1) oregon Health & science University, Usa          

Purpose: stereotactic radiosurgery and radiotherapy (sRs/sRt) are characteristic of relatively 
large dose fractions and tight margins. their implementation necessitates precise and 
accurate targeting, especially to avoid high dose spillage to normal/critical structures. In 
this study, we assess the role of a 2D stereoscopic x-ray imaging system with six degrees of 
freedom (6D) robotic treatment couch movements (exactrac) for image-guided patient setup 
during intracranial sRs/sRt. the performance of the exactrac system is compared with a 
volumetric (�D) cone beam ct (cbct) imaging system.

methods: twenty intracranial patients, previously treated with frameless-based sRs/
sRt, were evaluated for this study. the exactrac system (brainlab) features an infra-red 
(IR) tV camera for �D localization and registration of 4–6 surface markers with respect to 
corresponding reference ct data, and stereoscopic x-ray imaging for the automatic matching 
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of daily images and digitally reconstructed radiographs (DRR). Patients were pre-positioned 
using lasers and radio-opaque markers (affixed on thermoplastic masks). kV images 
were acquired to perform autofusion on DRR for image-guided setup refinement. setup 
refinements were performed online and automatically with the aid of the 6D robotic couch. 
following online image-guided repositioning, cbct of the region of interest was acquired 
for image fusion on planning ct for image-guided verification. Differences in localization of 
the exactrac and the cbct systems were evaluated.

results: the mean three-dimensional isocenter shifts from external marks with laser guidance 
were -2.52+/-8.0 mm, 0.10+/-�.18mm, and 0.41+/-4.69mm, in the anterior-posterior (aP), 
superior-inferior (sI), and right-left (Rl) directions, respectively, with a mean couch rotation 
of -0.�7+/-1.70 degrees. the mean three-dimensional isocenter displacements from x-ray 
repositioning were 0.�0+/-1.12mm, 0.�6+/-0.97mm, and 0.00+/-1.26mm, in the aP, sI, 
and Rl directions, respectively, with a mean couch rotation of 0.00+/-0.05 degree. no 
obvious directional error bias was observed in the individual shifts observed within the 
standard three orthogonal aP/sI/Rl planes.

Conclusions: excepting residual displacements, mostly attributable to patient compliance 
within the thermoplastic mask, localization accuracy for of the exactrac system is equivalent 
to the accuracy of the cbct system. furthermore, the exactrac system, with its robotic couch, 
conveys an added advantage of increased patient throughput as well as the capability of 
intra-treatment image-guidance.

12:10 - 12:20  orAL CommuNICATIoN  

O4_P3  Physics 2
room: mugunghwa 2

o4_P�-02  eXactRac X-RaY 6D IMaGe GUIDance foR IntRacRanIal 
nonInVasIVe steReotactIc RaDIatIon tHeRaPY: coMPaRIson WItH 
KIlo-VoltaGe cone-beaM ct

Jinli ma (Fudan university Cancer Hospital, Shanghai, China)
Jinli Ma (1) zheng chang (2) zhiheng Wang (2) John P. Kirkpatrick (2) fang-fang Yin (2)  
(1) fudan University cancer Hospital, china (2) Duke University Medical center, Usa           

Purpose: several image-guidance options, including exactrac® X-ray 6 degree-of-freedom 
(6D) and cone-beam computed tomography (cbct), are integrated in novalis tx system, 
which can increase localization accuracy and reduce required safety margin, thus facilitating 
the application of high-precision stereotactic radiosugery (sRs) or stereotactic radiation 
therapy (sRt). However, there are several concerns which may impact the selection of 
optimal system in terms of efficiency, accuracy, and concern for radiation to patient, etc. 
there are currently no published data to compare the setup difference between exactrac® 
X-ray 6D and cbct. We herein perform this study to investigate and to compare the setup 
errors measured with exactrac X-ray 6D and cbct for patients receiving intracranial non-
invasive fractionated sRt.
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materials and methods: setup data for both exactrac X-ray 6D and cbct scans were 
collected at a novalis tx treatment unit for an anthropomorphic head phantom (8 pairs 
of scans) and 18 patients with cranial tumors (50 pairs of scans). the difference in setup 
errors between exactrac X-ray 6D and cbct were computed. the impact of rotations on the 
difference was evaluated by retrospectively analyzing the cbct data using offline 6D fusion 
in treatment planning system.

results: a modest difference in setup errors was found between exactrac X-ray 6D and cbct. 
translational setup errors measured with cbct were generally larger than those measured 
with exactrac. the root-mean-square (RMs) of the differences observed for translations was 
typically 

Conclusions: In this initial study with a modest number of patients, the setup difference 
observed was generally.

12:20 - 12:30  orAL CommuNICATIoN  
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o4_P�-0� oPtIMIzatIon of accURacY of IMaGInG In steReotactIc RaDIo 
sURGeRY PRoceDURes UsInG IMaGe fUsIon

Sajeev Thomas (National Institute of mental Health And Neuro Sciences, (Bangalore, 
India)
bhanumathi G (1) supe s s (2) Musthafa M M (�)  
(1) nimhans, bangalore, India (2) Kmio, bangalore (�) University of calicut            

Aim: the aim of this study is to compare the localisation accuracy of MRI & ct in stereotactic 
imaging through a simple method and to optimize the stereotactic Radio surgery procedures 
using image fusion technique 

objectives :

1. to compare the geometric accuracy of ct and MR imaging systems in streotactic Radio 
surgery 

2. to analyze and Verify the Image fusion techniques to optimize the localisation accuracy 
in stereo tactic Radiosurgery proced

Experimental method: In this study we used the MR images from 1.5 tesla MRI and 4-slice 
spiral ct –scan with the fiducial markers from the indicator boxes and quality assurance of 
images are performed before exporting the images to the planning system. In the planning 
system using the available tools maximum, minimum and mean errors in defining the 
images are measured and recorded for �0 patients and the images are fused with ct images 
as the reference image study and are used for planning. In both cases the co-ordinates of 
different isocenters are verified. by using the evaluation tool available in the gamma plan 
the distances from the center of the frame are measured for ct, MR and ct-MR fused images 
and the results are compared.
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simple test phantom is designed and constructed using thermocoal box and surgical capillary 
tubes filled with cupric sulphate solution and used for comparing the accuracy of results.
ct, MR data acquired using the same protocols used for image acquisition during regular 
stereotactic Radiosurgery procedures. Using the Data acquired Image fusion is performed 
and the results are compared with the images obtained from Magnetic Resonance Imaging 
and computed tomography Imaging systems. 

results: the ct image definitions showed less error compared to MR images. the fusion of 
MR images with ct images as reference image provides better accuracy than the application 
of MR images alone for gamma knife radio surgery procedures. 

12:30 - 12:40  orAL CommuNICATIoN  
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o4_P�-04  PRelIMInaRY stUDY on accURacY of a steReo caMeRa baseD 
QUalItY assURance sYsteM foR steReotactIc HeaD fRaMe

Siyong Kim (mayo Clinic, Jacksonville, Jacksonville, uSA)
siyong Kim (1) seungjong oh (2) Jin-Young Kim (2) Ju-Young Hong (�) tae-suk suh (2)  
(1) Department of Radiation oncology, Mayo clinic, Jacksonville, Usa (2) Department of biomedical 
engineering, catholic University of Korea, Korea (�) Department of Radiation oncology, Kangnam st. 
Mary’s Hospital            

objective: stereotactic radiosurgery is considered one of the precisest treatments because 
of its mechanical fixation of cranium using a stereotactic head frame (sHf). several studies 
(ref. 1-�), however, presented sHfs could be bent and/or displaced due to weight-bearing 
to the frame and/or patient position change, which might cause significant inaccuracy up to 
6 mm in certain circumstances. nevertheless, to our best knowledge, no clear mechanism 
of sHf Qa has been established. We are under development of a stereo-camera-based Qa 
system for sHf to check its integrity of shape and placement. In this preliminary study, a 
prototype of camera system was developed and its accuracy was evaluated.

method: the prototype of stereo camera system consists of two cMos cameras and 
a control computer. It was designed to measure �D coordinates of points from left-right 
image pair through camera calibration and triangulation. for system operation and image 
reconstruction, a software program was written in c. How accurately could the Qa system 
detect the amount of displacement of sHf was evaluated in two operation procedures, one 
with a grid pattern and the other with a circle pattern attached on the sHf. the sHf was 
intentionally displaced from 1 to �0 mm in three directions and detected by the camera 
system. 

result: the accuracy of stereo camera system with the circle pattern was within 0.5 mm 
when displacement was 5 mm or less, and 1 mm in all cases. With the grid pattern, it was 
slightly worse and within 1.5 mm in all cases. 

Conclusion: the prototype of stereo camera system developed in this study demonstrated 
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its potential of being applied for sHf Qa by providing within about 1 mm detection capability 
in the range of �0 mm translational displacement. further study on reliability, applicability 
on angular displacement and distortion, improvement of accuracy of the system will be 
continued. 

reference:

1.  R. Maciujnas et al. neurosergery �5, 682-695 (1994)
2.  t. Rohlfing et al., Proc. sPIe 4681, 516-526 (2002)
�.  H. treuer et al., Phys. Med. biol. 49, �877-�887 (2004)
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o4_P�-05 PRoGRess toWaRDs an IMaGe-GUIDeD steReotactIc sMall anIMal 
IRRaDIatoR 

Pidikiti rajesh (ut Southwestern, Dallas, uSA)
stojadinovic strahinja (1) Debu saha (1) Michael speiser (1) serguei seliounine (1) Kwang song (1) 
timothy solberg (1)  
(1) Ut southwestern Medical center, Usa             

objective: stereotactic body radiation therapy (sbRt) is a promising modality in the 
treatment of cancer. Despite success in early clinical applications and in subsequent clinical 
trials, there remains much to learn to understand and optimize the effects in tumors and 
normal tissues. systematic studies in pre-clinical models have remained elusive, due in part 
to the lack of sophisticated equipment necessary to provide precise stereotactic radiation 
delivery in mice and rats. We have developed a small animal irradiator with capabilities 
to deliver image guided stereotactic high dose irradiation in a manner that exactly mimics 
therapeutic stereotactic irradiation in humans. this device has been successfully applied to 
several tumor and normal tissue models.

methods: our small animal stereotactic irradiator utilizes a modular collimation system, 
consisting of brass apertures ranging in size from 1 to 15 mm in diameter, easily removed 
to facilitate image-guidance, and mounted to a commercial x-ray tube. a fluoroscopic panel, 
optically coupled to a ccD camera, provides high resolution / contrast images essential 
for accurate targeting. the irradiator is operated at �0 kVp for imaging, and at 250 kVp 
for therapeutic delivery. Digitally reconstructed radiographs (DRRs), obtained from micro-ct 
scans used in treatment planning, are used for target localization just prior to treatment. 
after localization images are acquired, an x-y stage is used to move animals into treatment 
position. to characterize the beam for dosimetric purposes, depth dose characteristics, cross 
beam profiles, and absolute dose rate, were measured for each collimator using Gaf chromic 
ebt film. 

results: operated at 250 kVp, the half value layer is approximately 0.7� mm cu. for a 5 
mm collimator, this results in a percent depth dose of approximately 86% and 54% at depths 
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of 2 and 5 cm respectively. cross beam measurements demonstrate a penumbra (80% to 
20%) of approximately 1.5 mm. Measured dose rates vary from 5.6 Gy/min to 8.� Gy/min 
across the range of collimator sizes. localization capabilities on the order of 1 mm have 
been demonstrated through phantom studies and further validated the application in an 
orthotopic lung tumor model in rats. 

Conclusion: We have developed and tested a small animal stereotactic irradiator, which 
uses image guidance to provide advanced localization capabilities commensurate with 
precise targeting. the device has excellent dosimetric characteristics, importantly, sharp 
beam profiles and high dose rate, and has been successfully deployed in a number of 
experiments.

12:50 - 13:00  orAL CommuNICATIoN  
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o4_P�-06  QUalItY assURance of sInGle fRactIon steReotactIc 
RaDIosURGeRY UsInG electRonIc PoRtal IMaGInG

Dean Inwood (Prince of Wales Hospital, randwick, Australia)
soo Min Heng (1)  
(1) Prince of Wales Hospital, australia             

Introduction: Pre-treatment quality assurance (Qa) of single-fraction sRs at the Prince of 
Wales includes a check of the cone target position relative to the brown-Roberts-Wells 
(bRW) reference system. Until recently, this was done using pre-treatment aP and lateral 
double-exposed films digitised using a summagraphics summasketch® Plus for analysis by 
a Radionics, Inc scs1 Model 1-1900. this method is sub-optimal, given that the amount of 
time and effort taken in acquiring, developing, digitising and analysing films requires the Qa 
to be completed well after treatment has started and often only after treatment has finished. 
In addition, any discovered error in the target position using this method can be attributed 
with equal validity to either an actual setup error or simply to movement of the film between 
exposures. following installation of a linac with an electronic portal-imaging device (ePID), a 
new method for determining the target location has been developed. this involves acquiring 
pre-treatment aP and lateral double-exposed electronic portal images and using them with 
a custom-developed software application to calculate the target position. 

methods: testing of the software application was performed by inputting coordinates from 
pre-acquired portal films that had been previously analysed using the scs1 and comparing 
the resulting target coordinates. to test system accuracy, portal images using both film 
and ePID were acquired for multiple target positions using the bRW reference frame and a 
custom phantom and analysed using the scs1 or software application.

results: the software application reproduced the scs1-calculated target position to within 
0.01 +/-0.005 mm. the effectiveness of the new ePID method was compared against the 
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John g. Wolbers (Erasmus university medical Centre, rotterdam, The Netherlands)
Pim Godefroy (1) christiaan bakker (2) alejandra Mendez Romero (2) anne Van linge (2)  
alof Dallenga (2) Peter nowak (2) 
(1) leiden University Medical centre, the netherlands  
(2) erasmus University Medical centre, the netherlands

Purpose: to assess quality of life and related symptoms in vestibular schwannoma patients 
after radiosurgery with marginal tumor doses of 12 Gy.

Patients and methods: seventy-two consecutive, newly-diagnosed patients with a solitary 
vestibular schwannoma underwent linear accelerator-based, homogeneous, low-dose 
radiosurgery between 2001 and 2007, all with marginal tumor doses of 1 x 12 Gy prescribed 
to the 80% isodose-line. a total of 66 patients were included in the study and 64 patients 
(97%) filled out a validated quality of life questionnaire. the median posttreatment follow 
up was �4 months (mean �5 months, range �-78 months). the median tumor diameter was 
17 mm (mean 17 mm, range 4 – 28 mm). 

results: the clinical tumor control rate (freedom from second treatment) was 100%. the 
imaging control rate was 98% after a median imaging follow up of �1 months (mean 
�4 months, range 4 - 64 months). all patients had non-serviceable hearing before the 
radiosurgery. Dizziness and tinnitus were present in 45 (70%) and 46 (72%) patients 
before treatment. after treatment the dizziness and tinnitus worsened in 2 (�%) and � (5%) 
patients, respectively. there were no patients with newly developed dizziness or tinnitus 
after treatment. facial nerve and trigeminal symptoms developed after treatment in 2 
(�%) and 4 (6%) patients, respectively. In one patient (2%) hydrocephalus occurred. the 
sf-�6 scores for social functioning and general health were statistically significantly lower 
when compared to healthy controls (p = 0.01 and p = 0.001, respectively). there was 
no significant correlation of sf-�6 scores and tumor size, dizziness, facial and trigeminal 
nerve symptoms or co-morbidity. tinnitus inversely correlated with physical-role functioning  
(p = 0.0�). 

Conclusion: low dose radiosurgery for vestibular schwannoma in this series offered good 
tumor control and favorable clinical outcome similar to other published reports. Quality of life 
after radiosurgical treatment was slightly impaired (2 out of 8 quality of life domains) when 
compared to the age-matched healthy controls, which is also in line with existing literature. 
there was no significant correlation between the quality of life outcome and disease-related 
symptoms, tumor size or comorbidity. 
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film and digitiser method using both the bRW system and a custom-made phantom and was 
found to be faster while of equivalent accuracy in determining the target position (mean 
RMs of 0.2 +/-0.1 mm vs. 0.� +/-0.1 mm). the shortened required time for completion 
of the Qa allows a transition from a post- to a pre-treatment check, and the new method 
eliminates ambiguity in the potential source of error of the target position. 

Conclusion: Moving from single fraction sRs Qa performed with film/digitiser to ePID 
images/software application is recommended due to advantages in workflow and patient 
safety without compromising accuracy. extension of this method allows verification of 
patient position within the frame.
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o5_P1-02  QUalItY of lIfe afteR fRactIonateD steReotactIcal 
RaDIotHeRaPY foR VestIbUlaR scHWannoMa

John g. Wolbers (Erasmus university medical Centre, rotterdam, The Netherlands)
christiaan bakker (1) Pim Godefroy (2) alejandra Mendez Romero (1) anne Van linge (1)  
alof Dallenga (1) Peter nowak (1) 
(1) erasmus University Medical centre, the netherlands  
(2) leiden University Medical centre, the netherlands 

Purpose: to assess quality of life and possibly associated deficit in patients with vestibular 
schwannoma after fractionated stereotactical radiotherapy (sRt).

Patients and methods: 96 consecutive, newly-diagnosed patients with a solitary vestibular 
schwannoma underwent sRt between november 2000 and January 2008 with marginal 
tumour dose of 54 Gy in �0 fractions prescribed at the 100% isodose-line. six patients died, 
not related to their vestibular schwannoma. a total of 90 patients were included in the 
study and 7� patients (81%) filled out the language-validated short form �6 quality of life 
questionnaire. the median follow up was �8 months (mean �7 months, range 5-96 months). 
the median tumour diameter was 22 mm (mean 20 mm, range 5-�5 mm). the median age 
of patients was 5� years (mean 54 years, range 25-85 years). 

results: the clinical tumour control rate (freedom from second treatment) was 99%. the 
imaging control rate was 89%. serviceable hearing (aao-Hns classes a-b) was lost in 7 
(10%) and improved in 1 (1%) patients after sRt. before treatment dizziness and tinnitus was 
reported in 21 (29%) and �7 (50%) patients, respectively. after treatment dizziness decreased 
in 7 (10%) patients; there were no patients with increase of dizziness. tinnitus worsened in 4 
patients (5%) and disappeared in 1 patient (1%) after treatment. one patient (1%) reported 
new tinnitus symptoms during follow-up. facial and trigeminal nerve symptoms developed 
after treatment in 1 (1%) and � (4%) patients, respectively. three (4%) patients needed a 
ventriculo-peritoneal shunt for their hydrocephalus during follow-up. 
the sf-�6 scores for social functioning, role physical functioning, mental health, vitality and 
general health were statistically significantly lower when compared to healthy controls (p 
= 0.01, p = 0.001, p = 0.02, p = 0.005 and p = 0.007, respectively). Within this group 
there was no significant correlation of sf-�6 scores and tumour size, facial and trigeminal 
nerve symptoms. tinnitus inversely correlated with mental health (p = 0.01) and dizziness 
inversely correlated with physical functioning (p = 0.01). the change of useful hearing did 
not correlate significantly with sf-�6 scores.  

Conclusion: sRt for vestibular schwannoma in this series with relatively large tumours 
offered good tumour control and favourable clinical outcome, especially in concern to 
hearing preservation. Quality of life was impaired (5 out of 8 quality of life domains) when 
compared to the age-matched healthy controls. 
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Peter Jgm Nowak (Erasmus university medical Centre, rotterdam, The Netherlands)
Rutger balvers  (1) bianca Rijken (1) alejandra Mendez Romero (1) anne Van linge (1)  
alof Dallenga (1) John Wolbers (1) 
(1) erasmus University Medical centre, the netherlands  

Purpose: We hypothesised that hypofractionation does not diminish clinical and MRI tumor 
control rates, nor increase complications, while preserving serviceable hearing.

Introduction: In our practice, patients with vestibular schwannoma (Vs) over �0 mm 
diameter and/or with useful hearing are advised conventional fractionated stereotactic 
radiotherapy (sRt), 54 Gy in �0 fractions. by hypofractionating ��,6 Gy in 12 fractions of 2.8 
Gy dosed on the 80% isodose line, the exposure to a low radiation dose of the surrounding 
brain is reduced. We retrospectively compared our results for both schemes on the following 
parameters: tumor volume, audiometry, neurological functions, including cranial nerves. 

Patients and methods: from 2000-2006 56 newly diagnosed patients were treated with 
the 12x2.8 schema and 25 patients with the �0x1.8 schema. all patients were treated via 
1 collimator shaped to the tumor at the 80% isodose line. the median follow-up in the 
hypofractionated group was �6 months (mean: �8, spread 12-6� months) versus �5 months 
(mean �5, spread 6-68 months) in the conventional group. the mean tumor volume in the 
hypofractionated group was �.29 ml (median 2.2�, spread 0.08-l�.19 ml) versus 16.99 ml 
(median 16.45, spread 5.94-29.�6) in the conventional group. follow-up visits were after 6, 
12, 24, �6 months and every 2 years after the third year.

results: clinical tumor control was 100% in both groups. Imaging tumor control was 
observed in 74% in the hypofractionated versus 92% in the conventional group. 

facial nerve function was preserved in all patients. facial synkinesis was observed in 2 
patients (�%) in the hypofractionated group and none in the conventional group. trigeminal 
neuropathy occurred in 2 out of 4� pre-treatment symptom free patients 4.6% in the 
hypofractionated group, versus 1 out of 18 (5.6%) in the conventional group. out of �9 
patients with aao-Hns class a-b, 16 ( 41%) retained serviceable hearing in the 12x2.8Gy 
group. for the �0x1.8Gy group we retained serviceable hearing in 7 out of 1� patients 
(5�%). 

Conclusion: Hypofractionation with ��,6 Gy in 12 fractions was less effective for imaging 
tumor control and preservation of serviceable hearing compared to conventional sRt. cranial 
nerve side-effects were similar and minor in both schemes.
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o5_P1-04  lIneaR acceleRatoR steReotactIc RaDIosURGeRY foR VestIbUlaR 
scHWannoMas. a RePoRt of 194 consecUtIVe cases

ouzi Nissim (Sheba medical Center, ramat gan, Israel)
Raphael Pheffer (1) Dror alezra (2) Roberto spiegelmann (�)  
(1) stereotactic Radiosurgery Unit, Israel   

objectives: stereotactic radiosurgery (sRs) has evolved to capture a central role in the 
treatment of patients with vestibular schwannomas (Vs). the contribution of sRs to patient 
management has brought conceptual changes in the approach toVs and has made sRs 
the preferred treatment modality for many patients. We present our experience with linear 
accelerator (lInac) dynamic arc-based sRs for treating Vs.

methods: between 199� and 2008, 400 patients had radiosurgery for Vs, at sheba Medical 
center lInac facility. In 200�, the conformal single isocenter, dynamic rotation paradigm 
was introduced. the 194 patients (96 males, 98 females), aged 24-85 (median 58) years, 
treated till 2008, represent the body of this communication.

non functional hearing was found in 54 % of the patients (8% with Gardner Robertson score 
of �). ninety two (47%) presented with tinnitus and 22% suffered from dysequilibrium. 

frameless MRI to stereotactic ct fusion was employed for target localization. Using four to 
five dynamic arcs, 12.5 Gy were delivered to the 80% isodose line enveloping the tumor. 
tumor volumes ranged from 0.02 to 11.6 cc (mean 1.6 cc).

results: one hundred eighty three patients were available for follow up more than 1 year 
after treatment. of these, 114 were followed up longer than 24 months, 62 more than �6 
months, and 41 patients more than 48 months (median 24, range 12-72 months). 

four tumors (2.1%) enlarged 24, 44, 48, and 55 months post treatment. the 24 month tumor 
control rate was 99%. at 4 years the actuarial control rate was 97.5%. treatment-associated 
morbidity included hearing loss in 61(71%) of the 85 patients with functional hearing prior 
to treatment, facial paresis in 5 (2.7%) patients (permanent in 1.6%; all appearing within 1� 
months of treatment), facial hypoesthesia in 11 (6%), and imbalance or dizzines in 14 (7.6%) 
patients. Hemifacial spasm (that was never followed by facial nerve palsy) appeared in 15 
patents, 4-20 (median 6) months after treatment, and resolved in 14 of them, after �-20 
(median 6) month duration.  

Conclusion: the ability of sRs to achieve high tumor control rates with low morbidity, are 
hereby confirmed. Hemifacial spasm was frequently observed as a transient phenomenon 
that left no sequela. longer follow up will clarify whether the dynamic arc paradigm diverges 
in outcome from previously designed lInac treatment constructs.
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o5_P1-06  lonGItUDInal assessMent of QUalItY of lIfe anD HeaRInG test 
oUtcoMes In VestIbUlaR scHWannoMa PatIents tReateD WItH 
GaMMa KnIfe steReotactIc RaDIosURGeRY

Sean Park (William Beaumont Hospital, royal oak, uSA)
Inga Grills (1) arturo Martin (1) Dennis bojrab (2) Daniel Pieper (�) Peter chen (1) ann Maitz (1) 
(1) William beaumont Hospital, Department of Radiation oncology, Usa  
(2) Michigan ear Institute, Usa (�) Michigan Head and spine Institute, Usa    

objective: to assess neurologic symptoms, quality of life (Qol) and hearing acuity for 
patients treated with Gamma Knife stereotactic radiosurgery (GKRs) for acoustic neuroma. 

methods: a prospective clinical follow-up algorithm was developed for patients undergoing 
GKRs as definitive therapy for acoustic neuroma at a single institution. this algorithm 
included patient questionnaires (sf-�6 health survey and hearing, dizziness, and tinnitus 
handicap inventories) and hearing acuity tests (Gardner-Robertson (GR) and american 
academy of otolaryngology (aao) scales) which were performed before and after GKRs 
at 1, �, 6, 12, and 18 months. 59 patients were treated with GKRs from December 2006 to 
november 2008. the median single fraction dose to the tumor margin was 12.5 Gy. Median 
patient age at treatment was 6� (range 26-88). the median tumor size and volume were 
1.� cm (range 0.1-�.�9 cm) and 0.�5 cc (range 0.026-4.6 cc), respectively; no patients had 
significant brainstem compression. 55.6% of patients had complaints of dizziness and 57.1% 
tinnitus prior to GKRs. 17.5% had facial nerve symptoms. at baseline, the mean (median) 
scores for the sf�6, hearing, dizziness, and tinnitus handicap inventories were 7� (84), �7 
(�4), 17 (8), and 2� (26), respectively. for hearing, GR and aao were scores were grade 2.5 
(2) and b (a), respectively. 

results: With a median follow-up of 15 months, statistically significant improvements in 
sf-�6 health survey results were noted compared with pre-treatment values (mean 87% 
vs 78%; p=0.0�8). In addition, a significant improvement in GR grade was noted at 1 
month compared to baseline with a mean of 4.7 vs 2.5; p=0.001. no significant differences 
were identified in aao scale, or hearing, dizziness, and tinnitus handicap inventories at 18 
months. a sub-analysis of those with pretreatment sf�6 score greater than 70 demonstrated 
significant improvement in hearing tests; GR at 1 month and aao at 6 month follow up.

Conclusion: In this study, treatment with GKRs for acoustic neuroma improved patient Qol 
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scores according to the sf �6 health survey while maintaining or improving baseline hearing 
levels. Handicap inventories for dizziness and tinnitus demonstrated that GKRs caused no 
significant increases in symptoms.
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o5_P1-07  VestIbUlaR eVoKeD MYoGenIc PotentIal (VeMP) In VestIbUlaR 
scHWannoMas tReateD bY GaMMa-KnIfe RaDIosURGeRY 

Cheng-Chia Lee (Taipei Veteran general Hospital, Taipei, Taiwan)
David Hung-chi Pan (0) Mao-che Wang (0) Kang-Du liu (0) Wen-Yuh chung (0) an-suey shiao (0) 
(1) neurosurgery (2) otology, taiwan     

Introduction: the vestibular evoked myogenic potential (VeMP) test showed abnormal 
results in 80% of vestibular schwannoma (Vs). although the sensitivity of VeMP was lower 
than that of abR test, it is useful in neurophysiology to classify the origin of Vs. besides, 
pure tone audiogram (Pta) and calori test give us additional information to differentiate the 
nature of Vs. In this preliminary study, we hope to study the VeMP in Vs treated by Gamma-
knife radiosurgery. 

Patients and methods: ten Vs patients was recruited, and we performed Pta, calori test, 
and VeMP. We defined �0db loss as abnormal Pta finding, canal paralysis (Jonkees¡_ formula) 
> 20% as abnormal calori test, and evoked potential ratio (ePr) >�0% as abnormal VeMP 
results. We also calculate the volume of tumors, to correlate the results of Pta, calori, and 
VeMP test. finally, compare pre-GKs and post-GKs VeMP (ePr) results. 

results: the Pta, calori test, and VeMP test showed abnormal results in 80%, 60% and 
60% Vs patients, respectively. Hearing impairment, tinnitus, and dizziness were happened 
in 90%, 70%, 60% Vs patients, respectively. Pta, calori test, and VeMP results were not 
correlated each other. the larger tumor, the more severe results in Pta, calori test, and ePr 
were found. the tumor volume can be calculated = -0.875 + 1.040*(Pta) + 2.�50*(calori 
test) + 2.175*(VeMP study) (p=0.06). finally, only calori test is progressing in first month 
follow-up, and other two tests (Pta, and VeMP test) had no evidence of progressing in first 
month followed-up after Gamma knife radiosurgery. 

Discussion: combined three tests can help us to differentiate the nature of tumors. the three 
tests are independent in the small volume of tumor, although all tests are abnormal in large 
volume of tumor. Post-GKs Pta, and VeMP study are not significantly worse. However, calori 
test is worse in short-term follow-up (1month post-GKs). our followed-up post radiosurgery 
is still in proceed, and need more time and patients to observe the outcome of the vestibular 
functional recovery. 
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o5_P1-08  PRoGnostIc factoRs of HeaRInG PReseRVatIon afteR GaMMa 
KnIfe RaDIosURGeRY foR VestIbUlaR scHWannoMa 

Jung-Il Lee (Samsung medical Center, Sungkyunkwan university School of medicine, 
Seoul, Korea)
Yongseok Im (1) Doo-sik Kong (1) Do-Hyun nam,(1) Kwan Park (1) Jong-Hyun Kim (1)  
(1) samsung Medical center, sungkyunkwan University school of Medicine, Korea      

the aim of this prospective study was to assess the prognostic factors associated with 
hearing preservation after gamma knife radiosurgery (GKRs) for vestibular schwannoma 
(Vs). twenty seven patients with unilateral Vs who had serviceable hearing underwent 
GKRs. there were 20 women and 7 men with mean age of 47.4 years (range 22- 76). the 
mean diameter of the lesion was 17.� mm (range 6.1-�0.0). the median marginal dose was 
12 Gy (range 11-15). the mean follow-up duration was �5.4 months (range 9-81). statistical 
analysis was done for the possible prognostic factors including pre-GKRs auditory brainstem 
responses (abRs), tumor diameter, Gardner-Robertson (G-R) classification, marginal dose, 
and cochlear dose. the probability of survival with serviceable hearing after GKRs was 
analyzed by using Kaplan-Meier methods.

tumor growth was controlled in 26 (96.�%) out of 27 patients. serviceable hearing was 
preserved in 15 patients (55.6%). the hearing preservation rate in the patients with normal 
abRs, G-R class I, and tumor diameter < 15 mm was 100, 61.1, and 91.7%, respectively. 
normal abRs (p = 0.004), G-R class I (p = 0.002), and tumor diameter < 15 mm (p = 0.0�8) 
were statistically significant prognostic factors related to favorable outcome. We suggest 
that physiological parameters (i.e. hearing level and abRs) are more important prognostic 
factors than anatomical or therapeutic variables (i.e. tumor size or radiation dose).
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o5_P1-09  RaDIosURGeRY foR VestIbUlaR scHWannoMa- MoRe tHan 5 YeaRs 
folloW-UP 

Do Hoon Kwon (Asan medical Center, Seoul, Korea)
Do Hoon Kwon (1) byung Duk Kwun (1) chang Jin Kim (1) Jung Kyo lee (1) Jeong Hoon Kim (1) 
(1) asan Medical center, Korea 

objectives: Radiosurgery for vestibular schwannoma is a first line treatment if the tumor 
volume is not large enough to compress the brain stem. this tumor has a benign nature and 
could recur long later after treatment, long-term follow-up is mandatory.
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this study was proceeded to define the tumor control rates, hearing preservation rates and 
complications among the patients who were followed more than 5 years.

methods: last 17 years, 286 vestibular schwannoma patients were treated with gamma 
knife radiosurgery in our institute. among them, 162 pts were followed more than 5 years. 
for these patients, tumor control rates, positive factors for tumor control were analysed. 
factors for recurrence and complication rates were also analysed. the time interval to decide 
tumor control is also analysed.

results: tumor control rates after gamma knife radiosurgery were noted in 155 among 
162 patients (95.7%). the strong positive factor for tumor control is a tumor volume. tumor 
recurrence was noted in 7 patients (4.�%) and also positive factor is a tumor volume. In two 
cases, tumor recurred within 1 year, one in 4 years, three were 5 years and one in 10 years 
after treatment. the time interval to decide tumor control is 6 years after radiosurgery except 
one patient. facial palsy after treatment was noted in 4.�%and finally in 1.2% and facial 
numbness was noted in 0.02%. servisable hearing was preserved in 70%.

Conclusion: Radiosurgery for vestibular schwannoma performed using current procedure is 
associated with high rates of tumor control and low rates of morbidity. 

08:30 - 08:40  orAL CommuNICATIoN  
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o5_P2-01 cURatIVe steReotactIc RobotIc RaDIotHeRaPY tReatMent foR 
eXtRacRanIal, eXtRaPUlMonal, eXtRaHePatIc, anD eXtRasPInal 
tUMoRs 

Joost Nuyttens (Erasmus mc, rotterdam, The Netherlands)    

Purpose: to investigate the results and the toxicity from curative stereotactic radiotherapy 
treatment with the cyberKnife for extracranial, extrapulmonal, extrahepatic, and extraspinal 
locally recurrent or solitary metastatic tumors.

methods and materials: twenty four patients with 26 tumors were treated with curative 
intention: 1� patients had a metastases in the paraaortic or pelvic lymphnodes. nine 
patients had a metastases elsewhere: in the belly (2 patients), retroperitoneal fat (1 patient), 
rib (� patients) and muscle (� patients). the primary tumors of these 22 metastases were 
gynecological and colorectal cancers, sarcomas, one stomach cancer, one melanoma and 
one pancreatic cancer. two patients had a metastases of an unknown primary tumor. four 
patients had an inoperable local recurrent rectal cancer or sarcoma. one patient with a 
metastases in the muscle was the only patient with other metastases but the metastases 
were not progressive. two patients were included twice because they developed a new 
metastasis several months after the treatment of the first one. PtV = GtV + 2-5 mm. the 
dose to the tumors varied from 10 fractions of 4 Gy up to � fractions of 20 Gy (median 
dose/fraction: 8 Gy; median number of fractions: 6), and depended on the proximity of 
bowel and the maximum allowed dose in the bowel of 6 Gy/fraction. the dose to the PtV 
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was prescribed to the 75-85% isodose line. the median follow up was 22 months (range, 
�-4� months). the median age was 61 years. the local control and disease free survival was 
calculated according to the Kaplan Meier Method.

results: the 2- and �-years local control was 91% and 91%, respectively. the 2 local 
recurrences of 2 large tumors were seen at the edge of the irradiation field. the 2- and �-
years overall survival was 76% and 52%, and the 2- and �-years disease free survival was 
41% and 27%. fourteen patients were diagnosed with new metastases. acute and late side 
effects were low and a total dose of �6 Gy in 6 Gy per fraction to the bowel did not result in 
RtoG grade �, 4 or 5 toxicity.

Conclusion: curative stereotactic radiotherapy treatment with the cyberKnife for extracranial, 
extrapulmonal, extrahepatic, and extraspinal locally recurrent or solitary metastatic tumors is 
feasible and results in an excellent local control. the maximum allowed dose to the bowel 
of �6 Gy in 6 Gy per fraction is a safe.

08:40 - 08:50  orAL CommuNICATIoN  
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o5_P2-02  non-RanDoM IntRafRactIon taRGet MotIons anD stRateGY of 
coRRectIon foR sPIne steReotactIc boDY RaDIotHeRaPY

Lijun ma (university of California San Francisco, San Francisco, uSA)
arjun sahgal (1) sabbir Hossain (2) cynthia chuang (1) Martina Descovich (1) alex Gottschalk (1)  
David larson (1) 
(1) Department of Radiation oncology, University of california san francisco, Usa  
(2) Department of Radiation oncology, sunnybrook odette cancer center, Princess Margaret Hospital, 
University of toronto, canada      

Purpose: to characterize the non-random intra-fraction target motions for spine stereotactic 
body radiotherapy (sbRt), and to develop a correction methodology based on the 
frequency of intra-fractional image-guidance. the dependence of the target motion, and 
the effectiveness of the correction strategy, for lesions of different locations within the spine 
were also analyzed. 

method and materials: Intra-fraction target motions for 64 targets, in 64 patients, treated 
for a total of 2�� fractions, as detected by the cyberknife intra-fractional stereoscopic x-ray 
image guidance system (accuray Inc. sunnyvale, california) were analyzed. based on the 
target location, the cases were divided into three groups, i.e., cervical (n=20), thoracic 
(n=20) or lumbar-sacrum (n=24) lesions. for each case, time-lag autocorrelation analysis 
was performed for each degree of freedom (Dof) of motion including translational (x-, y-, 
z- shifts) and rotational (roll, yaw, pitch) directions. the incidence of non-random target 
motions was compared for the three groups. a general correction strategy based on periodic 
interventions was also developed and tested to determine the optimal time interval required 
between two adjacent interventions to overcome the observed target motions. 
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results: non-random target motions were detected for 100% of cases regardless of target 
location. cervical spine targets were found to possess the highest level of non-random target 
motions as compared with thoracic or lumbar-sacral lesions (p< 0.0001). the correction 
strategy using periodic interventions was found to be effective in compensating for all target 
motions. the average time needed to maintain the target motion to within 1 mm translation 
or 1 degree of rotational uncertainty was 5.5 min, 5.9 min, and 7.1 min for cervical, thoracic, 
and lumbar-sacrum locations respectively (at 95% confidence level).

Conclusion: a high incidence of non-random target motions was observed during spine 
sbRt treatments. Periodic intervention at approximately every 5 minutes or less during 
treatment maintains this motion within a threshold of 1 mm or 1 degree.

08:50 - 09:00  orAL CommuNICATIoN  
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o5_P2-0� RaDIosURGIcal DecoMPRessIon of ePIDURal sPIne MetastasIs

Samuel ryu (Henry Ford Hospital, Detroit, uSA)
Jack Rock (1) Rajan Jain (1) Mei lu (1) Joseph anderson (1) JIan-Yue Jin (1) Mark Rosenblum (1)  
Jae Ho Kim (1) benjamin Movsas (1) 
(1) Henry ford Hospital, Usa       

Purpose: surgical decompression of metastatic epidural compression has been shown to 
improve ambulatory function. spine radiosurgery can accurately target the epidural tumor, 
and deliver high radiation doses for tumor control. therefore, a clinical trial was performed 
to quantitatively determine the degree of epidural decompression by radiosurgery of 
metastatic epidural compression.

Patients and methods: sixty-two patients with a total of 85 lesions of metastatic epidural 
compression were treated. epidural compression was diagnosed by magnetic resonance 
imaging (MRI) scans. Main criteria of inclusion were neurological status with muscle power 
4/5 or better. Radiosurgery was performed to the involved spine segment including the 
epidural mass with median dose of 16 Gy (range 12-20 Gy) in a single session. all patients 
had prospective clinical follow-up ranging from 1.8 months (median 11.5 months), and pre- 
and post-treatment imaging in �6 patients ranging from 2.� months (median 9.� months). 
the primary endpoints were epidural tumor control and thecal sac decompression.

results: the mean epidural tumor volume reduction was 65.4 % at 2 months after 
radiosurgery. the epidural tumor area at the level of the most severe spinal cord compression 
was 0.82.08 mm2 before radiosurgery and 0.41.06 mm2 after radiosurgery (p<0.001). 
thus, thecal sac patency improved from 55% to 76% (p<0.001). overall, neurological 
improvement or preservation was achieved in 84%. the radiosurgery procedure was non-
invasive and well tolerated. 

Conclusion: this study demonstrated a radiosurgical decompression of epidural tumor. 
While neurosurgical decompression and radiotherapy is the standard treatment in patients 
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with good performance, radiosurgical decompression can be a viable non-invasive treatment 
option for malignant epidural compression.

09:00 - 09:10  orAL CommuNICATIoN  
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o5_P2-04  toleRance of tHe sPInal coRD to steReotactIc RaDIosURGeRY: 
InsIGHts fRoM sPInal coRD HeManGIoblastoMas

Scott Soltys (Stanford university, Stanford, uSA)
Mdaly@stanford.edu Daly (1) clara choi (1) Moss Jason (1) lieberson Rob (1) adler John (1)  
chang steven (1) Gibbs Iris (1) 
(1) stanford University, Usa        

objectives: the radiation tolerance of the spinal cord to the dosimetry encountered in 
spinal stereotactic radiosurgery is unknown, largely due to the scarcity of reported radiation 
myelopathy from the major radiosurgical groups. Various spinal cord constraint parameters 
exist. for example, the spinal cord limit for RtoG 06�1 (spinal sbRt trial), from Ryu et.al., is a 
V10 (volume of spinal cord receiving 10Gy) of 10%, corresponding to a V10 of approximately 
0.6cc. the trials by Yamada (MsKcc) and chang (MDacc) limit the spinal cord maximum 
dose (Dmax) to 14Gy and 10Gy, respectively. RtoG 0618 (lung cancer sbRt trial) limits the 
cord to 18Gy in � fractions (single fraction biologically effective dose (sfbeD) of 11.�Gy, by 
the lQ model (a/b of �)). Herein, we retrospectively review the clinical outcomes and spinal 
cord dosimetry in our series of spinal cord hemangioblastomas, a histology traditionally 
treated aggressively by our group, with cord values often exceeding the above spinal cord 
parameters.

methods: spinal cord dose-volume histogram parameters were retrospectively calculated 
on treated patients. additionally, multi-session treatments were converted to sfbeD for 
comparison. clinical outcomes were recorded.

results: from June 2001 to July 2008, 26 pial-based spinal cord hemangioblastomas were 
treated in 18 patients with cyberKnife stereotactic spinal radiosurgery. Median tumor volume 
was 0.16 cc (range 0.06-2.49 cc). seventeen tumors were treated in a single session, with a 
median target dose of 20Gy (range 18-�0Gy). In this single fraction group, the median spinal 
cord Dmax was 22.4Gy (range 17.8-28.1Gy). Median V10 was 0.5cc (range 0.2-�.5cc), and 
V14 of 0.2cc (range 0.1-2.5cc). nine tumors were treated in multiple fractions with 18-25Gy 
delivered in 2-� fractions. the median sfbeD spinal cord Dmax was 1�.0Gy (11.�-18.2Gy). 
With 24 months median follow-up (0-78 months), no patient has experienced radiation 
spinal cord toxicity. 96% of lesions exhibited local control, with one requiring resection due 
to cyst progression.

Conclusions: Despite exceeding the currently cited spinal cord tolerance parameters, these 
patients experienced no radiation injury. In this group, a median single session Dmax of 
22.4Gy, V14 of 0.2cc and V10 of 0.5cc have been well tolerated. further investigation and 
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collaborative prospective collection of spinal cord DVH parameters by groups utilizing spinal 
radiosurgery are encouraged.
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o5_P2-05 steReotactIc RaDIosURGeRY foR tReatMent of sPInal 
Metastases RecURRInG In close PRoXIMItY to PReVIoUs 
IRRaDIateD sPInal coRD

Clara Choi (Stanford university medical Center, Stanford, uSA)
Jra@stanford.edu adler (1) steve chang (1) Robert lieberson (1) Iris Gibbs (2) scott soltys (2) 
(1) Department of neurosurgery, stanford University Medical center, Usa  
(2) Department of Radiation oncology, stanford University Medical center, Usa       

Purpose: as advances in cancer treatments have led to longer survival rates, the incidence of 
spinal metastases has been increasing. because normal tissue radiation tolerance prohibits 
re-treatment of previously irradiated spinal cord with tumoricidal doses of radiation using 
conventional techniques, local recurrence in close proximity to the previously irradiated spinal 
cord presents a treatment challenge. We evaluated the safety and efficacy of stereotactic 
radiosurgery (sRs) to treat spinal metastases recurring in the previously irradiated fields.

methods: We performed a retrospective review of patients whose spinal metastases 
recurred in the prior radiation field and were subsequently treated with sRs. fifty-one 
lesions in 42 patients treated from 2002 to 2008 met the inclusion criteria. all patients had 
undergone previous conventional fractionated radiation with a median spinal cord dose of 
40.0 Gy (range, 24.2-50.4 Gy). Median time to retreatment was 19 months (range, 2-219 
months). sRs was delivered to a median marginal dose of 20 Gy (range, 10-�0 Gy) in 1-5 
fractions (median, 2 fractions), targeting a median tumor volume of 9.95 cc (range, 0.2-
128.6 cc). Median spinal cord maximum total dose and dose per fraction from sRs were 
19.� Gy (range, 5.1-�1.� Gy) and 7.2 Gy (range, 2.9-19.� Gy), respectively. local control and 
overall survival rates were calculated using the Kaplan-Meier method.

results: With a median follow-up of 7 months (range, 2-47 months), the actuarial local 
control and overall survival rates at 6/12 months were 87% /7�% and 81%/68%, respectively. 
one patient (2%) experienced grade 4 spinal cord neurotoxicity 6 months following sRs. this 
patient had received prior radiotherapy to a dose of 40 Gy, followed by 20 Gy in 2 sessions 
of sRs 6 years later. additional review revealed no dosimetric cause for this patient’s clinical 
outcome; the spinal cord dosimetry was comparable to those with no toxicity. all of the 
deaths were due to progressive systemic disease. 

Conclusion: sRs is safe and effective in treatment of metastatic spine lesions recurring in 
previously irradiated fields. Moreover, fractionated sRs allows for safe treatment of target 
lesions located in close proximity to the previously irradiated spinal cord. further research is 
needed to better define the partial volume re-treatment tolerance of the spinal cord.
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o5_P2-06 clInIcal ResUlt of steReotactIc cYbeRKnIfe RaDIosURGeRY In 
IntRaDURal sPInal coRD tUMoRs

ung-Kyu Chang (Korea Cancer Center Hospital, Seoul, Korea)
chang-Hoon Rhee (1) suk-Que Park (1) sang-Min Yoon (1) 
(1) Korea cancer center Hospital, Korea          

Introduction: this study evaluated the cyberknife frameless image-guided radiosurgery 
system for the treatment of the intradural spinal cord tumors.

materials and methods: stereotactic radiosurgery with cyberknife system was performed 
in 18 intradural spinal cord tumors of 10 patients. five were male and five were female 
patients. the distribution of lesions was cervical cord level (9 tumors), thoracic cord level  
(� tumors) and cauda equina level (6 tumors). the mean radiation dose was 2281 cGy at cord 
level and 2172 cGy at cauda equina level. the pathology of the tumors was schwannoma 
(11 tumors), medulloblastoma (� tumors), hemangioblastoma (2 tumors), astrocytoma  
(1 tumor) and malignant schwannoma (1 tumor). the mean follow-up period was  
12.� months. the MRI follow-up was done at � month, 6 month, 12 month and 18 month. 

result: the size change of the tumor mass was observed in 9 tumors. In 6 tumors, the 
size decreased. In � tumors, the size deceased at first, but increased later. In 9 tumors, 
the size change was not seen. In clinical aspect, most of patients showed stable condition 
symptomatically. In 2 cases, radiating pain worsened and motor weakness progressed.

Conclusion: cyberknife radiosurgery can be a safe and effective treatment modality in the 
management of intradural spinal cord tumors.
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o5_P2-07 sPInal coRD toleRance foR steReotactIc boDY RaDIotHeRaPY

Arjun Sahgal (university of Toronto, Toronto, Canada)
lma001@gmail.com Ma (1) Iris Gibbs (2) Peter Gerszten (�) samuel Ryu (4) scott soltys (5)  
Vivian Weinberg (1) shun Wong (6) eric chang (6) Jack fowler (7) David larson (1) 
(1) University of california, san francisco, Usa (2) stanford University, Usa (�) University of Pittsburgh, 
Usa (4) Henry ford Hospital, Usa (5) University of toronto, canada (6) M.D. anderson cancer center 
(7) University of Wisconsin, Usa           

Introduction: Dosimetric data is reported on 5 cases of radiation-induced myelopathy (RM) 
post-stereotactic body radiotherapy (sbRt) to spinal/paraspinal tumors in patients with no 
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prior radiation. analysis per the biologic effective dose (beD) model was also performed. 

methods and materials: five patients with RM are compared to a subset of 19 patients 
with no RM post-sbRt. In all patients, the thecal sac was contoured to represent the spinal 
cord, and dose to the maximum point volume, 0.1 cc, 1 cc, 2 cc, and 5 cc volumes were 
analyzed. the normalized 2 Gy equivalent beD (nbeD) was calculated using an á/â =2 for 
late toxicity. nbeD at the specified volumes for each subset (RM subset and no RM subset) 
were compared using the t-test, and the anoVa test.

results: RM was observed at the maximum point volume with absolute doses of 25.6 Gy 
in 2 fractions (frx), �0.9 Gy in � frx, and 14.8, 1�.1, and 10.6 Gy in 1 frx. corresponding 
nbeD are 95 Gy2, 95 Gy2, 61 Gy2, 49.5 Gy2 and �4 Gy2, respectively. overall a significant 
interaction was observed between patient subsets and volume given the nbeD (p=0.000�). 
for individual volumes, a significant difference was observed for the mean and median 
maximum point dose using the nbeD model when comparing the no RM subset to the RM 
subset (mean nbeD= �6.4 Gy2 vs. 66.� Gy2 p=0.01, and median nbeD= �5.1 Gy2 vs. 59.1 
Gy2, p=0.04, respectively). at larger volumes no significant difference was observed. 

Conclusion: Dose to the maximum point volume should be respected for spine sbRt. a 
nbeD of approximately �0-�5 Gy2 to the thecal sac is safe, and given a single frx the dose 
threshold of 10 Gy is safe, posing a low risk of RM. In comparing the two subsets, dose to 
the maximum point volume was significantly different as compared to larger volumes and, 
therefore, suggest the human spinal cord is in fact an organ in series.
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o5_P2-08 sYneRGY-s sYsteM foR steReotactIc IRRaDIatIon sPInal tUMoRs-
PRelIMInaRY ResUlts

Andrew Kanner (Tel Aviv Sourasky medical Center, Tel Aviv, Israel)
Dansch@tasmc.health.gov.il schifter (1) natan shtraus (1) shlomo alani (1) zvi lidar (2)  
benjamin W. corn (1) 
(1) tel aviv sourasky Medical center, Department of Radiation therapy, Israel  
(2) tel aviv sourasky Medical center, Department of neurosurgery, spine Unit, Israel         

Introduction: Radiation treatment of spinal and paraspinal tumors has been limited by 
the tolerance of the spinal cord. as such, therapeutic options are restricted to surgically 
accessible lesions or the use of sub-optimal dosing of external beam irradiation. During the 
last decade, several systems have been developed to implement extra-cranial stereotactic 
image guided treatment delivering focused high dose radiation. 

materials & methods: synergy-s (elekta corp, crowley, UK) represents a linear accelerator 
based system that enables the delivery of sophisticated stereotactic-based treatment 
with high-resolution multi-leaf collimation and volumetric image guidance. the system is 
predicated on rigid, reproducible, non-invasive body fixation. We sought to determine the 
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applicability of this system to the irradiation of spinal tumors within a busy university-based 
practice. 

results: between 11/2007 and 07/2008, 11 patients were treated for 12 lesions. 9 patients 
were female, median age was 47.� years and median KPs 90. the treated lesions included 
metastases and primary spinal tumors in all spinal segments.
treatment indications were tumor control and pain palliation. our treatment protocols 
included single fraction treatment and fractionation treatments.
Median planning time was 75 minutes, and median treatment time per fraction was 25 
minutes. all patients tolerated therapy without acute complications. local control has been 
achieved in all cases, albeit at short median follow-up time of 7.8 months (1.9 -14.2 months). 
no acute radiation toxicity or new neurological deficits occurred during the follow up period. 
all patients with pain symptoms improved. three patients died of their systemic disease 
unrelated to the treatment (7.8, �.0 and 1.9 months after treatment).

Conclusion: the feasibility of delivering single and multiple fraction stereotactic spinal 
irradiation has been demonstrated. no unique difficulties were encountered as a function of 
the level of disease. although a head-to-head comparison was not performed, this approach 
is considerably less time-consuming than other image-guided systems (e.g., cyberknife).
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o5_P2-09  folloW UP ResUlt of cYbeRKnIfe RaDIosURGeRY In sPInal 
MetastasIs

ung-Kyu Chang (Korea Cancer Center Hospital, Seoul, Korea)
chang-Hoon Rhee (1) suk-Que Park (1) sang-Min Youn (1)  
(1) Korea cancer center Hospital, Korea           

object: the role of stereotactic radiosurgery for the treatment of intracranial lesions is well 
established. the experience with radiosurgery for the spinal lesions is more lacking. 
the authors performed cyberkinfe radiosurgery (cKR) to the metastatic spinal tumors. so we 
report the clinical result of spinal radiosurgery and discuss the clinical usefulness of spinal 
radiosurgery.

methods: the cyberknife is a frameless radiosurgery system based on the coupling of 
an orthogonal pair of x-ray cameras to a dynamically manipulated robot-mounted linear 
accelerator. We performed 12� procedures of cKR to 107 metastatic spine tumor patients. 
among them, 20 cases of breast ca, 17 cases of hepatoma, 8 cases of colon ca, 6 cases 
of renal cell ca, 9 cases of lung ca, 6 cases of cervix ca and �1 cases of other cancer are 
included. Involved spinal levels are cervical (18%), thoracic (4�%), lumbar (17%) and sacrum 
(22%). tumor volume ranged from 10.7 ml to �99 ml (mean 75.9 ml).
tumor irradiation dose was maintained at 800 to 5100 cGy (mean 2640 cGy).
cKR was done on outpatient base.
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In cases that pain was controlled, new neurologic symptom does not develop or radiological 
aggravation is not detected, the tumors were considered to be controlled.

results: Mean follow-up period of all patients was 1�.4 months. In breast cancer patients 
who were followed for average 24 months, only one patient showed recurrence after cKR. 
In hepatoma patients who were followed for 12.4 months, 14 out of 17 cases were 
controlled. tumor control rate was 85% (colon ca), 80% (lung ca), 72% (renal cell ca), 79% 
(cervix ca) and 82 %(others). no radiation toxicity occurred during follow-up period.

Conclusion: cKR was found to be feasible, safe, and effective for the treatment of metastatic 
spine tumors. the major benefits of cKR are short treatment time in outpatient setting and 
minimal side effects. cKR offers a new therapeutic modality for the primary treatment of 
metastatic spine tumors.

08:30 - 08:40  orAL CommuNICATIoN  

O5_P3  Malignant tumors
room: mugunghwa 2 

o5_P�-01 steReotactIc RaDIosURGeRY elIGIbIlItY anD selectIon bIas In tHe 
tReatMent of GlIoblastoMa MUltIfoRMe

Christopher Anker (Huntsman Cancer Hospital, university of utah, Salt Lake City, 
uSA)
Richard Hymas (1) Randy Jensen (2) lisa Hazard (1) Dennis shrieve (1)  
(1) Huntsman cancer Hospital, University of Utah, Department of Radiation oncology, Usa 
(2) University of Utah, Department of neurosurgery, Usa          

objective: RtoG 9�-05 employed stereotactic radiosurgery (sRs) before external beam 
radiation (ebRt) in the treatment of glioblastoma (GbM) and demonstrated no benefit. 
several single institution trials of sRs given after ebRt demonstrated an apparent benefit. 
We examined the difference in sRs eligibility before and after ebRt and the resulting effect 
on outcome. 

methods: from 1998 to 2008, 108 patients with GbM were treated definitively with radiation 
at the University of Utah. these patients were evaluated for RtoG 9�-05 eligibility based 
on retrospective chart and radiology review. Patients were either eligible before and after 
ebRt (group 1), eligible before ebRt only (group 2), or ineligible since pathologic diagnosis 
(group �). a fourth group included all patients eligible before ebRt. overall survival (os) 
was estimated using the Kaplan-Meier method and the significance of comparisons was 
determined using the log-rank test. 

results: fourteen patients were alive at the time of analysis with a median follow-up of �6.5 
months. the median age was 60.5 years old. treatment characteristics included 2�% with a 
gross total resection, a median ebRt dose of 5970 cGy, and 66% receiving temozolomide. 
Median survivals for groups 1 (n=21; 19%), 2 (n=12; 11%), and � (n=75; 69%) were 
14, 12.4, and 9 months, respectively. one year survivals for groups 1, 2, and � were 67%, 
58%, and �6%, respectively, and 2-year survivals were �7%, 17%, and 1�%, respectively. 
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Group 4 had a median survival of 14 months, and 1 and 2-year survivals of 64% and 29%, 
respectively. of the thirty-three patients in group 4, �6% would have been ineligible for sRs 
following ebRt. significant differences were found between groups 1 and � (HR 0.56, 95% cI 
0.�5 to 0.88, p=.027), and groups 4 and � (HR 0.62, 95% cI 0.41to 0.9�, p=.0�).

Conclusions: sRs for GbM can only be of benefit to selected patients with minimal focal 
postoperative disease. sRs eligibility criteria were developed to select such patients. 
following ebRt more than one-third of such patients demonstrated more extensive disease 
in our experience. It is possible that inclusion of such patients in a series of sRs for GbM 
could mask a benefit in the remaining patients.
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o5_P�-02  effectIVe contRol of RecURRent HeManGIo-PeRIcYtoMas can be 
acHIeVeD WItH steReotactIc RaDIosURGeRY

marco Lee (Stanford university, Stanford, uSA)
Robert lieberson (1) Iris Gibbs (1) scott soltys (1) John adler (1) steven chang (1)  
(1) stanford University, Usa            

objectives: Hemangiopericytomas are uncommon malignant tumors that arise from 
pericytes of zimmerman found around capillaries. they occur rarely in the central nervous 
system and due to their aggressive behavior, tend to recur and can metastasize despite gross 
tumor resection. adjuvant radiation therapy has been shown to be important in local tumor 
control. We present here our experience of treating recurrent hemangiopericytomas with 
stereotactic radiosurgery.

methods: between 1989 and 2008, 19 patients with a histological diagnosis of cns 
hemagiopericytoma underwent stereotactic radiosurgery (sRs) at stanford. a retrospective 
and prospective review of these patients was undertaken by obtaining clinical information 
from an institutional review board-approved prospective database. 

results: there were 11 males and 8 females with an average age of 50 years (range 24-
71). all underwent primary surgery with the aim of gross total resection. six patients had 
subsequent radiation therapy prior to stereotactic radiosurgery. the average tumor volume 
treated was 6.2 cm� with a mean radiation dose of 20.5 Gy. Patients were followed up 
for an average of 5 years. tumor control was achieved in 15 out of the 19 cases with 12 
of the patients demonstrating reduced tumor size. 4 patients showed recurrence of local 
disease. none of the patients with tumor control developed new symptoms but the 4 
patients were symptomatic from their tumor recurrences. there were no radiation associated 
complications.

Conclusions: stereotactic radiosurgery achieved good tumor control in recurrent 
hemangiopericytomas with no significant complications. a minority of patients who fail to 
respond also deteriorated clinically. the aggressive nature of the disease requires regular 
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long-term monitoring for recurrent and metastatic disease. larger series and longer studies 
are required to fully evaluate this modality against other forms of adjuvant therapy.

08:50 - 09:00  orAL CommuNICATIoN  

O5_P3  Malignant tumors
room: mugunghwa 2 

o5_P�-0� tHe Role of GaMMa KnIfe RaDIosURGeRY foR MalIGnant 
MenInGIoMas

Jinwook Kim (Seoul National university Hospital, Seoul, Korea)
Wook616@hanmail.net Kim (1) Yong Hwy Kim (1) Jung Ho Han (2) seung Yeob Yang (�)  
chaeyong Kim (1) chul-Kee Park (1) Hyun-tai chung (1) sun Ha Paek (1) Hee-Won Jung (1)  
Dong Gyu Kim (1)  
(1) seoul national University, Korea (2) seoul national University, bundang Hospital, Korea  
(�) Dongguk University Ilsan Hospital             

Purpose: Malignant meningiomas (WHo grade 2 or �) are difficult tumors with tendencies 
for recurrence. We review the local control and overall survival rates of patients with gamma 
knife radiosurgery (GKRs).

materials and methods: twenty-two patients who underwent GKRs for treatment of WHo 
grade 2 meningiomas (n=15) or WHo grade � meningiomas (n=7) between January 2001 
and January 2008 were evaluated. the 22 patients harbored �6 lesions. the mean imaging 
follow-up was 24.7 (1-82) months; mean clinical follow-up was 27.4 (6-94) months.

result: overall 2- and 5-year progression-free survival estimates were 56% and �2%. Median 
progression-free survival times were �1, 15 months (WHo Grade 2 and � meningiomas, 
respectively). these survival curves were not significantly different from one another. all 
outcome factors including age, sex, tumor location, target volume, marginal dose, and 
maximum dose were not significant predictors of time to progression and survival.

Conclusion: GKRs can be an important adjuvant management strategy for recurrent or 
residual malignant meningiomas. further study is needed to determine the tumor control, 
survival and complication rates after malignant meningioma GKRs.
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o5_P�-04  steReotactIc RaDIotHeRaPY folloWeD bY IntRatUMoRal 
DenDRItIc cell IMMUnotHeRaPY foR MalIGnant GlIoMa

John yu (Cedars-sinai medical Center, Los Angeles, uSA)
Keith black  (1) chris Wheeler (1) behrooz Hakimian (1)  
(1) cedars-sinai Medical center, Usa              
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In a preclinical study, we showed that the inoculation of freshly cultured, immature Dc, 
directly into an intracranial tumor, results in the generation of a potent anti-tumor immune 
response as evidenced by prolonged survival, immunity to tumor re-challenge, robust 
infiltration of tumor by cD4+ and cD8+ t-cells, and enhanced production of Ifnc mRna 
and protein by in vitro re-stimulated splenic lymphocytes. Intracranially inoculated Dc track 
to ipsilateral deep cervical lymph nodes indicating that transplanted aPcs in the brain can 
migrate to regional lymph nodes, where they can present antigen to naïve t-cells. these 
results demonstrate that intratumoral Dc inoculation is a viable alternative to conventional 
peripheral Dc vaccination therapy for malignant brain tumors.

In this Phase I trial, 2� patients with recurrent malignant glioma (anaplastic astrocytoma or 
glioblastoma multiforme) with areas of gadolinium enhancement less than or equal to � cm, 
underwent stereotactic radiotherapy (25 Gy in 5Gy fractions over 2 weeks). Within 2 weeks, 
these patients underwent surgical resection and placement of dendritic cells in an area 
of gadolinium enhancement with guidance from stereotactic navigation. this was a dose 
escalation study of intracranial dendritic cell injections. Injection doses will be escalated in 6 
cohort groups of � patients starting at 500,000 cells with 5 patients at the highest dose of 
128 million cells. stereotactic radiotherapy followed by intracranial injection of autologous 
dendritic cells, which had been harvested, from peripheral blood precursors of patients with 
histologically confirmed malignant glioma was safe. there were no ctc grade III/IV toxicities 
noted that were associated with trial related procedures. there was no maximally tolerated 
dose up to 128 million cells. 2 out of seven patients tested demonstrated a positive ctl 
response after intracranial Dc administration based on a quantitative PcR assay for Ifn-
gamma expression of PbMc in response to tumor lysate-loaded Dcs. of 2� patients, survival 
was 9.6 to 1�2 weeks since their immunotherapy treatment with a median survival of 5� 
weeks. 6 patients remain alive including the first patient treated. 

09:10  - 09:20  orAL CommuNICATIoN  

O5_P3  Malignant tumors
room: mugunghwa 2 

o5_P�-05 GaMMa KnIfe RaDIosURGeRY foR atYPIcal oR anaPlastIc 
MenInGIoMa – effIcacY anD PatHoloGIcal fInDInGs – 

manabu Tamura (Wakayama medical university, Wakayama, Japan)
Kubo@koyo-hosp.jp Kubo (2) Ryuji okita (1) Mitsuhiro ogura (1) Yuji Uematsu (1) toru Itakura (1)  
(1) Department of neurological surgery, Wakayama Medical University, Japan  
(2) Gamma Knife center, Koyo Hospital, Japan               

objective: to analyze the efficacy of Gamma Knife Radiosurgery (GKs) for malignant type 
meningioma (WHo grade II or grade III) focusing on pathological findings after GKs. 

material and methods: among 85 patients of meningiomas treated by GKs in Koyo Hospital 
from 1995 to 2008, 14 patients were diagnosed as an atypical or anaplastic meningioma 
before GKs. We can follow 12 clinical courses for 15 lesions at least 1 year after GKs. three 
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patients were treated for a distant lesion at a different time. their pathology revealed as a 
grade II (atypical) in 6 patients and grade III (anaplastic) in 6. the average of patients’ age 
is 62.8 and the number of male is 7 (58.0%). the average of marginal dose at 15 lesions is 
18.� (6.0-2�.0) Gy and maximum dose is �5.7 (12.0-46.0) Gy. tumor volume is calculated 
7.5ml (0.4-28.5) at average. 

results: In 15 lesions, 5 lesions were followed with no recurrence for 28.6 months (average) 
after GKs (Good-control group). the other 10 lesions resulted in 6 recurrent tumors and 
4 patients’ death (Poor-control group). Good-control tumor was treated 20.2/40.4 Gy at 
peripheral/maximum dose for �.1ml volume at the average, while poor-control was 
17.�/��.�Gy, 9.7ml respectively. overall, in 12 patients, only one patient treated with 2� Gy 
at a marginal dose was followed satisfactorily with no-recurrence after GKs. four patients 
(5 lesions) suffered from the resection of re-growth tumor in 12 months (average) after GKs. 
four pathological findings were tumor recurrence and one was mainly tumor necrosis for 
which we had treated in 2�Gy at a marginal dose. 

Conclusion: GKs for malignant type meningioma could have possibility to avoid tumor 
recurrence with high dose (over 21Gy at marginal dose). However a high -dose irradiation 
may cause tumor necrosis as well as tumor control relatively earlier after GKs.
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o5_P�-06 effect of Dose escalatIon bY steReotactIc RaDIotHeRaPY foR 
tHe tReatMent of GlIoblastoMa MUltIfoRMe

Kazutaka yatsushiro (Kagoshima university, Kagoshima, Japan)
Kazutaka Yatsushiro (1) Mikio ogita (2) Hirofumi Hirano (1) Katsumi nakamura (2) Kazunori arita (1)  
(1) Kagoshima University, Japan (2) fujimoto Hospital, Japan               

Purpose: We evaluated the effect of dose escalation with hypofractionated stereotactic 
radiotherapy using cybeknife (cK) following conventional external beam irradiation (ebI) for 
the treatment of glioblastoma multiforme (GbM). Materials and Methods: between January 
1999 and December 2007, 74 eligible patients were enrolled in this study. surgical removal 
or stereotactic biopsy of the tumor was performed before irradiation in all patients. In �8 
patients (ebI group), ebI with a dose of 60 Gy in �0 fractions was given after the surgical 
intervention. In �6 patients (cK group) stereotactic irradiation with a dose of 20 - �5 Gy 
in � - 5 fractions by cK was given to enhance lesion on MRI and/or � mm margin of the 
tumor removal cavity, following ebI of 40 Gy in 20 fractions. all of the patients underwent 
chemotherapy with PaV (procarbazine, acnU, vincristine) or temozolomide. 

results: the progression - free survival time of the patients in cK group and ebI group 
was 11.5 and 8.� months, respectively (P value = 0.02�). Median survival time was 22.5 
and 18.8 months in cK group, ebI group, respectively (P value = 0.157). actual survival 
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rates after 1 - and 2 - year operation were 71.9 % and �6.0 % in cK group, 56.8 % and  
21.6 % in ebI group, respectively. Radiation injury of the brain was occurred in the patients of  
14.2 % in cK group only. 

Conclusion: Hypofractionated boost using cK following ebI was more effective treatment 
for glioblastoma multiforme compared with ebI only. 
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o5_P�-07 tHe RotatInG GaMMa sYsteM tReatMent of IntRacRanIal 
GeRMInoMa RePoRt of 12 cases

Zengmin Tian (Aohai gamma Knife Center, Navy general Hospital of Pla, Beijing, 
China)
zengmin tian (1) Junzhao sun (1) Yong Hu (1) Dongxue zhou (1)  
(1) aohai Gamma Knife center, navy General Hospital of Pla, beijing, china                 

objective: to evaluate the effects of the Rotating Gamma system (RGs) in treatment of 
intracranial germinoma. Methods 12 cases of intracranial germinoma were treated with 
RGs during past � years. 7 tumors lies in the pineal region, � in suprasellar regions and 2 
in basal ganglia region. among them, one case was performed the second gamma knife 
treatment. before RGs treatment, stereotactic biopsy was done in 9 cases. � cases were 
residual or recurrent after craniotomy. before gamma knife treatment, ordinary radiotherapy 
and chemotherapy was done in � cases. the whole brain radiation (�500-4000cGy) needed 
if the patients not received before RGs treatment. � cases were done ventriculoperitoneal 
shunt (V-P shunt) because of hydrocephalus in other hospital. 6 cases had hydrocephalus 
before RGs treatment. after RGs treatment, � cases were peformed V-P shunt, 2 cases had 
endoscopic third ventriculostomy (etV) and 1 case hydrocephalus release himself after using 
dehydration and hormone therapy. 

results: 12 patients were followed-up from 6 to 60 months (mean ��.6 months). the 
tumors disappeared in 7 cases (58.�%), shrinked in 2 cases (16.7%); changed less in one 
case (8.�%) enlarged in one case (8.�%) and died one case (8.�%). after treatment, 2 cases 
had heavier radiation-induced cerebral edema. no other complications occurred. 

Conclusion: RGs for intracranial germinoma is a safe and effective method and whole brain 
radiation (�500-4000cGy) was needed. for obvious obstuctive hydrocephalus patients, V-P 
shunt or etV were performed first, and then did gamma knife radiosurgery. 
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o5_P�-08 RaDIosURGeRY In MUltIPle Metastases (MoRe tHan 4),  
a contRoVeRtIal DecIsIon

Kita Sallabanda Diaz (Instituto madrileño de oncologia, madrid, Spain)
bustos (0) Jose samblas Garcia (0) Jose angel Gutierrez Diaz (0) cesar beltran (0) Graciela Garcia (0) 
Hugo Marsiglia (0) carmen Peraza (0) Jose Maria Delgado (0)                   

Introduction: Widely, the positive effect of the sRs in the treatment of the cerebral metastases 
(from one to three) accompanied or not with the whole-brain radiation therapy, has been 
accepted. Many studies, some one phase three, confirm it (RtoG). there is not arrived yet in 
a consensus on the effects of sRs in treatment of patients with four or more brain metastases 
and who is the number limit of metastases that we can deal with sRs.

material and method: We analyzed retrospectively 82 patients with 458 brain metastases, 
each one with 4 or more goals. all the patients has been treated with Radiosurgery. Karnofsky 
performance scale medium 81, 14, RPa scale 0 in 7.�% of the patients, 1 in 24, �%, 2 in 
41%, � in 12.1%, 4 in 1.2%. 60 patients received addition treatment with WbRt before sRs, 
7 patients received two sessions of sRs in 67 metastases. number medium of metastases 
per each patient, 5.5. surgey has been performed in 11 patients (1�.�%) for extirpation of 
one big metastases.

results: We have follow up of 6� patients, average 8,9-1�.07 months, (rank from 0,2� to 
8�,� months), medium tumour volume for each metastases �54.78mm�, average survival 
from sRs to last complete control or the death was of 17.18, 2.6, medium 11.52, 1.97. 
there are no significant differences in the survival according to the scale of RPa (log Rank 
p=0.119).
the combination of WbRt with sRs improves the survival significantly (log Rank p=0.0019), 
and second sRs improved significantly the survival rate sRs improved the quality of life in 
more then 6�% of the patients.the global medium volumen of PtV is normaly less or similar 
with the PtV medium of single brain metastases treated in our department. Minimal toxicity 
was find out in our patients.

Conclusions: In our opinion the patients with multiple metastases (≥4) can and must be 
treated with sRs in addition to WbRt, improving their quality of life and the survival, as long 
as it has a primary disease controlled. the total volume of the PtV can indicate us the limits 
of number of metastases in each patient susceptible to treatment with sRs, we did not know 
yet wich is thees critical volume.
Multpiles Radiosurgeries can help us to have a better control of multiples brain metastases. 
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David roberge (mcgill university Health Center, montreal, Canada)
luis souhami (1) Paul sperduto (2)  
(1) Minneapolis Radiation oncology, Usa (2) McGill University Health center, canada                   

Introduction: Patients with metastatic well-differentiated have a generally favorable long-
term outcome although multi-organ involvement is a known marker of poor prognosis. brain 
metastases are rare, occurring in less than 1% of patients with thyroid cancer. few patients 
have been managed with stereotactic radiosurgery.

methods: Patients with a diagnosis of thyroid cancer were identified in a six-institution 
retrospective database of over 2000 brain metastasis patients treated from 1985 to 2008.

results: 16 patients were identified from 5 institutions. these patients were treated from 
1992-2008. all patients were RtoG RPa class 2. 1� were graded prognostic assessment 
(GPa) Group 2 and � were Group �. the median age was 58 (range 14-80). brain metastases 
developed a median of � years following the diagnosis of thyroid cancer (range 0-�5).
a median of 1.5 lesions were initially treated (range 1-9). 44% of patients had surgery as 
part of the treatment with radiosurgery used as a tumor bed boost (4/7) or as treatment 
of additional unresected lesion (�/7). only 2 patients received adjuvant whole-brain 
radiotherapy. 
Median overall survival from initial treatment of brain metastases was �7.4 months.

Conclusions: Patient with brain metastases from a primary thyroid carcinoma treated with 
radiosurgery have a favorable prognosis with a median overall survival from radiosurgery 
of more than � years. current brain metastasis prognostic systems appear irrelevant to this 
patient population.
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o6_P1-01 tHe effIcacY of coRtIcosteRoIDs foR HeaRInG PReseRVatIon 
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Jinwook Kim (Seoul National university Hospital, Seoul, Korea)
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(1) seoul national University, Korea                    
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Purpose: the aim of this study was to investigate the effectiveness of conservative treatment 
with corticosteroids for patients showing an acute decrease in hearing levels after GKRs.

materials and methods: We designed a prospective study. between July 2004 and february 
2007, forty-one patients who underwent GKRs for vestibular schwannoma and who had a 
serviceable pre-GKRs hearing status, were enrolled. among them, twenty patients with an 
acute hearing deterioration after GKRs began a corticosteroid regimen (�0mg/day), defined 
as a treatment group. the other patients were categorized as an observation group. Historical 
control group consisted of 18 patients who had a same condition but, had no corticosteroid 
medication between January 1998 and June 2004. 

results: there were significant differences in last follow-up pure tone audiometry, mean 
Pta(db) was checked as 49.6-15.4 (db), 62.7-1�.0 (db) (treatment group and control 
group, respectively). the rate of hearing deterioration after corticosteroid medication was 
decreased. also, comparison between an observation group and a treatment group, patients 
of treatment group had a tendency with rapid tumor growing when the patient experienced 
an acute hearing deterioration. 

Conclusion: careful use of corticosteroids might reduce the rate and amount of hearing 
deterioration in patients treated with GKRs. 
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o6_P1-02  GaMMa KnIfe RaDIosURGeRY foR PItUItaRY aDenoMa

maheep Singh gaur (ojjus Healthcare, Delhi, India)                    

Pituitary adenomas have been requiring multiple modes of therapy. Morbidity involved is 
visual deficit & ocular-motor problems, headache hyper and & hypo secretion of hormones 
and related endocrinopathy. over years microsurgery, transphenoidal surgery and endoscopic 
surgery has refined the approaches to decompress large tumors, with there own side effects 
transphenoidal surgery itself considered safer than transcranial surgery there has risks as 
�.9% of csf leaks, 1.8% new visual deficits, 19.4% pituitary insufficiency & 0.9% risk to 
life. Radiation therapy for residual tumors has been associated with 12-100% risk of pan 
hypopituitarism. first use of Gamma knife surgery for pituitary tumor was done in 1968. 
Presently it is being used as primary treatment and as adjuvant to surgery. Gamma Knife 
Perfexion the fifth generation gamma knife bring high level of accuracy and planning to 
reduce radiation to optic pathways.

In our experience we treated 214 pituitary adenomas between april 1998 and april 2008 
of which 167 were followed for 6 months or more. of there 88 were hormone-secreting 
tumors. Primary treatment was offer in 112 cases and in rest it was after surgery or on 
recurrence after surgery and radiotherapy. all patients were followed with contrast MRI, 
perimetry and hormone profiles every 6 months. the 79 patients with non-functioning 
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pituitary adenoma were treated with an average prescription does of 10.7�Gy (6-16Gy) at 
an average prescription isodose of 44.06 (28-50) with an average of 24.19 Gy (14-�5) dose 
at the maximum. of the 88 hormone secreting tumor patients, 52 had acromegaly were 
treated with an average prescription dose of 18.02Gy (9-25Gy), 22 had high prolactin levels 
treated at average prescription dose of 16.16Gy (7-�0Gy). forteen patients with cushing 
disease were treated with an average prescription dose of 27.18Gy. tumor control rate in 
non-functioning tumors was 9�% at 2 years follow-up. among functioning tumors patients 
there was 100% tumor control. there was 84% normalization at 2 Years follow-up amongst 
acromegaly cases, 60% among Prolactin secreting adenomas tumors and 85% among 
cushing disease patients.

Gamma Knife radiosurgery is effective and safe for treatment of both functioning and non-
functioning adenomas. acromegaly and cushing patients respond better than those with 
Prolactin secreting tumors. complications like hypopituitarism and visual deficit is very low 
rate are low.
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Haitao liu (1) Yu-cun zhu (1)  
(1) aohua Medical Group / Gamma Knife center, zhen Jiang first Hospital                     

object: the authors evaluated the long-term efficacy of gamma knife surgery (GKs) in 
patients with trigeminal schwannomas.

methods: between february 1998 and november 2005, 19 patients with trigeminal 
schwannoma treated with GK radiosurgery were fully followed up and reviewed. six had 
previously undergone surgery, and GKs was the primary treatment in the remaining 1� 
patients. the mean target volume was 7.8cm� (range 0.�-24 cm�); the mean tumor margin 
dose was 14 Gy (range 12-16 Gy); the mean maximum dose was �1.4 Gy (range 26.7- 
40 Gy). 

results: the mean follow-up period was 6 years (range 2.5-10 years). Improvement of 
presenting neurological symptoms was observed in 1� patients (68.4%), stabilization of 
presenting neurological symptoms was observed in four patients (21.1%), continued 
progression of presenting neurological symptoms was observed in two patients (10.5%).
Radiological follow-up demonstrated near-complete disappearance of the tumors in five 
patients (26.�%), in nine patients (47.4%) a reduction was seen, in three patients (15.8%) 
no change was observed, and in two patients (10.5%) an enlargement was revealed. the 
overall tumor control rate was 89.5%. transient cranial nerve dysfunction was observed in 
two patients (10.5%).
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Conclusions: Radiosurgery proved to be an effective treatment for small- and medium-sized 
trigeminal schwannomas.
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object: the authors evaluated the long-term efficacy of gamma knife surgery (GKs) in 
patients with trigeminal schwannomas.

methods: between february 1998 and november 2005, 19 patients with trigeminal 
schwannoma treated with GK radiosurgery were fully followed up and reviewed. six had 
previously undergone surgery, and GKs was the primary treatment in the remaining 1� 
patients. the mean target volume was 7.8cm� (range 0.�-24 cm�); the mean tumor margin 
dose was 14 Gy (range 12-16 Gy); the mean maximum dose was �1.4 Gy (range 26.7- 
40 Gy). 

results: the mean follow-up period was 6 years (range 2.5-10 years). Improvement of 
presenting neurological symptoms was observed in 1� patients (68.4%), stabilization of 
presenting neurological symptoms was observed in four patients (21.1%), continued 
progression of presenting neurological symptoms was observed in two patients (10.5%).
Radiological follow-up demonstrated near-complete disappearance of the tumors in five 
patients (26.�%), in nine patients (47.4%) a reduction was seen, in three patients (15.8%) 
no change was observed, and in two patients (10.5%) an enlargement was revealed. the 
overall tumor control rate was 89.5%. transient cranial nerve dysfunction was observed in 
two patients (10.5%).

Conclusions: Radiosurgery proved to be an effective treatment for small- and medium-sized 
trigeminal schwannomas.

oRal sessIons abstRacts

18�

WeDnesDaY, 10 JUne 2009

references:

1.  Pan l, Wang e, zhang n, et al. longterm results of leksell gamma knife surgery for 
trigeminal schwannomas[J]. J neurosurg ,2005, (suppl) 102:220¨c224. 

2.  sheehan J, Yen cP, arkha Y, et al. Gamma Knife surgery for trigeminal schwannoma[J]. J 
neurosurg, 2007,106:8�9¨c845.

�.  Phi JH, Paek sH, chung Ht, et al. Gamma Knife surgery and trigeminal schwannoma:is it 
possible to preserve cranial nerve function? [J]. J neurosurg, 2007,107:727¨c7�2.

4.  sun sb, liu al, Wang zc, et al. clinical analysis of Gamma Knife surgery for trigeminal 
schwannomas[J].J neurosurg, 2006 ,(suppl) 105:144¨c148.

12:10  - 12:20  orAL CommuNICATIoN  

O6_P1  Benign Tumors 5
room: Vista 1

o6_P1-05 tHe RotatInG GaMMa sYsteM RaDIosURGeRY foR acoUstIc 
neURoMa  

xijun meng (Aohua medical group/the First Affiliated Hospital of medical College of 
xi`an Jiaotong university, Shenzhen, China)
Xijun Meng (1)  
(1) aohua Medical Group/the first affiliated Hospital of Medical college of Xi`an Jiaotong University, 
china                      

objects: to evaluate long-term outcomes after the Rotating Gamma system (RGs) 
radiosurgery for acoustic neuroma, we retrospectively reviewed our nine-year experience. 
temporary tumor swelling is commonly observed after radiosurgery.

method: from June 1999 to June 2008, 26� patients (152 female, 111 male) had 272 
the Rotating Gamma system (RGs) radiosurgery of their acoustic neuromas. of these, 181 
patients were assessed, 82 patients were lost to follow-up. the tumor volume ranged from 
2.1cm� to �0.4cm� (mean 12.8 cm�). the marginal dose was from 11 to 18 Gy (median 
12.9Gy), the maximal dose was from 17 to �6Gy. (median 21.8Gy ), best-fit isodose curve 
from 40% to 80% (median 51%). the average clinical follow-up is �4 months (� m to  
108 m). 181 patients had at least one MRI follow-up.

result: tumor volumes decreased in 109 (59.7%) patients, remained stable ( including 
temporary tumor swelling without newly developed deficit or compression of brain stem 
or cerebellum) in 64(�5.5%) patients, and increased in 8(4.5%) patients. among them, � 
received craniotomy and removed of tumor. � had second RGs radiosurgere treatment. the 
other one was under close follow-up. transient new facial palsy occurred in 2 patients(0.9%). 
trigeminal neuropathy improved or unchanged in 46 of 54 affected patients. serviceable 
hearing( Gardner-Robertson I and II) preserved in 11 of 17(64.7%) evaluated patients. MRI 
finding of multicystic pattern of tumor and post-radiosurgical loss of central enhancement 
are favorable indicators of ultimate tumor control in spite of initial temporary swelling.
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Conclusion: RGs radiosurgery is effective and safe in the treatment of acoustic neuroma. 
temporary tumor swelling is worth of further observation if the tumor is multicystic or 
showing loss of central enhancement after radiosurgery. 

12:20  - 12:30  orAL CommuNICATIoN  

O6_P1  Benign Tumors 5
room: Vista 1

o6_P1-06  a clInIcal analYsIs of tHe RotatInG GaMMa sYsteM anD 
MIcRosURGeRY In tReatMent foR PItUItaRY aDenoMa  

Weizhong yang (Aohua medical group/fujian medical university Affilicated union 
Hospital, Shenzhen, China)
Weizhong Yang (1) Rui Wang (1) chun-mei chen (1) song-sheng shi (1) tian-Rui ni (1)  
Jian-ping chen (1) Guo-lian zhang (1) Ri-sheng liang (1) Jian-le chen (1)  
(1) the affiliated Hospital of fujian Uion Medical college, china                    

objectives: to study the clinical curative effect of the Rotating Gamma system (RGs) and 
microsurgery in treatment for Pituitary adenoma. 

methods: 457 Pituitary adenoma were treated by RGs with about 40Gy of the center dose, 
7�8 Pituitary adenoma were treated by microsurgery, and clinical symptoms, imaging, 
hormone and complication were analyzed after treatment. 

result: all the patents were followed up for �-10 months.the clinical symptoms were 
obviously improvement. of the tumors of RGs groups, 98 cases were disappeared,  
�01 cases were diminution, 58 cases were invariably and 219 cases were headache. of 
the tumors of microsurgery groups, 529 cases were total resection, 146 cases were meta-
total resection and 6� cases were partial resection. In the microsurgery groups, headache  
(��7 cases), temporary hyperdiuresis (�19 cases), leakage of cerebrospinal fluid (26 cases) 
were appearance after operation. 

Conclusion: Pituitary adenoma could be treated by RGs and microsurgery. treatment plan 
were choice according to tumor size, growth pattern, hormone level, patient age and healthy 
condition. 

11:30  - 11:40  orAL CommuNICATIoN  
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o6_P2-01 sURGIcal ResectIon anD RaDIosURGeRY to tHe ResectIon caVItY 
foR solItaRY bRaIn MetastasIs  

Anura madawala (Henry Ford Hospital, Detroit, mi, usa, Pannipitiya, Sri Lanka)
skalikanis1@hfhs.org Kalkanis (1) Jack Rock (1) Mark Rosenblum (1) tom MIkkelsen (1)  
benjamin Movsas (1) samuel Ryu (1)  
(1) Henry ford Hospital, Detroit, MI, Usa                   
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objective: Recent randomized studies indicate that whole brain radiotherapy can be delayed 
without compromising the overall survival for solitary brain metastasis. In order to minimize 
the potential neurotoxicity of whole brain radiation and maximize the local tumor control, 
we have treated the solitary brain metastasis with surgical resection followed solely by 
stereotactic radiosurgery (sRs) to the resection cavity. the goal of this study was to evaluate 
local control, occurrence of distant brain metastases and overall survival in patients who 
underwent surgical resection of a solitary brain metastasis followed by sRs.

methods: We reviewed all Henry ford Hospital patients with brain metastases treated with 
sRs from 1997 to 2007 to identify those who received adjuvant sRs only following surgical 
resection. 129 patients with brain metastases were treated with sRs following resection. 
treatment was delivered to the surgical cavity 10-21 days after surgery with a median 
marginal dose of 15 Gy (range 10-20 Gy), targeting a mean resection cavity volume of 6.1 
cm� (range 0.1-49 cm�). local control, development of distant brain lesions, and overall 
survival were calculated from the date of sRs using the Kaplan-Meier method. Median 
follow-up of 7.4 months (range 1-7 years).

results: complete local control was achieved in 9�.0% of patients. nine patients progressed 
locally, mostly developing synchronous elsewhere brain metastases. the median time to 
develop new lesions elsewhere in the brain was 4.� months (range 1 to 58 months). all 
intracranial failure patients underwent salvage therapy with WbRt, additional sRs and/or 
surgery. overall median survival time was 8.5 months after sRs (range 2 months to 6 years). 
Greater than 75% of all deaths were attributed to extracranial disease progression without 
evidence for brain failure. there was no evidence for radiation brain necrosis in any patient 
during the period of observation. target volume and dose were not significantly associated 
with local control or overall survival.

Conclusion: In this series, adjuvant sRs to the resection cavity using a median dose of 15 Gy 
provided excellent local control, with recurrences successfully treated with salvage therapy 
without compromising the overall survival compared to the historical local control rates 
with postoperative WbRt. sRs can be an acceptable alternative to WbRt in the post-surgical 
setting.

11:40  - 11:50  orAL CommuNICATIoN  
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o6_P2-02  eValUatIon of Dose DIstRIbUtIon In PRe-oPeRatIVe VeRsUs 
Post-oPeRatIVe steReotactIc RaDIosURGeRY of sInGle bRaIn 
Metastases  

John Sampson (Duke university medical Center, Durham, uSA)
Hamidreza aliabadi (1) David Yoo (2) James Herndon II (�) Richard everson (2) zhiheng Wang (2)  
John Kirkpatrick (2)  
(1) Duke University Medical center, Department of surgery, Division of neurosurgery, Usa  
(2) Duke University Medical center, Department of Radiation oncology, Usa  
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(�) Duke University Medical center, Department of biostatistics and bioinformatics, Usa                     

Introduction: after resection of brain metastases, stereotactic radiosurgery (sRs) may be 
used in lieu of whole-brain radiation therapy (WbRt) to reduce irradiation of normal tissues. 
However, sRs of an irregularly shaped resection cavity potentially overestimates the volume 
requiring treatment, resulting in irradiation of a greater volume of normal parenchyma 
than if sRs were performed prior to resection. the purpose of this study was to determine 
if preoperative sRs would reduce the volume of normal brain tissue receiving radiation 
compared to postoperative sRs. 

methods: a retrospective review of 12 patients with 1� surgically resected cerebral 
metastases was performed. enhancing pre-resection tumors, resection cavities plus 
enhancing residual disease, and whole brains were contoured on a slice-by-slice basis using 
an eclipse treatment planning system. the « gross tumor volumes » (GtV) were uniformly 
expanded by �mm to generate planning target volumes (PtV.) for each lesion, a 7-static-
beam, non-coplanar plan utilizing 6MV photons was generated to cover the PtV within the 
85% isodose line. Volume of irradiated normal brain was calculated by subtracting GtV from 
the volume encompassed by the 85% isodose line.

results: for the overall group, no significant difference was observed in the calculated 
volume of normal brain irradiated in pre- versus post-operative treatment plans, 22.4cc 
(range 0.97–9�.5cc) versus 20.1 cc (range 7.07–62.1cc), respectively. However, when these 
lesions were divided into preoperative GtV 15cc (n=4), the average volume of normal 
brain receiving radiation was significantly smaller for lesions with GtV 15cc lesions if post-
operative sRs was used (27.6 vs. 51.2cc, p=0.25). the mean differences between pre- 
and post-operative volumes were statistically significant (p=0.016). Parametric and non-
parametric estimates of the correlation between GtV and volume of normal brain irradiated 
with pre- versus post-operative sRs were statistically significant [Pearson correlation  
=-0.875 (p<0.0001); spearman correlation =-0.780 (p=0.0017)]. 

Conclusion: Pre-operative sRs of smaller metastases (GtV<15cc) may reduce radiation 
dose to normal tissue and treatment-related morbidity compared to postoperative sRs of 
the resection cavity. further data are needed to determine if postoperative irradiation is 
dosimetrically favored for larger lesions.

11:50  - 12:00  orAL CommuNICATIoN  
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o6_P2-0� sURVIVal of PatIents WItH sInGle bRaIn Metastases tReateD 
WItH sURGIcal ResectIon folloWeD bY RaDIosURGeRY  

Dennis Shrieve (university of utah, Salt Lake City, uSA)
annabelle shrieve (1) lisa Hazard (1) Randy Jensen (1)  
(1) University of Utah school of Medicine, Usa                      

objective: to analyze the outcome of patients with single brain metastases who underwent 
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surgical resection followed by radiosurgery (sRs).

methods: between December 1999 and april 2008 16 patients with single brain metastases 
underwent surgical resection followed by sRs to the surgical cavity without the addition of 
whole brain radiotherapy (WbRt). In all 16 cases histological diagnosis of brain metastasis 
was confirmed. Radiosurgery was performed 7 to 51 days (median 17 days) postoperatively. 
surgical resection cavities at the time of radiosurgery were 2.11 to 19.7 cc (median 10.41 
cc). Marginal doses were 14 to 20 Gy (median 18 Gy). 

results: three of 16 patients are alive with follow-up of 8.8 to 27.2 months (median 24.9 
months). Median overall survival (os) was 11.1 months and os at 2 year was 15.6%. four 
of 16 patients (25%) had recurrence at the surgical site 6.7-19.7 months following surgery. 
Median local Progression free survival (lPfs) was 19.7 months. eight of 16 patients (50%) 
developed brain metastases outside the surgical/sRs site 1.8 to 27.8 months following 
surgery. the median freedom from progression outside the surgical/sRs site was 14.2 
months with 42% free from such events at 2 years. seven patients (44%) did not experience 
recurrent or new metastatic disease in the brain. Median freedom from relapse anywhere 
in the brain was 1�.7 months. four of 9 patients relapsing in the brain received WbRt. four 
were salvaged with stereotactic radiation. one patient had small metastases diagnosed near 
the end of life. the WbRt-free survival at 2 years was 66% (median not reached).

Conclusions: surgical resection followed by WbRt has been shown to significantly improve 
survival compared to WbRt alone (Patchell, 1991). our results suggest that surgical resection 
followed by sRs to the operative site results in similar os and lPfs as that reported for 
surgery + WbRt. In addition, while the omission of WbRt increases the risk of recurrence 
outside the surgical site, many of these recurrences are salvageable with sRs and a majority 
of patients never require WbRt in their lifetime. When surgery is necessary for histologic 
confirmation of diagnosis or relief of symptoms related to mass effect, sRs should be 
considered as an alternative.

12:00  - 12:10  orAL CommuNICATIoN  
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o6_P2-04  GaMMa KnIfe RaDIosURGeRY foR bRaIn MetastasIs fRoM sMall 
cell lUnG canceR 

In-young Kim (Chonnam National university Hwasun Hospital, Hwasun, Korea)
shin Jung (1) tae-Young Jung (1) Kyung-sub Moon (1) sam-suk Kang (1) seung-Jin Park (1)  
(1) chonnam national University Hwasun Hospital, Korea                     

objective: We report our experience using gamma knife radiosurgery (GKR) for brain 
metastasis from small cell lung cancer (sclc), to which GKR has been relatively less frequently 
applied than those from other primary cancer types. 

methods: between June 2004 and september 2007, 26 patients with 54 metastatic brain 
tumor(s) from sclc underwent GKR. the mean patient age was 64.5 years (range, 50 to 
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81) and all patients were male. nine patients had undergone whole brain radiation therapy 
(WbRt), and their �1 tumors were recurrent ones after the WbRt. for the other 16 patients 
GKR was applied as a primary local therapy. fifteen patients had solitary tumors, and 11 
patients had multiple metastases. the locations of the tumor were cerebral hemisphere 
(�9), cerebellum (12), brain stem (2), and thalamus (1). the mean tumor volume was �.4 cc 
(range, 0.02 to 29.2). a median margin dose of 20 Gy (range, 12 to 25) was delivered to 
the tumor margin. 

results: tumor control was obtained in 50 out of 54 tumors (9�%). the median progression-
free survival after GKR was 4.8 months (range, 2 to 22). there were no procedure-related 
complications during follow-up period. the overall median survival after GKR was 9.� 
months (range, 2 to 24). three patients are still alive, and there were no patents died mainly 
due to cerebral metastasis.

Conclusions: GKR is an effective and minimally invasive strategy for management of brain 
metastases form sclc. In case of fewer numbers of metastases from sclc, GKR could be 
applied as a primary local treatment. It also could be an effective palliation for the recurred 
tumors after WbRt. 

12:10  - 12:20  orAL CommuNICATIoN  
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o6_P2-05 GaMMa KnIfe RaDIosURGeRY foR MetastatIc bRaIn tUMoRs fRoM 
bReast canceR

Satoshi Suzuki (Nippon Steel yawata memorial Hospital, Kitakyushu, Japan)
Katsuya Ishido (1)  
(1) Gamma Knife center, shin-Koga Hospital, Japan                      

objectives: breast cancer is one of the leading causes of death in Japanese female. Gamma 
Knife radiosurgery (GKRs) is accepted to be useful in the management of metastatic brain 
tumors (Mets) from the breast. survival probability has been used for the evaluation of the 
effectiveness of GKRs, however, most of the patients die due to other reasons than Mets. 
survival probability does not reflect the tumor control rate by GKRs. therefore, we focused 
on the individual tumors, evaluated the effectiveness of GKRs, and analysed the factors 
which influence the tumor control rate.

materials & methods: We retrospectively reviewed ��9 tumors from 48 consecutive 
patients those who had Mets from the breast. all 48 patients have treated with GKRs twice 
or more. If the tumor does not need additional GKRs at the following session, we defined 
it as “control“. on the other hand, if the tumor needs additional treatment, it was defined 
as “recurrence“. 

results: the tumors were observed for 2.5-50.8 (mean 9.7) months. overall tumor control 
rate was 91.2%. the overall median tumor control period was 26.9 months with Kaplan-
Meier Method. the median tumor control period of tumors smaller than 1.5cm in diameter 
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and those with diameter of 1.5cm or larger was 26.9 months and 2�.2 months, respectively 
(p=0.004). If the Karnofsky performance status (KPs) of the patient is worse than 70, median 
tumor control period was longer compared to those of the patients whose KPs is 70 or better 
(p=0.0066). tumors treated at the 2nd or later GKRs had a better median tumor control 
period compared to the initial GKRs (p=0.047). If the total number of tumor in the patients 
is 4 or more, the median tumor control period was longer (p=0.000�). these results seems 
to be paradoxical, however, the tumor size was smaller in these better median tumor control 
period groups. there was no significant difference in median tumor control period between 
the supratentorial and the infratentorial groups.

Conclusion: the tumor size was the most critical in GKRs for Mets from the breast.

12:20  - 12:30  orAL CommuNICATIoN  
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o6_P2-06  tReatMent stRateGY foR MetastatIc bRaIn tUMoRs fRoM Renal 
cell caRcInoMa: selectIon of GaMMa KnIfe anD cRanIotoMY 
fRoM tHe stanD PoInf of GRoWtH contRol anD PeRItUMoRal 
eDeMa contRol

Takashi Shuto (yokohama rosai Hospital, yokohama, Japan)
shigeo Matsunaga (1) Jun suenaga (1) shigeo Inomori (1) Hideyo fujino (1)  
(1) Yokohama Rosai Hospital, Japan                       

Purpose: to establish the treatment strategy for metastatic brain tumors from renal cell 
carcinoma (Rcc).

materials and methods: We retrospectively studied 104 patients who underwent GKs 
and 12 patients who underwent tumor removal by craniotomy for brain metastasis from 
Rcc. Peritumoral edema index was measured as a*b*c, where a (cm) was the maximum 
diameter of edema, b (cm) was the maximum diameter perpendicular to a, and c (cm) was 
the maximum height of edema to assess the efficacy of peritumoral edema control. 

results: In GKs group, mean marginal dose was 20.9 Gy, and mean maximum dose was 
�1.6 Gy. a total of 455 tumors were treated at our hospital, and follow-up neuroimaging 
was available for 171 tumors. complete disappearance of the tumor was observed in 
�1.5%, decrease in size or no change in 52.7%, and progression in 15.8%. Growth control 
rate was 84.2%. Median survival time was 7.5 months after first GKs and neurogenic death 
was observed in 24%. edema index of Rcc metastases was significantly larger than those 
of lung and breast cancer metastases. edema index of the Rcc metastases on the final 
imaging was also larger than those of lung and breast cancer metastases. the delivered 
peripheral dose was significantly correlated with tumor growth control. the primary site 
(Rcc) and lower delivered peripheral dose were significantly correlated with worse control 
of peritumoral edema by multivariate analysis. In surgery group, all tumors were totally 
removed without surgical complication. the tumors were relatively large, but tumor was 
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hard and well demarcated, therefore easily removed in most cases. Peritumoral edema was 
disappeared within 1-2 months and neurological symptom caused by peritumoral edema 
was well recovered after surgery. Median survival time was 10 months after tumor removal 
and neurogenic death was observed in two patients in surgery group. 

Conclusions: GKs should be considered for the treatment of metastatic brain tumors from 
Rcc with less than 2 cm in diameter. to obtain good control of peritumoral edema of Rcc 
metastases, marginal dose of 25Gy is desirable, and surgical resection is recommended for 
tumors more than 2 cm in diameter associated with symptomatic edema.

11:30  - 11:40  orAL CommuNICATIoN  
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o6_P�-01 tReatMent PlannInG foR DYnaMIc GaMMa KnIfe RaDIosURGeRY

Shuang Luan (university of New mexico, Albuquerque, uSA)
nate@cs.unm.edu swanson (1) zhe chen (1) lijuun Ma (2)  
(1) University of new Mexico, Usa (2) University of california san francisco, Usa                        

We presented the dynamic Gamma Knife radiosurgery concept in IsRs 2007. compared 
to current Gamma Knife radiosurgery, our dynamic scheme aims to take advantage of the 
robotic patient positioning system (aPs) and the helmet-free design of the latest Gamma 
Knife Perfexsion systems. In this dynamic scheme, the spherical high dose volume created 
by the Gamma Knife unit is used as a �D “paintbrush“, and treatment planning reduces to 
finding the best route of the “paintbrush“ to “paint” a �D tumor volume. We have recently 
finished developing an inverse planning system for dynamic Gamma Knife radiosurgery and 
will present some of our findings here.

our dynamic Gamma Knife radiosurgery planning system is a « turn-key » solution, where 
the inverse planning problem is solved as a traveling salesman problem combined with 
constrained least square optimizations. Its input parameters include: (1) contoured anatomy 
and prescriptions, (2) desired delivery time, (�) aPs speed, and (4) amount of system memory 
available. the outputs include: (1) a control point sequence for the aPs system together with 
shot configuration and beam-on times at each control point, and (2) dose distributions and 
DVH plots for each structures.

for initial implementations, we have tested simulated cases that included a spherical tumor, 
a c-shaped tumor, and a c-shaped tumor surrounding a spherical critical structure. the 
results of these tests showed that: (1) dynamic Gamma Knife radiosurgery is ideally suited 
for inverse planning, where high quality radiosurgery plans with tight isodose distributions 
and sharp DVH curves can be obtained in minutes of computation; (2) dynamic radiosurgery 
plans are more conformal and uniform than current plans and have significantly shorter 
delivery times; (�) dynamic Gamma Knife radiosurgery can maintain steep dose gradient 
(around 1�% per mm) between the target volume and the surrounding critical structures; 
(4) it is feasible to specify different doses to multiple isodose lines with dynamic Gamma 
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Knife radiosurgery, so that the treatment can cover the peripheral of the target volume 
while escalating the dose for high tumor burden regions; (5) with dynamic Gamma Knife 
radiosurgery, one can obtain a family of plans representing a tradeoff between the delivery 
time and the dose distributions, thus giving the clinician flexibility in choosing a plan based 
on the clinical situations. 

In conclusion, dynamic Gamma Knife delivery promises improved dosimetric quality, 
shortened delivery time, and reduced labor intensiveness for the planner over the existing 
Gamma Knife radiosurgery.

11:40  - 11:50  orAL CommuNICATIoN  
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o6_P�-02  QUalItY assURance of an IMaGe GUIDeD IntRacRanIal 
steReotactIc PosItIonInG sYsteM foR toMotHeRaPY

Emilie Soisson (university of Wisconsin-madison, madison, uSA)
David Westerly (1) Geoff sobering (2) Wolfgang tome (1)  
(1) University of Wisconsin - Madison, Usa (2) tomotherapy, Inc., Usa                         

the intent of this work was to determine the achievable accuracy and precision of stereotactic 
radiosurgery delivery on the tomotherapy Hi-aRt system using an image guidance based 
intracranial patient positioning system. the positioning system is a modification of one 
described previously1 and consists of an invasive head frame for patient immobilization, a 
table-top patient docking device to secure the frame to the table, a thin slice modification of 
the unit’s own megavoltage ct (MVct) for stereotactic localization, and an optical tracking 
system for shift verification. the feasibility of using MVct for stereotactic localization 
was investigated using methodology described by tomé et al.2, where localization error 
was quantified by displacing an anthropomorphic head phantom to known positions, 
as measured with optical tracking, and using MVct image fusion to detect the shift. In 
addition, simulation of a treatment from initial imaging to delivery was performed in 
phantom, incorporating the proposed positioning system, while film and a calibrated ion 
chamber were used to verify the accuracy of the delivered dose distribution. Results showed 
an average vector displacement between a known shift and that detected by MVct image 
fusion of 0.45mm. standard deviations of differences between known offsets and MVct 
fusion results were 0.�mm, 0.2mm, and 0.�mm in the Iec X, Y, and z directions respectively. 
Results of a delivery verification test on film showed less than a 1mm offset in measured 
and planned dose distributions. In conclusion, the tomotherapy delivery system used in 
conjunction with the proposed stereotactic patient positioning system is capable of sub-
millimeter delivery accuracy and can provide a safe radiosurgery delivery option.
1soisson et, sobering G, lucas D, chao e, olivera G, and tome Wa. Quality assurance of 
an image guided intracranial stereotactic positioning system. accepted for publication in 
technology in cancer Research and treatment. february 2009.
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2tomé Wa, Meeks sl, orton nP, bouchet lG, and bova fJ. commissioning and quality 
assurance of an optically guided three-dimensional ultrasound target localization system for 
radiotherapy. Med. Phys. 29, 1781-1788 (2002).
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o6_P�-0� assessMent of lonG teRM stabIlItY of leKsell GaMMa KnIfe 
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Josef Novotny Jr. (university of Pittsburgh Cancer Institute, Pittsburgh, uSA)
Jagdish bhatnagar, (0) saiful Huq, (0)                         

Purpose: the purpose of this study was to evaluate long term stability of the coincidence 
between the Radiological focus Point (RfP) and Patient Positioning system (PPs) calibration 
center point for the leksell Gamma Knife Perfexion® (lGK PfX)

methods and materials: the stability of the PPs setting up of coordinates was determined 
by measuring the deviation between the RfP and the PPs central position (X=Y=z=100). 
three different test tools were employed; 1) a service diode test tool with three diodes 
(central diode, lateral-proximal diode, and lateral-distal diode), 2) an on-site diode test tool 
with one diode and �) a special film holder for holding Gafchromic ebt films. both service 
and on-site diode test tools automatically scan X, Y, z profiles and the lGK PfX software 
determines from the profiles the position of RfP and calculates deviation between RfP and 
PPs center point. additional measurements, using Gafchromic ebt films positioned in a 
specially designed holder, were performed during initial system calibration and annual Qa. 
Results presented in this study include data from 16 months experience. During this period, 
the tests with service diode test tool were repeated five times; with on-site diode test tool 
were repeated daily and with films were repeated three times. 

results: for the 4 mm collimator, the service diode test tool measured the average radial (X, 
Y, z vector) deviation of 0.065±0.0�9 mm for the central diode, 0.060±0.026 mm for the 
lateral-distal diode, and 0.09�±0.0�7 mm for the lateral-proximal diode. these deviations 
measured with the central diode for 8 and 16 mm collimators were 0.087±0.0�0 mm 
and 0.144±0.0�2 mm respectively. When film and on-site diode methods were used, the 
average radial deviation between RfP and PPs center point were found to be 0.14±0.06 mm 
and 0.1±0.1 mm respectively. the average deviations in X, Y and z stereotactic coordinates 
measured with on-site diode test tool were found to be 0.1±0.0 mm, 0.0±0.0 mm and 
0.0±0.0 mm respectively for 4 mm collimator. 

Conclusions: Results obtained with all three tests were well within the manufacturer’s 
specifications. no additional calibration or adjustment was necessary. High system accuracy 
and stability was observed for the time period reported in this study. 
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o6_P�-04  VeRIfYInG tHe lGP PReDIctIon In GaMMa KnIfe UsInG PaGat 
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mahmoud Allahverdi (Tehran university of medical Sciences (tums), Tehran, Iran, 
Islamic republic of)
allahverdi Pourfallah (1)  
(1) Department of Medical Physics and biomedical engineering, tehran University of Medical sciences, 
tehran, Iran, Islamic Republic of                           

Purpose: Polymer gel dosimetry is still the only dosimetry method for directly measuring 
three-dimensional dose distributions. MRI-polymer gel dosimeters are tissue equivalent 
and can act as a phantom material. In this study measured and eGsnrc calculated 2D dose 
distributions in single shot irradiation of Gamma Knife (GK) unit were applied for verification 
of leksell Gamma Plan (IGP) prediction.

methods and materials: a custom-built 16 cm diameter spherical Plexiglas head phantom 
was used in this study. the PaGat polymer gel dosimeter was fabricated according to 
composition proposed by Venning et al (1) and the method proposed by De Deene et al (2). 
after irradiation the polymer gel dosimeters were imaged using a siemens 1.5 t clinical MRI 
scanner in a transmitter/receiver head coil. a multi-echo sequence with �2 echoes was used 
for the evaluation of irradiated polymer gel dosimeters. 
the eGsnrc-based Mc user code beaMnrc (�) was used to simulate the geometry of the GK 
source channel, and outputs phase-space data (phase-space files). another general-purpose 
Mc eGsnrs user code DosXYznrc (4) which considers the phantom divided in a large number 
of small volume elements, or voxels, was employed to obtain the �D dose distributions in 
the phantom.

results: the results of measurement and simulation in homogeneous phantom showed that 
lGP system can predict the 2D dose distribution with spatial uncertainty lower than ±2 mm 
and dose uncertainty lower than 2%. 

Conclusion: It concluded that MRI-polymer gel dosimeter is an accurate �D verifying tool 
in GK radiosurgery. Moreover, the findings of Monte carlo calculation revealed that the 
applied simulation code (i.e. eGsnrc) is a proper tool for evaluation of �D dose distribution 
in GK unit. 

1.  Venning aJ, Hill b, brindha s, et al. Investigation of the PaGat polymer gel dosimeter 
using magnetic resonance imaging. Phys Med biol 2005;50:�875-�888.

2.  De Deene Y, Vergote K, claeys c, et al. the fundamental radiation properties of normoxic 
polymer gel dosimeters: a comparison between a methacrylic acid based gel and 
acrylamide based gels. Phys Med biol 2006;51:65�-67�.

�.  Rogers DWo, Walters b, Kawrakow I. beaMnrc Users Manual. nRcc Report PIRs-
0509(a)revI 2007.



oRal sessIons abstRacts

194

WeDnesDaY, 10 JUne 2009

4.  Walters b, Kawrakow I, Rogers DWo. DosXYznrc Users Manual. nRcc Report PIRs-
794(revb) 2007.
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o6_P�-05 a cHaRacteRIstIc estIMatIon of WateR absoRbeD Dose foR 
GaMMa KnIfe RaDIosURGeRY

Hyun-Tai Chung (Seoul National university Hospital, Seoul, Korea)
Dong Gyu Kim (1) Kuk Jin chun (2) Young Ho Park (�) sang Il Hyun (4) Yongsoo choi (5) Ki-Hong Kim (6)  
(1) seoul national University, Korea (2) Korea Research Institute of standards and science, Korea  
(�) chonnam University, Korea (4) Korea Institute of ceramic engineering and technology, Korea  
(5) Hankyong national University (6) Yonsei University, Korea                           

the water absorbed dose in 60co gamma-rays from Gamma Knife type c has been measured 
by the ionometric method at the reference point at which water absorbed dose is estimated 
for the radiation treatment planning in Gamma Knife radiosurgery. for the measurement, 
the spherical type water phantoms have been designed and constructed. the measurement 
result was compared with that obtained by the ionometric measurement with an abs plastic 
phantom provided by the manufacturer (elektra ab, stockholm, sweden). the comparison 
showed that they were differed by �.6 %. the idea of applying a conversion factor on the 
estimation of water absorbed dose when the abs phantom was used has been proposed. 

the measurement of dose distribution inside the helmet showed that the mechanical reference 
point does not agree with the radiological one. the difference of the water absorbed dose 
measured at these two points was 0.17 %.

the Monte carlo simulation system with eGsnrc code has also been applied to obtain the 
water absorbed dose distribution due to the multiple radiations inside the Gamma Knife 
helmet. to check the feasibility of the simulation, the calculations of the point depth dose at 
the reference point were compared with those obtained from the ionometric measurement 
in the spherical phantom of several radii. the calculated results showed 0.� % difference 
from the experiment. 
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o6_P�-06  IntRoDUcInG tHe contInUoUs MotIon MonItoRInG sYsteM 
DURInG cYbeRKnIfe RaDIosURGeRY

Kenichi Saito (Konan St.hill Hospital, ube, Japan)                          

objective: Immobilization of the head during the stereotactic radiotherapy (stR) has been 
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fundamental for assuring the accuracy. We developed a continuous motion monitoring 
system (cMM) to detect and quantify head movement during cyberKnife stR and leksell 
frame fixation. Here we present findings obtained during tests of ccM.

methods: ccM is composed of a potentiometer with 4 encoders connected 4 strings tied to 
the plastic buttons glued to the thermoplastic mask or by three strings directly connected to 
the leksell frame. the accuracy of cMMwas studied in a phantom using the target locating 
system (tls) of the cyberKnife. During cyberKnife treatment, cMM software sends an 
emergency stop signal (e-stop) when the patient moves beyond a limit. seventy-three cases 
of cyberKnife stR and‚ V cases of leksell frame fixation were monitored.

results: In the phantom study, regression analysis showed a significant correlation between 
cMM versus tls parameters. the expected root mean square (RMs) position error at the 
moment of e-stop was 0.62, 0.44 mm when the e-stop limit was set at 0.5 mm. twenty-two 
of 7� patients (�0%) kept still during cyberKnife treatment (less than 0.5 mm); 51 of 7� 
patients (70%) moved more than 0.5 mm, and thus caused e-stops. cMM monitoring during 
frame fixation showed motion beyond 1 mm in 4 cases and 0.5 mm in � other cases.

Conclusion: significant head movement can occur during cyberKnife treatment or fixation in 
a leksell frame. cMM improved the accuracy of the cyberKnife comparable to frame-based 
stR.
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o7_P1-01 RaDIosURGeRY of caVeRnoUs MalfoRMatIons coMPaRIson WItH 
tHe natURal HIstoRY

yoshihisa Kida (Komaki City Hospital, Komaki City, Aichi Prefecture, Japan)
toshinori Hasegawa  
(1) Komaki city Hospital, Japan (1)                           

Purpose: long-term results of radiosurgery to cavernous malformations (cMs) are reported, 
and compared with the symptomatic cases treated conservatively. 

Cases and methods: there are 152 cases of symptomatic cMs treated with gamma knife 
(a), and another 40 cases with conservative treatments (b). 

results: Majority of lesions in Group (a) are located in eloquent areas like brainstem or basal 
ganglia, followed by lobar and cerebellar lesions. With the mean maximum and marginal 
dose of 26.4 and 14.9 Gy respectively, �0% of them showed a shrinkage and the others 
were unchanged in the mean follow-up of 55.4 months. Hemorrhage rate after radiosurgery 
are far decreased to �.2%/year/case, which is almost one tenth of the one during 5 years 
before gamma knife (�1.8%). In fact hemorrhage rate showed 8% in the first year, then 
apparently decreased to less than 5% subsequently and finally reached to 0% in the 7th year. 
In contrast, the hemorrhage rate in Group b was 7.6 %/year/case during 62 months of mean 
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follow-up, which is much higher than Group a. 

Conclusion: because of markedly decreased rate of hemorrhage and with acceptable rate of 
complications, radiosurgery for cavernous malformation is apparently useful.
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o7_P1-02  RelatIon betWeen HeMosIDeRIn content anD eDeMa 
DeVeloPeMent In PatIents WItH caVeRnoUs anGIoMas tReateD 
WItH lInac-baseD RaDIosURGeRY

Sergio moreno-Jiménez (Innn, mexico City, mexico)
Mariana Hernández-bojórquez (1) Miguel angel celis (1) almendra burgos (1) Jenner aguilar (1) 
fabiola flores-Vázquez (2) Guillermo axayacalt Gutiérrez-aceves (1)  
(1) Radiosurgery Unit natonal Institute of neurology and neurosurgery, Mexico  
(2) General Hospital Mexico city, Mexico                           

the first detailed description of the appearance of cavernous angiomas (ca) on MR images 
was reported by Rigamonti et al in 1987 (Rigamonti D, 1987). zabramski et al described an 
MR Imaging classification for cM on the basis of pathological correlations and MR signal 
characteristics (zabramski JM, 1994). 

the presence of hemosiderin in and around the ca has been implicated in the outcome 
of surgically treated patients, specialy regarding seizures (Kraemer D, 1998; baumann 
cR, 2006; Hammen t, 2007). Regis et al proposed that the reason for seizure cessation in 
radiosurgical treated patients is not the dose received by the margin of the target but the 
ionizing radiation received by the epileptogenic zone located close to the ca (Regis J, 2000). 
on the other hand, the high content of iron in the hemosiderin-rich tissue around the ca 
could explain in part the higher rate of complications seen in these patients, in comparisson 
with patients with arteriovenous malformations (Pollock be, 2000), through the creation of 
reactive oxygen free radicals species responsible for the oxidative stress in cells (ayene Is, 
2007). 

material and methods: We analized a total of 29 ca in 25 patients. We measured the 
content of hemosiderin in and around the ca in t2 weighted magnetic resonance imaging 
(MRI) and the development of edema during the follow-up. 

results: the mean age was 41.6 years. 75.9% of the patients were females and 24.1 were 
males. the location of the ca was the following: brainstem (27.6%), temporal lobe (24.1), 
frontal lobe (17.2), other (1�.8%), insular lobe (6.9%), cerebelum (6.9%) and parietal lobe 
(�.4%). Most of them were in an elocuent area (> 90%). the clinical presentation was 
half with haemorrhage and half with epilepsy. the mean ca volume was 1.8 cc, the mean 
volume considered to be tissue with hemosiderin content was 0.51 cc within the ac and 1.1 
cc in- and outside the ac. We analized the correlation between hemosiderin content and 
edema development. 21% of the patients developed edema. the more hemosiderin content 
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volume the more probability of edema presence (p = 0.2). 

Conclusions: this report support the hypothesis of the role of the hemosiderin as a risk 
factor of edema development in patients with ca treated with ionizing radiation. this is a 
preliminary report. 
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o7_P1-0� GaMMa KnIfe RaDIosURGeRY foR caVeRnoUs sInUs 
HeManGIoMas: IMaGInG cHaRacteRIstIcs befoRe anD afteR tHe 
tReatMent

David Hung-Chi Pan (Taipei Veterans general Hospital, Taipei, Taiwan)
Wychung@vghtpe.gov.tw chung (1) Hsiu-Mei Wu (2)  
(1) Department of neurosurgery, taipei Veterans General Hospital, taiwan  
(2) Department of Radiology, taipei Veterans General Hospital, taiwan                           

Introduction: cavernous sinus hemangiomas are rare and represent 2-�% of all neoplasm 
within the cavernous sinus (cs). for the treatment, open surgery often poses difficulty due 
to the risk of excessive bleeding. However, they may demonstrate characteristic imaging 
findings before and after radiosurgery. We retrospectively analyze 6 patients with cs 
hemangiomas treated by Gamma Knife radiosurgery (GKs) in the past 14 years. Imaging 
studies and results of long term follow-up of cs hemangiomas are assessed and compared 
to the results of more common meningiomas.

material and method: a total of 265 patients with cs tumors were treated by GKs at the 
taipei VGH between 199� and 2008. among them 2% (6 patients) were cs hemangiomas, 
and �4% (91 patients) were meningiomas. cs hemangiomas can be distinguished from 
more common meningiomas based on MRI findings that t2-weighted images show 
marked hyperintensity. the median age of hemangioma patients was 49y/o, with female 
predominant. Pre-treatment manifestations include headache, visual loss, oculomotor and 
abducence palsies. tumor volumes ranged from 2.9-2�.1ml. average marginal/maximum 
dose of radiosurgery was 1�/2�Gy respectively. Post-radiosurgical follow-up include MRI 
examinations every �-6 months and sequential tumor volume measurements. the data 
obtained were compared to treatment results of cs meningiomas.

results: follow-up range from 6-156 months (mean 40 months). clinically, all 6 patients 
with cs hemangiomas showed remarkable symptomatic improvement with resolution of 
headache, diplopia or visual impairment. there was no complication or mortality. tumor 
volume measurement showed 65% reduction of the volume, with rapid regression of the 
tumor within �-6 months. for comparison, the average volume change in 84 meningiomas 
showed only 29% reduction. the statistical difference between two tumor groups was 
significant (p<0.05).

Conclusion: GKs is a safe and effective treatment option for cs hemangiomas. the 
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characteristic MRI findings of cs hemangiomas before and after GKs allow us to select 
proper cases for the treatment.
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o7_P1-04  GaMMa KnIfe tReatMent of caVeRnoUs HeManGIoMas In tHe 
caVeRnoUs sInUs: RePoRt of eleVen cases 

yong Hu (Navy general Hospital of Pla, Beijing, China)
sun Junzhao, (0) tian zengmin, (0)                           

objective: to evaluate the effects of oUR-Rotating Gamma Knife in treatment of cavernous 
hemangiomas in the cavernous sinus. Methods from november 1997 to april 2006, 11 
patients (three men, eight women; mean age 45 years; range 2� to 71 years) with cavernous 
hemangiomas in the cavernous sinus were treated with oUR-Rotating Gamma Knife. of the 
11 patients, 5 had residual tumor after surgery (pathological diagnosis), 6 were diagnosed 
by imaging findings. the mean maximum diameter of these lesions was �2mm (range,25 to 
40mm).the tumor marginal dose ranged from 9 to 16Gy (mean,1�Gy) and the prescription 
isodose was 40 to 50% (mean, 46%). 10 patients were followed up from 19 to 96 months 
(mean, 5�.7 months).

results: none of these patients showed any new deterioration about cranial nerves. one 
year later, all patients demonstrated obvious improvement or disappear in clinical symptoms. 
of the 10 tumors, 2 nearly disappeared,5 decreased markedly,� remain stable. 

Conclusion: Gamma knife for cavernous hemangiomas in the cavernous sinus is safe and 
effective. therefore, it is an excellent alternative to operative intervention and may even 
replace operative procedures if the tumors are small in diameter (<�0mm) or when they 
recur or have residual tumor postoperatively.

reference:

1.  Kida,-Y; Kobayashi,-t; Mori,-Y .Radiosurgery of cavernous hemangiomas in the cavernous 
sinus.surg-neurol. 2001 aug; 56(2): 117-2�.

2.  nakamura,-n; shin,-M; tago,-M.Gamma knife radiosurgery for cavernous hemangiomas 
in the cavernous sinus. Report of three cases. J-neurosurg. 2002 Dec; 97(5 suppl): 477-
80.

�.  Peker s,Kilic t,sengoz M et al.Radiosurgical treatment of cavernous sinus cavernous 
haemangiomas.acta neurochir (Wien),2004,146;��7-41.

4.  liu al,Wang c,sun s,et al.Gamma knife radiosurgery for tumors involving the cavernous 
sinus [J].stereotact funct neurosurg,2005,8�(1):45-51.
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objectives: Intracranial hemangiomas are rare but often develop in the cavernous sinus 
or orbit. these tumors pose diagnostic as well as therapeutic challenges to neurosurgeons 
during attempted removal due to their vascularity. We assessed our experience using 
stereotactic radiosurgery (sRs). 

methods: ten patients who were five males and five females with intracranial hemangiomas 
underwent sRs between 1988 and 2007. the mean age of the patients was �8.1 years. 
nine patients had hemangiomas located in cavernous sinus and one patient’s tumor was 
intraorbital. six patients (60%) underwent sRs as primary treatment modality based on 
clinical and imaging criteria. four patients had prior partial surgical resection or biopsy. 
the presenting symptoms included headache, orbital pain, diplopia, ptosis, proptosis and 
impaired visual acuity. the mean target volume was 7.5 ml (range 2.5-18 ml). the mean 
prescription dose delivered to the margin was 14.65 Gy (range 12-19 Gy). the dose to the 
optic nerve in all patients was below 9 Gy (range 4.5-9 Gy).

results: the mean follow-up duration after sRs was 67 months. eight patients had 
improvement of their symptoms; two patients reported persistent diplopia. follow-up 
imaging revealed complete reduction in one patient, partial reduction in tumor volume in 
8 patients, while one patient showed no reduction in tumor volume. no adverse radiation 
effects were seen. 

Conclusions: sRs is a minimally invasive and effective management strategy for symptomatic 
intracavernous and intraorbital hemangiomas.
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Purpose: Gamma Knife surgery for treatment of essential trigeminal neuralgia (tn) has 
seen no unified opinion as to target positioning and dose selection. at our institute, all 
patients have been treated with a consistent method ever since the installation of automatic 
Positioning system. In this article, we report not only the clinical results of our study but also 
our original medication method by tegretol prescription for the patients with tn in aiming 
at relieving their pain.

methods: three hundred and three patients with tn have been treated at our institute. 
among them, 170 patients have been followed more than 24 months, and 1�0 of them 
treated with aPs were selected as our study group. thin slice MRI and ct scanning were 
performed, and we opted for retrogasserian targeting, single isocenter with 4mm collimator 
by irradiating 90Gy as maximal dose. for all 1�0 patients, treatment effects and complications 
were reviewed and evaluated.

results: Mean follow-up period was �.2 years. Initial electric discharge (eD) free rate was 
97.7%, and the rate was 86.1% (medication free: 66.1%) at the last follow-up. complete 
recurrence was observed in 2.�%. eD free term varied and was divided into 4 groups 
according to its durations. early effect group had a positive correlation with energy volume 
per nerve unit (p=0.016). Post-treatment change was classified into � groups. exacerbation 
was seen in 48.0% at �-6 months follow-up, whereas complication (facial numbness) rate 
was seen in 2�.0% and bothersome consisted 12.�% of all complications.

Conclusions: our recent study results show that updated treatment concept can achieve 
enough pain control for patients with tn. However, patients still present complications at 
high rate. We believe that custom-made treatment for each patient will pave the way for 
satisfactory treatment results.
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o7_P2-02  oUtcoMe of tRIGeMInal neURalGIa alonG tHe PRescRIbeD Dose 
In GaMMa KnIfe RaDIosURGeRY; coMPaRIson of 80 anD 85 GY 

yong Hwy Kim (Seoul National university College of medicine, Seoul, Korea)
Jung Ho Han (1) Hyun-tai chung (1) sun Ha Paek (1) Young-Hoon Kim (1) sang soon Jeong (1)  
Dong Gyu Kim (1)  
(1) Department of neurosurgery, seoul national University college of Medicine, Korea                             

objective: to clarify the appropriate dose of Gamma Knife Radiosurgery (GKs) in trigeminal 
neuralgia, authors compared the outcomes along the prescription dose of 80 and 85 Gy.

method: the authors retrospectively collected the follow up data, more than 1 year, on 
104 GKs procedures for trigeminal neuralgia. before July 2004, 80 Gy was prescribed in 
60 patients and 44 patients were managed with 85 Gy from then. the target was the 2-4 
mm anterior to the junction of the trigeminal nerve and the pons. the outcomes of facial 
pain, which were obtained via medical record and standardized telephone interview, were 
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evaluated in scale of barrow neurological Institute (bnI).

result: actuarial , the rate of good pain outcome (greater than bnI III) were 75.0%, 68.5% 
and 61.2% in 80 Gy compared with 75.0%, 62.6% and 62.6% in 85 Gy group at 1, 2 and 
� years after GKs and there was no statistical difference. time to maximal pain relief was 
shorter in 85 Gy group. the long morbid time before GKs was proven as a prognostic factor 
in uni- and multivariate analysis. Post-GKs facial sensory change was developed in 20.6% 
and distance less than �.0mm between target and the brainstem surface was related.

Conclusion: there was no difference in pain relief and facial numbness between 80 and 
85Gy, however, time to maximal pain relief was shorter in 85Gy. and the distance from 
target to the nearest stem is recommended to be more than �mm for preventing facial 
numbness.

16:40  - 16:50  orAL CommuNICATIoN  

O7_P2  Functional disorders
room: mugunghwa 1
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Introduction: It is widely known that Gadolinium enhancement of the irradiated trigeminal 
nerve root is often seen after Gamma Knife surgery (GK) for trigeminal neuralgia (tn). the 
incidence and clinical significance of this enhancement has not, however, been seriously 
evaluated to date. We thus attempted to evaluate the incidence and clinical significance of 
Gadolinium enhancement of the irradiated trigeminal nerve root after GK for tn. 

materials and methods: one hundred-two patients were treated with GK at maximum 
doses of 80 to 90 Gy on the anterior portion (50 patients) or the posterior portion (52 patients) 
of the painful side trigeminal nerve root, with a 4mm collimator and single isocenter. after 
GK, all patients were evaluated every three to six months by clinic visit, assessing pain 
control, complications, and MRI changes with Gadolinium injection. We divided the patients 
into four categories by degree of enhancement. Grade 0: not enhanced. Grade 1: partially 
enhanced. Grade 2: entire nerve root moderately enhanced. Grade �: entire nerve root 
severely enhanced. We evaluated the incidence and timing of Gadolinium enhancement. 
Related factors to Gadolinium enhancement were also evaluated with commercially availed 
software (JMP 5.0.1 J). 

results: the follow-up duration was six to 97 (median �7) months. Gadolinium enhancement 
was observed in 77 patients (75.5%) at three to 18 (median three) months after GK. Grade 1 
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was seen in 1� patients, Grade 2 in �1 and Grade � in ��. at final visit, pain-free status was 
observed in 7� patients, complete remission in 46, recurrence of neuralgic pain in 18, and 
complications in 4�. Gadolinium enhancement was more common among males, anterior-
target patients, and patients with complications according to Wilcoxon’s rank-sum test. It 
was also related to prescription dose and to the irradiated volume of the trigeminal nerve 
root according to student’s t-test. Irradiated volume of the trigeminal nerve root was the 
only significant independent factor we were able to identify. 

Conclusions: Gadolinium enhancement of the irradiated trigeminal nerve root was observed 
in 75.5% of sample group of patients at three to 18 months after GK for tn. this incidence is 
in keeping with some previous reports. Gadolinium enhancement was more common among 
males, and was correlated with prescription dose, target portion, irradiated volume of the 
trigeminal nerve root, and complications, but not to pain-control status.  
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Marcello Marchetti (1) laura fariselli (2) Ida Milanesi (2) Giancarlo beltramo (�) livia bianchi (�) 
lorenzo brait (�) achille bergantin (�) Giovanni broggi (1) angelo franzini (1) carlo Marras (1)  
(1) Department of neurosurgery, fondazione IRccs Istituto neurologico c besta Milano, Italy  
(2) Division of Radiotherapy, fondazione IRccs Istituto neurologico c besta Milano, Italy  
(�) centro Diagnostico Italiano (cDI), Milano, Italy 

objective: clinical studies showed that radiosurgical procedures are safe and effective 
for patients not considered good surgical candidates. In the last 20 years, at neurological 
Institute c. besta, medically refractory trigeminal neuralgia (tn) was treated with a variety of 
minimally invasive techniques including radiosurgical rhizotomy. We present our preliminary 
experience with �� cases of medically refractory tn treated just by frameless cyberknife 
system (accuray, Inc., sunnyvale, ca).

methods: between september 2004 and March 2006, we treated �� patients with the 
frameless cyberKnife system as a monotherapy. the retrogasserian portion of the trigeminal 
nerve for a length of 4 mm at 2-� mm anterior to the root entry zone was targeted. ct and 
MR by fIesta protocol (fast Imaging employing steady-state acquisition; General electric) 
were used to define the target Doses of 55-75 Gy prescribed to the 100% isodose line. 
Patients were evaluated for the level of pain control, time to pain relief, hypesthesia, and 
time to pain recurrence.

results: the median age was 74 years. all but two patients (92%) achieved a successful 
treatment outcome. the follow-up was 9-�7 months (mean 2� months). barrow Pain scale 
(bPs) before radiosurgery was III in 2 patient (6%); IV in 8 patients (24%); and V in 2� patients 
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(70%). the time to pain relief was 1-180 days (median �0 days). no facial numbness was 
observed. bPs was I, II or III in �1 patients (97%) posttreatment. Pain recurrence occurred 
in ��% (11 patients) at a mean 9 months (range 1-4� months). three recurrent patients had 
low pain control by medication (bPs: 4), and one patient (bPs: 5) needed a radiofrequency 
lesioning (bPs: 1 at 12 months). 

Conclusions: cyberKnife radiosurgery for tn allows pain relief at safe doses and is 
suggested for pharmacologically refractory tn. Higher prescribed doses were not associated 
with improvement in pain relief or recurrence rate. 
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Haitao Liu (Chinese medical Association, Zhengjiang, China)

object: to investigate the relapse reason of the recurrence of trigeminal neuralgia patients 
after the Gamma-knife treatment and help the clinical doctors to improve treatment effects 
and reduce the danger.

methods: Review the 26 cases of recurrent patients of trigeminal neuralgia after Gamma-
knife radiosurgery, analyze 1� factors including age, sex, recurrent time, ether medication, 
the number of target points, radio position and so on. chi-square test was used to compare 
the variance between or among the different groups. Pearson means were used to calculate 
the t value. there was significant when p=±0.05.Recurrent rate and middle-recurrent time 
were analyzed by sPss for Windows11.0 software.

results: the recurrent rate was 9.12% and middle-recurrent time is 44.7 months in all 
patients after Gamma-knife therapy. the age, sex, current both sides, ether neurosurgery 
were not significant between the recurrent groups and no recurrent groups (p=±0.05).
While clinical type, radio spot,wether indicating clearly trigeminal nerve root, target point 
numbers were correlative factors(p=±0.05).

Conclusion: tn recurrent factors include target points, trigeminal nerve branches, radio 
spot, trigeminal nerve root condition, secondary trigeminal neuralgia (stn). two target 
points, higher tesla MRI, radio trigeminal nerve root nearly to pons could raise therapy 
effects and reduce recurrent rate.
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o7_P�-01 sPInal coRD toleRance to RaDIosURGIcal Dose DIstRIbUtIons:  
a stUDY of lateRal VolUMe effects anD ReIRRaDIatIon

Paul medin (university of Texas Southwestern medical Center, Dallas, uSA)
Ryan foster (1) albert Van der Kogel (2) James sayre (�) tim solberg (1)  
(1) University of texas southwestern Medical center, Usa  
(2) Radboud University Medical center, the netherlands  
(�) University of california los angeles, Usa 

objectives: little is known regarding spinal cord tolerance to radiosurgical dose distributions. 
a study is underway to determine spinal cord tolerance to single fraction irradiation in 
swine.

methods: In a study approved by the Ut southwestern Institutional animal care and Use 
committee, minipigs have received spinal radiosurgery in one of three scenarios: hemicord 
de novo (arm1), wholecord de novo (arm2) or hemicord one year post �00 cGy times 
ten (arm�). Radiosurgery is delivered to a 5 cm long cervical segment while fractionated 
irradiation is delivered to a 9.8 cm cervical segment. the hemicord delivery technique 
produces a dose distribution whereby the 90%, 50% and 10% isodose lines pass through the 
proximal, central and distal cord, respectively, while the wholecord radiosurgery technique 
produces a uniform dose distribution across the irradiated segment. twenty-six pigs have 
been stratified into 8 dose groups (12-47 Gy) in arm1, seven pigs have been stratified into 
three dose groups (16-20 Gy) in arm2, and twenty-four pigs are enrolled in arm�. Response 
is defined as a change in gait during a one year followup. H&e stained sections of spinal cord 
have been evaluated for thirty-nine animals.

results: a steep dose response curve has emerged in arm1, with no response below 18 
Gy and 100% response above 20 Gy. all animals with motor deficit showed some degree of 
demyelination and white matter necrosis on the irradiated side with relative sparing of the 
gray matter. the extent of white matter necrosis increased with dose. the higher dose of �6 
Gy showed more severe necrosis, with extensive vascular damage in the gray matter, though 
primarily limited to the irradiated half of the cord.

Conclusions: current results indicate that for grazing dose distributions, pigs do not realize 
the same increase in eD50 for paralysis as has been observed in rats; however, the pigs’ 
dose response curve closely resembles that for rats receiving whole-cord irradiation. early 
results from arm2 suggest that the advent of motor deficit may be independent of irradiated 
volume in the lateral direction; however, the severity of the deficit is volume dependent. 
early results from arm� suggest the spinal cord may repair most radiation damage within 
one year post irradiation. finally, the eD50 from this study is markedly lower than the 27 Gy 
observed in a previous pig study, likely due to the much lower dose rate used in that study.
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o7_P�-02  DIffeRentIatIon anD MIGRatIon of neURal steM cells InJecteD 
Into MoUse bRaIn afteR GaMMa IRRaDIatIon

Jung-Il Lee (Samsung medical Center, Sungkyunkwan university School of medicine,  
Seoul, Korea)
nsnam@skku.edu nam (1) Yong-seok Im (1)  
(1) samsung Medical center, sunkyunkwan Uinversity school of Medicine, Korea  

neural stem cells (nscs) were reported to be able to trans-differentiate into endothelial cells 
in vitro under certain condition. However it has not been elucidated that this phenomenon 
has functional meaning in vivo. to examine that nscs can replace damaged brain endothelial 
cells in vivo, we irradiated c57bl/6 mouse brains using gamma knife (GKs, using 8mm 
collimator with 0, 1, or 10 Gy at 50% isodose line). by GKs, irradiation can be focused 
to unilateral hemisphere. nscs originated from brains of GfP transgenic c57bl/6 mouse 
fetuses (1�.5 days) were injected into the opposite hemisphere. the differentiation ability 
of the nscs were confirmed in vitro by immunohistochemistry against tuj1 (neuron), GfaP 
(astrocyte), and o4 (oligodendrocyte) after culturing in 10% fbs for 5 days. We followed 
the injected nscs using a fluorescence microscopy (0, �, 6, 12, 24, 48, 72 hours after 
the injection, n = � for each group) and found that they migrated to the damaged brain 
region of the opposite hemisphere and differentiate into endothelial cells. Differentiation 
was confirmed by co-localization of GfP and cD�1 (an endothelial cell specific marker). 
Differentiated endothelial cells were observed to integrate into microvessels. these data 
demonstrate that nscs can migrate to area with endothelial cells damaged by irradiation 
and maintain cerebral microvessels in vivo.
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o7_P�-0� concURRent tReatMent of bcnU anD GaMMa KnIfe 
RaDIosURGeRY In tHe Rat MalIGnant GlIoMa MoDel

Cho Keun-Tae (Dongguk university International Hospital, goyang, Korea)
Keun-tae cho (1) Jin Wook Kim (2) Yong Hwy Kim (2) Jung Ho Han (�) seung Yeob Yang (1)  
chul-Kee Park (2) Hyun-tai chung (2) sun Ha Paek (2) Hee-Won Jung (2) Dong Gyu Kim (2)  
(1) Dongguk University, International Hospital (2) seoul national University (�) seoul national 
University, bundang Hospital  

objective: the purpose of this study was to investigate whether the addition of bcnU 
before GKRs was more effective in local tumor control than bcnU alone or GKRs alone in 
the c6 rat glioma model.
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materials & methods: thirty-one sprague-Dawley rats were randomly assigned to control 
(n=7), bcnU (n=8), GKRs (n=8), and bcnU+GKRs (n=8) groups. five of 5 X 105 c6 glioma 
cells were implanted stereotactically into the rat brain. fourteen days after implantation, 
MRI was performed, tumor volume was measured. fifteen-days after implantation, rats 
were treated with intraperitoneal bcnU injection (7 mg/kg) (bcnU group), GKRs (20 Gy 
at the 50% isodose line) (GKRs group), or intraperitoneal bcnU injection followed by 
GKRs with 1.5-hour interval (bcnU+GKRs group). two-weeks after the treatment, rats 
were sacrificed, tumor volume was measured in tissue sections with H&e stain. calculated 
tumor volumes in the tissue sections were compared with those in the MRI. Percent volume 
reduction of tumors after treatment was calculated and categorized into four response 
groups (progression, stable disease, partial response or cure). tissue sections were stained 
with monoclonal antibodies against Ki-67 and tIMP-1 to evaluate the proliferative activity 
and the tissue invasion of the tumor cells, respectively. to evaluate tumor cell apoptosis, 
tUnel staining was performed.

results: In the control group, tumor volume increased significantly in all six rats (p=0.028). 
tumor volume decreased significantly in all six rats in the bcnU+GKRs group two weeks 
after treatment (p=0.028). the tumor volume decreased in three of six rats of the bcnU 
group and in four of six rats of the GKRs group. the significant percent volume reduction 
of tumor was observed after the bcnU, GKRs and bcnU+GKRs treatment compared with 
the control group (p=0.041, 0.041 and 0.002, respectively). a better tumor control was 
observed in the bcnU+GKRs group compared with the control, bcnU, and GKRs groups by 
using linear-by-linear association (p=0.001). In the quantification of the Ki-67 positive cells, 
a statistically significant difference was found between the bcnU+GKRs group and the 
control group (p=0.019),a marginal difference was found between the bcnU+GKRs group 
and the GKRs group (p=0.057). no significant differences were observed between groups 
in examination of the tUnel and tIMP-1 positive cell quantifications
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o7_P�-04  U�7�MG cell lIne eXPoseD to HIGH eneRGY IRRaDIatIon: sURVIVal 
fRactIon

Sergio moreno-Jiménez (National Institute of Neurology And Neurosurgery, 
mexico City, mexico)
Mariana.hernandez.b@gmai.com Hernández-bojórquez (1) arnulfo Martínez-Dávalos (2) José Manuel 
lárraga-Gutiérrez (1) María cristina trejo-solis (�) sergio Moreno-Jiménez (4) Miguel Ángel celis (4)  
(1) Medical Physics laboratory, national Institute of neurology and neurosurgery, Mexico  
(2) Physics Institute, Mexico autonomous national University, Mexico (�) neuroinmunology 
laboratory, national Institute of neurology and neurosurgery, Mexico (4) Radiosurgery Unit, national 
Institute of neurology and neurosurgery  

We used a 6 MV-irradiation model to obtain a survival fraction curve of U�7�MG human 

oRal sessIons abstRacts

207

WeDnesDaY, 10 JUne 2009

glioblastoma (GbM). We calculated its radiation sensitivity. GbM represents approximately 
80% of all malignant gliomas and it is the most common intracranial primary malignancy 
with rate of cure in 5 years after diagnosis is reached of 5%; radiotherapy is considered 
in the treatment guidelines, therefore it is in our interest to characterize a reproducible 
irradiation technique so we can start testing treatment combinations with new potential 
therapeutic agents.

In vitro experiments were carried out using a 6 MV X-ray beam produced by a dedicated 
linear accelerator. the U�7�MG cell line showed a pattern of low-dose hyper-radiosensitivity 
at doses below 2 Gy. Joiner described yhis mechanism for mammalian cells (2). We obtained 
a similar reponse in our cell culture.

We compared our results to survival fraction curves data reported for human GbM cell lines 
by two authors (1,�); these dose-response curves were obtained using a 1�7-cs irradiator at 
a dose rate of 5.94 Gy/min. We observed exellent agreement between our survival fraction 
curve and the ones they report (differences < 10%), even when irradiation techniques are 
different.

the estimated mean inactivation dose for this cell line was 2.2 Gy, which is in excellent 
agreement to what other authors report (�).

Conclusions: the U�7�MG human GbM line showed a pattern of low-dose hyper-
radiosensitivity at doses below 2 Gy, with a mean inactivation dose of 2.2 Gy.

references:

1.   badie b, sing-Goh c, Klaver J et al. combined radiation and p5� gene therapy of 
malignant glioma cells. cancer Gene therapy. 1999; 6(2):155-162.

2.  Joiner Mc. Models of radiation cell killing. In: steel GG, editor. basic clinical Radiobiology. 
�rd. edition, oxford University Press Inc. 2002; 64-7�.

�.  ning s and Knox sJ. Increased cure rate of glioblastoma using concurrent therapy with 
radiotherapy and arsenic trioxide. Int J Radiat oncol biol Phys. 2004; 60(1):197-20�.
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o7_P�-05  tHe effect of confoRMatIonal X-RaY IRRaDIatIon on tHe 
RecoVeRY fRoM a tRaUMatIc lesIon of tHe sPInal coRD In Rats

Claudia Katiuska gonzález Valdez (National Institute of Neurology And 
Neurosurgery, méxico, Df.mexico)
González-Valdez claudia Katiuska, Mexico (1) Ríos-castañeda camilo, Mexico (2) salgado-ceballos 
Hermelinda, Mexico (�) Moreno-Jiménez sergio, Mexico (4) celis-lópez Miguel angel, Mexico (5) 
larraga-Gutierrez José, Mexico (6) Díaz-Ruiz araceli, Mexico (7)  
(1) González-Valdez (2) Ríos-castañeda (�) salgado-ceballos (4) Moreno-Jiménez (5) celis-lópez (6) 
larraga-Gutierrez (7) Díaz-Ruiz   

the use of ionizing radiation to promote recovery after spinal cord injury has been proposed 
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as a strategy to treat spinal cord lesions since small tissue volumes can be selectively 
irradiated, to prevent further damage to the surrounding, healthy tissue with good results. 

objective: to evaluate the degree of motor recovery of rats submitted to a moderate 
traumatic spinal cord lesion and subsequently treated with variable doses of 2, 4, 6 and 
16Gy of x-ray irradiation applied to the lesion site.

materials and methods: 4� Wistar female rats, weighing 200-250g, were submitted to 
a spinal cord injury contusion at t9-level with a new York University spinal cord Impactor 
device. the lesion site was irradiated with a single (radiosurgery), delivered 2hr after 
contusion, with a 6MV dedicated novalis linear accelerator (brain lab Inc.) the rats were 
randomly assigned into one of 5 groups receiving 2, 4, 10 or 16Gy of radiation and a control 
group which received no radiation dose. the irradiated volume had a cylindrical shape with 
physical dimensions of 2mm diameter by 10mm long, with the isocenter located at the 
contusion site. two circular arcs with a 50° amplitude were used, starting at 50° and 260° 
of the gantry with a fixed table. the motor function was evaluated according to the basso-
beattie-bresnahan (bbb) scale every week for an 8 week follow-up.

results: the improvement of motor recovery was significant (p=0.05) in the rats treated with 
2Gy and 16Gy, when compared to the control and the other groups. the rats which received 
10Gy showed the lowest recovery level (p=0.996), followed by 4Gy group (p=0.8�4).

Conclusions: our results suggest that doses of 2Gy and 16Gy applied with stereotatic 
surgery treatment are beneficial on acute (moderate) spinal cord lesions, as measured using 
the bbb scale. future work is required to investigate the full potential of this technique.

support contributed by: conecyt grant 70064

references:

1.  Kalderon n. cell elimination as a strategy for repair in acute spinal cord injury. current 
Pharma.2005;11:12�7-1245

2.  zeman RJ,et al. X-irradiation of the contusion site improves locomotor and histological 
outcomes in spinal cord-injured rats. exp neurol. 2001; 172:228-�4
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o8_P1-01 coMPlIcatIons of GaMMa KnIfe RaDIosURGeRY - lessons 
leaRneD fRoM 1500 PatIents WItH ceRebRal aVMs

Chun-Po yen (university of Virginia, Charlottesville, uSA)
lucia schwyzer (1) bhuvaneswara basina (1) ladislau steiner (1)  
(1) University of Virginia, Usa 

object: to evaluate the mid- to long-term undue effects of Gamma Knife surgery (GKs) 
following the treatment of cerebral arteriovenous malformations (aVMs)

Patients and methods: a total of 1500 aVMs were treated at the lars leksell center, 
University of Virginia by the senior author since 1989. Patients underwent yearly magnetic 
resonance imaging (MRI) until angiographically proved obliteration of the nidi and every 
5 years following obliteration of the aVMs. the clinical manifestations related to radiation 
induced changes, radiation necrosis, early venous thrombosis, cyst formation and secondary 
tumors were analyzed.

results: of 1�00 patients with serial MRI follow-up, 492 patients (�8%) presented with 
radiation induced changes of different degrees. three hundred and ninety-two patients 
were asymptomatic; thirty had only headache, 11 experienced new or more frequent seizure 
attacks, and 59 developed new or worse neurological deficits (�8 reversible, 21 permanent). 
the incidence of radiation necrosis/irreversible neurological deficits occurred in 1.6% of 
cases. six patients developed early thrombosis of draining vein and venous hyperemia. they 
presented with brain edema and had headache and/or neurological deficits. twenty patients 
had cyst formation (6 symptomatic, 14 asymptomatic) at or near the previous locations of 
aVMs; 10 developed between 10 to 20 years, 9 between 5 to 10 years, and 1 in less than 
5 years following GKs. the incidence of cyst formation in the entire patient population was 
1.6% and �.6% in those with 5 to 20 years follow-up. In 288 patients with at least 10 years 
MRI follow-up, 2 (1.6%) secondary tumors (meningiomas) were observed 10 and 12 years 
following GKs. 

Conclusion: While the mid- to long-term complications following GKs are not negligible, 
the benefit-risk ratio of the treatment is quite favorable. nevertheless, in appropriate cases, 
embolization and microsurgery as alternative or adjunct modalities should be considered.

 tHURsDaY, 11 JUne 2009
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IncIDences of tReatMent-RelateD coMPlIcatIons

masaaki yamamoto (Katsuta Hospital mito gammahouse, Hitachi-naka, Japan)
bierta barfod (1) Yoichi Urakawa (1)  
(1) Katsuta Hospital, Japan 

Introduction: Post-radiosurgical (Rs) long-term follow-up results of our patients with aVMs 
are presented in detail, with special reference to postradiosurgical complications which can 
develop five years or more after irradiation.

Patients: a consecutive series of 181 aVM patients (74 females, 107 males, mean age; �7 
yr, range; 7-78 yr) who underwent GKRs during the 1978-2002 period were studied. the 
post-GKRs follow-up period in this patient group ranged 5.0 to 26.5, the mean being 9.2, 
years.

results: among the 181 patients, 145 (80.1%) were assessed angiographically. complete 
obliteration was confirmed in 98 patients (67.6%), partial obliteration in the other 47. among 
the latter 47, complete obliteration was angiographically confirmed in 16 after the second 
GKRs and in one after the third; the cumulative obliteration rate in our series was 79.�%. 
fifteen patients (8.�%) experienced (re-)bleeding after GKRs; mortality in five and morbidity 
in seven. fifteen patients (8.�%) experienced radiation/treated-aVM related complications 
0.8-17.1 years after GKRs. although such complications occurred less than five years after 
irradiation in four of the 15 patients, they were seen five or more years post-radiousrgically 
in the remaining 11. Rates of cumulative risks calculated using the Kaplan-Meier method 
were 2.9% at the fifth post-radiosurgical year, 9.8% at the 10th, 16.9% at the 15th, and 
�5.�% at 20th.

Conclusions: GKRs benefits must be weighed against the risks of developing the 
complications described herein. the cumulative complication risks are not negligibly low. 
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(1) Yonsei University college of Medicine, Korea 

object: Radiosurgery is commonly performed for patients with small to medium-sized 
arteriovenous malformations (aVMs). the goal of this study was to evaluate the effects of 
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gamma knife radiosurgery (GKs) on cerebral aVM and the factors associated with complete 
obliteration.

methods: two hundred seventy three procedures in 2�2 patients who were treated with 
GKs from January 2000 to December 2005 were analyzed. thirty three patients underwent 
repeated GKs. During radiosurgery, targeting and delineation of aVM nidi were based on 
integrated stereotactic magnetic resonance (MR) imaging and subtraction angiography. the 
mean age of the patients at the time of radiosurgery was �2.5 years (range 4.5-71.1 years). 
the mean margin dose was 15.2 Gy (range 7.5-28.0 Gy) at the 50-90% isodose centers and 
the mean nidus volume was 12.8 cm� (range 0.�-11�.7 cm�). follow up ranged from 25 to 
97 months. several clinical and radiological parameters were evaluated.

results: of the 16� cases followed radiologically for at least 2 years, 1�0 aVM nidi were 
completely occluded. the total obliteration rate for the cases with sufficient radiological 
follow up more than 2 years after GKs was 79.8%. the cumulative complete occlusion rate, 
as determined by Kaplan-Meier analysis was 52% at 24 months, 68.2% at �6 months, and 
79.1% at 48 months after GKs. Perilesional adverse radiation effects were observed on 
follow-up images in 22 patients (1�.5%). among them, six patients had symptoms such 
as seizures or neurological deficit. During the latent interval between GKs and complete 
occlusion of nidus, hemorrhage occurred in 12 cases (7.4%). Hemorrhage-related cyst 
formation developed in one case (0.6%).

Conclusion: the total obliteration rate for the cases with an adequate radiological follow 
up of more than 2 years was 79.8%. although some patients required that the treatment be 
repeated, gamma knife radiosurgery can offer a high cure rate for patients treated for aVMs 
with a low risk of morbidity and mortality.
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Jsamblas@grupoimo.com samblas Garcia (0) Jose carlos bustos (0) Jose angel Gutierrez Diaz (0) 
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Introduction: the development of the non-invasive and endovascular techniques like the 
embolisation and the sRs in the treatment of the aVM, in the last decades, has convinced, 
of its effectiveness, even the experienced neurosurgeons. 
the combination of embolization, previous to the treatment with sRs, is a controversial 
technique for its complexity and because it increased the time of the aVM obliteration.
In this work we compare dates on the evolution of the aVM with combined technique and 
with sRs alone. We try to plan, also, some criteria that it has to fulfill the combined technique 
(embolization and sRs). 
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material and method: We analyzed retrospectively 60� patients with 610 aVM treated 
in our centre from 1992 to May of 2005, 206 (��, 8%) of them were embolize previously 
and �97 (66, 2%) received treatment with sRs alone. the classification criterion of aVM 
was based on the size of maximum diameter, being degree 1:10 mm, 2:20mm, �:�0mm, 
4:40mm, 5:50mm, 6:60 mm.
261 patients were female and �42 male. 115 patients have been operated before sRs. Mean 
age �5, 16 years. the prescribed average dose in the line of isodose of 90% was of 1�97cGy. 
Mean follow-up 40.� months.

results: the majority of aVMs, 70%, was in group 2 and �. In 91 (14,9%), the isodose of 
prescription covered partially the volume of aVM. 114 patients were dealt in two occasions 
with sRs and three in three occasions. the average time of obliteration of aVM in the patients 
who were embolize previously was of 64,67months (57.�-72, 01) and of the patients who 
received treatment with sRs alone was of 49.40 months (44.�5-54.44). It statistically 
significant the increased time of obliteration in the patients who were embolize previous 
to the treatment with sRs. only in the group one the time of obliteration is similar. there is 
not difference in clinical improvement neither in the frequency of bleedings comparing both 
groups. Mean time from embolization to sRs was 10,09-17,71 months.

Conclusions: embolization, previous to the treatment with sRs, in aVMs, increased 
in statistically significant form the time of obliteration, with the exception of group t1  
(10 mm).

large time from embolization to the treatment with sRs seams produces two phenomena; 
changes in structure, angiogenesis, and changes in aVM inflow.
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treatment of large inoperable aVM remains a challenge despite advances of microsurgery, 
embolization and stereotactic radiosurgery (sRs). because of unacceptable morbidity with 
effective dose of single radiosurgery, several alternatives had been proposed, including 
salvage treatment, volume fractionation, and hypofractionation (fractionated sRs)[1]. 

from november 2001 to May 2007, we had 24 patients treated by fractionated sRs. twenty 
of them were enrolled into this retrospective study, 4 were lost of follow-up. the median age 
of these patients was �4 years (range: 8 to 61 years). Previous hemorrhage was presented in 
11 patients and seizure in 9. Half (10) of these patients had undergone previous embolization 
and 4 had previously failed sRs. twelve aVMs (60%) were classified as spezler-Martin grade 
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V, and 7 as grade IV. the pretreatment volume ranged from 12.51 cc to 155.�8 cc (median: 
46.84 cc). the prescription dose was 25 Gy or �0 Gy in 5 or 6 daily fractions. the median 
follow-up was �2 months. We observed one patient with ischemic stroke and one with 
increased seizure frequency after treatment. one aVM bled during the follow up (2.06%/yr). 
although no aVM was confirmed to be completely obliterated, the median aVM volume 
decreased to 1�.51 cc (range: 0.55 to 147.14 cc). the residual volume ranged from 1.5% 
to 98%. the volume decreased 49% every year on average. We noted that embolized aVM 
tended to respond less (p = 0.085). after the fractionated sRs, we have retreated 4 aVMs, � 
amenable to single dose and one with fraction. We are still waiting for complete obliteration 
of these aVMs.

although the probability of complete obliteration of giant aVMs after fractionated sRs is 
low, this approach was designed to bring difficult aVMs (grade IV and V) to be curable by 
single dose sRs. the aVMs decreased about half in volume annually. Previous embolization 
tended to be not beneficial for fractionated sRs.

1.  Jones J, Jang s, Getch cc, Kepka aG, Marymont MH, advances in the radiosurgical 
treatment of large inoperable arteriovenous malformations, neurosurg focus 2�:e7, 
2007.
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o8_P1-06  RaDIosURGeRY of ceRebRal aRteRIoVenoUs MalfoRMatIons : a 
PRescRIPtIon alGoRItHM

Nicolas Blanchard and georges François Leclerc (Cancer Center, Dijon university 
Hospital, Dijon, France)
nicolas blanchard (1) René anxionnat (2) Valérie bernier (�) luc Picard (2) Isabelle buchheit (�)  
serge bracard (2) christian Marchal (�) Gilles crehange (1) Didier Peiffert (�) 
(1) Department of Radiation oncology, Georges françois leclerc cancer center, Dijon University 
Hospital, france  
(2) Department of Diagnostic and therapeutic neuroradiology, nancy University Hospital, france  
(�) Department of Radiation oncology, alexis Vautrin cancer center, nancy University Hospital, france   

Purpose: to create an algorithm for radiosurgery prescription for arteriovenous malformations 
(aVM) after identifying prognostic factors of obliteration rate and risk factors for brain 
radiation necrosis.

materials and methods: 179 patients were analysed. Radiosurgery delivered 6 or 10 MV 
X--rays by arc therapy in 84% of cases, and by fixed field in 16% of cases using 2 different 
micro multileaf collimators (Mlc). follow-up consisted of MRI at 6 months to diagnose 
radiation necrosis, and arteriography at 2 years to assess obliteration witch was defined as 
> 95% reduction of aVM volume. Multivariate statistical analysis was performed.

results: obliteration rate was 82.7%. the mean follow-up was �.1 years (0,5-11). significant 
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prognostic factors on obliteration rate were: simple nidus (RR=2.8, p< 4 (RR=2.9, p 18 
Gy (RR=2, p=0.0002), nidus volume < 8 cm� (RR=1.9, p=0.0002), and number of table 
positions < 6 (RR=1.4, p=0.05). Radiation necrosis rate was 11.2% with a mean time to 
onset of 18 months. significant predictive factors on radionecrosis were: fixed field vs arc 
therapy (according to Mlc RR=9.1, p < 0.0001, and RR=15.1, p=0.01), age < �0 years 
(RR=2.5, p=0.04), depth of aVM > 7 cm (RR=7.6, p=0.008), and volume of brain tissue 
covered by the 12 Gy isodose (V12 Gy) > 11 cm� (RR=7.8, p=0.05).

Conclusion: a radiosurgery prescription algorithm taking into account the prescribed dose 
to the periphery (> 18 Gy) and reduction of V12 Gy was elaborated from these data.

10:30 - 10:40  orAL CommuNICATIoN  

O8_P2  Others 1
room: mugunghwa 1

o8_P2-01 steReotactIc RaDIosURGeRY (sRs) – tHe PatIents PeRsPectIVe

robert Smee (Prince of Wales Hospital, randwick, Australia)
Janet Williams (1)  
(1) Prince of Wales Hospital, Department of Radiation oncology, australia   

Purpose: there is now extensive literature demonstrating the clinical outcomes of sRs for 
intracranial and skull base lesions. this study aims to chart the patients’ perspective of 
this procedure, whilst evaluating their physical, psychological and social well-being post 
treatment. the expectation was that any adverse features related to the procedure would 
subside quickly post sRs.

methods: this prospective �-phase diary study was initiated in March 2005, following 
evaluation of the experience of 100 previously treated patients. the phase-1 diary establishes 
the patient perspective 24 hours after treatment, phase-2 at one week and phase-� at � 
months post sRs. the diaries investigate the symptom profile, emotional functioning and 
mood state at these phases using the likert scale. additional information through written 
and oral feedback was also collected. 

results: In this ongoing study 298 patients were recruited up to �0th June 2008. cerebral 
metastases were the dominant condition (�8%), followed by meningiomas (19%) and 
vestibular schwannomas (12%). of this population, 26� were eligible for analysis, with 
252 patients completing phase l & 2 (96%) and 219 completing all � phases (8�%). 22 
palliatively treated patients (8%) were too ill to complete the study, and 22 (8%) diaries 
were not returned. loss of concentration and impaired balance scored mild to moderately 
throughout all phases (60% and 58% respectively), and 77% of patients still experienced 
fatigue at � months post-sRs. through additional feedback, 10% found the application of 
the head-ring ‘horrendous’ while 60% indicated they would repeat the process for a positive 
outcome.

Conclusion: the patient experiences the procedure different to the clinician’s expectation. 
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fatigue continues for up to � months post treatment for the great majority of patients. 
further investigation is warranted.
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o8_P2-02  tHe RaDIobIoloGIcal effects stUDY of RHesUs MonKeYs oPtIc 
neRVe afteR RotatInG GaMMa sYsteM RaDIosURGeRY

Jinwei Zhang (Aohua medical group / the Second Affiliated Hospital of Harbin 
medical university, Shenzhen, China)
amsmedical@16�.com zhang (1) baofeng Yan (1) baoxin li (1)  
(1) the second affiliated Hospital of Harbin Medical University, china    

objective: to study pathogenic mechanism for radiation-induced optic nerve neuropathy, to 
investigate the threshold dose that can caused optic nerve injury . 

methods: six healthy rhesus monkeys were randomly divided into six groups, one rhesus 
monkey in each group, 1 group as contrast, for the rest were accept 9 Gy, 10Gy, 11Gy, 12Gy, 
15Gy Rotating Gamma system irradiation in difference, after one week, half month, one 
month, three months and six months of irradiation take PVeP examination. six months later, 
the irradiated tissue was taken out and examined with light microscopy, electron microscopy 
and immunohistochemistry respectively.

results: pathologic histology changes: 9 Gy group and 10 Gy group were normal, 11 Gy 
group showed a structural disorder of nerve tissue, with parts of nerve fibers broken and 
missing, following axonal degeneration, loss, demyelinating, and vessel walls with hyaline 
degeneration, fibrosis, mitochondrial vacuolization. Vascular endothelial cells within the 
cytoplasm of mitochondrial crest swelling, broken, and the increasing in the number of glial 
cells. 12Gy group showed a structural disorder of nerve tissue increasing, with oligodendrocyte 
necrosis. 15Gy group showed a severe structural disorder, with the generalized nerve fibers 
flake broken and missing, following diffused demyelination, axonal degeneration, loss and 
thickening of microvascular wall hyaline degeneration, fibrosis, and mitochondrial generally 
vacuoles changed, oligodendrocyte necrosis, with condensation nuclei and bare nuclear 
status, the mitochondrial of cytoplasm in the micrvascular endothelial cells vacuoles changed, 
with phagocytic cell. electrophysiology changes: there were no electrophysiological change 
in 9 Gy groupand 10 Gy group. the increase in the latent period of VeP and decrease in the 
amplitude of VeP were observed 7 days after 11Gy or more irradiation.

Conclusions: the pathogenic mechanism for radiation-induced optic nerve neuropathy 
after Rotating Gamma system radiosurgery may be endothelial cells and oligodendrocyte 
injury in the dual role of secondary changes, mainly to microvascular endothelial cells injury. 
threshold dose that can optic neve injury is 11 Gy, the optic nerve injury will be aggravated 
along with the dose increase.
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o8_P2-0� tHe HIstoloGIcal effects of MonKeY tRIGeMInal neRVe afteR 
RotatInG GaMMa sYsteM RaDIosURGeRY

Jinwei Zhang (Aohua medical group / the Second Affiliated Hospital of Harbin 
medical university, Shenzhen, China)
amsmedical@16�.com zhang (1) baofeng Yan (1) baoxin li (1)  
(1) the second affiliated Hospital of Harbin Medical University, china     

objective: to observe the Rotating Gamma system (RGs) radiation of the trigeminal nerve 
pathological changes, to investigate the mechanism of radiosurgical effect after RGs for 
treatment of primary trigeminal neuralgia and the irradiated nerve length -dosage effect.

methods: five healthy rhesus monkeys were randomly divided into five groups, one rhesus 
monkey in each group, 1 group as contrast, for the remaining four groups as the experimental 
group, a single or double 4- mm isocenter was targeted to the trigeminal nerve root. under 
the same irradiation dose, one side of the trigeminal nerve root in the each experimental 
group was chosed for the single target irradiation, and opposite side was chosed double 
targets for irradiation, each group was accepted the maximal dose of 60 Gy, 70Gy, 80Gy, 
100Gy respectively. six months later, the irradiated tissue was taken out and examined with 
light microscopy, electronmi- croscopy and immunohistochemistry respectively.

results: Under the same irradiation dose, the degree irradiated of nerve tissue injury 
with single irradiation was similar to double targets. control group was normal, focal 
demyelination and axonal degeneration were observed after 60 Gy or 70 Gy. 80Gy group 
showed a structural disorder of nerve tissue, with parts of nerve fibers broken and missing, 
following axonal degeneration, loss, demyelinating. 100 Gy group showed a severe 
structural disorder, with the generalized nerve fibers flake broken and missing, following 
diffused demyelination, axonal degeneration, loss, that the nerve necrosis was observed, 
with its surrounding region which contained only rare degenerating axions.

Conclusion: the irradiation dose of 60Gy or 70 Gy affect the structure of trigeminal nerve 
slightly. 80 Gy can cause partial demyelinating and axonal degeneration, loss. 100 Gy can 
lead to partial nerve necrosis. Under the same irradiation dose, the degree of irradiated nerve 
tissue injury with single irradiation was similar to double targets, which the irradiated nerve 
length -dosage effect appeared no significance. RGs radiosurgery likely relieves trigeminal 
neuralgia pain by affecting an axon population large enough to result in pain relief.
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o8_P2-04  eXPeRIences of 450 PatIents WItH centRal sKUll base tUMoRs 
tReateD WItH MIcRosURGeRY, GaMMa KnIfe anD cYbeRKnIfe 
RaDIosURGeRY 

Hiroshi Inoue (Institute of Neural organization, Fujioka, Japan)
akihiko nozaki (1)  
(1) cyber center, Kanto neurosurgical Hospital, Japan     

objective: control of tumor with functional restoration is an ideal goal of treatment for 
patients with central skull-base tumors. Personal experiences of 450 patients treated with 
microsurgery, Gamma Knife (GK) and cyberKnife (cK) radiosurgery are reported in aims of 
functional restoration.

methods: since 1991, 200 patients with central skull base tumors were treated with open 
surgery and 250 patients with GK or cK radiosurgery. Radiosurgery was generally used as 
the second treatment for residual or recurrent or metastatic tumors. Patients with acute 
symptoms or pathologies not indicated for radiosurgery were operated on mostly as the 
primary treatment. combination treatment or multisession radiosurgery was performed for 
large tumors in and around functional areas such as the optic pathway, hypothalamus and 
cavernous sinus.

results: In open surgery, restoration of visual function was obtained in most patients 
with tumors compressing the optic pathway, though operative complications were found 
in 9.2 % in the first half period (1991-1999) and 2.2 % in the latter half period (2000-
2008). Radiosurgical results of benign tumors showed high control rate of tumor growth 
without complications in spite of residual and recurrent tumors. Mass reduction surgery 
prior to radiosurgery became less invasive for cK using multisession than for GK. Prospective 
combination treatment for tumors invading the cavernous sinus or hypothalamus decreased 
complications and increased functional restoration. Moreover, functional restoration after cK 
radiosurgery for malignant tumors was found in 71.4% with local tumor control of 85.7%.

Conclusion: Recently advanced integrated techniques are very valuable for patients with 
central skull-base tumors. functional restoration is possible even in patients with large or 
advanced malignant tumors using mutisesseion cyberKnife radiosurgery. total management 
is essential for patients with advanced malignancies.

reference: Inoue HK, et al. basal interhemispheric supra- and/or infra-chiasmal approaches 
via superomedial orbitotomy for hypothalamic lesions: preservation of hypothalamo-pituitary 
functions in combination treatment with radiosurgery. childs nerv syst 1�: 250-257, 1997
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o8_P2-06  tHe eVolVInG stanDaRD of tReatMent VIa IMaGe GUIDance, 
PRecIse IMMobIlIzatIon anD VolUMe-MoDUlateD aRc tHeRaPY 
WItH tHe noValIs tX: a RaDIatIon tHeRaPIst’s PeRsPectIVe

Breann / robyn Bollinger / Walker (Duke university medical Center, Durham,  
uSA)
Robyn Walker (1) zheng chang (2) zhiheng Wang (�) John Kirkpatrick (4) fang fang Yin (0)      

objectives: as treatment planning and imaging technology have improved, complex 
treatment strategies such as intensity-modulated radiotherapy (IMRt), image-guided 
radiotherapy (IGRt), and volumetric-modulated arc therapy (Rapidarc) have increased the 
demand on the therapist for more precise, efficient and safe patient setup. this presentation 
reviews our practical experience with imaging, immobilization, and treatment on the novalis 
tx system, focusing on the radiation therapist’s perspective.

methods: Duke University Medical center commissioned a novalis tx system with Varian 
Rapidarc for stereotactic radiosurgery (sRs). Patients are immobilized with the brainlab 
masking system and aligned utilizing the brainlab target positioner and couchmount. 
accurate patient positioning is assured and verified through a hybrid image-guidance system 
combining Varian orthogonal kV and cone-beam ct imaging and brainlab 6-D exactrac 
system. couch shifts are recorded daily to track patient positioning. before beaming on 
for sRs, a time-out procedure is performed jointly by a physicist and a therapist. Data and 
experiences from the operation of this system were analyzed and compared against our 
historical procedures. 

results: from March-December 2008, we performed 128 stereotactic radiosurgery, 60 
fractionated stereotactic radiotherapy, and 40 stereotactic body radiosurgery cases using 
the novalis tx system. Quality assurance data show that we are able to setup stereotactic 
radiosurgeries within a margin of one millimeter. the brainlab masking system offers more 
reproducible positioning than our previous thermoplastic masks. However, pre-treatment 
imaging data show that the new masking system (and even the fixed halo) does not entirely 
eliminate translational and rotational position deviations. When position correction is 
required, the therapists decide whether to reposition the patient in the mask or utilize the 
6-D couch for this correction. this couch allows for rotational corrections not obtainable 
with the previous system. When fabricating a tight-fitting mask it is critical to ensure patient 
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comfort, as positioning error decreases when a patient is comfortable. Decreased treatement 
time also contributes to accurate patient treatment. With the introduction of Rapidarc, typical 
beam-on-time decreased from 6 minutes to ~90 seconds, decreasing overall treatment time 
and risk of movement. 

Conclusions: the introduction of this technology has improved the accuracy and reliability 
of radiosurgery in our practice, while placing new demands on the radiation therapist 
to contribute to its practical application. as therapist, this techology has increased the 
expectations that more precise treatment margins are obtainable, therefore demanding a 
new standard of care.
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o8_P�-01 MIGRatIon fRoM a PencIl beaM alGoRItHM to a conVolUtIon-
sUPeRPosItIon alGoRItHM In sbRt of lUnG tUMoURs: Mc stUDY

Vanessa Panettieri (Karolinska university Hospital, Stockholm, Sweden)
Pierre.barsoum@karolinska.se barsoum (1) Mathias Westermark (1) Ingmar lax (1)  
(1) Department of Hospital Physics, Karolinska University Hospital, stockholm, sweden      

In sbRt of lung tumours the dose is usually prescribed at the periphery of the PtV with an 
intended heterogeneous distribution within the PtV. the field sizes are determined according 
to the desired dose distribution. the accuracy of the dose calculation algorithm employed in 
the tPs is a critical factor for these treatments. since the early « 90 sbRt treatments » at the 
Karolinska Hospital were planned using pencil beam (Pb) algorithms. Recently the analytic 
anisotropic algorithm (aaa) implemented in the tPs eclipse was acquired by the hospital 
and careful commissioning of its accuracy was performed with the Monte carlo (Mc) code 
PeneloPe.

the aim of this work was to evaluate how the dose distribution is affected by changing the 
algorithm from Pb to aaa in sbRt of lung tumours. a series of clinical cases were calculated 
both with Pb and aaa and compared with Mc results. to obtain Mc doses in the patient 
case the DIcoM information of the patient ct data was converted to obtain a voxelized 
geometry. to each voxel, both the mass density and the corresponding Mc-material were 
assigned based on the HU from the ct images. the final dose was obtained by using the 
penVoX tally. Phase space files, for the beams, were obtained by detailed simulation with 
PeneloPe of a Varian accelerator. to correctly compared Mc with tPs results, Mc data given 
in eV/g were converted to Gy/MU and tPs plans were calculated with the same number of 
MU.

the results show that dose distributions obtained with the aaa are in very good agreement 
with the Mc data, while Pb tends to overestimate the dose at the periphery of the tumour. In 
the lung tissue between the ctV and PtV, Pb overestimates the dose by 10-15% depending 
on the field size. If the prescription is given at the periphery of the PtV the field size has to 
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be increased by 2-4 mm if the aaa is used instead of Pb. this increase in field size is almost 
clinically irrelevant but it is associated with an underdosage of the GtV of 5-6% in units of 
Gy/MU.

the clinically most significant difference between Pb and aaa for sbRt of lung tumors is in 
the lung tissue between the ctV and PtV. at the Karolinska Hospital no changes in the dose 
prescription will be applied by replacing the Pb algorithm with aaa.
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o8_P�-02  UsInG Monte caRlo sIMUlatIon anD GafcHRoMIc fIlM to 
coMMIssIon steReotactIc PlannInG sYsteM   

Kin Wa Chan (Prince of Wales Hospital, Australia)
tony Knittel (1) Robert smee (1) 
(1) Department of Radiation oncology, Prince of Wales Hospital, australia       

to commission a linear accelerator attached stereotactic system, the dose should be 
measured down to a cone size of 0.5cm in diameter. It is very difficult to measure cone sizes 
smaller than 2cm in diameter with an ion chamber because the field size cannot cover the 
whole chamber. In this situation, the lateral electron disequilibrium effect became apparent. 
apart from small field size, dose measurements in the penumbra region are also difficult 
due to the steep dose gradient and a wide ranging photon energy spectrum. small size 
radiation detectors such as a diode detector and radiographic film were used to measure the 
dose distribution in these regions. but both of these detector types are energy dependent. 
therefore, the dose in this area cannot be measured accurately by the diode and radiographic 
film. a new type of film called “Gafchromic film” which is energy independent can be used in 
the penumbra region. the Gafchromic film measurements will be compared to Monte carlo 
simulation (Mcs) results in this work.

the Radionics Rt4 planning computer is used for stereotactic patient planning. the beam 
data requirements for stereotactic treatments are: the tissue maximum ratio (tMR) for depths 
up to 20cm, profiles at 5cm depth and dose per monitor unit at 1.5cm for the cone diameter 
from 4cm down to 0.5cm.

our stereotactic planning computer had been recommissioned using an ion chamber, Monte 
carlo simulation and Gafchromic film recently. the Monte carlo simulation and Gafchromic 
film can cover the dose in all field sizes and penumbra region but the Gafchromic film will have 
an inherent uncertainty of approximately ±�% due to the film and scanner characteristics. 
therefore, the results from the Gafchromic film are used for comparison purpose only. 

our results show that the ion chamber can cover field sizes larger than 2.5cm in diameter, 
meaning the ion chamber results can be used for treatments where the cone diameter is 
larger than 2.5cm. the Monte carlo results are used for cone diameters less than 2.5cm. 
for the tMR and dose per monitor unit measurements, the Monte carlo simulation results 
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were found to match the ion chamber results to within ±2% for cone diameters larger than 
2.5mm. the Monte carlo simulation results were also found to match the Gafchromic film to 
within ±�% for cone diameters less than 2.5cm.
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o8_P�-0� accURacY testInG of a noVel steReotactIc DeVIce foR 
eXtRacRanIal RaDIotHeRaPY/RaDIosURGeRY In Rats

Claudia K gonzalez (Instituto Nacional De NeurologÍa y NeurocirugÍa, mexico, 
mexico)
Miguel a celis (1) eduardo e. Galván (1)   
(1) Instituto nacional de neurología y neurocirugía, Mexico        

Background and purpose: Recently scientific communications suggest a possible beneficial 
effect in the motor recovery response after the administration of ionizing radiation with 
orthovoltage units to the injured medullar tissue in a spinal cord injury model in rats. to 
explore this hypothesis with a novalis lInac unit we designed a fixation system with 
extracranial applications. We present its accuracy testingMaterial and methods: to analyze 
the spatial and repositioning accuracy of the fixation system, we designed a series of 
experiments on five Wistar rats measuring the spatial three dimensional displacement (x, y, 
z-coordinates) of a surgically implanted paraspinal fiducial mark. to measure the capability 
of the system to maintain the fiducial in the same three dimensional coordinates during and 
after a radiotherapy/radiosurgery treatment session we simulated the same conditions and 
made radiological scans before and after each simulation; the differences between these 
measurements let us determinate the differential translation in the coordinates of the fiducial 
and then calculate its magnitude �D vector (spatial accuracy). to test the capability of the 
system to relocate a fiducial to a three dimensional coordinates defined after a first setup, we 
developed a sequential repositioning maneuvers protocol. the difference between the initial 
coordinates and the one obtained in every repositioning maneuver helped us to define the 
differential translation of the fiducial and the magnitude �D vector (repositioning accuracy).

results: In 5 Wistar rats we made a total of thirty three experimental maneuvers for each 
spatial and repositioning accuracy test. for the spatial accuracy, the average absolute 
respective fiducial mark differential translation in the x, y and z-direction were 0.76 ± 0.27, 
0.62 ± 0.184, 0.51 ± 0.�1 mm. the median magnitude �D vector of fiducial translation 
was 1.�2 ± 0.16 mm, and its 95% confidence interval (cI) from 1 to1.64 mm. for the 
repositioning accuracy the absolute translation of the fiducial mark yielded values of 1.�9 
± 0.27 mm, 1.28 ± 0.27 mm, 0.8 ± 0.14 mm for the x, y and z-coordinates respective. 
the mean magnitude of the �D vector was 2.24 ± 0.24 mm, with a 95% cI from 1.76 to 
2.72 mm.

Conclusions: the overall accuracy for the system was estimated in the order of 1.�2 mm for 
its spatial, and in 2.24 mm for its repositioning accuracy.  
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o8_P�-04  2.5 MM Vs. 5 MM Mlc WIDtHs: effects on Dose confoRMItY of 
tWo tReatMent PlannInG tecHnIQUes foR lInac-baseD sRs

James Tanyi (oregon Health And Science university, Portland, uSA)
Jackson Roth (1) Katie Kato (1) Martin fuss (1)  
(1) oregon Health & science University, Usa         

Purpose: to dosimetrically compare the High-definition multileaf collimator or Mlc (minimum 
width of 2.5mm) with the standards Mlc (minimum width of 5.0mm) for linear-accelerator-
based stereotactic radiosurgery.

methods: forty-one cases treated with the dynamic conformal arcs (Dca) technique and 
18 cases treated with IMRs technique, were retrospectively investigated. target volumes 
ranged from 0.1 to 11.1cm�. Planning was performed with the iPlan v �.0.1 software. 
Reference plans were generated using the Varian high-definition (HD120) Mlc system, 
and were replanned using the Millennium (M120) Mlc system. the same parameters and 
constaints were used for both plans. 100% of the prescription dose was prescribed to 
95% of the planning target volume. the Mlc systems were compared in terms of isodose 
conformity and normal tissue avoidance. normal tissue was defined by a 20 mm peritumoral 
rind volume (PRV). Dependence of isodose conformity on target volume was assessed for the 
following volume (V) groups: (1) V< 1cc (n=�4), (2) 1cc < V< 5cc (n=25), and (�) V> 5cc 
(n=9). a two-tailed t-test with p-value < 0.05 defining statistical significance was used to 
assess differences between the Mlc systems.

results: Differences in isodose conformity and normal tissue avoidance between Mlc 
systems were statistically significant. for the Dca technique, the average overall conformity 
index ratio between the M120 and HD120 Mlcs was 1.10+/-0.11. the ratio of the conformity 
indices showed some dependence on the target volume. the average conformity index ratios 
between the M120 Mlc and the HD120 Mlc were 1.14+/-0.12, 1.04+/-0.04, and 1.05+/-
0.06 for the target volumes in groups 1, 2, and �, respectively. the PRV ratios between 
the M120 Mlc and the HD120 Mlc were 1.24+/-0.29 and 1.51+/-0.21, respectively, for 
the 100% and 50% isodose lines. similarly for the IMRs technique, the average overall 
conformity index ratio was 1.15+/-0.25. the average conformity index ratios were 1.��+/-
0.�7, 1.04+/-0.08, and 1.05+/-0.0�, respectively, for the target volumes in groups 1, 2, 
and �. the PRV ratios were 1.��+/-0.8� and 1.44+/-0.28, respectively, for the 100% and 
50% isodose lines.

Conclusions: the HD120 Mlc system consistently improves dose conformity and normal 
tissue sparing compared with the standard Mlc system.
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o8_P�-05 RaPIDaRc foR tReatMent of IntRacRanIal MUltI-focal 
steReotactIc RaDIosURGeRY

Zhiheng Wang (Duke university medical Center, Durham, uSA)
John Kirkpatrick (1) zheng chang (1) Jennifer o’Daniel (1) christopher Willett (1) fang-fang Yin (1)  
(1) Duke University Medical center, Usa          

objectives: the treatment delivery time for multi-focal stereotactic radiosurgery (sRs) 
is usually very long. the planning process is complicate due to the interaction between 
isocenters. With the recent development of Rapidarc technique, it is possible to treat 
multiple targets using a single isocenter setup, decreasing treatment time significantly. this 
work investigates the feasibility of using Rapidarc for multi-focal intracranial stereotactic 
radiosurgery. Rapidarc plans with single and multiple arcs were compared to conventional 
sRs plans for patients with 2 to 5 lesions. Many patients undergoing intracranial stereotactic 
radiosurgery have multiple lesions, each with their own isocenter requiring a separate setup. 
Using Rapidarc for multi-focal stereotactic radiosurgery, multiple lesions can be treated with 
a single isocenter and setup, significantly reducing treatment time.

methods: a novalis tx linear accelerator system with a high-definition multi-leaf collimator 
(HDMlc) was used for treatment. Rapidarc with beam modulation using HDMlc at each 
position along the arcs was used for treatment planning. cone-beam ct (cbct) images 
were used for precise localization during treatment delivery. Patients with 2 to 5 lesions that 
were treated with conventional sRs plans using dynamic arc and conformal beams were 
retrospectively planned with Rapidarc. single-arc Rapidarc, 5-arc Rapidarc and conventional 
sRs plans are compared for target coverage, conformality, dose distribution, and monitor 
units. 

results: target coverage for single-arc Rapidarc, 5-arc Rapidarc and conventional sRs plans 
are similar. conformality and dose distribution of 5-arc Rapidarc plans are equivalent to 
or better than conventional sRs plans. However, the conformality and dose distributions 
of single-arc Rapidarc plans are slightly poorer than conventional sRs plans, though still 
reasonable. figure 1 shows the isodose distribution of a 5-arc Rapidarc plan. figure 2 shows 
the corresponding isodose distribution of a conventional sRs plan with mixed dynamic 
arcs and conformal beams. overall treatment times with the single- and 5-arc Rapidarc 
plans were estimated to be 25% and �0%, respectively, those of conventional sRs with 
5-isocenters.

Conclusion: It is feasible to use Rapidarc for stereotactic radiosurgery of multiple intracranial 
lesions with a single setup. the treatment time can be significantly reduced with the Rapidarc 
approach.
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o8_P�-06  assessMent of setUP RePRoDUcIbIlItY anD IMMobIlIzatIon 
caPabIlItY of fRaMeless steReotactIc MasK sYsteM)

Nadine Linthout (uz Brussel, Brussels, Belgium)
Dirk.verellen@uzbrussel.be Verellen (1) thierry Gevaert (1) Koen tournel (1) Michael Duchateau (1) 
truus Reynders (1) Guy storme (1)  
(1) Uz brussel, belgium          

objective: stereotactic radiosurgery has always been performed with an invasive frame 
resulting in highly accurate patient positioning and immobilization. nowadays there is a 
trend to give similar high radiotherapeutic doses with a relocatable mask. as patient fixation 
is not perfect with relocatable mask systems, the actual shift and rotation of the cranium 
inside the mask is determined in this study using the image guidance information. both the 
setup reproducibility and immobilization capacity of a frameless stereotactic mask system 
are evaluated.

methods: 48 patients are treated with frameless cranial stereotactic radiotherapy on the 
novalis® system (brainlab aG, feldkirchen, Germany). the patients’ positioning was 
performed using the brainlab frameless mask system. the patients were positioned with 
the exactrac® system and the setup was verified with the exactrac5.0/novalisbody® in 
combination with the Robotic tilt Module™ mounted underneath the exact couch® top. 
to evaluate the intrafraction motion, setup verification was repeated at the end of each 
treatment fraction. all verifications gave information about translational as well as rotational 
deviations of the actual patient position with respect to the position used in treatment 
planning.

results: In total, 1�02 treatment setups were evaluated showing mean shifts of -0.�6mm (sD 
1.�8mm); 0.58mm (sD 1.�7mm) and 1.�2mm (sD 1.25mm) for the lateral, longitudinal and 
vertical direction respectively. the detected rotations had a mean value of -1.20° (sD 1.04°); 
-0.0�° (sD 1.22°) and 0.�8° (sD 1.24°) for the rotations around the lateral, longitudinal and 
vertical axis respectively. the maximum �D vector of the setup was 9.1�mm (RMs 2.67mm); 
rotations up to 5.95° of the patient inside the mask system have been observed. 
Intrafraction motion evaluation indicated mean shifts of -0.14mm (sD 0.66mm); 0.19mm 
(sD 0.74mm) and -0.1�mm (sD 0.41mm) for the lateral, longitudinal and vertical direction 
respectively. the rotations had a mean value of -0.1�° (sD 0.45°); -0.02° (sD 0.�4°) and 
0.05° (sD 0.41°) for rotations around the lateral, longitudinal and vertical axis respectively. 
Intrafraction rotations up to 2.56° were detected.

Conclusions: the shifts and rotations detected during setup indicate considerable movement 
possibility of the patient inside the mask, but the high immobilization capability of the mask 
system and the highly accurate 6 dimensional setup correction allow the application of 
frameless image guided stereotactic radiosurgery. 
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o9_P1-01 GaMMa KnIfe RaDIosURGeRY foR bRaIn Metastases fRoM 
UnKnoWn PRIMaRY oRIGIn

Hae yoo Kim (yonsei university College of medicine, Seoul, Korea)
Hae Yoo Kim (1) Dong Wan Kang (1) Jong Hee chang (1) Jin Woo chang (1) Yong Gou Park (1)  
(1) Yonsei University college of Medicine, Korea          

In most patients, the diagnosis of brain metastases is made after the confirmation of a 
primary tumor. In some patients, brain metastases may be diagnosed before the primary 
tumor is found. Despite an intensive evaluation, the primary site of tumor origin will not be 
detected in up to 15% of these patients. the authors reviewed the patients with metastatic 
brain tumors from an unknown primary tumor at the time of radiosurgery for the brain 
lesions.

from May 1992 to september 2007, 540 patients with metastatic brain tumors were treated 
with Gamma Knife radiosurgery (GKs). among them, the primary tumor was not confirmed 
before GKs in �1 patients (20 males and 11 females). GKs was performed for 174 lesions. 
the demographic, radiosurgical, radiological and clinical follow-up data were retrospectively 
evaluated.

the mean tumor volume was 6.9 cc and the mean marginal dose was 17.1 Gy. Median 
follow-up duration was 19 (10-40) months after radiosurgery. the primary tumor was 
eventually diagnosed after GKs in 10 patients. the primary sites were lung (5), breast (1), 
liver(1), head and neck (1), skin (1), and heart (1). the median survival time after GKs in the 
patients who has remained undiagnosed primary tumor was 14.� months and that in the 
other patients was 15.2 months (p<0.05).

GKs was an effective treatment modality for patients with metastatic brain tumors from an 
unknown primary site. eventual identification of a primary tumor after radiosurgery does 
not affect overall survival. systemic progression was the more common cause for patient 
death.
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David roberge (mcgill university Health Center, montreal, Canada)
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(1) schering-Plough, canada (2) McGill University Health center, canada   
(1) Yonsei University college of Medicine          

Introduction: temozolomide (tMz) is an alkylating agent that is known to penetrate the cns 
for which there is both clinical and experimental evidence for radiosensitisation. Hundreds 
of patients with brain metastases have been treated in clinical trials using tMz alone or in 
combination with whole-brain radiation. our trial was designed to acquire prospective data 
on the safety of tMz administered concurrently with radiosurgery (sRs).

methods: starting in 2006, patients having had prior radiation treatments for brain 
metastases were enrolled in sequential cohorts of chemo-sensitized sRs. Patient had to have 
1-4 progressive metastases (maximal diameter 40mm) and a Karnofsky performance status 
(KPs) of at least 60%. no other concurrent chemotherapy was permitted. tMz was delivered 
on days 1-5 with sRs on day 5. tMz dose was 100mg/m2/day in cohort 1 and 150 mg/
m2/day in cohort 2. sRs dose was dependant upon the target diameter (15Gy, 18Gy and 
21Gy for metastases �1-40mm, 21-�0mm and 20mm, respectively). 10 patients were to be 
accrued to each cohort. the primary endpoint was acute non-hematological toxicity. We are 
reporting on the acute toxicity of the 100mg/m2/day cohort.

results: out of a total of 16 patients, 11 patients accrued to cohort 1. an extra patient 
was accrued as one patient refused to complete the 5-day cycle because of emesis. 91% of 
patients had lung cancer. the median age was 6�. the median KPs was 80% (60-100). a 
total of 18 lesions were treated with a median diameter of 18mm (6-�5). Median survival 
from protocol sRs is 10.1 months. � patients had no acute toxicity. the other 8 had Grade 
I-II toxicity. there was no Grade III or higher toxicity. the most common toxicity was nausea 
(4 patients). the most severe toxicities were post-sRs seizures (2 patients) and transient 
psychosis (1 patient).

Conclusion: We have found that tMz can be safely delivered concurrently with standard 
dose sRs at 100mg/m2/day. Patients are currently being accrued to cohort 2 with a tMz dose 
of 150mg/m2/day.
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o9_P1-04  GaMMa KnIfe RaDIosURGeRY of cHIlD HYPotHalaMIc 
HaMaRtoMa ( RePoRt of 24 cases ) 

Ziqiang xu (Aohua medical group / Navy general Hospital, Shenzhen, China)
ziqiang Xu (1) Puxue zhao (1) Quan an (1) Junwu li (1)  
(1) aohua Medical Group /the fifth affiliated Hospital of zhengzhou University, china            

objective: to study the effect of Gamma Knife radiosurgery for child hypothalamic 
hamartoma.

methods: from 1997 to 2006, 24 patients with child hypothalamic hamartoma were treated 
by oUR - rotating Gamma Knife in our center (median age : 4 years, 2-12 years, 9 were male 
and 15 female), age of onset 6 months - 6 years, median 14 months, all the patients were 
checked by ct or MRI, Inter-foot pool showed lesions, at the bottom of the can into the third 
ventricle, such as density or signal, injection no enhancement. the largest tumor diameter 
of between 0.8-2.6 cm, with an average of 1.96 cm, 2cm below have 18 cases (75%). the 
initial sign was precocious puherty in 19 cases (79.2 %), gelastic epilepsy in 5 (20.8 %). 
according to the arita, 5 classification, 21 cases were the intrahvpothalamic type and � the 
parahypothalamic type, 6 patients (25 %) underwent operation before radiosurgery. the 
marginal dose was 12-18Gy , the median isodose line was 45-55%; optic nerve, god cross-
accepted average dose <10Gy, the brain stem and hypolatamus acceptable dose <12Gy.

results: this group of children with gamma knife treatment after a review began, at a 1-year 
review, and 24 patients were followed up for 24 -91 month clinically. among these patients, 
11 patients were proved clinically, 1� patients were stabled. 24 patients were followed up 
for 24 -82 months by MRI. tumor growth control (tGc) was 100 %. and tumor reduced was 
observed in 19 patients (6�.�� %), growth was unchanged in 5 patients (16.67%). there 
was no case of optic nerve injury, � cases were treated at 1d, �d irregular high fever, � cases 
after treatment 14d - 2 months diabetes insipidus, clinical remission after treatment, 1 case 
of post-1a treatment of pituitary dysfunction, t�, t4 and low levels of glucocorticoid, taking 
hormone replacement, follow-up �a no significant improvement in symptoms.

Conclusion: Gamma Knife surgery (GKs) is a main option for child hypothalamic hamartoma 
and it is better mean for remainder tumour after surgery.
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Chun-Po yen (university of Virginia, Charlottesville, uSA)
surbhi Jain (1) Jay Jagannathan (1) David schlesinger (1) Jason sheehan (1) ladislau steiner (1)  
(1) University of Virginia, Usa              

object: causes of failure of the initial Gamma procedures as well as imaging and clinical 
outcomes of a series of 1�1 patients with cerebral arteriovenous malformations (aVMs) 
treated with repeat Gamma Knife surgery (GKs) were studied.

Patients and methods: seventy-one males and 60 females with a mean age of �2.7 years 
(range 8-74 years) underwent repeat GKs foe still-patent aVM nidi following initial GKs. 
causes of initial treatment failure included inaccurate nidus definition in 9, failure to fill 
part of the nidus due to hemodynamic factors in 11, recanalization of embolized aVM 
compartments in 6, and suboptimal dose (less than 2� Gy) in 7�. fourteen patients had 
repeat GKs for subtotal obliteration of aVMs. the aVMs in 18 patients failed to obliterate 
despite correct target definition and adequate dose. nidus volume at the time of retreatment 
ranged from 0.1 to 12.7 cc (mean 1.4 cc). Mean prescription dose of repeat GKs was 19.7 
Gy and mean maximum dose was �5.1 Gy. clinical follow-up ranged from 15 to 216 months 
with a mean of 78.5 months.

results: Repeat GKs yielded a total angiographic obliteration in 6� (48%) and subtotal 
obliteration in 8 (6%) patients. In 45 (�4%) patients, the aVMs remained patent and in 15 
(12%), no flow voids were observed on the MR imaging but the sealing of nidus was not 
confirmed by angiography. Higher prescription dose, smaller nidus volume, lower spetzler-
Martin grade, good prior response to first GKs, and a negative history of prior embolization 
were significantly associated with increased aVM obliteration rate. thirteen hemorrhages 
occurred in 606 risk years following repeat GKs, yielding an annual incidence of 2.1%. 
clinically, 120 patients improved or remained stable and 11 experienced deterioration (8 
due to a rebleed, 2 caused by persistent arteriovenous shunting, and 1 related to radiation 
induced changes). of 50 patients presented with radiation induced changes on MR images, 
4 developed neurological deficits; only one was permanent.

Conclusion: Repeat GKs achieved a 48% angiographic cure rate and low incidence of 
complications. the finding may be useful in deciding the management of aVMs where total 
obliteration following initial GKs was not achieved.
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eaRlY aRteRIal PHase- 

Hiroyuki Kenai (Nagatomi Neurosurgical Hospital, oita, Japan)
Masanori Yamashita (1) akira Yamada (1) tomoshige asano (1) Yukihiro Wakabayashi (1) Yuzo Hori (1) 
Hirofumi nagatomi (1)  
(1) nagatomi neurosurgical Hospital, Japan              

Introduction: In the treatment of large aVM, it is necessary to consider the strategy of 
various treatment methods combination. However, in some cases, we could not perform 
microsurgery or embolization practically, because of the relationship of location, feeding 
artery or draining vein. and basically, these cases have been considered out of indication. 
then in such cases, some of the trial of staged methods of stereotactic radiosurgery etc. 
have been reported, but there are no decided one accepted widely with consensus opinion. 
Including such cases, as a treatment method of large aVM, we are now adopting the strategy 
by using Gamma Knife(GK) in which we target appearing only the nidus of feeder side that is 
first described at the early arterial phase, and adding the further treatment according to the 
progress. It is just on the preliminary stage, we report this strategy of GK for large aVM.

materials and methods: In the primary treatment, we targeted 6-8cc of the nidus described 
at the early arterial phase through the angiography, and they were irradiated 21-22Gy at the 
margin. and about 1 year after, we added the irradiation for shrunk residual nidus. case 1 is 
left basal ganglia case of �� year old man. forty one mm in maximum diameter and 25.6cc 
in volume. case 2 is right thalamus case of 15 year old man. thirty nine mm in maximum 
diameter and 20.6cc in volume.

results: only by the treatment of the nidus that is first identified at the early arterial phase, 
total nidus including the outside of irradiation field had shrunk definitely within about one 
year. and we added the further irradiation, then after one further year, complete obliteration 
was confirmed in case 1. In case 2, although one year after second GK, there were still very 
small residual nidus, no further treatment has been performed and under observation now.

Conclusions: still now, it is just only two cases that have been able to confirm the results. 
although it is necessary that the accumulation of the cases and other results of going out in 
the future, as a strategy of the GK treatment for large aVM, by identifying surely the nidus of 
feeder side and we irradiate only this area, it is suggested that the possibility of the definite 
nidus reduction was able to be obtained. Yet, the necessity of the additional treatments 
should be exam further more from now.
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o9_P2-01 DeVeloPMent of clInIcal stRateGIes foR IMaGe-GUIDeD 
steReotactIc RaDIosURGeRY

John Kirkpatrick (Duke university medical Center, Durham, uSA)
zhiheng.wang@duke.edu Wang (1) zheng chang (1) Jackie Wu (1) John sampson (2) fang-fang Yin (1)  
(1) Duke University Medical center, Department of Radiation oncology, Usa 
(2) Duke University Medical center, Department of surgery, Division of neurosurgery, Usa              

objectives: stereotactic intracranial radiosurgery (sRs), fractionated stereotactic radiotherapy 
(fsRt), and stereotactic body radiotherapy (sbRt) offer the promise of maximizing tumor 
cell kill while minimizing normal tissue injury. Using sophisticated planning techniques and 
image-guided stereotactic radiosurgery/radiotherapy (IGsR), radiation can be delivered 
to targets in the brain, base of skull and body with extraordinary accuracy, precision and 
reliability. While the physics of IGsR are well-established, clinical benefits are incompletely 
characterized and clinical strategies for exploiting the unique capabilities of IGsR are 
underdeveloped. We present our initial clinical experience with IGsR and lesion-specific 
strategies for optimizing treatment.

methods: our institution utilizes the novalis tx system (brainlab and Varian Medical 
systems) for intracranianial and extracranial stereotactic radiosurgery/radiotherapy. this 
system provides multiple options for image guidance, patient (re)positioning and treatment 
planning, as well as a high-definition micro-multileaf collimator. Depending on their size, 
shape and location, lesions are treated with conformal static beams, dynamic conformal arcs 
(DaRc) or intensity-modulated radiosurgery/radiotherapy (IMRs/t). for intracranial lesions, 
most patients are immobilized in a thermoplastic mask; rigid halo frames are reserved for 
select peri-brainstem lesions. In all cases, patient positioning is refined and verified via 
image guidance, using orthogonal kV-beam pairs or cone-beam ct. 

results: from March through December 2008, 187 patients with intracranial lesions were 
treated with sRs (128) or fsRt (59), while 40 patients with extracranial lesions underwent 
sbRt. small, rounded/ellipsoid brain lesions were typically treated with single-fraction sRs 
utilizing DaRc, while larger or irregularly shaped lesions received IMRs/t versus conformal 
static beams if they were close to or far from, respectively, critical structures. In these latter 
cases, fractionation typically ranged from five 5-Gy to thirty-three 1.8-Gy fractions. for 
base-of-skull lesions, our choice is image-guided IMRs, as dosimetric studies show a 15% 
reduction in doses to critical tissues compared to other techniques. treatment has been 
well-tolerated and we are assessing hearing preservation in acoustic neuromas. outcomes 
with spinal sbRt via IMRs appear promising though treatment times are long (~one hour.) 
We are investigating volumetric-modulated arc therapy to substantially shorten these times. 
Protocols to inform the above treatment strategies are presented.
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Conclusions: Proper selection and application of planning/treatment techniques offered by 
IGRs may provide substantial clinical benefits. Prospective trials with comprehensive long-
term follow-up will be required to optimize treatment strategies.
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martin Fuss (oregon Health & Science university, Portland, uSA)
akrid7@hotmail.com srisuthep (2) Jayashree Kalpathy-cramer (1) Warren Dsouza (�)  
(1) oregon Health & science University, Usa (2) bhumibol adulyadej Hospital, thailand  
(�) University of Maryland, Usa              

Purpose: to investigate changes in target volume, respiration target motion trajectory and 
motion envelope over � to 5 fraction sbRt for lung cancer.

materials: fifteen patients underwent 4Dct simulation, and repeat 4Dct imaging for 
sbRt image-guidance (59 re-4Dct; 1-5 re-4Dct/patient, median 5). target volumes were 
individually delineated in the following ct data sets: free-breathing (fb), 10 respiratory 
phases (0-90%), MIP, MinIP, and aveIP. We analyzed target volumes, and assessed if typical 
sbRt PtVs (PtVfb: GtVfb + 5 mm axial, 10 mm craniocaudal; PtVMIP: ItVMIP + 5 mm) 
would encompass the motion envelop during the sbRt course. 

results: In this sample, target volumes were stable (+/- 10%) over a course of sbRt in 
11 patients; 2 tumors did shrink by up to �9%, while 2 tumors increased in size by up to 
�6%. shape of the motion trajectory was characteristic for individual patients over the sbRt 
course in 1�/15 patients, while maximum respiration target centroid displacement was more 
variable. Inter-individually, motion trajectory shapes varied widely. the respective motion 
envelope coverage by the clinically utilized PtVMIP was better than 90%. While the PtVfb 
provided similar coverage, the respective volumes differed from PtVMIP by up to 20 % 
(mean 114%).

Conclusions: In this preliminary analysis, 4Dct based image-guidance assessed changes 
in target motion over time were observed in over 50% of patients. Individually, significant 
changes in respiratory target motion were observed that prompted adaptive re-planning to 
minimize the risk of target miss (n=2) or allowed for significant normal tissue sparing (n=1). 
changes in target motion were randomly observed early and late in the sbRt course, and 
were individually not predictive of motion during the following fraction.
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o9_P2-0� cone-beaM ct (cbct) IMaGe-GUIDance foR sbRt

martin Fuss (oregon Health & Science university, Portland, uSA)              

cbct image-guidance afforded by the on-board imager system integrated into the trilogy 
platform has not been systematically evaluated with regard to its capability in localizing 
small sbRt target volumes in chest and abdomen. We assessed the utility to optimize target 
setup during sbRt image-guidance for curative treatment of primary early stage lung cancer 
(nsclc, non-small cell lung cancer), and bridge-to-transplant treatment for primary liver 
tumors (Hcc, hepatocellular carcinoma). also, spinal target setup was evaluated.

since July 2007, 42 patients with hepatocellular carcinoma, 64 patients with stage 1 nsclc, 
and 19 patients with spinal tumors were treated by 5 fraction sbRt at oHsU. all patients were 
immobilized in a whole body immobilization system. following setup to laser markings on 
the immobilization system, image-guidance was performed by multi-slice ct. these control 
cts were compared with the original simulation ct and translational shifts for optimal target 
setup were derived. the patients were then transferred in the immobilization system into 
the treatment vault, again aligned to laser markings on the treatment table, and a cbct was 
performed. We compared suitability of cbct image data to derive target localization and 
feasibility of cbct-based image-guidance. 

Visualization of target volumes and sbRt image-guidance was found to be good to excellent 
for both pulmonary and spinal target volumes. lung tumor respiratory mobility had minimal 
impact on reliability of cbct image-guidance. shifts derived from cbct matched control ct 
derived corrective shifts with minimal deviations (mean 

cbct image-guidance of liver lesions was compromised by a lack of sufficient soft-tissue 
contrast for tumors with approximately liver density. Placement of a platinum coil within or 
close to a Hcc, or prior tumor staining by hepatic artery ethiodol injection facilitated cbct 
visualization of target location. 

this early experience suggest that cbct image-guidance is sufficient to optimize the position 
of small sbRt target volumes in lung and spine. Utilization of intra-tumor contrast or the 
insertion of radio-opaque fiducial markers rendered cbct image-guidance of primary liver 
tumors feasible.
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miron Sramka (miron onkological Institut, Bratislava, Slovakia)
alla trompak (1) omelian trompak (1) alena furdova (1) arpad Violla (1)  
(1) oncological Institite, slovakia              

Purpose: evaluation of the possibility of linear accelerator (lInac) radiosurgery treatment 
for for patient with uveal melanomas

material and methods: from 1992 to 2009, year 42 patients suffering from uveal melanoma 
were treated with lInac-based radiosurgery. selection of the cases for radiosurgery was 
performed by a multidisciplinary team including radiosurgeons, ophtalmologistsand 
radiologists. after appropriate fixation of the eyeball and head with the help of stitches and 
stereotactic frame IMR and ct examinations were performed in every case for the further 
planning of precise irradiation of the zone of interest. all patients received one treatment 
dose ranged from �5 to �8 Gy in a single fraction per tumor.

results: the following-up period after radiosurgery ranged from � month to 5 years. In all 
cases after the lInac-based radiosurgery we observed a stop of the further tumor growth 
and in 4 cases a decrease of the tumor size was achived.

Conclusion: lInac-based radiosurgery proved to be an effective eyeball preserving 
treatment for uveal melanomas. 
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o9_P2-05 PRelIMInaRY eXPeRIence on steReotactIc boDY RaDIotHeRaPY 
(sbRt) UsInG GatInG bReatH contRol foR tHe tReatMent of 
tUMoRal lesIons

ovidio Hernando (Centro Integral oncológico Clara Campal, madrid, Spain)
Rubio carmen (1) sánchez emilio (1) García-aranda Mariola (1)  
(1) centro Integral oncológico clara campal, spain              

for years we have tried to apply radiosurgery philosophy to extracranial lesions but the 
toxicity of the major organs at risk for PtVs to cover organ motion, at large dose per 
fraction, was unacceptable. In the last two decades, technical improvements (Image Guided 
Raduitherapy, Reapiratory Gating) have allowed Radiation oncologists to treat moving 
tumors at large dose per fraction in short treatment courses. 

at the centro Integral oncológico clara campal we treat patients with sbRt using novalis 
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lInac. to minimize organ tumor motion we use the Gating technique with which tumors are 
treated in a selected position within the range of free respiratory movement. 

Respiratory Gating monitors the breathing cycle and uses the correlation between each step 
of that cycle and the position of the moving tumor. to follow the tumor we need an implant 
marker inside or near the target, placed by ct image guided puncture. once we have placed 
the implant marker we proceed with the ct simulation, fixing some external fiducials on 
the patient´s skin that are tracked by the infrared cameras of the exactrac system. the 
external fiducials allow us to move the patient automatically to the treatment position in the 
treatment room, and to track the respiratory movement during the treatment. to localize the 
target volume in the different positions within the respiratory cycle in the treatment room, 
we use Image Guided Radiotherapy (IGRt) technique based on stereoscopic x-rays. this 
way we can determine in which moment of the respiratory cycle we treat the target and the 
suitable range of movement based on our PtV delineation (beam-on area). also exactrac is 
used during the treatment course to verify the correct position of the implant marker on the 
reference point selected within the beam-on area.

from april to December 2008 we have treated 24 tumors (16 patients) using the Respiratory 
Gating technique including: one biliary tract carcinoma, one hepatocellular carcinoma, 10 
liver metastasis and 14 lung metastasis. Prescription dose in lung tumors varies from 45 to 
78Gy (mean 67,9Gy) in ten fractions and in liver tumors from 24 to 50Gy (mean �6,5Gy) in 
� to 10 (mean 4,9) fractions. no acute toxicity over G-I/II was found. at the first follow-up 
three months after treatment no patient had experienced local progression disease.

the Respiratory Gating technique is safe and efficient for the treatment of moving lesions.
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o9_P2-06  Real-tIMe IMaGe-GUIDeD steReotactIc RaDIosURGeRY foR 
PRostate canceR: a PRelIMInaRY RePoRt

Weonkuu Chung (Konyang university medical Center, Daejeon, Korea)
su jung sim, Korea (1) Gha Jung Kim (1) chul Ki Min (1) Young seop chang (2)                

Introduction: In this study, we evaluated the clinical response to and complications from 
robotic stereotactic radiosurgery with a Generation 4 (G4) cyberKnife (accuray Incorporated, 
sunnyvale, california, Usa) for the treatment of prostate cancer.

materials and methods: We analyzed 16 patients between the ages of 58 to 80 (median 
age 64) diagnosed pathologically at our hospital or at other hospitals with adenocarcinoma 
of the prostate. six patients were staged as t2an0M0, five patients as t2bnoM0, and four 
others as t2bn1M0, t�an0M0, t�bn0M0, and t�bn1M0, respectively. ecoG performance 
scores were generally favorable. three to four fiducial markers were implanted in or around 
the tumors for each patient before the recording of their planning ct studies. the two node-
positive patients were treated with conventional radiation therapy to 40 Gy in 20 fractions 

oRal sessIons abstRacts

2�5

tHURsDaY, 11 JUne 2009

delivered to the whole pelvis followed by 18 Gy or 19.5 Gy in � fractions as a boost to the 
lesion. the affected nodes were also treated with conventional radiation to 20 Gy in 10 
fractions. the gross tumor volume (GtV) ranged between 49.4 cc and 125.4 cc (median 8�.8 
cc). the planning treatment volume (PtV) included the GtV plus a � to 5mm margin. a dose 
of 18 Gy to �6 Gy (median �4 Gy) was prescribed to the 67% to 76% isodose line (median 
71%) and delivered in � to 4 fractions. Median follow-up period was 14 months. clinical 
outcomes were evaluated through Psa measurements (free, total) and MRI every � months 
after the treatment.

results: all patients were evaluable for response and complications. no biochemical 
failures were identified. We observed a complete response in all patients. With regard to 
complications, one case of grade II radiation colitis (6.2%) was noted. this one patient 
(t2an1), who had undergone conventional radiation therapy of 40 Gy in 20 fractions to the 
whole pelvis before receiving 19.5 Gy in � fractions as a boost to the PtV, experienced rectal 
bleeding but recovered after being treated with steroid enema.

Conclusions: Real-time image-guided stereotactic radiosurgery with cyberKnife is a 
feasible treatment option with an acceptable short-term complication rate in prostate 
cancer. However, we need longer follow-up to reach conclusions with regard to outcome. 
Randomized clinical trials will also be needed to determine optimum treatment conditions 
and ideal patient selection criteria.
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o9_P�-01 aRe cones stIll UsefUl In steReotactIc RaDIosURGeRY [sRs]?

margaret Schneider (Prince of Wales Hospital, Sydney, Australia)
Robert smee (1) Karl chan (1) Janet Williams (1) 
(1) Prince of Wales Hospital, australia               

the purpose of this study is to determine if circular cones are still useful and relevant in the 
delivery of stereotactic radiosurgery [sRs]. sRs has been avalable at Prince of Wales Hospital 
since 1990. Initially all cases were treated with circular cones ranging in size from 1.0cm 
- 4.5cm. this treatment approach was ideally suited for treatment of small circular targets. 
When the target was an irregular shape, muliple cones of varying sizes could be applied 
to conform to any irregular target.since that time, there have been many software and 
hardware developements that have sought to improve dose conformality whilst achieving 
greater sparing of critical structures. these developements have included the use of the 
primary jaws of the linear accelerator in conjunction with cones,the introduction of a mini 
multileaf collimator [mmlc] which in turn has lead to the implementation on intensity 
modulated radiosurgery [IMRs].

at Prince of Wales Hospital, we now have a choice of these treatment approaches when 
planning a radiosurgery case, so we need to determine which technique will be appropriate 
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for which type of target.We have reviewed all cases treated in our department since the 
introduction of our Radionics MMlc to determine if we still prefer to use circular cones in 
some cases. all cases reviewed were intracranial targets.

two or three plans were produced for each case with cone or multiple cones and an IMRs 
plan using the MMlc.these plans were then compared, with the evaluation being based on 
target/dose conformality, the dose received by the critical structures and the integral dose 
received. consideration was also given to the time it would take to deliver the prescribed 
treatment.

It was found that we still use circular collimators in a significant number of cases treated at 
Prince of Wales Hospital.In some of these cases, the primary collimators of the linac were 
used in conjunction with a cone.this approach is particularly useful when the target is small 
but in close proximity to a dose limiting structure. IMRs was the treatment of choice for 
larger irregularly shaped lesions particularly meningiomas. Prior to the introduction of IMRs/
MMlc these type of targets were planned using multiple isocentres and cones. the negative 
to this type of planning is that you may have a high dose region where the cones overlap 
requiring compromise in the dose delivered to the target.
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o9_P�-02  InflUence of MaRGInal Dose DefInItIon on tHe VaRIabIlItY of 
seVeRal confoRMItY InDIces anD GRaDIent InDeX In MIcRo-
MUltIleaf collIMatoR-baseD DYnaMIc confoRMal aRc tHeRaPY

Kazuhiro ohtakara (gifu university graduate School of medicine, gifu, Japan)
shinya Hayashi (1) Hiroaki Hoshi (1)  
(1) Gifu University Graduate school of Medicine, Japan                

objectives: Prescription dose in intracranial stereotactic radiotherapy has been commonly 
defined as «marginal dose», although its definition remains obscure with regard to the 
target coverage. Here we evaluated whether the different target coverages of marginal dose 
influence on several existing conformity indices (cIs) and a gradient index (GI). 

methods: twenty-two treatment plans in patients with metastatic brain tumors [almost 
simple shapes] adjacent to no critical organs were evaluated. Median planning target volume 
(PtV) was 10.8 cm� (range 1.8 – 44.6). the cIs including PItV ratio referred to as Radiation 
therapy oncology Group, the cI proposed by lomax et al. (lcI), and the conformation number 
(cn) described by van´t Riet et al. and also the GI proposed by Paddick et al.(PGI) were 
calculated at the dose delivered to 99% of the PtV (D99), D95, D90, and D85, respectively. 

results: the PItVs [mean ± 1 standard deviation] were 1.�2 ± 0.06, 1.15 ± 0.04, 1.0� 
± 0.04, and 0.96 ± 0.06, and the lcIs were 0.75 ± 0.0�, 0.8� ± 0.0�, 0.87 ± 0.0�, and 
0.90 ± 0.0�, and the cns were 0.74 ± 0.0�, 0.79 ± 0.0�, 0.79 ± 0.0�, and 0.77 ± 0.0� 
for D99, D95, D90 and D85, respectively. the differences in the variance were statistically 
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significant [p < 0.0001 for each cIs: Kruskal-Wallis test]. notably, the PItVs were nearly 
perfect at D90 to D85, and the lcIs were higher in the order of D85 to D99. the PGIs were 
2.61 ± 0.22, 2.80 ± 0.25, 2.99 ± 0.27, and �.19 ± 0.29 with D99, D95, D90, and D85, 
respectively, and were lower in the order of D99 to D85. the difference in the variance was 
statistically significant [p < 0.0001: Kruskal-Wallis test]. 

Conclusion: the difference of target coverage of «marginal dose» significantly affected the 
variability of several cIs and PGI. for valid comparison of rival plans or different treatment 
techniques, the quantitative degree of dose conformity and gradient should be evaluated 
at the marginal dose with standardized uniform definition in respect of the target coverage 
[e.g. D95].
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o9_P�-0� ePR DosIMetRY of steReotactIc RaDIosURGeRY In an 
antHRoPoMoRPHIc HeaD PHantoM

Einar Waldeland (radiumhospitalet, oslo, Norway)
Magnus Hörling (1) eirik Malinen (1)  
(1) Department of Medical Physics, the norwegian Radium Hospital, oslo University Hospital, norway                 

Background: stereotactic radiosurgery (sRs) is a well-established treatment modality 
for cranial tumors. sRs usually results in high doses and steep dose gradients within the 
irradiated volume. Dose measurements of sRs thus require small dosimeters applicable over 
a wide dose range. Recently, a dosimetry system has been developed using lithium formate 
as a solid state dosimeter material and electron paramagnetic resonance (ePR) spectroscopy 
for dosimeter readout. lithium formate dosimeters are sensitive, energy independent, and 
cover a wide dose range (0.1-1000 Gy).

materials and methods: ct images of the head of a Rando anthropomorphic phantom 
were acquired. Using iPlan �.0.1 (brainlab, Munich), a spherical tumor of 4 cm radius was 
delineated in the images. a sRs plan was made with the brainlab m� micro-Mlc as beam 
limiting device. an in-house made phantom insert, holding 45 lithium formate dosimeters 
(diameter � mm, height 2 mm), was used to measure an axial 2D dose distribution for the sRs 
plan. In addition, a dosimeter calibration series was generated with doses from 1-20 Gy.

results: the measured dose distribution was similar to the planning dose distribution. 
the measurements gave on average a 2.2% lower dose compared to the dose plan at the 
plateau of the dose distribution. larger differences were seen in the penumbra region, 
where the dose plan slightly underestimated the dose gradients. by repeat measurements, 
the systematic and random error in the sRs delivery was estimated to less than 1 mm. 

Conclusions: the sRs planning system (iPlan) produced an intracranial dose distribution 
with tolerable accuracy. the sRs delivery was highly accurate. lithium formate dosimeters 
are very useful for estimating doses from sRs.
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o9_P�-04  Dose confoRMItY InDeX In lInac RaDIosURGeRY: analYsIs of 
VestIbUlaR scHWannoMa cases

marco Italiani (S. maria Hospital, Terni, Italy)
casale Michelina (1) Giorgi cesare (1) Maranzano ernesto (1)  
(1) s. Maria Hospital terni, Italy                 

Purpose: We want to quantify the conformity degree of the Radiosurgery-treatment-plans 
of a group of patients harbouring a vestibular schwannoma describing our method to chose 
a standard reference isodose (IDs) with a retrospective analysis. 

methods and materials: We analysed a series of �1 lesions in �0 patients with vestibular 
schwannoma. the reason of this method is related to the homogeneity of patient group 
for PtV shape and location. the median value of PtV is 0.6cc (0.08 -6.8cc) and the median 
prescription dose is 14Gy (1�-17.5Gy). 
We use a 5MV linear accelerator with a dynamic micro-Mlc: for the treatment we use a non 
coplanar Dca (Dynamic conformal arc) technique with a variable arc number optimized by 
a dedicated algorithm (aMoa). the micro-Mlc conforms to the outline of the PtV in the 
beam’s eye view in the starting position of arc and changes the leaves position every 10° 
during the treatment.
In every plan the prescription dose is normalized and assessed at the isocentre. In every 
case the parameter for accepting the plan is the minimal dose which is superior to the 80% 
of the prescription dose.
to choose the IDs we calculate the conformal number (cn) and the target coverage (tc) 
as defined in the literature for every relative isodose until 95% of the prescription dose. 
We have chosen the IDs according to the following criteria: cn maximum possible with tc 
>0.9. at IDs we calculate also cI and cRtoG, as defined in literature. 
lomax and scheib indicated 0.6 an optimal cn value for gamma-knife radiosurgery plan.

results: the resulting IDs for the patient group is 9�%. the cI value is 0.6�±0.15, the cn 
value is 0.58±0.1� and the cRtoG value is 1.62±0.60. from the analysis we note that cI 
and cn value have a significant increase as a function of PtV: in particular this dependence 
is for PtV superior than 1cc. cn is equal or superior than 0.6 in 55% of plans. furthermore 
the dose homogeneity within the PtV is good.

Conclusions: the criteria adopted in the choice of IDs resulted adequate for this 
homogeneous group of linac-radiosurgery plans in term of PtV shape and brain location. 
conformity indexes resulting are dependent from the volume range studied and comparable 
to literature data.
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o9_P�-05 PHYsIcal asPects of MoDeRn steReotactIc RaDIosURGeRY a 
tReatMent DeVIce coMPaRIson

Andreas mack (Klinik Hirslanden, Zürich, Switzerland)
Ian Paddick (1) stefan scheib (2) stefani Gianolini (2) Dirk Weltz (�) Marcus Rieker (4) Günther Mack (4) 
thomas Mindermann (5) Robert Wolff (6) Volker seifert (7)  
(1) cromwell Hospital, london, United Kingdom (2) Varian Medical systems, baden, switzerland  
(�) Klinik Hirslanden, Dept. of Medical Physics, zürich (4) PtGR-GmbH, tübingen, switzerland  
(5) Klinik im Park, Gamma Knife centre, zürich (6) Gamma Knife centre, frankfurt  
(7) University Hospital, Dept. neurosurgery, frankfurt                 

Purpose/Introduction: Developments in previous years have lead to a variety of 
decent treatment devices to be used for either radiosurgery or fractionated stereotactic 
radiotherapy.
a comparison of the main techniques in the market is given.

material and methods: common methods and techniques are introduced and compared 
with regard to their specific parameters. classical devices as the Gamma Knife and linacs as 
well as younger techniques such as cyber Knife and tomotherapy are looked at thoroughly.

Promising techniques with protons and heavy particles - being very popular at the moment 
- are discussed.

results: comparisons clearly demonstrate the individual characteristics of the different 
machines.
the Gamma Knife techniques uses mechanical precision and steep dose gradients to offer 
the maximum conformity for radiosurgical treatments, while the linac based technologies 
concentrate on tools such as IMRt and IGRt. both of these beam modulation techniques can 
be used for stereotactic fractionated radiotherapy and the treatment of the body.
In practice this requires precise synchrony being realized on the basis of changing field 
shape (Mlc), controlling the position of the target (x-rays, triggered cameras) and by online 
measurements of the applied dose.
the physically-technically demanding protons and heavy ions proclaim better treatment 
results on the basis of their better biological effect. However, this is actually only the case 
for heavy ions. 

Discussion: the ideal radiosurgery site would be an interdisciplinary filled centre offering 
dedicated machines for pure radiosurgery on the one hand and an all purpose machine 
covering the rest of the body on the other. 
at present, therapy with protons is still on an absolutely experimental level. It could 
however function as a preliminary stage, leading to therapy with heavy ions which have the 
advantages of a higher ionisation density and superior biological effect.
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o9_P�-06  PlannInG coMPaRIson betWeen X-RaY RaDIosURGeRY anD 
PRoton RaDIosURGeRY

Sung Hwan Ahn (Proton Therapy Center, goyang-si, gyeonggi-do, Korea)
Jin sung Kim (1) Dong Wook Kim (1) Young Kyung lim (1) Jung Won Kwak (1) Myoung Geun Yoon (1) 
Dong Ho shin (1) se byeong lee (1) sung Yong Park (1) Kwan Ho cho (1)  
(1) Proton therapy center, national cancer center, Korea                  

the first Korean Proton therapy facility has started to treat patients at the national cancer 
center (ncc), Goyang-si, Korea, since March 2007 and it has two gantry treatment rooms, 
one fixed beam treatment room and one experimental area.

Proton therapy is quite different from x-ray treatment. When a proton enters a patient’s body, 
it releases a relatively low dose of energy than x-ray before it reaches the target. However, 
proton hits the targeted tumor by depositing the biggest dose of energy and suddenly 
stopping its activity afterwards. this peak point where the highest energy is released is 
called as the bragg Peak and these successively combined pristine bragg Peaks yield a 
spread-out bragg peak (sobP) which has uniform dose distribution for proton treatment. 

first, we measured small field size dosimetric characteristics of proton beam, such as, lateral 
penumbra, distal penumbra, dose uniformity on distal and lateral direction, etc. We also 
studied the patient positioning system and immobilization tools for proton radiosurgery.

In this report, we show that therapeutic proton beam for radiosurgry has dose deposition 
advantage compared to X-ray beam. and the patient positioning using digital imaging 
positioning system (DIPs) in proton therapy is comparable with x-ray radiosurgery 
positioning.
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tReatMent foR sMall cell lUnG canceR WItHoUt PRoPHYlactIc cRanIal 
IRRaDIatIon: a RetRosPectIVe sInGle-InstItUtIonal analYsIs of 54 PatIents

Atsuya Akabane (Kanto medical Center Ntt Ec, Tokyo, Japan)
teruo Ishihara (2) Kazuhiro Usui (2) Itaru Kanazawa (1) akio Morita (�) chikayuki ochiai (�) 
(1) Gamma Knife center, Kanto Medical center ntt ec, Japan (2) Department of Respirology and chest 
surgery, Kanto Medical center ntt ec, Japan (�) Department of neurosurgery, Kanto Medical center 
ntt ec, Japan

objectives: In treatment for small cell lung cancer (sclc), prophylactic cranial irradiation 
(PcI) is strongly recommended if the complete remission or nearly complete remission is 
achieved as a result of the initial chemotherapy. However, this recommendation is based on 
the old-fashioned evidences in which the stereotactic radiosurgery (sRs) was not adopted 
as a treatment option for the brain metastases. the purpose of this study is to establish the 
effectiveness of a new treatment strategy for sclc in which the brain metastases should be 
treated by sRs or whole brain irradiation (WbI) without PcI. 

methods: Medical records of 54 consecutive sclc patients, who were received the treatment 
only in our hospital since april 2002 to December 2006, were analyzed. the follow-up 
period is 14-1�81 (mean; �59) days. the treatment strategy for the brain metastases was 
as followed; 1) magnetic resonance (MR) imaging was periodically performed to examine 
metastatic lesions, 2) the brain metastases should be treated by chemotherapy, sRs or WbI 
without PcI each time when they were found. 

results: In 15 cases (28%), the brain metastases were caught in the MR images which 
were obtained at the diagnosis of sclc. for the patients without brain metastasis in the first 
screening MR images, a periodic checkup (mean interval; 16� days) with MR imaging had 
been performed to find brain metastasis. as a result, brain metastases were newly revealed 
in 8 cases (15%) (group a), while they had not emerged throughout in �1 cases (57%) (group 
b). the duration between the diagnosis of sclc and the detection of the brain metastases 
in group a was 128-5�5 (mean ��2) days. Kaplan-Meier survival estimates showed that 
median survival time was 549 days in group a and �71 days in group b, respectively. 

Conclusion: these results indicate that PcI may be unnecessary for more than half the 
patients with sclc. Moreover, in the management of sclc, the constant neuroimaging 
examination and multimodal management including sRs for brain metastases may take the 
place of PcI. 
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lIneaR acceleRatoR-baseD steReotactIc RaDIosURGeRY foR acoUstIc neURoMa: 
HonG KonG eXPeRIence 

Wai Kong Tsang (Prince of Wales Hospital, Shatin, New Territories Hong Kong)
Kam (1) Hoi tung Wong (2) Kwok Hung brian Yu (1) tak cheung anthony chan (�) 
(1) Department of clinical oncology, Prince of Wales Hospital, Hong Kong (2) Department of surgery, 
Prince of Wales Hospital, Hong Kong (�) Department of clinical oncology, the chinese University of 
Hong Kong 

objectives: to evaluate the efficacy and toxicity of linear accelerator-based stereotactic 
radiosurgery (sRs) for acoustic neuroma retrospectively.  

methods and materials: 19 consecutive patients with acoustic neuroma were treated with 
sRs between november 1998 and December 2007. all patients were symptomatic. a 6- to 
8-fields technique with static conformal beams was adopted. a single dose of 12Gy was 
prescribed to 80% isodose. serial magnetic resonance scans were performed for evaluation 
of tumour response.  

results: Median age of the patients was 62 (range �9 to 74). all patients had unilateral 
tumours. Previous surgery had been performed in 5 patients. the median tumour size and 
volume was 18mm (range 6 to 28) and 49�2 mm� (range 144 to 17920), respectively. With 
a median follow-up time of �2 months (range 1� to 111), tumour control was achieved in 
all patients. there was a reduction in tumour size in 11 patients (58%). on average, there 
was 48% reduction in tumour volume among these 11 patients. 16 patients (84%) had 
no change in hearing after sRs, while the remaining � experienced a decrease in hearing.  
2 patients (11%), who had relatively large tumours (20 and 25mm), developed sRs-induced 
trigeminal neuralgia. one of these 2 patients required a short course of drug treatment for 
pain control. no patients developed facial nerve palsy or other neurological complications.

Conclusion: stereotactic radiosurgery gives excellent local control of acoustic neuroma, with 
acceptable toxicity. Most patients have their hearing preserved after treatment. Patients with 
large tumours have a higher chance to develop treatment-induced trigeminal neuralgia.
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InItIal ResUlts of aRteRIoVenoUs MalfoRMatIons In cHIlDRen tReateD WItH 
RaDIosURGeRY- eXPeRIence at tHe Innn-MeXIco 

Jose Suarez-Campos (National Institute of Neurology and Neurosurgery, mexico City, 
mexico)
Jose de Jesus suárez campos (1) enrique De obieta (2) sergio Moreno Jimenez (2) Guillermo a. 
Gutierrez (2) Jose larraga (2) Mariana Hernandez (2) amanda Garcia (2) Miguel angel celis l. (2) 
(1) national Institute on neurology and neurosurgery, Mexico (2) Innn-Mexico city  

Introduction: the treatment of arteriovenous malformations (aVM’s) in pediatric population 
is a challenging problem in clinical practice. In spite that our institution is devoted to the 
treatment of adults, we implemented a mechanism for the treatment of this demanding 
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group of patients referred to the national Institute of neurology and neurosurgery (Innn) 
located in Mexico city from different areas of the country.  

methods: all the patients referred to the institution were analized at the MaV-comitee 
formed with several specialties in order to evaluate the candidates to radiosurgery. the 
Innn-Mexico in Mexico city has a novalis dedicated linac facility all the patients were 
treated with an invasive frame, conventional angiography, RMn � -t and ct with the frame 
in order to accomplish the requirements of the brainlab planning system. only the younger 
patients needs a mild sedation for the entire procedure. 

results: We analyzed 29 pediatric patients with intracranial arteriovenous malformations 
(aVM), treated with radiosurgery between 200�-2007 with a mean age of 1� years and a 
range (5 -17). the female gender predominate with 20 patients (69%) and 9 men (�1%).
the clinical characteristics of the present series were a mean volume of 7.9 cm� with a range 
(0.�6-�9.9 cm�). the distribution according with the spetzler-Martin grade was as following: 
GII 9 patients (�1%), GIII 9 patients (�1%), GIV 9 patients (�1%) and grade V 2 patients 
(9%).
almost all the aVM had a deep drainage, 21 cases (72.4%); the mean Rbas was 1.�6 with a 
range (0.27 – 4.29). In 26 patients (86.2%) there no was previous treatment.
the mean prescription dose was 22.�� Gy and a range of 15- 45.8 Gy, 25 patients (86.2%) 
underwent a single dose.
We had 5 cases with obliteration of the aVM (17.2%), without occlusion 24 patients (82.8%) 
with a mean follow up of 18 months. We must remark that the 71% of the aVM have had a 
spetzler- Martin grade between III and V, considered non surgical.
We get a relation between obliteration and any previous treatment with a calculated chi2 
6.897 and critical chi2 0.10�, p 0.0�2.
no complications were observed in this period of observation.

Conclusion: In this series the sM grade, Rbas.
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ResUlts of fRactIonateD RaDIosURGeRY foR MetastatIc bRaIn tUMoRs 

Do Hoon Kwon (Asian medical Center, Seoul, Korea)
Kwon (1) seung chul Jin (1) Jeong Hoon Kim (1) soon Young Kim (1) Do Hee lee (1) 
(1) asian Medical center, seoul, Korea  

Introduction: Metastatic brain tumor is difficult to be operated when the tumor volume is 
large and patient’s medical, physical condition is not suitable to be operated or the tumor is 
located in the brain stem. We treated metastatic brain tumors with fractionated radiosurgery 
prospectively and short term follow-up results are reported. 

materials and methods: Indication of fractionated radiosurgery is as follows. 

1. the tumor volume is large, above 1�,000 cumm and patient’s medical, physical condition 
is difficult to be operated due to chemotherapy or other causes. 

2. the tumor is located in the brain stem, thalamus or motor cortex. 
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�. the tumors are multiple and summation of total volume is above 20,000 cumm. from 
May 2007 to December 2008, total �28 metastatic brain tumor patients were treated 
with Gamma Knife radiosurgery. among them, 27 patients were indicated to be treated 
with fractionated radiosurgery, but 17 patients were possible to be treated with 2nd 
radiosurgery.  

results: seventeen patients were received fractionated radiosurgery with 2-� month 
interval. other 10 patients could not received 2nd radiosurgery due to aggravation of 
primary disease or time interval is too short to be treated with 2nd radiosurgery.
Male to female ratio was 9 to 8, and mean age was 54.8 years old. Mean treated volume 
in the primary treatment was 17,074 cumm and mean marginal tumor dose was 14.8 Gy. 
Mean tumor volume in the 2nd treatment was 10,129 cumm and mean marginal tumor dose 
was 11.6 Gy. In the follow-up imaging studies, tumor volume was much decreased in the 
15 patients and their medical condition was much improved, but in the two patients, the 
tumor volume was increased and their condition was soon aggravated. but in the improved 
patients, two patients were eventually expired due to aggravation of brain tumors.
In the 8 expired patients among 17 patients, their mean survival was 7.6 months. the 
cause of death was primary focus aggravation in 5 cases, and brain tumor aggravation in 
� cases.

Conclusion: fractationated radiosurgery for the metastatic brain tumor is very effective 
treatment when the tumor volume is large or patient’s condition is not good to be operated 
or the tumor is located in the eloquent area.

P-05    

WoRlD JoURnal of sURGIcal oncoloGY tecHnIcal InnoVatIons steReotaXIc 
GaMMa KnIfe sURGeRY In tReatMent of cRItIcallY locateD PIlocYtIc 
astRocYtoMa: PRelIMInaRY ResUlt Raef fa Hafez* 

raef Hafez (International medical Center, Cairo, Egypt)  

Background: low-grade gliomas are uncommon primary brain tumors, located more often 
in the posterior fossa, optic pathway, and brain stem and less commonly in the cerebral 
hemispheres.

Case presentations: two patients with diagnosed recurrent cystic pilocytic astrocytoma 
critically located within the brain (thalamic and brain stem) were treated with gamma knife 
surgery. Gamma knife surgery (GKs) did improve the patient’s clinical condition very much 
which remained stable later on. Progressive reduction on the magnetic resonance imaging 
(MRI) studies of the solid part of the tumor and almost disappearance of the cystic component 
was achieved within the follow-up period of �6 months in the first case with the (thalamic 
located lesion) and 22 months in the second case with the (brain stem located lesion). 

Conclusion: Gamma knife surgery represents an alternate tool in the treatment of recurrent 
and/or small postoperative residual pilocytic astrocytoma especially if they are critically 
located.
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P-06    

PRoGnostIc factoRs analYsIs of PRolactIn PItUItaRY tUMoR afteR GaMMa KnIfe 
tReatMent 

Zhanbiao He (The 2th Hospital of Shanxi medical university, Taiyuan, China)
zhanbiao He (1) 
(1) the 2th Hospital of shanxi Medical University, china  

objective: to explore the reasonable and effective therapeutical methods in treatment of 
giant invasive pituitary adenoma secreting PRl.  

methods: 69 cases of giant invasive pituitary adenoma secreting PRl,which diameter were 
more than �cetimeter,devided into 2 groups. the experiment group patients were given 
bromocriptine Mesilate tablets and Gamma knife treatment,the contrast group patients were 
treated by surgery and steroradiosurgery. therapeutical effects and its complications were 
also analyzed on time. 

results: two groups had same effects in the contral rate of tumor volume and PRl level, but 
the contrast group patients complications were higher than experiment group.

Conclusion: the medicine treatment was first step for the Giant invasive pituitary adenoma 
secreting PRl, then treated by Gamma knife.If medicine were invalid, surgery were needful 
and not try to total removal in treatment, the remains were treated by steroradiosurgery. It 
was not necessary that recepting surgery at first and total removal in the treatment of giant 
invasive pituitary adenoma secreting PRl.

P-07    

RobotIc RaDIosURGeRY foR tReatMent of PeDIatRIc tUMoRs 

yuriko minn (Stanford university, Stanford, uSA)
Iris c. Gibbs (1) Paul G fisher (1) Michael edwards (1) 
(1) stanford University, Usa  

Purpose: We report the clinical experience treating children with cyberknife robotic 
radiosurgery.

methods: We performed a retrospective review of patients treated with sRs from January 
1996 through December 2008. twenty-one pediatric patients were identified who had 
undergone cyberknife robotic radiosurgery for intracranial tumors. there were 10 female 
and 11 male children. tumor types included medulloblastoma/Pnet (5), ependymoma (�), 
meningioma/schwannoma (�), germ cell tumors (�), chordoma (2), hemangioblastoma (2), 
and other (�). fourteen patients were treated for recurrent tumors; 7 were treated for residual 
or primary tumor. seven patients received more than 1 course of radiosurgery. sRs was 
delivered to a median marginal dose of 20 Gy (range, 14-�0 Gy) in 1-5 fractions (median, 
2 fractions). local control and overall survival rates were calculated using the Kaplan-Meier 
method. 

results: all patients achieved initial radiographic and clinical response to radiosurgery. 
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With a mean follow-up of 29 months (range, 5-146 months), 15 patients are alive. of the  
6 patients who died, � had recurrent medulloblastoma and died with disease. one patient 
with chordoma died of aMl, a complication of systemic chemotherapy. the survival time 
from date of radiosurgery was 9 months for those patients who died. all patients with 
recurrent ependymoma remain alive at 10-�0 months after radiosurgery. two of � patients 
with mixed germ cell tumors are alive at 27 and 4� months. there was 1 case of transient 
mild radiation edema.

Conclusion: Radiosurgery is a safe and effective treatment of residual or recurrent intracranial 
tumors in the pediatric setting. Preliminary results suggest that more effective therapies are 
needed for recurrent medulloblastoma; however, reasonable stabilization of disease may be 
achieved for recurrent ependymoma, benign intracranial tumors, and recurrent mixed germ 
cell tumors.

P-08    

RotatInG GaMMa sYsteM sURGeRY foR caVeRnoUs sInUs MenInGIoMa 

xinghua Zhang (363th Affiliated Hospital of Luzhou medical College, Chengdu, 
China)
lei (1) Yi tang (1) Gaofeng Wu (1) Hongfei liao (1) 
(1) �6�th affiliated Hospital of luzhou Medical college, china  

objective: to study the clinical effect of radiosurgery for cavernous sinus meningioma.   

methods: from 1997 to 2004, 52 patients with cavernous sinus meningioma were treated 
by Rotating Gamma system (RGs) in our center. 14 male, �8 female, average age of 47.1 
yrs, (15-69 yrs). �7 patients (71.15%) had open surgery previously. all patinents had clinical 
fatures, and had ceatainly imaging diagnose. the tumor volume was 24.18cm� ( range 1.28-
168.48 cm�). target delineation and treatment planning was baseed on MRI image fusion. 
marginal dose was 10.7Gray (range 7-18 Gray), core dose 14-�6Gy, average 21.04Gy. the 
median isodose line was 48% (range 40-60%), target point 4-24, average 9.4. In 52 patient 
treatment procedures and dose close to is visual organ is 7-10Gy, 8.62Gy in average.

results: �2 patients were followed up for �0 months (range 5-91 month) clinically. 22 patients 
(68.75%) underwent operation before radiosurgery. among these patients, 21 patients were 
improved clinically, 5 patients were steadied, 6 patients were worsen. 1 (�.1�%) appears  
aggratated headache and impaired vision after 5 month RGs treatment, MR suggested no 
change in tumor, encephalocoele enlarged, by-pass operation of cerebrospinal fluid was 
adopted; 1 (�.1�%) case appearred diplopia 6 month after RGs treatment, improved in one 
month after use of normal hormone and dehydration therapy. 
�0 patients were followed up for �0 months (range 5-82 month) by MR or ct. tumors are 
classified according to the extension of tumor encroaching on cavernous sinus and the level 
of extending to nearby tissues and structures: 1: restricted in cavernous; 2: extending to 
clivus and petrous bone, but do not compress brainstem; �: extend upward and forward, 
and compress to optic chiasma or visual organ; 4: compress brainstem; 5: encroach on 
bilateral cavernous sinus. In �0 cases and level 1  has 4 cases (1�.��%) and level 2 has 
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� cases (10%) and level � has 12 cases (40%) and level 4 has 6 cases (20%) and level 
5 has 5 cases (16.67%). tumor growth control (tGc) was 80%.and tumor reduced was 
observed in 19 patients (6�.��%), growth was unchanged in 5 patients (16.67%). Regrowth 
or recurrence occurred in 6 patients (20%).

Conclusion: RGs is a safe and effective option for those small meningioma in cavernous 
sinus. and staged RGs is also a very useful option for large cavernous sinus meningiomas 
in selected patients.

P-09    

GaMMa KnIfe RaDIosURGeRY foR GIant cell tUMoR of tHe PetRoUs bone: a case 
RePoRt 

In-young Kim (Chonnam National university Hwasun Hospital, Hwasun, Korea)
shin Jung (1) tae-Young Jung (1) Kyung-sub Moon (1) sam-suk Kang, (1) seung-Jin Park (1) 
(1) chonnam national University Hwasun Hospital, Korea  

objectives: cranial giant cell tumor is extremely rare and the number of reported cases is 
no more than sixty. We report a case of giant cell tumor of the petrous bone, which was 
managed using gamma knife radiosurgery (GKR).  

materials and methods: the patient was a 17-year-old boy who had been diagnosed as 
giant cell tumor. three years ago, he underwent transsphenoidal biopy for sellar and clinoidal 
mass and the diagnosis was giant cell tumor. after one year, infratemporal fossa approach 
and tumor removal was also performed for left petrous bony mass, and the histopathological 
diagnosis was same. after radiation therapy, he was regularly followed up and a new mass 
at right petrous bone was found and GKR was performed for the lesion. 

at GKR, the volume of the tumor was 9.8cc, and the margin dose of 16Gy was prescribed 
to the tumor margin. Ipsilateral cochlear was protected from excessive radiation using 
plugging, and the maximum point dose of cochlear was 4Gy. 

results: after 18 months, the tumor was markedly reduced in volume and right side hearing 
function was identified to be preserved. However, we found a recurrence of the left side 
tumor which had undergone previous resection and radiation therapy. based on the result of 
GKR for giant cell tumor of right petrous bone, we are planning another GKR for the recurred 
left side tumor. 

Conclusion: We report a case of giant cell tumor of the petrous bone, which was managed 
successfully using GKR. 

P-10    

effIcacY of tHe lInac baseD steReotactIc RaDIosURGeRY foR InoPeRable bRaIn 
tUMoR

Sui-Sum Kung (yuan’s general Hospital, Kaohsiung City, Taiwan)
Wan leung (1) 
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(1) Yuan’s General Hospital, Departement of radio-oncology, taiwan  

Purpose: the former treatment modality of the inoperable brain tumors is whole brain 
radiation therapy (WbRt) alone. In recent decades the applications of radiosurgery for 
brain tumor is mature and have a satisfaction results. this study intended to investigate 
the effectiveness of linear accelerator (lInac) based stereotactic radiosurgery (sRs) in the 
patients with inoperable brain tumor.   

materials and methods: from 200� nov. to 2006 May, there are totally twelve patients 
with inoperable brain tumors received 20 radiations in our hospitals. the primary malignant 
brain tumor was oligodendroglioma (n=2) and benign brain tumor was meningioma (n=2). 
the metastases brain tumor including lung (n=�) , breast (n=2), hepatocarcinoma (n=1), 
endometrioid carcinoma (n=1) and renal cell carcinoma (n=1). the median age of the 
patients was 56. the median follow up periods of all patients are 6.� months. the median 
radiation dosage per tumor is 14Gy.  

results: the median survival periods of patients with malignant brain tumors post sRs are 
6.5 months (range, 2 to > 2�.5months). there are no tumor hemorrhage or other severe 
complications present in all cases. there are seven (58%) patients received WbRt before 
sRs. 

Conclusion: the prognosis of the patients with inoperable brain tumor is worse. In our 
series, the median survival is around 6.5months. the lInac based sRs is effective and 
uncomplicated for such patients.

P-11    

GaMMa KnIfe RaDIosURGeRY foR GloMUs JUGUlaRe tUMoRs 

mooseong Kim (Inje university Busan Paik Hospital, Busan, Korea)
Joo (1) seungjin no (1) seonghwa Paeng (1) seyoung Pyo (1) Younggun Jeong (1) sunil lee (1) 
Yongtae Jung (1) Haewoong Jeong (1) 
(1) Inje University busan Paik Hospital, Korea  

Approach: Glomus jugulare tumors are rare tumors that commonly involve, the middle ear, 
temporal bone, and lower cranial nerves. Resection, embolization, and radiation therapy 
have been the mainstays of treatment. Despite these therapies, tumor control can be difficult 
to achieve particularly without undo risk of patient morbidity and mortality. We assess the 
effect of the Gamma knife radiosurgery documenting the clinical and radiological outcome.  

relevance: a retrospective review identified 7 patients with glomus jugulare tumors who 
underwent Gamma knife radiosurgery. 

Innovation: besides analysis of clinical outcome, a radiological volume analysis was also 
performed after treatment. 

results: there were 4 women and � men, (average age 66.5 years) with a mean 
follow-up period of �6.5 months. the mean radiosurgical dose to the tumor margin was  
12.4 Gy (range 12-15 Gy). 4 Patients (57%) improved clinically, and � (4� %) were unchanged. 
analysis of tumor volume at the time of the last magnetic resonance imaging scan recorded 
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a decrease in 6 patients, and no change in 1 patient. 

Conclusion: Gamma knife surgery would seem to afford effective local control and preserves 
neurological function in patients with glomus jugulare tumors. longer follow-up periods are 
required to assess long-term effects. 

P-12    

IMPact of onYX eMbolIzatIon on RaDIosURGIcal ManaGeMent In aVM PatIents-
PRelIMInaRY eXPeRIence

Andrew Kanner (Tel Aviv Sourasky medical Center, Tel Aviv, Israel)
shimonm@tasmc.health.gov.il Maimon (1) nathan straus (2) Dani shifter (2) shlomi alani (2) 
Diana Matceyevsky (2) Vladimir frolov (1) benjamin W. corn (2) 
(1) tel aviv sourasky Medical center, Interventional neuroradiology Unit, Israel (2) tel aviv sourasky 
Medical center, Department of Radiationtherapy, Israel  

Background: treatment of arterio-venous malformations (aVM) of the brain can be a challenge 
due to the complexity of location, size and their proximity to the cerebral vascular circulation.
therapeutic options include surgical resection, endovascular embolization and stereotactic 
radiosurgery (sRs) individually or in combination. Most high spezler/Martin grade aVM 
patients will undergo endovascular treatment and in the case of partial obliteration 
additional radiosurgical treatment. Recent advanced in catheter technique and new 
embolization materials, in particular onyx have increased the success rate of total and near-
total obliteration. We report our initial experience with onyx pre-treated aVM patients and 
sRs to the persistent nidus.

results: between 12/2006 and 12/2008 we treated 1� aVM patients after onyx embolization 
with sRs. seven patients were male. the median age was �5 years (range 12-5� years). 
the median spezler/Martin grade was 4 (2-4). all patients underwent a median of �  
(1-6) embolization procedures prior to sRs treatment. the median time to sRs after last 
embolization was 7 months (2 to �0 months). all but two patients had stereotactic diagnostic 
angiography for treatment planning. Median treatment volume was 0.6 cc (0.1-7.�) and 
the median treatment dose was 2495 cGy (15�7-2751 cGy) to median 8�% isodose line 
(70-90%). In particular larger onyx embolized aVMs showed significant imaging artefacts 
speciallyr on ct, which rendered this imaging modality useless for planning purposes. the 
median follow up after sRs was 12.6 months (0.9 to 25.7 months). complication after sRs 
included seizure in one patient and two patients developed temporary deterioration of pre-
existing neurological symptoms. one patient with symptomatic hemorrhage underwent 
surgical resection 19 months post sRs.  

Conclusion: the use of onyx caused significant image artefact on MR and more so on ct. 
this preliminary experience shows the crucial importance of diagnostic stereo-angiography 
for the sRs planning process. this patient group showed relative small residual nidus, which 
may have contributed to the advantagous use of onyx. longer follow up and a larger patient 
population are needed to get a better understanding of long-term effects of onyx and sRs. 
Due to the preliminary nature of this report no outcome data was included.
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P-13    

bRaIn tUMoR VIsUalIzatIon bY lInac-MoUnteD cone-beaM ct WItH contRast 
MeDIa aDMInIstRatIon 

Hiroshi Igaki (Teikyo university School of medicine, Tokyo, Japan)
nakagawa (2) akihiro Haga (2) Daiki Kato (2) Jun’ichi Kotoku (1) atsuro terahara (2) Hideomi 
Yamashita (2) Kenshiro shiraishi (2) nakashi sasano (2) Kiyoshi Yoda (�) shigeru furui (1) 
(1) teikyo University school of Medicine, Japan (2) tokyo University Hospital, Japan (�) elekta KK   

Background: linac-mounted cone-beam ct plays an important role in image registration on 
stereotactic radiotherapy and image-guided radiotherapy in modern radiation oncology. but 
it is impossible to visualize brain tumor itself in the normal cone-beam ct images because 
of low contrast of the images. In such conditions, the setup error of the tumor location is not 
measurable from the cone-beam ct images. In this study, we showed the usefulness of the 
tumor visualization by contrast-enhanced cone-beam ct at the time of image registration on 
linac stereotactic radiotherapy.  

methods and materials: before linac radiotherapy, ct images were acquired for treatment 
planning with contrast media administration in the 5 patients with brain tumors. Kilovoltage 
cone-beam ct images were acquired on the treatment couch with another administration 
of contrast media, and image registration was performed by the built-in bone matching 
software just before the start of the linac radiotherapy.

results: brain tumors were visualized in the kilovoltage cone-beam ct images by contrast 
media administration in all 5 patients. the tumors located in the treatment isocenter in 
the cone-beam ct images and those imported from the treatment planning system were 
accurately registered. thus, it is confirmed that “direct tumor registration” was feasible 
by linac-mounted cone-beam ct with contrast media administration. the degree of 
enhancement of the tumor was different among the patients, owing to the tumor vascularity, 
and it determines the tumor detectability in the contrast-enhanced cone-beam ct images. In 
our preliminary experiences, the smallest size of the tumors detectable in the cone-beam ct 
was 6 millimeters in the treatment planning ct images.

Conclusion: this procedure is applicable in the stereotactic radiotherapy even when the 
head was slightly rotated on the treatment couch compared with that at the treatment 
planning, because the tumor is directly visualized and its position is directly registered 
exactly on the treatment couch just before the start of radiotherapy in this method. contrast 
media-assisted cone-beam ct can visualize tumors with the size of at least 6 millimeters in 
the treatment planning ct images. stereotactic radiotherapy without frame or shell fixation 
can be developed on the basis of our method of “direct tumor registration” with contrast 
media-assisted cone-beam ct.

P-14    

RaDIatIon necRosIs WItH seVeRe PeRItUMoRal eDeMa afteR steReotactIc 
RaDIotHeRaPY foR PaRasaGIttal MenInGIoMa: IMMUnoHIstocHeMIcal stUDY of 
anGIoGenesIs anD HYPoXIc factoRs 

PosteR abstRacts

251

tUesDaY, 9 JUne 2009 11:00-12:00 
anD WeDnesDaY, 10 JUne 2009 10:�0-11:�0

Koichi mitsuya (Shizuoka Cancer Center, Shizuoka, Japan)
oishi takuma (1) Horiguchi satoshi (1) Harada Hideyuki (1) nakasu Yoko (1) nishimura tetsuo (1) 
(1) shizuoka cancer center, Japan  

Background: stereotactic radiotherapy (sRt) may have less adverse effects than single 
fraction stereotactic radiosurgery (sRs or GKs) for meningiomas. nevertheless, it still has 
certain risks. We present a case of parasagittal meningioma complicated with symptomatic 
radiation necrosis and severe peritumoral edema after sRt. Histopathological features, 
effects of angiogenesis and hypoxia, are discussed.  

Case description: a 77-years-old man underwent partial resection of a parasagittal 
meningioma in the central sulcus twice. the mass was � cm in diameter. sRt (1.8 Gy 
per �2 fraction) was performed at recurrence after second surgery. severe symptomatic 
peritumoral edema developed 5 months after sRt. He suffered from dreadful right 
hemiplegia and total aphasia. He underwent total removal of the mass lesion. Hyalinization 
of blood vessels was seen also. the patient’s neurological deficits quickly improved after 
surgical resection. MR imaging showed alleviation of brain edema 4 months after surgical 
resection. Histopathological examination showed necrotic changes in the meningioma and 
inflammatory cell infiltration. Immunohistochemical examination showed positive cD�4, 
cD68, and VeGf, in the mass after irradiation more than in the tumor before irradiation, 
however, it presented no change of HIf1a.

Discussion: Previous studies showed that there were significant factors for development of 
edema after irradiation for meningiomas: (1) parasagittal location, (2) pretreatment edema, 
(�) sagittal sinus occlusion, and (4) the use of more than 6 Gy per fraction. Peritumoral edema 
and its symptoms were reversible in an elderly man with a meningioma in the parasagittal 
central region after treatment with sRt.

Conclusion: Immunohistochemical examination suggested the underlying pathology of 
radiation necrosis, infiltration of inflammatory cells, and radiation injury to the vasculature 
causing hyalinization of blood vessels and VeGf expression.

P-15    

case ReVIeW GaMMa KnIfe sURGeRY foR IDIoPatHIc tRIGeMInal neURalGIa 
taRGetInG tHe neURoVascUlaR contact zone: tHe caIRo InteRnatIonal MeDIcal 
centRe InItIal eXPeRIence Raef faRoUK aHMeD Hafez

raef Hafez (International medical Center, Cairo, Egypt)  

objective: Gamma knife radiosurgery is being increasingly performed in the management 
of patients with medically unresponsive idiopathic trigeminal neuralgia (Itn). the purpose of 
this study is to assess initial outcomes in patients treated with gamma knife surgery (GKs) for 
Itn unresponsive to pharmacologic treatment or previous invasive procedures.  

method: eighteen patients with Itn unresponsive to pharmacologic treatment and/or 
previous invasive procedures underwent stereotactic GKs targeting the neurovascular contact 
(nVc) zone in Gamma Knife centre, International Medical centre in cairo, egypt. follow-up 
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period ranged between 6-28 months. six patients categorized their pain as group I: excellent 
response, 6 patients as group II: good response, � patients as group III: fair response and 
4 patients as group IV: poor response. the treatment was successful in 15 patients (groups 
I and II had complete relief and group III had partial relief), 8�% of the studied cases. the 
time of pain relief ranged between 1-� months. all the 18 patients in our study had nVc that 
was proven and detected in the �D-t2-MRI sequence and was the gamma knife target point 
for treatment. side effects seem to be limited to sensory impairment that is usually mild in 
intensity and occurred in only � patients in our study.

results: two groups had same effects in the contral rate of tumor volume and PRl level,but 
the contrast group patients complications were higher than experiment group.

Conclusion: Gamma knife surgery is a safe and effective treatment for Itn unresponsive to 
pharmacologic treatment and/or previous invasive procedures.

P-16    

tHe GRaDeD PRoGnostIc assessMent (GPa)-DeRIVeD InDeX Is not ValID 
foR PReDIctInG bRaIn MetastatIc PatIents’ sURVIVal afteR GaMMa KnIfe 
RaDIosURGeRY 

Shang-ming Chiou (China medical university Hospital, Taichung, Taiwan)  

objective: to appraise whether or not the graded prognostic assessment (GPa)-derived 
index can be recommended for selecting patients of brain metastases for Gamma Knife 
radiosurgery. 

methods: 56 consecutive patients, 20 men and �6 women, in Recursive Partioning analysis 
(RPa) class I and II (n=�7, 66%) formed the basis of this retrospective study. their age 
ranged from �2 to 82 (mean, 57) years with mean Karnofsky performance score of 77. 
Primary cancers stemmed mainly from lung (59%). 45 (80%) patients harbored multiple 
tumors. 14 (25%) patients had undergone pre- or post-GK whole brain radiotherapy. the 
mean clinical follow-up period was 9 months. 

results: the overall local tumor control rate was 78.5% at end of study. the Kaplan-Meier 
method demonstrated the actual survival rate of patient at 6 and 12 months of 65.4% and 
4�.1%, respectively; and the overall median survival time was 11.5 months: 16.5 vs. 6.5 
months for RPa class I and II (p=0.017). Multivariate cox analysis revealed that female 
patients and a pre-GK good functional state were favorable prognostic indices. based on 
the GPa index, the most difficulty is the uncertainty of stratification. the best survival was 
in patients with score �-4 (17 months) followed by score 2-2.5 (11 months) and score 0-
1.5 (6.5 months), but without any statistical significance in between. However, if added 
gender factor, there existed a significant statistical difference (p=0.028) between patients 
with score �.5-5 (15 months) and with score 0-� (7 months). 

Conclusion: this study indicates that the GPa-derived index is not generally applicable and 
optimal for preoperative prognostic prediction or historical comparisons of patients’ survival. 
Gender factor is suggested to be added.
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P-17    

lonG-teRM oUtcoMe of GaMMa KnIfe RaDIosURGeRY foR tHe tReatMent of 
tYPIcal tRIGeMInal neURalGIa 

Jung Ho Han (Seoul National university Bundang Hospital, Seongnam-Si, 
Korea)
Dong Gyu Kim (1) Hyun-tai chung (1) sun Ha Paek (1) Yong Hwy Kim (1) chae-Yong Kim (1) Jin Wook 
Kim (1) Young-Hoon Kim (1) sang soon Jeong (1) 
(1) Department of neurosurgery, seoul national University college of Medicine, Korea  

objective: We analyzed the long-term outcomes of patients with typical trigeminal neuralgia 
(tn) treated with gamma knife radiosurgery (GKRs). 

methods: a total of 62 consecutive patients with typical tn were treated with GKRs between 
1998 and 2004. two patients among them were lost to follow up, and the remaining 60 
patients were followed up for more than 12 months. the mean prescribed maximum dose 
was 79.7Gy (range, 75-80), using a 4-mm shot. 

results: forty-eight patients were followed for more than 4 years. an additional three 
patients, followed for less than 4 years, experienced recurrent pain after a favorable 
initial response, and were incorporated into a long-term response analysis. among these 
51 patients (mean age, 61) 11 years; �7 (72.5%) females; mean follow-up duration, 58 
(14 months), 46 (90.2%) responded to GKRs, as demonstrated by an improvement in their 
barrow neurological Institute (bnI) pain intensity score. twenty-four (52.2%) of them had 
pain recurrence. the actuarial recurrence-free survival rates were 84.8%, 76.1%, 69.6%, 
6�.0%, and 45.8% at 1, 2, �, 4, and 5 years after radiosurgery, respectively. age>70 years 
was correlated with a favorable outcome in terms of pain recurrence after radiosurgery 
(HR=0.125; p=0.047; 95% cI, 0.016-0.975) in the multivariate analysis.

Conclusion: GKRs seems to be an effective treatment modality for patients with typical tn 
considering an initial response rate, however, less than one-half of patients may continue 
to benefit from GKRs after a long-term follow-up period. elderly patients may be good 
candidates for radiosurgery considering the long-term durability of efficacy.

P-18    

tUMoR sHRInKaGe of acoUstIc neURInoMa folloWeD foR MoRe tHan 5 YeaRs 
afteR GaMMa KnIfe sURGeRY 

osamu Nagano (Chiba Cardiovascular Center, Ichihara, Japan, Ichihara Chiba, Japan)
toru serizawa (1) Yoshinori Higuchi (2) shinji Matsuda (�) Junichi ono (4) 
(1) tokyo Gamma Unit center tsukiji neurological clinic, tokyo, Japan (2) Departments of neurological 
surgery, chiba University Graduate school of Medicine, chiba, Japan (�) Departments of neurology, 
chiba cardiovascular center, Ichihara, Japan (4) Departments of neurosurgery, chiba cardiovascular 
center, Ichihara, Japan   

objective: to review tumor shrinkage after gamma knife surgery (GKs) for acoustic 
neurinoma (at).   
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methods: among 181 at treated with GKs, 74 consecutive unilateral at observed on 
follow-up MRI for at least 5 years were analyzed. for each lesion the Gadolinium enhanced 
volume was measured serially every � months for 2 years and 6-12 months thereafter 
using GammaPlantM or surgiPlantM. the frequency and degree of volume shrinkage were 
documented.  

results: there were 27 men and 47 women, with a mean age of 59.1, range 29 to  
80 years. the tumor volume at GKs averaged 2.7 cc (0.1 -1�.2 cc), and was irradiated 
with 52.2 (50-67) % 12 (10.5-1�.0) Gy at the periphery. the mean observation period was  
6.6 years (5.0-10.5). Peak volume expansion was most frequently observed at 6.4 post-GKs 
months and averaged 47% (0-61�%). the mean volume shrinkage was �1% and 10 tumors 
were still larger than the initial volume at 5 years. transient expansion tends to be related 
to low shrinkage. 

Conclusion: Most at showed shrinkage at 5 years after GKs. the mean volume shrinkage 
was �1%. transient expansion correlated strongly with tumor shrinkage.
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tHe RotatInG GaMMa sYsteM coMbIneD WItH steReotactIc asPIRatIon foR cYstIc 
bRaIn MetastasIs 

Zengmin Tian (Aohai gamma Knife Center, Navy general Hospital of Pla, Beijing, 
China)
tian, china (1) Junzhao sun (1) DongXue zhou (1) Yong Hu (0) 
(1) Department of neurosurgery, aohai Gamma Knife center, navy General Hospital of Pla, china  

objective: to evaluate the outcome of the Rotating Gamma systemcombined (RGs) with 
stereotactic aspiration (drainage) in the treatment of cystic brain metastasis.   

methods: �9 patients (24 men, 15 women; ranged �6 to 75 years, mean 51.6 years) with 
cystic brain metastasis were treated with RGs and stereotactic aspiration. �7 patients had a 
solitary cystic tumor and 2 patients had two cystic lesions. 14 patients had a solitary tumor 
and 25 patients had other 1-4 solid metastasis. the mean maximum diameter of these 
lesions was �6mm (ranged 20 to 55mm). the maximum diameter greater than �0mm has 
21 cases and less than �0mm has 18 cases. the lesions greater than �0mm in diameter were 
performed frameless stereotactic drainage, after 2 ~ � days drainage, the RGs treatment 
were done. for lesions less than �0mm in diameter, after the framework installed and MRI 
scan done, we firstly aspirated cyst, then did MRI again for the RGs treatment. the cystic 
tumor marginal dose ranged from 1� to 16Gy (mean 14.4Gy) and the prescription isodose 
was 40 to 60% (mean 46%).  

results: after stereotactic drainage, the tumor cyst volume decreased of more than 2/� in 
�6 cases (92.�%). � months postoperatively, tumor completely disappeared in 21 cases; 
narrowing> 50% in 9 cases; volume shrinking 25% ~ 50% in 5 ones; tumor volume 
change <10% and increasing in 4 cases. the overall local tumor control rate was 89.7%. 
clinical follow-up 6 ~ �6 months (mean 19 months), 6-month survival rate was 97.4% 
(�8/�9); 1-year survival rate was 72.4% (21/29); 2-year survival rate was �7.5% (6/16). the 

PosteR abstRacts

255

tUesDaY, 9 JUne 2009 11:00-12:00 
anD WeDnesDaY, 10 JUne 2009 10:�0-11:�0

median survival time was 16.7 months. 4 lesions recur after six months, and do stereotactic 
aspiration again. 7 cases has new metastasis and perform gamma knife treatment for the 
second time. 

Conclusion: after stereotactic puncture and aspiration, the cyst wall or solid part of tumor 
concentrate and is conducive to RGs effective treatment. RGs combined with stereotactic 
aspiration is an effective and minimally invasive treatment for cystic brain metastasis.
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tHe RePoRt of RotatInG GaMMa sYsteM tReatMent of 501 cases of PItUItaRY 
aDenoMa

Jin Lei (363th Affiliated Hospital of Luzhou medical College, Chengdu, China)
tang (1) Gaofeng Wu (1) Jiaquan zhou (1) 
(1) �6�th affiliated Hospital of luzhou Medical college, china  

objective: to retrospectively analyse the curing effect and complications of 501 cases of 
Rotating Gamma system (RHs) treated pituitary adenoma. clinical Information: 186 cases of 
male, �15 cases of female, age between 15-84, the average age of �9.2.

1.  the size of pituitary tumor: big (huge) 277 cases; small 224 cases.
2. the endocrine function: PRl 170 cases; GH 61 cases;actH 61 cases; non-function  

266 cases.  

methods: 
1. one-time pure RGs: �80 cases.
2. RGs after operation: 102 cases. 
�. several times of RGs treatment: 17 cases. 
4. tumor remove or optical nerve depression operation after RGs treatment: 4 cases. 

Plan: 1. same-dose curve: 50% (�0%~65%). Peri-dose: 14.11Gy (4~�5Gy). targets: 
5.17(1~18).

results: 275 cases of re-visit, 150 cases of radiological re-visits, 98 cases of endocrine 
re-visit, the average re-visit last �5 months (12~42 months ).the 2nd time of RGs: 17 
cases of pituitary tumor of patients received a 2nd time of RGs treatment after 6 to 24 
months of treatment, one of the cases receive a �rd time.12 cases of big (huge) pituitary 
adenoma’s conditions in 2nd time treatment see figure 4.4 cases received resection and 
optical depression after the RGs treatment, the reason for operation: 1 cases had acute 
headache with medicine treatment no effect, 1 cases of tumor shock (much bleeding 
with conservation treatment no effect), dramatically decrease of eyesight in 2 cases (with 
dehydrate and hormonal treatment no effect).

Complication: 2 cases of pituitary de-function (0.7%); 2 cases of tumor shock (0.7%); 5 
cases of weakening eyesight (1.8%), among which � of them recovered from de-hydrant 
and hormonal treatment; 2 cases recovered after cranial-atomy tumor resection and optical 
nerve depression operation.

Discussion: the effectiveness and safety of RGs for pituitary adenoma is, the treating 
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methods should be adopted according to different sized and types of tumors. those can 
increasing the effectiveness and decrease of chance of complications.
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tReatMent stRateGY foR bRaIn Metastases: foR IMPRoVeD PatIents’ QUalItY of 
lIfe

motohiro Hayashi (Tokyo Women’s medical university, Tokyo, Japan)
tamura (1) Kotaro nakaya (1) Masahiro Izawa (1) tomokatsu Hori (1) 
(1) Department of neurosurgery, tokyo Women’s Medical University, Japan  

objective: stereotactic radiosurgery (sRs) is a minimally invasive, safe and highly effective 
treatment, which only requires a short hospital stay. now it is an important treatment of choice 
in dealing with brain metastases. of course, sRs needs to be compared with surgery, whole 
brain radiation therapy (WbRt) and stereotactic radiotherapy (sRt) as to its treatment results 
for metastatic tumors. there is a rising concern about sRs being misused without certain 
treatment criteria. the authors conducted a clinical study on patients with brain metastases 
treated with Gamma Knife surgery (GKs). In this report, an original treatment planning 
method is presented in dealing with delayed radiation injury, one of the complications that 
most often develops after the treatment of brain metastases.   

methods: from 200� to 2004, 542 patients (1702 lesions) were treated at our institute. 
Patients were classified according to recursive partitioning analysis (RPa) score. Patients 
were 6.�% in class-t, 70.5% in class-U, and 2�.2% in class-V. all patients were treated with 
Model c-aPs (automatic Positioning system). each isocenter was placed carefully inside 
the tumor capsule so that not only high dose covers the radiation field but also falls off at 
the edge of the tumor, thus preventing injury to surrounding healthy tissue. for giant cystic 
tumors, each isocenter was placed along the tumor membrane to form a donut shape and 
cover the tumor completely. 

results: In 542 patients, local tumor control rate was 97.2% (527/542) with in 12 months. 
Delayed radiation injury developed in 8.9% (48/542), which suggested a significant 
improvement compared to the rate of 15.5% until 2002. In particular, we observed a 
remarkable shrinkage in 9 out of 10 giant cystic tumors, with each case presenting no 
radiation injury. 

Conclusion: In recent GKs for benign tumors, a gradient index is suggested to make a steep, 
full peripheral treatment dose. our study indicates that this concept is also important in 
treating brain metastases considering the quality of life of patients.
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MUltIsessIon cYbeRKnIfe sURGeRY foR PaRasellaR tUMoRs aDJacent to oPtIc 
aPPaRatUs; safetY foR oPtIc aPPaRatUs, PRelIMInaRY stUDY 

Hyeonseon Park (Inha university Hospital, Incheon, Korea)
Ji-Young Kim (1) sang-Hyun choi (1) Hyun-Do Huh (1) eun-Young Kim (1) seun-Whan Yoon (1) Dong-
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Keun Hyun (1) Hyung-chun Park (0) Jong-oon Park (0) 
(1) Inha University, Korea  

objective: Multissesion cyberknife surgery, which had been introduced by stanford group, 
has been known as a good alternative in some of such cases. In order to use it more broadly 
and safely, exact optic apparatus tolerance dose should be obtained. We performed this 
study to get safe multisession schedule for these lesions. 

methods: seven patients with Pituitary adenoma (n=2), Metastatic brain tumors (n=2), 
Menigioma (n=2), and nasopharyngeal cancer (n=1), which had been situated within 2 mm 
of optic apparatus, underwent multissession cyberknife surgery. cyberKnife radiosurgery 
was delivered in three to five sessions and cumulative average marginal dose was 2100 
cGy to 2750 cGy. contouring and measuring volume of optic apparatus had been based on 
the MRI. We measured cumulative dose on the optic apparatus. formal visual testing and 
clinical examinations were performed before treatment and at follow-up intervals beginning 
at � months. 

results: cummulative maximal dose on the optic apparatus were under 2500 cGy in all 
patients. In 2 patients, more than 10% of total appratus volume has been exposed to more 
than 2000 Gy. single maximal dose had been kept below 500 cGy, there was no acute 
complication. three months after treatment, visual function was unchanged in 6 cases and 
has been impoved in one case.

Conclusion: If cumulative maximal dose could be kept below 2500 cGy and single session 
dose below 500 cGy, we can do safely Multisession cyberknife surgery for parasellar tumors 
adjacent to optic apparatus.
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cYbeRKnIfe RaDIosURGeRY foR Mental Illness

moon Chan Kim (Kangnam St. mary’s Hospital, Seoul, Korea)
tae Kyu lee (1) 
(1) Kangnam st.Mary’s Hospital, Korea  

Purpose: stereotactic psychosurgery is known as one of effective means of treating in some 
medically intractable mental illness. the authors report steretactically created lesioning 
by cyberknife radiosurgery for patients with refractory, major depression and obsessive-
compulsive disorder (ocD). 

material and methods: since 199� fourty patients underwent stereotactic psychosurgery 
by means of Radiofrequency lesion generator or cyberknife Radiosurgery for medically 
intractable mental illnesses. In seventeen cases (thirteen patients with ocD and four patients 
with depression), the lesions were made with cyberknife radiosurgery (cKRs). all the patients 
were refered from psychiatrist. limbic leucotomy or ant cingulotomy was done for ocD and 
subcaudate tractotomy with or without cingulotomy was done for depression with anxiety. 
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the results of ocD were evaluated with Ybocs and Vas cGI. Hamilton Depression scale 
(HaMD) was used for evaluation of depression. 
In seventeen cases (thirteen patients with ocD and four patients with depression), the 
lesions were made with cyberknife radiosurgery. the 80% isodose line was prescribed in 
a conformal fashion to an 7-mm diameter of the target (fig 4). according to a phantom 
research on the second-generation cyberknife, the collimation error became 0.�mm in case 
ct-scanning intervals are 1.25mm. We started 75Gy with 10mm collimater at 80% isodose 
line but the necrotic lesion volume was larger than our expect and now our dose parameter 
is reduced to 50Gy with 7mm collimater at 80% margin dose line. 

results: In four patients with depression after cKRs, the median score in HaMD declined 
from �4 to 12. three patients returned to previous social life. the significant lesions were 
made with the volume of 0.94cm� and the surrounding margin of low attenuation at  
6 months. With follow up in eleven patients with ocDs after cKRs, the median score in 
Ybocs declined from �7 to 2� in six patients. t2-weighted images in MRI showed the signal 
changes in target areas at 6 months after the treatment. there was no operative mortality 
after cKRs and no significant morbidity except one case of fatigue and malaise.

Conclusion: With these long-term results authors assumed that stereotactic psychosurgery 
by means of cKRs could be one of safe and effective means of treating in some medically 
intractable mental illness comparing with the conventional Radiofrequency lesion generating 
procedure.
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tHe clInIcal eValUatIon anD coRRelatIon factoRs analYsIs of RotatInG GaMMa 
sYsteM RaDIosURGeRY foR PRIMaRY tRIGeMInal neURalGIa 

Jinwei Zhang (Aohua medical group, the Second Affiliated Hospital of Harbin 
medical university, Shenzhen, China)
Jinwei zhang, china (1) baofeng Yan (1) baoxin li (1) 
(1) the second affiliated Hospital of Harbin Medical University, china  

objective: this retrospective study evaluates the long-term results effects of Rotating 
Gamma system (RGs) in the treatment of trigeminal neuralgia focusingon potentially 
predictive factors.  

methods: from april 1997 to May 2007, primary trigeminal neuralgia in 225 patients had 
been treated with RGs radiosurgery in our unit. 101 patients obtained complete follow-up 
data. there were �9 males and 62 females, and their ages ranged from 15 to 85 years, with 
an average of 60.8. the pain appeared on the left for 42 patients, 59 on the right. there 
were 1 patients’ pain from branches I, 25 in branches II,1� in branches III,17 in branches I 
+ II, 28 in branches II + III,17 in branches I + II + III. Radiosurgery target was localized 
at the sensory root of trigeminal nerve entry root zone into brainstem by use of RGs, with 
the collimator of 4 mm. all patients were treated with 1-2 targets. the prescription central 
dose varied from 70 to 90 Gy ,and the isodose was 50%. the statistic analysis revealed that 
difference groups are related to the effectiveness.   
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results: the follow-up ranged from 5 to119 months (median 40.96 months), excellence 
time ranged from 1 to 165 days (mean 87.72 days). the pain completely disappeared in 
�8 cases (�7.6%), the pain basically disappeared in 26 cases (25.7%),more than 50% pain 
relief occurred in 22 cases (21.8%), and 15 patients (14.9%) the pain was unchanged. the 
total pain relief rate was 85.1%.there was significant difference in the pain relief when we 
compared <80Gy to ≥80Gy (P<0.005). there was difference in the effectiveness (P<0.005) 
and no difference in complications and recurrence rate during the two groups. there was 
difference in the effectiveness in doing Rf groups and not doing so before the RGs.

Conclusion: RGs is a method for the treatment of primary trigeminal neuralgia. the 
effectiveness of the double target is better than single targets, and there was no difference 
in complications and recurrence rate during the two groups; the optimal central doses may 
be 80Gy; Doing Rf before the RGs can be influenced in it’s effectiveness; the effectiveness 
became gradually stable after 5 months, and the follow-up period was no positive influence 
to the clinical evaluation of RGs.
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GK sURGeRY foR MUltIPle MenInGIoMas 

mooseong Kim (Inje university Busan Paik Hospital, Busan, Korea)
sangook Joo (1) seungjin no (1) seonghwa Paeng (1) seyoung Pyo (1) Younggun Jeong (1) sunil lee 
(1) Yongtae Jung (1) Haewoong Jeong (1) 
(1) Inje University busan Paik Hospital, Korea  

Approach: the incidence of the multiple meningioma is 0.9-8.9 %.  

relevance: We experience of a case with over 10 meningiomas and pituiatry tumor and 
treated with GKsurgery.

Innovation: a 44-year-female admitted due to headache. brain MRI showed 11 meningiomas 
in posterior fossa, right lat. ventricle, posterior falx, right parietal,etc and pituitary tumor. Pet-
ct showed benign tumors. she had treated with GKsurgery. Maxial dose 26 Gy, marginal 
dose 1�.� Gy was given. 

results: 12 months follow up later, MRI showed tumor necrosis, there was no complications. 
Her symptoms was improved.

Conclusion: GK surgery is very effective for multiple meningiomas with minor symptoms.
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tHe RotatInG GaMMa sYsteM on ResIDUal PItUItaRY aDenoMas afteR sURGeRY 

Wentao Li (Aohua  medical group, the First Affiliated Hospital of medical College of 
xi`an Jiao Tong university, Shenzhen, China)
Wentao li (1) 
(1) Gamma Knife center, the first affiliated Hospital of Xi’an Jiao tong University, china  

objective: study the efficacy and safety of therapy using the Rotating Gamma system with 
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the patients of postoperation residue of pituritary adenomas.

method: We made a retrospecive analysis of the clinical data of 91 patients who received 
the Rotating Gamma system and had been taken complete fllow-up visits from Jan. 2006 
to Dec. 2007. all of the patients had been visited 6-24 months and had an average period 
of 9.� months. 

result: the excellent and effective rate of the patients with non-functinal adenomas is 
9�.9% and the radiological amelioration rate is 90.9%. In these patients, three patients were 
hopopituitarism, two were headache, nausea and impaired vision, but no sious cavernosus 
nerves injuries, diabetes insipidus or death. the excellent and effective rate of the patients 
with secretary adenomas is 86.2%, the radiological and the homone melioration rate is 
9�.1% and 9�.1%. In these patients, � were headache, nausea and impaired vision, one was 
occulomotor nerve injury and 2 were diabetes insipidus, but no death. 

Conclusion: It is not only safe and effective using the Rotating Gamma system therapy with 
the pituitary adenoma, but also fewer complications.
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GaMMa KnIfe RaDIosURGeRY foR IntRacRanIal MenInGIoMa: tHe PnUH 
eXPeRIence 

Chang Hwa Choi (School of medicine, Pusan National university, Busan, Korea)
beong Ik Hur (1) Won Ho cho (1) sang Weon lee (1) seung Heon cha (1) 
(1) Pusan national University Hospital, Korea  

Introduction: Gamma knife radiosurgery has proven to be a relatively safe and effective 
therapy for patients with meningiomas. In this study, we made retrospective analysis to 
evaluate the prognosis factor affecting the volume reduction after gamma knife radiosurgery 
in meningioma patients with and without previous surgical treatment. 

methods: between october 200� to December 2005, 5� patients with intracranial 
meningiomas were treated with gamma knife radiosurgery. complete follow-up was 
available in �5 patients (21 women, 14 men). serial MRI exams were performed to assess 
tumor response. Gamma knife radiosurgery was the primary treatment in 19 patients (54%), 
whereas 16 patients (46%) had prior surgical resections. We divided the patients into 
two groups depending on tumor volume (group I included 17 patients: under 4cc, group 
II included 18 patients: over 4cc). Mean tumor volume was 8.0cc (range, 0.7~60.6) and 
mean marginal dose was 12.2 Gy for 50% isodose line. MRI follow up examinations with 
volumetric tumor analysis were performed. 

results: In group I, decreased in tumor size was observed in 12 patients (71%), and there 
was no change in 5 patients (29%). In group II, decreased in tumor size was observed in � 
patients (17%), no change in 10 patients (56%), increased in 5 patients (27%). 4 of 5 patients 
with increased tumor size in group II were histologically diagnosed as grade II meningioma, 
atypical meningioma in three patients and clear cell meningioma in one patient. However, 
two patients of grade II meningioma in group I were controlled. 
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Conclusion: Gamma knife radiosurgery for the treatment of meningiomas showed excellent 
results in our study. the smaller meningioma exhibit more effective result in gamma knife 
radiosurgery. In Grade II meningioma, large-sized tumor showed high recurrence rate. 
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eaRlY 11c-MetHIonIne Pet cHanGes foR MonItoRInG tHeRaPeUtIc ResPonse 
folloWInG sIMUltaneoUs InteGRateD boost tecHnIQUe WItH cHeMotHeRaPY foR 
GlIoblastoMa MUltIfoRMe 

Kazuhiro miwa (Chubu medical Center for Prolonged Traumatic Brain Dysfunction, 
minokamo gifu, Japan)
Masayuki Matuo (1) Jun shinoda (2) syunsuke takenaka (2) takeshi Ito (2) Yoshitaka asano (2) 
Mikito Yamada (�) Kazutoshi Yokoyama (�) Jitsuhiro Yamada (�) Hirohito Yano (4) toru Iwama (4) 
(1) Department of Radiation oncology, Kizawa Memorial Hospital, Japan (2) chubu Medical center 
for Prolonged traumatic brain Dysfunction, Japan (�) Department of neurosurgery, Kizawa Memorial 
Hospital, Japan (4) Department of neurosurgery, Gifu University school of Medicine, Japan   

Purpose: We developed simultaneous integrated boost technique (sIb) by Helical 
tomotherapy (Ht) planned by 11c-methionine (Met)-Pet, and quantified the effect of Met-
Pet in monitoring the tumor’s response to radiation for sIb with chemotherapy. 

materials and methods: We performed sIb in 17 patients with GbM with subtotal resection. 
GtV-1 was defined as the area of intensive Met uptake, including the surgical resection 
surface. GtV-2 was defined as the area of abnormal Met uptake. PtV-1 encompassed GtV-1 
plus 5 mm margin, and PtV-2 encompassed GtV-2 plus 2 mm margin. sIb was performed in 
8 fractions, planning the dose for GtV-1 at 68 Gy, PtV-1 at 56 Gy and PtV-2 at 40 Gy with 
concurrent temozolomide (tMz) at a dose of 75mg/m2. each patient underwent a series of 
Met-Pet exams: baseline prior to sIb, � months following sIb and 6 months following sIb. 
In each patient, the change of uptake value of Met in the PtV-1 and PtV-2 (PtVs) after sIb 
was investigated. 

results: In the acute phase, no severe acute toxicity was observed in any of the patients. 
Met-Pet exams were performed in all 17 patients � months after sIb and in 10 patients 6 
months after sIb. at � months following sIb, Met uptake value in the PtV-1 was reduced in 
all 17 patients (average �2.�%), compared to baseline. the uptake value in the PtV-2 at � 
months following sIb was reduced in 14 of 17 patients (average 22.8%), and increased in 
three patients (average 14.6%). In one of those three patients, new abnormal Met uptake 
was seen at the edge of the PtVs. at 6 months following sIb, the uptake value in the PtV-1 
was reduced in all 10 patients (average �5.4%), compared to baseline. the uptake value in 
the PtV-2 at 6 months following sIb was also reduced in all 10 patients (average 25.�%). 
However, in three of those 10 patients, new abnormal Met uptake at the outside of PtVs 
was seen. 

Conclusion: Preliminary results demonstrated that the uptake value of Met decreases after 
sIb at the PtV-2, as well as at the PtV-1 in the majority of patients. In some cases, however, 
it is difficult to prevent tumor recurrence at the outside of PtVs. 
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clInIcal aPPlIcatIon of RotatInG GaMMa sYsteM In neURosURGeRY (anneXal 
analYsIs of 2625 cases) 

Weizhong yang (Aohua medical group, Fujian medical university Affilicated union 
Hospital, Shenzhen, China)
Weizhong Yang (1) Rui Wang (1) chun-mei chen (1) song-sheng shi (1) tian-rui ni (1) Jian-ping  
chen (1) Guo-liang zhang (1) Ri-sheng liang (1) Jian-le chen (1) 
(1) fujian Medical University affilicated Union Hospital, china  

objective: to improve intracranial diseases treatment effects of rotating Rotating Gamma 
system (RGs). 

methods: 2625 cases were treated by rotating RGs, clinical data is follows as: 1480 cases 
of male, 1145 cases of female, from 6 years old to 88 years old, average 4�.6+21.2 years 
old, 1104 cases of malignant tumor, 806 cases of benign tumors, 502 cases of cerebral 
vessel diseases, 159 cases of cerebral functional diseases. Indication of RGs, irradiation dose 
and treatment effects of all kinds of diseases were detailed analysis and prevention and cure 
of complication and adverse effects were investigation. 

results: 1670 cases were followed up for �.2 months to 6� months. excellence rate and 
utility rate of RGs is prespectively 15.9% and 81.9%.there are cure and improvement in 
benign diseases, such as pituitary adenoma, meningoma, neurilemmoma, cerebral vascular 
malformations and epileptiform neuralgia. Partly malignant tumor patients reduced pain, 
prolonged life and improved quality of life after treatment of RGs. 22 cases were treated by 
surgery for focus bleeding or enlargement after treatment of RGs. none of the cases died 
of RGs. 

Conclusion: treatment of intracranial tumor, cerebral vessel diseases and cerebral functional 
diseases by Rotating RGsis safe, micro-trauma, effective and less complication. to selecting 
application carefully, abiding by operative standard strictly, designing targets rigorously and 
dose field exactly, perfect treatment effects were gained. effective timely measures were 
used for potential or arisen applications by post-operative regular follow-up visit.
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coMPlIcatIons of GaMMa KnIfe RaDIosURGeRY foR aVM 

masahiro Izawa (Tokyo Women’s medical university, Shinjyuku-ku, Japan)
Motohiro Hayashi (1) Koutaro nakaya (1) Mikhail (1) noriko tamura (1) tomokatsu Hori (1) 
Kintomo takakura (1) 
(1) tokyo Women’s Medical University, Japan   
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Introduction: clinical analysis of complications after gammaknife radiosurgery for aVM was 
investigated.

material and method: 467 aVM patients who underwent GKR between 1992 and 2006 in 
tokyo Women` Medical University were evaluated. eleven patients developed cyst formation 
after GKR of aVM. eight patients bled after GKR. treatment protocol was as followed. the 
peripheral dose was delivered 12-26 Gy at the margin by using multiisocenter techinique. 
Patients were followed up by ct, MRI and Dsa.

result: eleven cases of cyst formation were clinicaly anlysed. symptomatic nine cases were 
directly operated. the histological findings of resected nidus showed thickening of vessels 
and hyalination of endothelium with sorounding gliosis. some part of aVM were still patent. 
the bleeding cases after GKR were eight. two cases of them were fatal.

Conclusion: symptomatic cyst formation after GKR for aVM may require surgical treatment. 
there is poissibility of residual aVM nidus despite angiographic obliteration. the dose 
planning is the most important factor depend on enrgy. long term follw up is recommended 
after nidus obliteration confirmed by angiography. staged GKR was useful for selective 
case.
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4176 cases of IntRacRanIal DIseases tReateD WItH tHe RotatInG GaMMa sYsteM  

Jin Lei (363th Affiliated Hospital of Luzhou medical College, Chengdu, China)
zhang (1) Yi tang (1) Gaofeng Wu (1) Hongfei liao (1) Xiaoxia Pang (1) 
(1) �6�th affiliated Hospital of luzhou Medical college, china  

objective: to study the effect of radiosurgery for intracranial disaeses. 

methods: from 1997 to 2004, 4176 patients were treated by the Rotating Gamma system 
(RGs)in our center. 2151 Male cased and 2025 female cases and age between 2-87 yrs. 
average age 40.4� yrs. among the patients. 1976 cases had benign tumors, 1464 had 
malignant tumors, �48 had angei-troubles, and �88 patients had functional diseases. In all 
patients had imaging diagnose and are treated by RGs, adopt MRI three diamensions thin 
slice scan; target delineation and treatment planning was baseed on MRI image fusion. 
adoption of various types of collimator and isodose curve covert according to pathological 
change outline and and set margin dose according to tumor’s pathologic feature and 
ambient structure, patients were follwed clinically and by MRI to evaluate response. RGs 
treatment is achieved by multi-subject, and multi-component progress together.

results: all patients had clinical features, or imaging demonstrating progressive disease. 
1784 patients were followed up for ranges 6-60 months clinically. the median follow-up of 
�4.7 months, the evaluated standard baseed on patients report, examination, and imaging.
follow-up clinical examination and magnetic resonance imaging was performed at � and 6 
month in the frist year ,after performed at 6 month, overall survival, the result are discriped 
by improve, no change and aggravated. arteriovenous malformations was effective in 
9�.2% benign tumor growth control (tGc) was 94.7%, growth control for malignant tumors 
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was 84.5% all patiengts had few complication or complication improved by use of normal 
hormone and dehydration therapy. 

Conclusion: RGs surgery is a very useful option for intracranial diseases in selected patients. 
twice or three times gamma knife treatment can be adopted to the large volume tumor 
(>4cm diameter or located in important part) or to those single dose cann’t meet the 
purpose of aged patients. 
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steReotactIc RaDIosURGeRY UsInG X KnIfe: an InstItUtIonal aUDIt.   

rimpa Achari (ruby Hall Clinic, Pune, India)
Wentao li (1) 
ashok bhanage (1) sumeet basu (1) Vikram Maiya (1) VK sathiyanarayanan (1) Janhavi bhangale (1) 
Kamalesh Gupta (1) 
(1) Ruby Hall clinic, Pune, India  

fifty-five patients who underwent radiosurgery using linear accelerator in our institute 
over last three years with a follow up of at least 6 months were evaluated. arteriovenous 
malformations (aVM) and non aVM lesions were most commonly treated entity accounting 
for ��% (19) of the lesions. this was followed by acoustic schwannomas �1% (17), (2 
patients had bilateral lesions), metastases 1�% (7), meningiomas 9% (5), gliomas 6% (�) 
and lesions like pineal tumours and third nerve schwannomas accounted for remaining 8%. 
the distributions of lesion types appear consistent with world literature (ref �). Majority 
of the patients were in fifth decade of life and there was equal distribution between both 
sexes. on subset analysis, demographic profiles remained same. for target delineation 
patients underwent a ct angiography and/ or Dsa for vascular malformations and a contrast 
enhanced MRI for the remainder of lesions. to deliver radiosurgery, multiple conformal arcs 
were used in 55%, conformal beams in 40% and intensity modulated radiosurgery in 5%.

the mean volume of vascular malformations was 11 cc and received a median dose of 22 
Gy to periphery of the lesion. three patients (6%) had post procedure generalized tonic 
clonic convulsion, 1 patient had sigmoid sinus thrombosis and 1 patient rebled at one year. 
four patients (21%) have complete angiographic response at 18 months. the angiographic 
obliteration rates appears lower than that quoted in literature of �5% -90% (ref 1) at three 
years possibly because our evaluation is at a median followup of 18 months.

the mean volume of acoustic tumours was 4 cc and received median dose of 12 Gy to 
the periphery of the lesion. three patients (17%) have radiological partial response at 18 
months, of which only one patient has objective improvement in audiometry. Remainder 
of this subset has stable disease on imaging. the numbers of patients in the remainder 
diagnosis are insufficient for independent evaluation. However, at median follow up of 18 
months none of the patients have clinical or radiological complications of radiosurgery. our 
results are consistent with published literature (ref 2, �) .We await further follow up.
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HYPofRactIonateD steReotactIc RaDIotHeRaPY foR acoUstIc neURoMas 

Davide Di gennaro (Salerno university Hospital, Salerno, Italy)
Giuseppe bove (2) Girolamo spagnoletti (2) Giuseppe scimone  (1) Valentina Verile (2) Immacolata 
Pilotti (1) 
(1) salerno University Hospital, Italy (2) foggia University Hospital, Italy  

Background: acoustic neuromas (an) are slow-growing benign tumors that, if left 
untreated, usually enlarge and cause problems over time. the goals of the treatment of an 
are prohibiting tumor growth and alleviation of symptoms. these symptoms derive from 
eighth nerve dysfunction (tinnitus, ataxia, hearing loss) or arise from damage to adjacent 
structures such as facial or trigeminal nerve. 

objective: stereotactic radiosurgery was recognized as a non-invasive alternative to surgery. 
More recently, fractionated stereotactic radiotherapy (fsRt) showed to improve cranial nerve 
morbidities, especially hearing preservation. We review our small experience of an in order 
to evaluate the results of hypofractionated stereotactic radiotherapy and analyze tumor 
control and incidence of hearing loss, facial and trigeminal neuropathies.

methods: between March 2008 and June 2008, five patients with an received 
hypofractionated stereotactic radiotherapy on dedicated linac. the technique involved 
a relocatable frame, one or two isocenters and high conformal non-coplanar arc beams. 
Minimum follow-up was 6 months (range: 6-9 months). tumors with volumes ranging from 
1 to 9 cm� (median: �.75 cm�) were irradiated with a marginal dose of 18-20Gy/ �fractions. 
tumors were treated with an 80% isodose line and mean 97.8% tumor coverage.

results: total tumor control rates were achieved and no cranial nerve morbidity was 
observed. two patients had a pre-existing facial and trigeminal neuropathy, respectively. 
both patients manifested improvement in nerve function after treatment. four patients with 
preserved hearing before treatment had serviceable hearing at last follow-up.

Conclusion: In our series of only five patients with an, all patients had local tumor control 
following hypofractionated stereotactic radiotherapy and a high rate of serviceable hearing 
preservation. these results support the growing literature demonstrating the efficacy and 
safety of fsRt. further studies with longer follow-up will identify optimum treatment 
parameters for fsRt as a non-invasive treatment modality for an. 
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ManaGeMent of DeeP seateD RecURRent cRanIoPHaRYnGIoMa bY PeRMInant 
steReotactIc InseRtIon of oMMaYa ReseRVoIR 

Ahmed yahia rizk (Faculty of medicine, Zagazyg, Egypt)
Ibraheem Metwally (1) 
(1) zagazyg University, egypt  

Background: craniopharyngioma is one of most common lesion in children, according to 
american national cancer Data base, over all incidence is 0,1� per 100,000 per year, but 
in children (age 0-14). It represented 4.2%. craniopharyngioma has age bimodal peak one 
at 5-14 years in children and other at age 65-67 years. overall recurrence after surgery and 
radiotherapy ranged from 12.5 to 25. Many cases further radiotherapy or surgery carry high 
risks.

objective: Management of recurrent cystic craniopharyngioma to decompressing 
permanently by insertion of ommaya reservoir and aspiration in need and/or injection of 
bleomycen and test its effect .

material and method: 1� patients were included 7 children and 6 adult. 8 cases did external 
beam radiation and 5 did not. all cases were in grade 4 and 5 according samii & samii 2000 
classification. the tip of ommaya Reservoir was inserted stereotacticcaly inside the cyst in 
all cases by leksell G arch in zagazyg functional surgery Unit. Water tight test was done 7 
cases showed no leak in whom bleomycin (bl) were injected, � children did radiotherapy 
only (Rt). follow up was ended after 2 years during which aspiration of the cyst was done 
at any time re-inflate till reach the fixed minimal size which was reported as Very good as 
cyst size shrink >75%, Good shrink>50%, fair and poor shrink < 50%.

results: according to method there were 7 children � did Rt only and 4 did bl only. there 
were 6 adult � did Rt only and � did Rt+bl. Results showed that in children bl group was 
better 4 cases showed VG+G 100%), but Rt showed 2 cases G, 1 case f. In adult cases, 
bl+Rt group showed better results � cases showed VG+G, but � cases of R t alone showed 
f results. Presence of ommaya reservoir was very helpful to approach the cavity of cyst 
permanently at any time by simple maneuver for decompression or injection.

Conclusion: Intra-cystic ommaya insertion is very helpful to manage craniopharyngioma 
recurred after surgery and radiotherapy.
bleomycine injection intra cyst showed very good result in controlling tumor tissue viability 
but more study may be needed.

P-37    

tHe clInIcal analYsIs of noValIs sHaPeD beaM RaDIosURGeRY foR bRaIn 
Metastases  

moon-Jun Sohn (Inje university, Ilsan Paik Hospital, goyang City, Korea)
Hae-Won Gu (1) Dong Joon lee (1) sang Won Yoon (2) Hye Ran lee, (�) chae-Heuck lee (1) 
c. Jin Whang (1) 
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(1) Department of neurosurgery, Inje University Ilsan Paik Hospital, Korea (2) Department of 
neurosurgery, Inje University seoul Paik Hospital, Korea (�) Department of Internal Medicine,  
Inje University Ilsan Paik Hospital, Korea  

objective: the authors analyzed the effectiveness and therapeutic response of novalis 
shaped beam radiosurgery for metastatic brain tumors, and the prognostic factors which 
influenced the outcome.

material and methods: We performed a retrospective analysis of 106 patients who 
underwent 159 treatments for �77 metastatic brain lesions between January 2000 and april 
2008. the pathology of the primary tumors were mainly lung (�8.9%), breast (17.6%) and 
GI tract (1�.2%). We classified the patients using Recursive Partitioning analysis (RPa) and 
then analyzed the survival and prognostic factors according to the Kaplan Meier method and 
univariate analysis.

results: the overall median actuarial survival rate was 7.5 months from the time of first 
radiosurgery treatment while 1 and 2 year actuarial survival estimates were 0.�1 and 0.14, 
respectively. Median actuarial survival rates for RPa classes I, II, and III were 17.8 months, 
7.5 months and 1.75 months. Patients’ life spans, higher Karnofsky performance scores and 
age correlated closely with RPa classes. However, sex and the number of lesions were not 
found to be significantly associated with length of survival.

Conclusion: novalis shaped beam radiosurgery is a low risk and highly effective treatment 
for extending the survival of patients with metastatic brain tumors. 

P-38    

seIzURe oUtcoMe afteR aVM RaDIosURGeRY

Seung yeob yang (Dongguk university College of medicine, goyang, Korea)
Dong Gyu Kim (1)
(1) seoul national University college of Medicine, Korea

Background and Purpose: the analysis of seizure outcome is extremely complex in patients 
with arteriovenous malformations (aVMs) because of the inadequate and secondary target of 
most studies and is rarely properly reported with the engel outcome scale. this rarity of data 
supporting the therapeutic usefulness of radiosurgery precludes making recommendations 
for aVM patients presented with seizures. We aimed to determine the effect of radiosurgery 
on seizure outcome in patients with an epileptogenic nonhemorrhagic aVM.

methods: between 1997 and 2006, 411 consecutive patients underwent radiosurgery 
for aVM. of these patients, 86 consecutive patients without hemorrhage but with seizure 
were assessed by serial imaging tests and clinical evaluations between 1 and 10 years after 
radiosurgery. Pre- and post-radiosurgical seizure frequencies were compared using the engel 
seizure frequency scoring system. seizure-free and off-medication were defined as seizure 
frequency scores of 0? and score 0, respectively.

results: Mean follow-up was 62.4 months (range,12.8-24.8). seizure frequencies 
significantly decreased for the first 4 years after radiosurgery (all P values <0.001).
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Conclusion: Radiosurgery may improve seizure outcome in patients with an epileptogenic 
nonhemorrhagic aVM, especially in patients with obliteration.
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cURatIVe effect analYsIs foR tHe MeasURe of tRIGeMInal RaDIX at MRI on 
RotatInG GaMMa sYsteM foR tRIGeMInal neURalGIa  

Qiyong Liu (gamma Knife Center, Airforce general Hospital, Beijing, China)
liu  (1) 
(1) airforce General Hospital, china  

objective: to research the correlation between curative effect and the measure of trigeminal 
radix at MRI on Rotating Gamma system for trigeminal neuralgia. 

methods: to summarize 91 patients of trigeminal neuralgia at the time of we treated alike 
with Rotating Gamma system in Dec. 2000 and Jun. 2006, surveyed the length of trigeminal 
radix at MRI and research the correlation between curative effect and the measure. 

results: there is a positive correlation between the measure of trigeminal radix at MRI and 
the curative effect with Rotating Gamma system. the measure of trigeminal radix at MRI is 
irrelative of curative effect. 
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sHoRt-teRM sURVIVal afteR RaDIosURGeRY foR bRaIn Metastases  

Charles Valery (APHP, Paris, France)
boskos (1) Ioannis lamproglou (1) Gilbert boisserie (1) Philippe cornu (1) Jean-Jacques Mazeron (1) 
(1) aPHP, france  

Introduction: Radiosurgery (Rs) is becoming the standard treatment of brain metastases. 
among parameters used to select patients who may benefit from this treatment, a composite 
index, the recursive partitioning analysis index (RPa), is frequently used.

objective: In this prospective study, we studied a population of patients treated in our 
institution between 2005 and 2008, analyzed characteristics of a group of 5� patients who 
lived less than � months after Rs and compared them to those surviving more than � months 
(median survival > 11 months).

Patients and methods: these 5� patients were treated with a 6 MV Varian clinac 2100 c and 
a Micromultileaf collimator M� brainlab®, using five dynamic conformal arcs. Prescription 
dose was 14 Gy at the 70% reference isodose. for the mean age was 59 yo, mean Karnofsky 
index was 80. the primary site was lung (n=21), kidney (n=10), melanoma (n=6), breast 
(n=�), others (n=1�). Primary site was controlled in 56% of the patients and 45% had no 
extra-cranial metastases at the time of treatment. RPa index was class I: 15%, class II : 77%, 
class III : 8%. Mean tumoral volume was 10.� cc, mean number of lesions was 1.6 (1-4).

results: Median survival of the short-term survival group was 48 days. When local or 
systemic parameters such as tumoral volume and number of lesions, presence of extra-
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cranial metastases, primary site control and RPa index were compared between the « short-
term survival » group and the « control » group, no significant difference was observed. 
causes of death in the short-term survival group were : systemic cancer evolution in 45% 
of the cases, neurological evolution in 26%, another pathology in 21%, unknown in 8%. 
factors that may explain differences in survival between the two groups will be discussed.

Conclusion: our study shows that RPa index, which is supposed to reflect systemic status 
of patients treated from their brain metastases by Rs, does not distinguish patients that will 
benefit this technique. other composite index should be evaluated. 
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MoDeRn RaDIotHeRaPY aPPRoacHes In tHe ManaGeMent of 
cRanIoPHaRYnGIoMas 

robert Smee (Prince of Wales Hospital, randwick, Australia)
Janet Williams (1) Margaret schneider (1) bernard Kwok (2) Warwick stening (2) 
(1) Prince of Wales, Department of Radiation oncology, australia (2) sydney children’s Hospital, 
australia  

objective: to review a single centres’ experience and long term outcomes incorporating 
stereotactic radiosurgery (sRs) and radiotherapy (sRt) in a childhood and adult population 
of patients with craniopharyngioma.

methods: an audit of the tumour Registry of the Radiation oncology Department, Prince of 
Wales Hospital was performed for all patients referred with a diagnosis of craniopharyngioma. 
to be eligible for this ethics approved review, all patients received radiotherapy as part of 
their treatment. Information included related to patient (hormonal and visual status pre-
surgery and pre-radiotherapy), disease and treatment factors. the primary end point was 
the incidence of radiological progression post-radiotherapy, secondary end points were the 
symptomatic and hormonal status post-radiotherapy.

results: from 1969-2007, 59 patients were seen of which 4� were eligible for review. 
there were 1� (�0%) paediatrics (age < 16 years) and �0 (70%) adults with an age range  
4-80 years and median age of 26 years. all but 2 (4.6%) patients had radiological evidence 
of persistent disease post surgery, 58% had residual disease (<50% of pre-operative 
tumour). only 4 patients had purely solid tumours, the remainder were cystic or mixed 
cystic/solid. In 40 (9�%) patients there was a suprasellar component to the tumour typically 
in close contact with the optic chiasm. 5 patients were treated by sRs, 1 incorporating IMRs 
technique. the median volume of tumour treated (�.5ccm) was small, similar to the volume 
(�.65 cm) for sRt. Median dose for sRs was 14Gy, for fractionated sRt 50.40Gy/28 fractions 
for 26 patients, 8 having IMRt technique. the likelihood of hormone deficit was greater post 
than pre surgery and this was permanent. 4 patients progressed post-radiotherapy, 2 were 
salvaged by further radiotherapy, 1 patient succumbed to progressive local disease and the 
fourth had a small intrasellar recurrence that was surgically resected trans-sphenoidally, 
current status 12 months post resection is stable with small residual nodule, thus ultimate 
progression-failure rate was at 4.7% (ultimate local control of 95.�% with a median follow-
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up of 5 years). the majority of patients were symptomatically better post radiotherapy with 
stable hormonal status for all, with all but 1 patient having stable to improved vision.

Conclusion: Unless complete surgical resection can be performed with low likelihood of 
hormonal or visual field deficit, subtotal resection and modern radiotherapy approach is 
likely to provide for a better patient and disease outcome. 
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toleRance of HYPofRactIonateD steReotactIc RaDIotHeRaPY foR bRaIn 
aRteRIoVenoUs MalfoRMatIons – eXPeRIence of Msc MeMoRIal canceR centeR 

Slawomir Blamek (msc memorial Cancer Center and Institute of oncology, gliwice, 
Poland)
Idasiak (1) larysz Dawid  (2) Rudnik adam (2) tarnawski Rafa (1) 
(1) Msc Memorial cancer center and Institute of oncology, Poland (2) silesian University of Medicine, 
Poland  

Background and purpose: stereotactic radiosurgery is a well recognized method of 
treatment of brain arteriovenous malformations (aVMs). In case of large aVMs of over �.5 
cm diameter however, the results are not satisfactory because of the risk of complications 
necessitating dose reduction. Hypofractionated stereotactic radiotherapy (HfsRt) could be 
the way to deliver efficient radiation dose without increasing the risk of adverse effects. the 
aim of the study was to evaluate the safety and tolerance of HfsRt for brain aVMs.

material and method: between years 2001 and 2008 a group of 106 patients, 55 men 
and 51 women, aged 8-76 years (mean �7.8 years) were irradiated for cerebral aVMs in 
our institution. In this group �5 patients had hypofractionated stereotactic radiotherapy (2 
or � fractions). 25 patients had the planned dose delivered in two fractions (6-12 Gy per 
fraction) and 10 in three fractions (7 Gy per fraction). all patients had clinical examination 
just after the treatment and the next one within six weeks after irradiation; after that clinical 
examination and imaging studies were performed every 6-12 months. In this study acute 
radiation effects and the signs of neurological impairment were assessed. 

results: In 5 patients transient neurological deterioration was observed. four patients 
suffered from headaches and paresthesiae within two weeks after HfsRt, one of them 
had also double vision which resolved after 2 days. the fifth patient had an episode of 
hemiparesis, severe headaches and aphasia requiring hospitalization. ct imaging revealed 
minor edema around the nidus of the aVM without any signs of recent bleeding, on ct 
angiography no detectable blood flow through the nidus could be detected. after three 
months the symptoms gradually resolved and the neurological status of the patient was 
comparable to that before radiotherapy. as imaging studies revealed obliteration of the 
nidus, the observed symptoms could be attributed to normal perfusion pressure breakthrough 
phenomenon. no permanent neurological deterioration occurred after HfsRt.
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Conclusion: Hypofractionated stereotactic radiotherapy for arteriovenous malformations of 
the brain is a well tolerated treatment and could be an attractive alternative in patients with 
large aVMs, unfit for surgery.
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cYbeRKnIfe foR PItUItaRY aDenoMas 

Kyung Jin Lee (St. mary’s Hospital, The Catholic university of Korea, Seoul, Korea)
chul bum cho (1) Won Il Joo (1) chung Kee chough (1) Hae Kwan Park (1) Hyoung Kyun Rha (1) 
(1) st. Mary’s Hospital, the catholic University of Korea, Korea  

objective: this tudy demonstrates the clinical effectiveness and safety of stereotactic 
radiosurgery with the cyberKnife system in the treatment of pituitary adenoma. 

methods: twenty-six patients with pituitary adenomas received stereotactic radiosurgery 
with the cyberKnife, and were followed up for more than 7 months. the patients consisted 
of 17 with non-functioning adenomas, � with prolactinomas and 6 with acromegaly. In 
26 cases, fractionated radiosurgery was performed at saint Mary Hospital, the catholic 
University of Korea between March 2004 and June 2008. Patient age ranged from �1 to 69 
years (mean [sD: 48.5] 10.0 years). fourteen patients (5�%) were male, and 12 (47%) were 
female. before cyberKnife treatment, 22 patients had undergone tumor removal operation 
through transsphenoidal or transcranial approach and 4 patients had no operation. the 
change in the tumor volume, visual acuity, hormonal function, and complications by this 
therapy were analyzed in each case. 

results: the volume of the tumors ranged from 0.20 cm� to 7.89 cm� (mean [sD: 2.60]  
2.08 cm�). the mean volumes of the non-functioning and functioning adenomas were  
�.08 cm� and 1.69 cm�, respectively. the total irradiation dose ranged from 1400 cGy to 
2400 cGy (mean [sD: 1919.2] 222.7 cGy). the mean irradiation dose of non-functioning 
adenomas and functioning adenomas were 192� cGy and 1911 cGy, respectively. single 
fraction was performed in 5 cases, three fractions were performed in 21 cases. the follow-
up periods ranged from 7 months to 47 months (mean [sD: �0] 12.7 months). the post-
cyberknife volume of the tumors ranged from 0 cm� to 7.65 cm� (mean [sD: 2.�0] 2.04 cm�). 
the post-cyberknife mean volumes of the non-functioning and functioning adenomas were 
2.78 cm� and 1.40 cm�, respectively. the tumor control rate was 92.� %. In 2 cases, visual 
acuity worsened due to cystic enlargement of the tumor after cyberKnife treatment. at last 
two patients underwent reoperation. Hormonal function improved in all of the 9 functioning 
adenomas. the hormone level normalized in � prolactinoma and 6 acromegaly. 

Conclusion: stereotactic radiosurgery with the cyberKnife is effective and safe against 
pituitary adenomas. but, careful long-term follow-up of the patients is necessary due to the 
possibility of delayed cystic enlargement of the tumor in rare cases.
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tUMoUR VolUMe ReDUctIon folloWInG noValIs sHaPeD beaM RaDIosURGeRY foR 
cRanIoPHaRYnGIoMas: oUR eaRlY ResUlts 

Dinesh Shree (Kumar National Neuroscience Institute, SgH Campus, Singapore, 
Singapore)
John thomas (1) 
(1) national neuorscience Institute (sGH campus), singapore  

relevance: to evaluate the effectiveness of novalis Radiosurgery in patients with 
craniopharyngiomas in terms of tumour volume reduction. 

Approach: 5 patients were treated with novalis Rs in our institution between nov 2006 to 
March 2007. their mean age was �8 (6-7�). there were 2 pediatric and � adult patients. the 
adult patients had histological confirmation of craniopharyngiomas via a biopsy. all patients 
had 2 follow up MRI scans at 6-8 months post novalis Rs and 15-18 months post novalis 
Rs. clinical follow up included opthalmalogic and endocrine assessment. Mean follow up 
is 20 mths (16-22). the mean target dose was 52.2Gy (50.4-54) with a mean fractionating 
dose of 1.8Gy. 

Innovation: all patients had their pre novalis Rs as well as post novalis Rs tumour volumes 
calculated using brainlab I-plan software (Ver 2.6). all patients also had their pretreatment 
as well as posttreatment visual field and hypothalamic-pitutary axis assessments.

results: Pre novalis Rs mean tumour volume was 16.0cc (8.9-25). at 6-8 months post 
Rs mean tumour volume was 7.0cc (1.4cc-16.1cc). this represented a mean reduction in 
volume of 56.�%. at 16-18 mths post Rs the mean tumour volume was �.6cc (0.5cc-8.7cc). 
this represented a mean reduction in volume of 77.5%. 
1 out of the 5 patients showed an increase in tumour volume at 16 months post Rs after an 
initial decrease at 6 months post Rs. He also displayed a worsening of visual field defects 
and endocrine dysfunction. the remaining 4 patients displayed marked improvement and 
near normalisation of their visual defects and an intact hypothalamic-pituitary axis post 
novalis Rs.

Conclusion: novalis shaped beam radiosurgery is an effective treatment option against 
craniopharyngiomas. early results show good response in terms of tumour volume reduction 
with no associated morbidity or mortality. However a larger series of patients and longer 
term follow up is needed to confirm its efficacy.
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tRansIent VolUMetRIc analYsIs of local contRol of IntRacRanIal Metastases 
of MelanoMa anD Renal cell caRcInoMa folloWInG GKs 

Chung K Lee (university of minnesota, minneapolis, uSA)
Pamela sooriyan (1) Paul W sperduto (2) Yoichi Watanabe (1) Yan zhang (1) 
(1) University of Minnesota, Usa (2) Minneapolis Radiation oncology, Usa  
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Purpose: the purpose of this study was to evaluate retrospectively the efficacy of Gamma 
Knife Radiosurgery (GKs) for the treatment of intracranial metastases of melanoma and 
renal cell carcinoma. the study examined how well GKs can achieve local control for these 
relatively radiation-insensitive metastatic lesions.

methods: for this study, we followed up 27 patients (15 melanoma, 12 renal cell carcinoma) 
with brain metastases, who were treated between february 2006 and august 2008 with 
GKs at the University of Minnesota Gamma Knife center. total number of targets was 66 (�8 
melanoma, 28 renal cell carcinoma). follow-up volumes were calculated using the formula 
for the volume of an ellipsoid, measuring the lateral, antero-posterior and cranio-caudal 
dimensions of the lesions in the post contrast t1 weighted MR images. the follow-up 
volumes were compared to the treatment volumes to evaluate tumor response. complete 
response, progressive response (�0% decrease in tumor volume), and stable disease were 
considered as local control. statistical analysis of tumor volume over time was done using 
general linear mixed model.

results: after a mean follow-up of 6.5 months (mean of 2 follow-ups per target) for patients 
with melanoma and 11 months (mean of 4 follow-ups per target) for renal cell carcinoma 
metastases, the overall rate of local control was 79% for melanoma metastases and 82% 
for renal cell carcinoma metastases. the difference between the treatment target volumes 
of the metastases from melanoma and renal cell carcinoma was not statistically significant. 
Melanoma metastases received higher prescribed doses (mean of 20.2 Gy) than those from 
renal cell carcinoma (18.� Gy). Radiation dose was the only factor that was significantly 
associated with tumor volume over time (p=0.0007). 

Conclusion: based on this limited experience, GKs appears to be an effective therapy in 
achieving local control of intracranial metastases of melanoma and renal cell carcinoma. for 
the same tumor volume, in order to achieve the same effect of local control as the renal cell 
metastases, melanoma metastases need higher prescription doses. further evaluation with 
a larger patient population and longer follow-up will be necessary to reach a more definitive 
conclusion.
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GaMMa KnIfe RaDIosURGeRY foR RefRactoRY obsessIVe-coMPUlsIVe DIsoRDeR: 
stRUctURal anD fUnctIonal consIDeRatIons

Konstantin Slavin (university of Illinois, Chicago, uSA)
slavin (1) Jeffrey lewine (2) Patrick McGrath (�) nitin bangera (2) anthony D’agostino (�) 
(1) Illinois Gamma Knife center, Usa (2) alexian brothers center for brain Research, Usa (�) alexian 
brothers behavioral Health Hospital, Usa (4) University of Illinois at chicago, Usa   

objectives: several lines of data converge to indicate that severe obsessive compulsive 
Disorder [ocD] is a reflection of abnormal processing within and between several critical 
brain regions including the striatum, thalamus, orbital frontal cortex, pre-frontal cortex, 
the anterior cingulate cortex, and the limbic system. of particular interest is a positive bi-
directional feedback circuit between the thalamus and frontal lobes, with the critical fibers 
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of passage coursing through the anterior limb of the internal capsule. studies of lesions 
using Gamma Knife [GK] and other methods suggest that targeted destruction of this region 
can lead to significant alleviation of ocD symptoms. In order to better understand the 
pathophysiology of ocD and to develop more accurate methods for targeting dysfunctional 
pathways, we combined magnetoencephalographic [MeG] methods with advanced MRI 
procedures. specifically, we use MeG to probe functional abnormalities in the cingulate 
cortex, and magnetic resonance based diffusion tensor imaging [DtI] and tractography to 
identify the trajectories of fiber pathways interconnecting key nodes in the ocD network.

methods: MeG and DtI data were obtained from 20 normal comparison subjects,  
6 subjects with medication refractory ocD but no surgical intervention as of the current 
date, and � additional subjects with medically refractory ocD before and/or after bilateral 
GK capsulotomy. ten minutes of spontaneous background MeG data and also auditory and 
somatosensory evoked responses were obtained using a �06 channel whole-head MeG 
system. DtI data were, along with conventional MRI data, obtained using a 1.5 t imaging 
system. In addition, clinical status at the time of imaging was documented using the Yale-
brown obsessive compulsive scale.

results: In subjects with active ocD symptoms, MeG demonstrated the presence of 
increased beta activity at midline sensors, with beam-forming analyses showing the 
abnormal activity to arise from the cingulate cortex. Initial analyses suggest that this is a 
state dependent measure that improves as the ocD improves subsequent to intervention. 
DtI allows for tracking of the interconnections between the orbital and prefrontal cortices 
and the thalamus, through the anterior limb of the internal capsule. no obvious baseline 
abnormalities are seen in patients with ocD. following GK radiosurgery, DtI-based time-
dependent analyses indicate gradual and progressive disruption of this fiber track.

Conclusion: advanced functional and structural imaging methods provide for an improved 
understanding of the neurobiology of ocD and have the potential for guiding and tracking 
therapeutic intervention via radiosurgery.
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steReotactIc RaDIosURGeRY In PeRU. fIVe YeaRs of eXPeRIence 

Alejandro Castillo (Instituto radiocirugia Del Pacifico, Lima, Peru)
aldo berti (1) andres Plasencia (1) luis Pinillos (2) Mayer zaharia (2) alfredo Moscol (2) cesar Picon (�) 
Ricardo cabello (�) sandra Guzman (�) 
(1) Department of neurosurgery (2) Department of Radiation oncology (�) Department of Medical 
Physics   

We present our experience in Peru in stereotactic Radiosurgery since june, 200�. We 
have treated 211 patients (226 procedures), 125 arteriovenous malformations (55.�1%),  
5� benign primary snc neoplasm (2�%) �1 malignant primary snc neoplasm (1�.72%) and 
17 metastases (7.52%). 9 patients received a second treatment, 2 patients a thrird treatment 
and one received a fourth treatment. (five of them with a diagnosis of arteriovenous 
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malformations with two treatments, one patient with a aMV and one with an anaplasic 
astrocitoma with a third treatment and one patient with an anaplasic ependymoma received 
a fourth treatment). eleven patients received fractionated stereotactic radiosuomargery (one 
anaplasic astrocitoma, two germinomas, one chemodect, three meningiomas, one acoustic 
neurinoma and three pituitary adenomas).
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fRactIonateD steReotactIc RaDIotHeRaPY foR InaccessIble laRGe MetastatIc 
bRaIn tUMoRs UsInG GaMMa KnIfe RaDIosURGeRY  

Takuya Kawabe (Kyoto Prefectural university, Kyoto, Japan)
sato (2) Yukio shimizu (�) Hiroyasu sasajima (1) Katsuyoshi Mineura (1) 
(1) Department of neurosurgery, Kyoto Prefectural University of Medicine, Japan (2) Department of 
neurosurgery, Rakusai shimizu Hospital, Japan (�) Department of neurosurgery, shimizu Hospital, 
Japan   

objective: the purpose of this study was to evaluate the tumor control and efficacy of 2-
staged stereotactic radiotherapy with a �-week interfraction interval for inaccessible brain 
metastases more than 10 cc in volume.

methods: forty-three patients with inaccessible brain metastases more than 10 cc in volume 
have been treated by the stereotactic radiotherapy using gamma knife since august 2006 in 
Rakusai shimizu Hospital. the peripheral dose was 15-16 Gy in two fractions. the interval 
between fractions was � weeks. nineteen patients had lung cancer, twelve had breast 
cancer, and four had colon cancer. the local tumor control rate, overall survival time, and 
neurological survival rate were analyzed and were compared with the result of forty-five 
patients with accessible large brain metastases underwent resection in Kyoto Prefectural 
University of Medicine.

results: the mean tumor volume before treatment was 18 cc. at the time of second fraction 
and 1 months after second fraction, mean tumor volume were 11 (42% reduction) and 
7 cc (64% reduction), respectively, showing significant reductions. local control rate at  
12 months was 72%. the median overall survival period was 8 months. neurological survival 
rate at 12 months was 100%. compared with the resection group, there was no significant 
difference statistically in these rates.

Conclusion: stereotactic radiotherapy using our protocol can be an alternative modality in 
treating inaccessible large brain metastases. the 2-staged gamma knife protocol is a safe, 
effective therapy for large metastases.
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HealtH-RelateD QUalItY of lIfe afteR RaDIosURGeRY foR ceRebRal aRteRIoVenoUs 
MalfoRMatIons PResenteD WItH seIzURe 

Seung yeob yang (Dongguk university College of medicine, goyang, Korea)
Dong Gyu Kim (1) 
(1) seoul national University college of Medicine, Korea  

Background and Purpose: Until recently, the effectiveness of epileptogenic arteriovenous 
malformation (aVM) radiosurgery has been measured only in terms of seizure frequency, 
which is not sufficient in estimating the usefulness of radiosurgery. to evaluate the success 
of radiosurgery, health-related quality of life (HRQol) and employment status should not be 
neglected. the objective of this study was to evaluate HRQol and employment status after 
epileptogenic aVM radiosurgery.

methods: between 1997 and 2006, 86 consecutive aVM patients presented with seizure 
who underwent radiosurgery were assessed by serial imaging tests, clinical evaluations 
including employment status, and a HRQol survey. a HRQol questionnaire was developed 
as a retrospective screening tool to assess the present estimation and the patients self-rated 
relative changes (trend values) in HRQol after radiosurgery. these results were correlated 
with engel seizure frequency scoring system.

results: follow-ups ranged from 12.8 to 124.8 months (mean, 62.4). eighty-one patients 
who answered the HRQol questionnaire described their trend values after radiosurgery 
as improvement in 7�, no change in 4, and ggravation in 4. the mean trend values and 
the mean HRQol scores in patients who experienced seizure-free, off-medication, or aVM 
obliteration were significantly better than in patients who did not (all P values<0.05). 
although a higher proportion of patients described their activity in workplace as getting 
better at last follow-up, as compared with their preradiosurgical activity, employment status 
differences were not significant (P=0.�95). 

Conclusion: Radiosurgery could improve in both HRQol and employment status, especially 
in patients with seizure-free, off-medication, or aVM obliteration.
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GaMMa KnIfe RaDIosURGeRY foR RecURRent anD ResIDUal HeManGIoPeRIcYtoMas 

Jinwook Kim - Seoul National university Hospital (Seoul, Korea)
Wentao li (1) 
Jin Wook Kim, Korea (1) Yong Hwy Kim (1) Jung Ho Han (2) seung Yeob Yang (�) chul-Kee Park (1) 
chaeyong Kim (2) Hyun-tai chung (1) sun Ha Paek (1) Hee-Won Jung (1) Dong Gyu Kim (1) 
(1) seoul national University Hospital, Korea (2) seoul national University, bundang Hospital, Korea (�) 
Dongguk University Ilsan Hospital, Korea  

objective: Intracranial hemangiopericytomas are rare tumors, but very aggressive tumors 
which easily tend to recur and to metastasize. this purpose of this study was to define the efficacy 
and the role of gamma knife radiosurgery (GKRs) for recurrent hemangiopericytomas.
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materials and methods: eighteen tumors of nine patients with hemaniopericytomas 
between august 1999 and february 2008 were evaluated. there were 5 WHo grade 2 
hemagiopericytomas and 1� WHo grade � anaplastic hemangiopericytomas. the mean 
tumor volume was 1.8cm� (range, 0.2-9.9cm�), the mean marginal dose for GKRs was 18Gy 
(range 11-22 Gy). follow-up periods varied from 7 to 80 (mean, �6 mo; median �2 mo)

results: fifteen of 18 lesions (8�.�%) demonstrated successful local tumor control after 
GKRs. local tumor control rate at 5 years after GKRs were 68% (Kaplan-Meier method). 
there were no significant differences according to histopathological grade. three failure 
cases of local tumor control were happened relative lower marginal dose (12, 15, 16.5 Gy) 

Conclusion: Gamma knife radiosurgery provided higher local tumor control despite 
aggressive hemaniopericytomas. When residual tumor is identified after resection or 
radiation therapy, early GKRs with sufficient marginal dose should be considered as feasible 
treatment modality. Despite excellent local tumor control, there are still at risk for distant 
metastasis. 
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Dose anD VolUMe PaRaMeteRs affectInG oUtcoMe In lInac baseD RaDIosURGeRY 
foR VestIbUlaR scHannoMas (Vs) 

Cesare giorgi (S. maria Hospital, Terni, Italy)
casale Michelina (1) Italiani Marco (1) Venuto Giuliana (1) anselma Paola (1) Maranzano ernesto (1) 
(1) s. Maria Hospital, terni, Italy  

objective: the purpose of this study is to evaluate long term effect on tumour volume and 
toxicity to the cranial nerves according to different doses and to identify the cut-off of the 
prescription dose relative to the above mentioned parameters. We also want to correlate 
lesion response and toxicity to the lesion volume.

materials and methods: from august ’02 to January ‘08, 61 patients harbouring Vs have 
been treated with radiosurgery. all patients were treated with a 5MV lInac with a Dynamic 
microMlc double focused with a median prescription dose of 17Gy (1�-20).

57 patients (9�%), 28 males and 29 females have been followed up for a median of  
�9 months (12-78). the median age of 65 years (25-88). the median volume was 1.7cc 
(0.1-7.4).

at enrolment 2 patients (�.5%) were deaf, 50 patients (88%) had various degree of hearing 
impairment and 5 patients (8.5%) had normal hearing. 15 patients (26%) had previous 
surgery. 15 patients (26%) had facial weakness and 7 patients (12%) had facial pain.

results: all cases but one, showed arrest of growth. signal changes at MRI within the tumour 
volume were noted in all cases. 2� patients showed tumour shrinkage. after radiosurgery, 
out of the 5 patients that had normal hearing, � remained stable and 2 got worse, out of the 
50 patients that had hearing impairment only � worsened. 
We performed a multivariate analysis considering tumour variation in size and the relative 
cranial nerves toxicity as a function of dose, volume and age.



PosteR abstRacts

278

tUesDaY, 9 JUne 2009 11:00-12:00 
anD WeDnesDaY, 10 JUne 2009 10:�0-11:�0

We considered two groups of patients with a prescription dose cut-off at 15Gy and 17Gy, 
two groups with a volume cut-off of 1.7cc, two groups with a cut-off age at 64 years. age 
17Gy, tumour-volume>1.7cc had higher percentage of tumour shrinkage, without reaching 
significant level. tumour shrinkage was statistically significant (p=0.0�) in the group treated 
with a prescription dose>15Gy. 
Prescription dose>17Gy and lesion volume>1.7cc has been found to significantly correlate 
to 8 cases of new trigeminal symptoms (p<0.05 and p<0.0�, respectively). no significant 
correlation was found between the onset of facial nerve deficit and doses.

Conclusion: our data suggests that satisfactory tumour control with a low toxicity can been 
achieved using a prescription dose between 15Gy and 17Gy. In particular these doses cause 
low incidence of acoustic nerve deficit. tumour control at lower doses needs to been proven 
with longer follow-up.
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GK sURGeRY foR neURofIbRoMatosIs tYPe 2 

mooseong Kim (Inje university Busan Paik Hospital, Busan, Korea)
sangWook Joo (1) seungjin no (1) seonghwa Paeng (1) seyoung Pyo (1) Younggun Jeong (1) sunil lee 
(1) Yongtae Jung (1) Haewwong Jeong (1) 
(1) Inje University busan Paik Hospital, Korea  

Approach: neurofibromatosis type 2 presence of bilateral vestibular schwannoma and 
represent a special challenge because of the risk of deafness. 

relevance: We assess the effect of GKRadiosurgery for neurofibromatosis type 2.

Innovation: seven patients underwent GKRadiosurgery for neurofibromatosis type 2. two 
patients had undergone preGKs surgical operation. the mean tumor volume at radiosurgery 
was 1�.� ml, and the mean marginal dose was 10.7 Gy.

results: the tumor control rate was 86%. During the median follow up period of 28.1 
months, 57% decreased, 29% unchanged, and one (14%) increased. Increased case received 
second GKsurgery.
there was no complications after GKs.

Conclusion: GKsurgery is safe and effective treatment for neurofibromatosis type 2. the 
preservation of facial nerve and hearing may be better than other procedure.
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GaMMa KnIfe RaDIosURGeRY foR oPtIc GlIoMa: RePoRt of tWo cases 

Cheng-Loong Liang (E-da Hospital, I-shou university, Kaohsiung County, Taiwan)  

objective: We report two cases of glioma of the optic nerve and chiasm treated by subtotal 
removal and Gamma knife radiosurgery.
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Case report: the first case was an 8-year-old boy, admitted with visual disturbance and 
conscious disturbance due to acute hydrocephalus. Histopathological examination showed 
a grade 2 astrocytoma. the tumor volume was 6.2 ml. Dose planning was performed using 
magnetic resonance (MR) scan axial enhanced images. the marginal dose was 11 Gy at the 
50% isodose line. the second case was a 18-year-old girl, admitted to our hospital with 
ephthalmoptosis and visual disturbance. the histopathological findings showed a pilocytic 
astrocytoma. the tumor volume was 4.6 ml. the marginal dose was 15 Gy at the 50% 
isodose curve. the dose to the opposite optic apparatus was less than 8 Gy. the follow-up 
periods for the two cases were 42 and �7 months, respectively. In both cases the most recent 
follow-up MR scan showed a marked decrease in tumor size, and visual acuity was stable. 
none of the patients developed any endocrine dysfunction.

Conclusion: Gamma knife radiosurgery could be an effective adjuvant therapy for the glioma 
of optic nerve and chiasm. However, long-term follow-up is required for further evaluation of 
the efficacy and potential side effects.
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taRGet DefInItIon bY c11-MetHIonIne-Pet foR tHe RaDIotHeRaPY of bRaIn 
tUMoRs

masayuki matsuo (Kizawa memorial Hospital, minokamo, Japan)
osamu tanaka (1) Kazuhiro Miwa (1) Jun shinoda (1) 
(1) Kizawa Memorial Hospital, Japan  

Purpose: to evaluate the ability of 11c-methionine positron emission tomography (Met-
Pet) to delineate target volumes for brain tumors by MRI and Met-Pet.

methods and materials: three observers undertook target definition in 51 patients (19 
brain metastases and �1 glioblastoma multiformes) by MRI and Met-Pet images. MRI gross 
target volume (GtV) (GtV-MRI) was defined as the contrast-enhanced area on gadolinium 
enhanced t1-weighted MRI. Met-Pet GtV (GtV-Pet) was defined as the area of an 
accumulation of Met-Pet apparently higher than that of normal tissue on Met-Pet images. 
the size of occupation ratio (soR) was determined using the following equation: soR (%) of 
Met are within x mm margin outside GtV-MRI = the volume of the GtV-Pet within x mm 
outside the GtV-MRI/ the volume of the GtV-Pet.

results: GtV-Met volumes were larger than GtV-MRI volumes and a significant correlation 
was found between these variables by linear regression for brain metastases. there were no 
correlation between GtV-Met volumes and GtV-MRI volumes for glioblastoma multiformes. 
the soR was significantly increased with an increase in the margin outside the GtV-MRI 
except between a 2 mm and � mm margin for brain metastases.

Conclusion: Met-Pet is a better tool for the precise delineation of target volumes for brain 
tumors, which is an essential step in Rt planning.
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steReotactIc RaDIatIon tHeRaPY (sRt) anD IntensItY MoDUlateD RaDIatIon 
tHeRaPY (IMRt) UsInG noValIs In PatIents WItH cRanIoPHaRYnGIoMa RecURRent 
oR ResIDUal afteR sURGIcal ResectIon 

Chisa Hashizume (Nagoya Kyoritsu Hospital, Nagoya, Japan)
tatsuya Kobayashi (1) Yoshimasa Mori (1) 
(1) nagoya Kyouritsu Hospital, Japan  

surgical resection has been the first line treatment for craniopharyngioma. However, total 
removal is often difficult because of proximity to critical structures such as optic pathways 
and hypothalamus. Recurrence may often occur. In such conditions, fractionated external-
beam radiotherapy has been treatment choice but side effects on those important structures 
are the problem as well. sRt and IMRt are highly expected to be promising alternative 
treatment methods to avoid complications. We started linear-acceralator-based sRt and 
IMRt using “novalis“ equipped with a micro-multi-leaf collimator and an accurate patient 
setup system (exactrac) in July 2006.

seven patients (4 men and � women) with craniopharyngioma with a median age of 56 years 
(range, 25-74) were treated by sRt or IMRt using novalis. four had recurrent tumors after 
surgery and � of them also had received Gamma Knife radiosurgery before. two patients 
had residual tumors after surgery. the clinical tumor volume (ctV) was delineated using 
thin-slice ct and MRI, and the planned target volume (PtV) with a margin of 2 to � mm. 
three dimensional non-coplanar 5 to 7-beam sRt or coplanar 5-beam IMRt were planned. 
the lesions were covered with 95% or higher isodose level. the tumor volume was 1.0 to 
1�.4 ml (average, 6.� ml). total dose of �0 to �6 Gy in 10 to 12 fractions over 2 to � weeks 
was delivered for the target (beD=49 to 6� Gy in a/b=4 Gy). 

seven patients had been followed up for 12 to 27 months (average, 18 months). Partial 
response was obtained in 4 patients, and stable disease in �. no progression was observed so 
far. Response rate was 57% (4/7) and control rate was 100%. Improvement of the neurological 
symptoms was observed in 2 patients. no serious complication was found so far. 

IMRt and sRt for recurrent or residual craniopharyngioma will be a safe and effective 
treatment. longer follow-up is necessary to determine tumor control or late complications. 
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Recent tReatMent stRateGIes baseD on IntRaoPeRatIVe IMaGe sUPPoRt sYsteM 
UsInG GaMMaPlan 

motohiro Hayashi (Tokyo Women’s medical university, Tokyo, Japan)
obara (1) noriko tamura (2) taku Yoneyama (2) akitsugu Kawashima (2) Yoshikazu okada (2) Yuko 
ono (�) tomokatsu Hori (2) 
(1) Department of neurosurgery, san-ai Hospital, Japan (2) Department of neurosurgery, tokyo 
Women’s Medical University, Japan (�) Department of Radiology, tokyo Women’s Medical University, 
Japan  
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Introduction: Precise treatment strategy before surgery and intraoperative image support 
system are highly important in treating tumors that are difficult to remove surgically. We 
adopted a technique in Gamma Knife radiosurgery (GKRs) to develop an intraoperative 
image support system that would clearly indicate optimum treatment strategy before and 
during surgery.

methods: In GKRs, constructive interference in steady state (cIss) with gadolinium 
enhancement in MR imaging is often used. this sequence transparently shows portions 
with abundant blood supply such as tumors and cavernous sinus, and highlights critical 
surrounding cranial nerves. after the MRI, the images are transported to GammaPlan, a 
treatment planning software dedicated for GKRs. the images are then reconstructed into 
detailed �-D models with operative views from various angles, helping surgeons determine 
the best surgical approach.

results: In cerebellopontine angle tumors, positions of trigeminal nerve and the dura 
attachment were located. critical surrounding structures were well defined and the best 
surgical approach was selected for each case. treatment of paraclinoid aneurysms of 
the internal carotid artery requires identification of whether the aneurysm is intracranial 
or extracranial. by adopting our technique, these cases were also treated. �-D images in 
GammaPlan can link to a latest microscope system as well as an intraoperative navigation 
system, enabling surgery to be performed as planned.

Conclusion: our new image support system proved to be beneficial in selecting an optimum 
treatment strategy before and during surgeries.
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cancelleD 
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DesIGn anD DeVeloPMent of a tRans-InstItUtIonal RaDIosURGIcal netWoRK In 
WallonIa oR HoW to MIX eXPeRtIse, safetY, HealtH econoMIcs anD GeoGRaPHIc 
PRoXIMItY 

Jean-François Daisne (Clinique & maternité Ste-Elisabet, Namur, Belgium)
Monique seret (1) Micheline Mouchamps (2) Jacques born (2) thierry Gustin (�) claude Gilliard (�) 
Guus Koerts (4) Germain Milbouw (4) 
(1) Radiotherapy, ste-elisabeth namur, belgium (2) Radiosurgery, cHR citadelle liège, belgium (�) 
Radiosurgery, ste-elisabeth namur and Ucl Mont-Godinne, belgium (4) cHR namur, belgium  

Approach: Intra-cranial stereotactic radiosurgery and fractionated radiotherapy are non 
invasive techniques of treatment for both benign and malignant diseases. In belgium, the 
actual medical offer is mainly based in the northern part (flanders) of the country. In the 
southern part (Wallonia), until 2007, no real structure was able to offer such a technique to 
patients in need. Moreover, there is a potential increase in needs which is awaited for the 
next decade.
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relevance: the radiotherapy dept from the clinique & Maternité sainte-elisabeth in namur 
performs 1600 treatments on an annual basis and is strategically situated at the centre of 
Wallonia. after having established a viable business plan and having signed conventions 
of partnership with neurosurgeons from different hospitals covering half the population of 
Wallonia, we initiated the development of a trans-hospital network.

Innovation: We describe a unique way of working between neurosurgeons from different 
hospitals -sometimes located 100 kms from each other- with a central radiotherapy 
department.

results: based on established rules of collaboration -on which our presentation will 
particularly focus- this unique trans-institutional network allowed to perform 70 treatments 
during the first year of activity, for various indications, either benign or malignant.

Conclusion: Radiosurgery could be initiated in namur, which is fully profitable to the 
wallonian patients. the establishment of a trans-institutional network, whatever the political 
or philosophical background of the diferent institutions, allowed to start the recruitment at 
a sufficient rate, which is a necessary guarantee to the development and maintaining of 
expertise.
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eValUatIon of lIfe QUalItY In PatIents WItH ceRebelloPontIne anGle tUMoRs 
afteR RaDIosURGeRY 

miron Sramka (miron onkological Institut, Bratislava, Slovakia)
omelian trompak (1) alla trompak (2) arpad Violla (1) 
(1) oncological Institute, slovakia
st.elisabeth University college of Health and social work,
Department of stereotactic Radiosurgery st elizabeth oncological Institute, ophtalmological 
Department, faculty Hospital, commenius University, bratislava, slovakia  

objective: estimation social activity in patients with cerebellopontine tumor after 
radiosurgery treatment.

material and methods: 4 separate types of social aktivities including professional, family, 
public and sports activities were studied in 84 patients with cerebellopontine angle tumor 
before and after linear accelerator (lInac )- based radiosurgery for the period from � months 
to 15 years. Histological structure of the tumors was presented by acoustic neuromas (41 
patients), meningiomas (21 patients) and other tumors (14 cases). Patient’s age ranged from 
28 to 9� years.

results: In the early period after lInac-based radiosurgery social no changes in the social 
activity of all treated patients were seen. In the late period after radiosurgical management 
of the tumor social activity of patients either remained or there was seen an improvement 
(in 78,5%-84,5% cases depending on the type of investigated social activity), though 
deterioration in particular types of social activities in the late postoperative period were 
observed in 10,8-21,5 % patients.
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Conclusion: the rate of social aktivity of patients with cerebellopontine angle tumors in 
the early period after radiosurgery remained stable, without any impairments. but there 
was seen an impruvement in the late postoperative period in the majority of cases (up to 
89,2% patients depending on their type) wich proves with no doubt the advantage of the 
radiosurgical method of treatment.
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VeRIfIcatIon of aVM tReatMent Plan WItH MR anGIoGRaM

Kin Wa Chan (Prince of Wales Hospital, rankwick, Australia)
Meg schneider (1) Robert smee (1) 
(1) Prince of Wales Hospital,Department of Radiation oncology, sydney, australia  

the planning of aVM patient in our centre is based on traditional anterior-posterior (aP) 
and lateral (lat) angiogram films. for this technique, the temporal resolution is good. the 
oncologist can look at the blood flow of the brain on the computer screen and select the 
angiogram with the correct phase for the treatment planning. However, the aP and lat 
angiogram cannot give full �D information details of the aVM. a non-contrast MR angiogram 
which is using time-of-flight sequence can provide �D information for the bigger aVM case. 
this can help the oncologist to decide whetherthe radiation field coverage is adequate or 
not. to do this, the MR angiogram is fused with the ct image, the patient is planned with 
normal aP and lat film. after running a segmentation program, the major blood vessels of 
the brain can be seen in the planning computer. the �D dose of the aVM can be displayed 
for the oncologist’s reference.
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DeteRMInatIon of effects of DetectoR VolUMe bY GaUssIan fUnctIon on oUtPUt 
factoR MeasUReMents In 5 MM sMall fIelD 

Jeong-Eun rah (National Cancer Center, goyang-Si, Korea) 
Park (1) tae-suk suh (2) 
(1) national cancer center, Korea (2) the catholic University of Korea college of Medicine, Korea  

We investigated the effect of detector volume for output factor measurement in the 5 mm 
collimator. comparisons of measured and calculated output factors from a Gaussian fitting 
approaches the real doses to remove detector volume effect were performed. 

a 6 MV photon beam from a third-generation cyberKnife was used in this study. We have 
used a Gaussian function to correct for the spatial response of finite-sized detectors and to 
obtain the real beam profiles from measurement. the beam profiles were measured with 
a PtW �1006 pinpoint ionization chamber and a PtW 60008 diode. the calculated output 
factors were obtained from a Gaussian fitting for the beam profile with the same detector, 
which were compared to measured value with radiochromic film. 

the 5 mm collimator output factor measured with the ionization chamber was 0.615-0.009, 
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the diode was 0.702-0.015 and radiochromic film was 0.695-0.022. Ionization chamber 
show significant differences of more than 12.4% between measured and calculated output 
factor by Gaussian function for the 5 mm collimator. the main reason for an underestimation 
of the output factor is the increase of lateral electron disequilibrium with an increase of the 
ionization chamber measuring volume. the agreement between output factors measured 
and calculated value with the diode was within 1.5%. a diode was found to be suitable for 
output factor measurements of small beam because of its high spatial resolution. also, we 
found good agreement between the measured output factor obtained with radiochromic 
ebt film and the calculation values of another detector. 

the volume effect of the detector could lead to inaccurate in small field dosimetry. the 
results of this study indicated that the choice of a suitable detector is an important problem 
for dose measurement in high dose gradient region such as the 5 mm collimator. 
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eQUIValence In Dose fall-off foR IsocentRIc anD non-IsocentRIc IntRacRanIal 
tReatMent MoDalItIes anD Its IMPact on Dose fRactIonatIon scHeMes 

Lijun ma (university of California San Francisco, San Francisco, uSA)
arjun.sahgal@sunnybrook.ca sahgal (2) Martina Descovich (1) Young-bing cho (2) cynthia chuang (1) 
Kim Huang (1) normand laperriere (2) Dennis shrieve (�) David larson (1) 
(1) Department of Radiation oncology, University of california san francisco, Usa (2) Department 
of Radiation oncology, sunnybrook odette cancer center, Princess Margaret Hospital, University of 
toronto, canada (�) Department of Radiation oncology, University of Utah, Usa  

Purpose: to investigate whether dose fall-off characteristics would be significantly different 
between different intracranial radiosurgery modalities, and how these characteristics would 
influence fractionation schemes in terms of normal tissue sparing. 

method and materials: an analytical model was developed to measure dose fall-off 
characteristics near the target, independent of treatment modalities. Variations in the 
peripheral dose fall-off characteristics were then examined and compared for intracranial 
tumors treated with Gamma Knife Perfexion, cyberknife, or novalis linac-based system. 
equivalent uniform biological effective dose (eUbeD) for the normal brain tissue was 
calculated. functional dependence of the normal brain eUbeD on varying number of fractions 
(1 to �0) was studied for the three modalities. 

results: the derived model fitted remarkably well for all the cases (R2>0.99). no statistically 
significant differences in the dose fall-off relationships were found between the three 
modalities. based on the extent of variations in the dose fall-off curves, normal brain eUbeD 
was found to decrease with increasing number of fractions for targets with a/b ranging from 
10 to 20. this decrease was most pronounced for hypofractionated treatments with fewer 
than 10 fractions. additionally, eUbeD was found to increase slightly with increasing number 
of fractions for targets with a/b ranging from 2 to 5. 
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Conclusion: nearly identical dose fall-off characteristics were found for Gamma Knife 
Perfexion, cyberknife, and novalis linac system. the normal brain eUbeD was found to favor 
hypofractionated treatments for fast growing tumors with a/b ranging from 10 to 20 and 
single fraction treatment for other abnormal tissues with a/b ranging from 2 to 5.
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InVeRse aPPlIcatIon of GaMMa KnIfe PlUGGInG PatteRn Web enGIne foR 
RaDIosURGeRY of IsolateD taRGet 

Kaile Li (The ohio State university, Columbus, uSA)
Kaile li (1) simon lo (1) Jian Wang (1) John Grecula (1) nina Mayr (1) 
(1) the ohio state University, Usa 

objective: for isolated targets, we investigated the efficiency of the Gamma Knife (GK) 
Plugging Pattern Web engine in improving the conformity of single shot in GK radiosurgery. 

method: a target of the frontal (periventricular) metastasis from nsclc was identified with 
volume at �9.8mm�. With proper location of the shot center, the target can be covered by a 
single shot with 4mm helmet. However, the target was smaller than the 50% isodose line 
formed by the shot. therefore, GK Plugging Pattern Web engine was applied to improve the 
conformity of the treatment plan. Instead of generating plugging pattern to spare adjacent 
critical structure, in the current study, the target was considered as a critical structure, and 
then the plugging pattern was used as open beam pattern. Inversely, the open beams were 
used to generate plugging pattern (inverse application). the web engine, developed in our 
previous study, can generate the plugging pattern within �0 seconds, by considering the 
target volume as critical structure. the number of blocking beams was selected from 6 to 60 
with an interval of 12 beams. the plugging patterns were inputted to leksell GK treatment 
Planning system and different conformity index were compared.

results: Ratio of PItV (PIV/tV), Radiation conformity Index (tVPIV/tV), and a combined 
conformity index (tVPIV

2/(tVxPIV)) were calculated, where PIV is the volume covered by the 
prescription isodose, tV is target volume, and tVPIV is the intersection of tV and the PIV. 
even though the Radiation conformity Index (tVPIV/tV) did not show significant differences, 
for the selected case, it was found that the ratio of PItV was increased from 2.24 to 2.29 
with an improvement of 2.2% when 48 blocking beams pattern was used; and the combined 
conformity index also changes from 0.442 to 0.4�4 with a reduction of 2.�%. Visually, the 
simiarity was higher by comparing Isodose line with the shape of target as plugging pattern 
plan was used.

Conclusion: embedded with newly developed auto-shielding algorithm, the GK Plugging 
Pattern Web engine can be inversely applied for generating conformal plans for isolated 
arbitrarily-shaped target. the conformity improvement was reflected by the Ratio of PItV, 
tVPIV

2/(tVxPIV) and isodoseline.
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tRIGeMInal neURalGIa tReatMent DosIMetRY of tHe cYbeRKnIfe 

Anthony Ho (Stanford university, Stanford, uSA)
anthony lo (1) sonja Dieterich (1) scot soltys (1) Iris Gibbs (1) steve chang (1) John adler (1) 
(1) stanford University, Usa  

Introduction: there are two cyberknife units at stanford University. the robot of one 
cyberknife (cK1) is positioned on the patient’s right, while the second (cK2) is on the 
patient’s left. this presentation examines if there is any difference in dosimetry when we 
are treating patients with trigeminal neuralgia when the target is on the right side or the 
left side of the patient. In addition, we also study if Monte carlo dose calculation has any 
effect on the dosimetry. 

method: the same ct and contour sets were used for two randomly chosen patients, one 
case with the trigeminal target on the right side and another case with the trigeminal target 
on the left side of the patient. 

results: 
cK1 isodose coverage v12 beams MU conformity index
Patient 1 80% 94.68% 0.10 1�7 19090 1.46
Patient 2 78% 94.94% 0.�4 150 17642 1.65
monte carlo 
Patient 1 76% 94.68% 0.12 1�7 22575 2.2
Patient 2 78% 9�.67% 0.48 150 20082 1.96
cK2 
Patient 1 80% 95.74% 0.16 140 20447 1.4�
Patient 2 78% 97.47% 0.�9 1�9 20764 2.78
monte carlo 
Patient 1 80% 95.74% 0.17 140 22427 1.62
Patient 2 80% 94.94% 0.47 1�9 22754 2.79
a 5 mm collimator is used for the treatment planning. Prescription dose is 60 Gy, and 
maximum dose about 75 Gy in one fraction. Plans are evaluated with v12, the volume of 
brainstem receiving 12 Gy. 

Discussion: the planning system gives good treatment planning solutions which does not 
depend on the placement of the robot. Dose has been calculated using the traditional Ray-
tracing algorithm. When the Monte carlo dose calculation algorithm is used, slightly less, 
but clinically insignificant, dose is delivered. the slightly less dose calculated using Monte 
carlo is shown by either the lower prescribed dose that has to be used, to achieve the same 
target coverage, or the lower target coverage when the prescribed isodose is similar. a 
recent publication 1 details the high rates of pain relief for patients with trigeminal neuralgia 
using the dose of 60 Gy to the 80% isodose line. these clinical and dosimetric outcomes are 
independent of the robot position. 

reference 1: nonisocentric Radiosurgical Rhizotomy for trigeminal neuralgia. adler JR, et 
al. neurosurgery Volume 64, number 2, february 2009.
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IMPlIcatIons of RaDIatIon tHeRaPY PlannInG baseD on aPPaRent DIffUsIon 
coeffIcIent MaP foR GlIoMas 

Ji-yeon Park (The Catholic university of Korea, Seoul, Korea)
Kook-Jin ahn (1) Dong-cheol Woo (2) Jin-Young Kim (2) Jeong-Woo lee (�) bo-Young choe (2) 
tae-suk suh (2) 
(1) Kangnam st. Mary’s Hospital, Korea (2) the catholic University of Korea, Korea (�) Konkuk 
University Hospital, Korea  

Radiation therapy planning has been performed to deliver homogeneous target dose on 
the assumption of uniform biological characteristics in tumor. obtained apparent diffusion 
coefficient (aDc) from advanced diffusion weighted (DW) magnetic resonance (MR) images 
would, however, provide the spatial biological information of each patient, such as therapy 
response, tumor necrosis and other histopathological information. feasibility and advantage 
of integrating aDc map in treatment planning were investigated and the region for the dose 
escalation was differentiated based on the aDc map. seven patients with glioma were studied 
and DW MRI of high and low diffusion sensitivity (b=1000, 0 s/mm2) were acquired at 1.5 
t. the region indicating significantly higher aDc than average aDc of gross tumor volume 
(GtV) was determined for dose escalation. Image registration of ct and aDc map including 
GtV and the region for dose escalation was performed through rigidbody registration in 
image registration toolkit (ItK). In addition, each contour was derived and overlaid on ct. 
center or specific local region of GtV showed higher aDc, thus dose escalated region of five 
patients were distinct from the rest of GtV. Intensity modulated radiation therapy (IMRt) plan 
delivering different target dose was performed while sparing critical structures. Dose volume 
histogram, equivalent uniform dose (eUD) based tumor control probability (tcP) and normal 
tissue complication probability (ntcP) were analyzed to compare the planning results with 
that of conventional planning. the region for the dose escalation were demarcated using the 
aDc from the diffusion DW MR images and individual patient’s pathological information on 
MR images was be reflected in treatment planning of glioma. In further study, if the tract of 
infiltrating white matter is also be considered, high risk tumor will be elaborately included 
in region for dose escalation.

P-66    

MaGnetIc Resonance sPectRoscoPIc fInDInGs of MenInGIoMas tReateD WItH 
GaMMa KnIfe RaDIosURGeRY; an eaRlY PReDIctIVe MetHoD on tUMoR ReGRessIon  

Shin Jung (Chonnam National university Hwasun Hospital, Hwasun, Korea)
Kyung-sub Moon (1) seung-Jin Park (1) tae-Young Jung (1) In-Young Kim (1) sam-suk Kang (1) 
(1) chonnam national University Hwasun Hospital, Korea  

objectives: Recent studies have shown that magnetic resonance spectroscopy (MRs) might 
provide measures of the biochemical and functional status of meningiomas. In this study, 
we set the focus on evaluating tumor regressions and MRs findings of meningioma in early 
period after GKRs. 
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materials and methods: to 21 patients who had undergone GKRs for meningiomas, serial 
multi-voxel proton MRs and conventional MR imaging were performed underwent in every 
6 month after GKRs. Using volumetric analysis of osiris Version 4, 8 patients were classified 
into reduction group (more than 10% regression), 8 into unchanged group, and 5 into 
increased group. several metabolites in MRs, such as choline, creatine, choline/creatine ratio, 
n-acetil-aspartate, and lactate were estimated and statistically analyzed in both groups. 

results: the mean tumor volume was 5.91 cc (range, 0.�8-�9.17). the mean prescription 
dose was 1� Gy (range, 11-14). on MRs studies, lactate/creatine ratio was higher than 1.5 
in the reduction (75%) & increased (60%) groups on MRs 6 months after GKRs. Interestingly, 
on MRs 12 months after GKRs, this increased lactate/creatine ratio sustained in increased 
group (80%, vs 12% in reduction group). 

Conclusion: lactate/creatine ratio on MRs could be a predictive factor for early volume 
changes after GKRs for meningiomas. further studies are needed to evaluate the role of MRs 
on biochemical changes of meningiomas after GKRs. 
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oPtIMIzatIon of tReatMent tIMe bY DefInItIon of MatRIX centeR In leKsell 
GaMMa KnIfe RaDIosURGeRY 

Cyong-Lian guo (E-da Hospital, Kaohsiung, Taiwan)
Guo (1) cheng-loong liang (2) 
(1) e-Da Hospital, taiwan  

Purpose: the uncertainty of the treatment time in leksell Gamma Knife Radiosurgery (GKRs) 
reached �%, there will be some risky effect on radiation output. the purpose of the study 
is to optimize the treatment time by comparison of three different methods for the matrix 
center definition..

materials and methods: the dose distribution in a GKRs treatment planning is calculated 
by �1/�1/�1 matrix calculation points (cP) in the region of interest (RoI). the RoI can be 
verified by altering the grid size and changing the center of matrix. there are three different 
methods of the matrix center definition for comparison in this study. the first method is the 
random method that the center of matrix is defined randomly with a minimal grid size. the 
second method is the geographic center method that the center of matrix is defined as the 
center of all the isocenters with a minimal grid size. the third method is the maximal dose 
point (MDP) method that the center of matrix is defined accordance with that the MDP is 
located on one of the cP.

results: among the �0 treatment plans, 15 have a small tumor size (range: 2.8-4.9 ml) and 
the remainder have the large tumor size (range: 9.�-15.2 ml). the treatment time of the 
same treatment planning calculated by the random method, geographic center method and 
the MDP method were compared. the treatment time of the MDP method is the shortest 
compared with the other methods. there is a 2-�% difference between MDP method and 
the other methods. the results of the study suggest that matrix center defined by the MDP 
method could optimize the treatment time.
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Conclusion: after GKRs planning is completed, using the MDP method to defined the matrix 
center could obtain an optimal treatment time.

Keywords: Gamma Knife Radiosurgery, exposure time, maximum dose point, calculated 
point.
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coMPaRIson of DIffeRent MaGnetIc Resonance IMaGInG seQUences foR GaMMa 
KnIfe steReotactIc RaDIosURGeRY of tRIGeMInal neURalGIa

K.P. Ng (gamma Knife Centre HK Ltd, Hong Kong, Hong Kong)
Yu (1) tK Robert Ho (1) 
(1) Gamma Knife centre, Hong Kong  

objectives: to investigate different magnetic resonance imaging sequences in targeting and 
treatment planning of trigeminal neuralgia for Gamma Knife radiosurgery.

methods: Different MR sequences (�D t1 ffe, t2/lonG tse and balanced tfe) from a 1.5t 
MRI were used and compared for delineation of the trigeminal nerve and surrounding blood 
vessels. slice thickness of (0.5-1.0) mm was used for the MR sequences. the geometric 
accuracy of the MR sequences was compared using fiducial marker deviations. the target 
can also further delineated by image fusion of the �D images with other MR sequences in 
the treatment planning system (tPs). effects of slice thickness from different MR sequences 
on the geometric accuracy were also investigated When only one patient was available 
in the study on the effects of slice thickness, the best estimated standard deviation of the 
geometric accuracy value is used instead.

results: a preliminary study of 6 patients, 4 women and 2 men, were treated for trigeminal 
neuralgia since october 2007 after installation of the Gamma Knife Perfexion. both t2/lonG 
tse and balanced tfe MR sequences are better in delineation of the trigeminal nerve and 
blood vessels than the �D t1 ffe sequence alone. the mean geometric errors of t2/lonG tse 
with slice thickness of 0.5 mm and 0.7 mm are 0.5±0.� mm and 0.� ±0.1 mm respectively. 
on the other hand, the mean geometric errors of balanced tfe with slice thickness of 0.5 mm 
and 0.7 mm are 1.5±0.6 mm and 1.� ±0.5 mm respectively. the mean geometric errors were 
found to increase with the decreases in slice thickness. for very thin slice thickness of 0.5 mm, 
the mean errors may be comparable to the slice thickness or even greater than that.

Conclusion: the use of t2/lonG tse or balanced tfe MR sequences allowed the delineation 
of the trigeminal nerve in an accurate way. However, the balanced tfe MR sequence caused 
more geometric inaccuracies when compared to t2/lonG tse. fusion of the �D with the 
t2/lonG tse gave an image that distinguished the trigeminal nerve and the blood vessels 
clearly. It is also found out the geometric inaccuracy for the MR sequences increased when 
the slice thickness decreased. this may due to more noise was generated when the slice 
thickness is decreased.
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cYbeRKnIfe RobotIc RaDIosURGeRY as salVaGe tHeRaPY foR locallY RecURRent 
PRostate canceR afteR eXteRnal beaM RaDIotHeRaPY 

giancarlo Beltramo (Head of Cyberknife radiotherapy unit, milano, Italy)
andrea Vavassori (1) barbara Jereczek-fossa (1) Dario zerini (1) livia corinna bianchi (1) lorenzao brait 
(1) achille bergantin (1) federica locatelli (1) Piero fossati (1) Roberto orecchia (1)
(1) european Institute of oncology, Milan, Italy  

objective: the medical records of 6 patients diagnosed with locally-recurrent prostate 
cancer after external beam radiotherapy and treated with cyberknife were retrospectively 
reviewed. 

material and methods: between 08/2007 and 05/2008, 6 patients diagnosed with locally-
recurrent prostate cancer after ebRt were referred to our center for salvage treatment with cK 
stereotactic radiosurgery. the ebRt median dose was 80 Gy (range 70-80 Gy). five patients 
received also hormonal therapy, 2 of them only as neoadjuvant treatment. the median time 
to failure was 74.6 months (range 18.6-118.2 months). all patients had a negative metastatic 
work-up, and all patients but one had a prostatic biopsy before reirradiation: the median 
proliferative index (ki67) was 12% (range �-21%). the median pre-reirradiation Psa was 
4.0� ng/ml (range 2.19-14.11 ng/ml). five patients received neoadjuvant and concurrent 
androgen deprivation ablation with cK. the median time interval between previous ebRt 
and salvage cK was 79.7 months (range ��-1�1.9 months). the median age of the patients 
at the time of cK was 67.5 years (range 62.6-7�.9 years). the treatment regimen consists of 
a total dose of �0 Gy delivered at 6 Gy per fraction, with > 95% of the PtV encompassed 
within the prescription isodose, while keeping the maximum doses to urethra and rectum 
lower tan 125% and 75% of the prescribed dose, respectively.

results: after a median follow up of 8.5 months (range, 4.6-14.� months) no patient 
developed severe urinary or rectal acute toxicity (no bladder outlet obstruction, no gross 
haematuria, no proctitis). two patients referred transitory moderated perineal pain. all 5 
patients with a follow up higher than 6 months (range, 7-14.� months) have experienced no 
major adverse late effects higher than RtoG-grade 2 (no urethral stenosis, no incontinence, 
no rectal bleeding). of the 6 patients, one of the 2 hormones naïve patients experienced 
biochemical re-recurrence without clinical progression after 7 months, one patient developed 
bf one year after cK treatment and one patient had a bf with clinical progression (bone 
metastases) during adjuvant hormonal treatment after 6 months.

Conclusion: our preliminary results indicate that image-guided robotic radiosurgery appears 
to be a safe salvage option after ebRt with very low urinary and rectal acute morbidity.
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steReotactIc RaDIo - sURGeRY of lUnG noDUles: fIRst eXPeRIences 

Davide Di gennaro (Salerno university Hospital, Salerno, Italy)
Giuseppe bove (2) bruno curcio (1) orientale antonio (1) spagnoletti Girolamo (2) Plotino Giovanni (2) 
(1) salerno University Hospital, Italy (2) foggia University Hospital, Italy  
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Introduction: a joint program for encephalic and body radiotherapy/radiosurgery treatments 
started in 2008, in foggia and salerno University Hospitals. these Radiotherapy Departments 
irradiate together more than 1200 patients/year, with 4 elekta linacs.

objective: this study reports an early experience of Radiotherapy Departments that studied 
the implementation of a stereotactic body Radiation therapy Program.

methods: Radiosurgery is approved in the clinical course of oncologic patients, when 
affected by lung metastasis from other sites. In this starting period we decided to treat 
patients with Karnofsky status > 80, affected by metastatic lung nodules, from histologic 
proven tumors of other sites, max.diameter < � cm. We used eleKta PRecIse linacs, with 
a brainlab Micro-multileaf, and boDY-fIX immobilization device.

results: We have treated 4 patients, with a an average follow-up period of 6 months (4-8 
months). the lesion volumes varied from 1.�7 – 2.87 ccm (average 2 ccm). the fields were 
always coplanar, and their number varied from 14 to 18. there was 1 patients who received 
�7.5 Gy in � fractions (80% isodose), and � patients who received 26 Gy in 1 single fraction 
(at 80% isodose). all lesions are controlled, until now, with no local progression. there were 
no complications.

Conclusion: In our first experiences stereotactic body Radiotherapy is a safe and practical 
option to treat lung metastatic nodules. It is very useful in a General Radiotherapy Department; 
and a single dose of 26 Gy is associated with high tumor control and no complications. 
nonetheless, we need a longer follow-up and more patients to further evaluate the efficacy 
of the procedure. 
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IsolateD sInGle lYMPH noDe RecURRent PRostate canceR: PRelIMInaRY 
ResUlts In 14 PatIents tReateD WItH lInac- oR cYbeRKnIfe-baseD steReotactIc 
HYPofRactIonateD RaDIotHeRaPY 

giancarlo Beltramo (Head of Cyberknife radiotherapy unit, milano, Italy)
barbara Jereczek fossa (0) Giampiero catalano (0) cristina Garibaldi (0) livia corinna bianchi (0) 
lorenzo brait (0) achille bergantin (0) federica locatelli (0) andrea Vavassori (0) Dario zerini (0) 
Roberto orecchia (0)  

objective: lymph node recurrent prostate cancer after the primary treatment is considered 
unfavorable situation and systemic hormonal therapy (androgen deprivation, aDt) is almost 
always the only approach proposed to the patient. We present here preliminary results in 
terms of feasibility and early disease control in the prostate cancer patients treated with 
either linac- or cyberknife-based sRt for single lymph node disease. 

methods and materials: fourteen patients with isolated single lymph node recurrent 
prostate cancer were included in the study between December 200� and february 2008. the 
median age of the patients was 70 years for the primary treatment, radical prostatectomy 
and postoperative irradiation, exclusive radiotherapy and prostatectomy was performed in 
10, � and 1 patient. all patients underwent [11c]choline-positron emission tomography/
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computer tomography ([11c]choline Pet/ct) in order to exclude other sites of disease . for 
linac-based sRt doses ranged from 24 to 45 Gy (median 27 Gy) given in 2 fractions. for 
cyberknife-based sRt, Multiplan (v. 2.0.5 accuray, Usa) was employed. In all patients a 
radio-opaque fiducial marker was implanted. total ck (median �2 Gy) given in �-4 fractions 
sRt doses ranged from �0 to �6 Gy .cyberknife sRt or linac sRt was applied in 7 and 7 
patients, respectively. biochemical failure was defined as post-sRt Psa nadir + 0.1. 

results: all patients completed planned sRt. sRt duration ranged from � to 8 days (median, 
4.4 days). no acute toxicity was observed. late toxicity was evaluated in 1� patients with 
follow-up > � months. no late toxicity was observed in 12 patients. one patient experienced 
rectal tenesmus (Grade 2). the median follow-up was 1�.5 months (range: 4.6-�9.4). no 
exclusive biochemical failure was observed. clinical progression was observed in 6 patients 
after a median time of 10 months (range: 5.�-20.7 months) from the completion of sRt. 
two of them showed distant metastases (one of whom involved bones), 4 showed regional 
lymph node progression. no in-field clinical progression was observed. all events of clinical 
failure but � were preceded by biochemical progression. at the time of the analysis, 1� 
patients are alive with no evidence of disease, 6 are alive with clinically evident disease, one 
patient died heart infarct. 

Conclusion: our study showed the feasibility of the sRt for isolated single lymph node 
recurrent prostate cancer further investigation is warranted.

P-72    

Real-tIMe IMaGe-GUIDeD steReotactIc RaDIosURGeRY foR PRostate canceR: a 
PRelIMInaRY RePoRt 

Weonkuu Chung (Konyang university medical Center, Daejeon, Korea)
su jung sim (1) Gha Jung Kim (1) chul Ki Min (1) Young seop chang (2)    

Introduction: In this study, we evaluated the clinical response to and complications 
from robotic stereotactic radiosurgery with a Generation 4 (G4) cyberKnife® (accuray 
Incorporated, sunnyvale, california, Usa) for the treatment of prostate cancer.

methods and materials: We analyzed 16 patients between the ages of 58 to 80 (median 
age 64) diagnosed pathologically at our hospital or at other hospitals with adenocarcinoma 
of the prostate. six patients were staged as t2an0M0, five patients as t2bnoM0, and four 
others as t2bn1M0, t�an0M0, t�bn0M0, and t�bn1M0, respectively. ecoG performance 
scores were generally favorable. three to four fiducial markers were implanted in or around 
the tumors for each patient before the recording of their planning ct studies. the two node-
positive patients were treated with conventional radiation therapy to 40 Gy in 20 fractions 
delivered to the whole pelvis followed by 18 Gy or 19.5 Gy in � fractions as a boost to the 
lesion. the affected nodes were also treated with conventional radiation to 20 Gy in 10 
fractions. the gross tumor volume (GtV) ranged between 49.4 cc and 125.4 cc (median 8�.8 
cc). the planning treatment volume (PtV) included the GtV plus a � to 5mm margin. a dose 
of 18 Gy to �6 Gy (median �4 Gy) was prescribed to the 67% to 76% isodose line (median 
71%) and delivered in � to 4 fractions. Median follow-up period was 14 months. clinical 
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outcomes were evaluated through Psa measurements (free, total) and MRI every � months 
after the treatment.

results: all patients were evaluable for response and complications. no biochemical 
failures were identified. We observed a complete response in all patients. With regard to 
complications, one case of grade II radiation colitis (6.2%) was noted. this one patient 
(t2an1), who had undergone conventional radiation therapy of 40 Gy in 20 fractions to the 
whole pelvis before receiving 19.5 Gy in � fractions as a boost to the PtV, experienced rectal 
bleeding but recovered after being treated with steroid enema.

Conclusion: Real-time image-guided stereotactic radiosurgery with cyberKnife is a feasible 
treatment option with an acceptable short-term complication rate in prostate cancer. However, 
we need longer follow-up to reach conclusions with regard to outcome. Randomized clinical 
trials will also be needed to determine optimum treatment conditions and ideal patient 
selection criteria.

P-73    

boDY RotatInG GaMMa sYsteM RaDIotHeRaPY coMbIneD WItH sYncHRonoUs 
HYPeRtHeRMIa anD cHeMotHeRaPY foR PRIMaRY HePatocellUlaR caRcInoMa

Jingbo Kang (Aohua medical group, Navy general Hospital, Shenzhen, China)
Jingbo Kang (1) Qing nie (1) liping zhang (1) 
(1) navy General Hospital, china  

objective: to evaluate the clinical effect of body Rotating Gamma system (bRGs) radiotherapy 
combining with synchronous hyperthermia and chemotherapy for Primary Hepatocellular 
carcinoma.

methods: from July 2004 to July 2006, fifty-three patients with primary hepatocellular 
carcinoma were treated in our center, 4� cases of men, 10 women, aged 27 to 80 years 
old, median age 54 years old. Pathology confirmed 45 cases, the use of isotope fDG tumor 
imaging combined with alpha-fetoprotein blood and other diagnostic imaging in 8 cases.
all patients were treated by bRGs e radiotherapy combined with synchronous hyperthermia, 
among which, 20 patients were treated by bRGs radiotherapy combined with synchronous 
hyperthermia and chemotherapy. 55% to 70% of the dose, such as enveloping the planned 
target; dose 2.8Gy ~ 5Gy / times, the number of treatment for 8 to 1�, with a total radiation 
dose �0.8Gy ~ 49.4Gy; daily or every other day treatment. Hyperthermia using the canal, 
anus, such as temperature; 2 times a week, a total of 6 times in the 4h after treatment with 
bRGs, and to maintain the temperature 41.5 ~ 44.50 1h; 20 patients in therapy at the same 
time to give chemotherapy, methods carried out in the heat at the same time, given tegafur 
intravenous infusion of 0.6 ~ 1.0g, 0.2g intravenous calcium folinate, medication total of 
4 to 6 times. 

results: three months after treatment, the over effective rate was 8�.0% (44/5�) by 
Imaging showed. the local control rate at 1-years, 2 -years were 60.6% (20/��), ��.�% 
(11/��) and the survival rate at 1-years, 2 -years were 6�.6%, ��.�%, respectively in bRGs 
radiotherapy combined with synchronous hyperthermia group. the local control rate at 1-
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years, 2-years were 65.0% (1�/20), �5.0% (7/20),the survival rate at 1-years, 2-years were 
70.0%, 40.0%, respectively in bRGs radiotherapy combined with synchronous hyperthermia 
and chemotherapy. no serious complications were found in the follow up period.

Conclusion: bRGs radiotherapy combining with synchronous hyperthermia and 
chemotherapy is an effective treatment for the primary hepatocellular carcinoma.

references: 
1.  Greco c, catalano G, Di Grazia a,et al. Radiotherapy of liver malignancies. from whole 

liver irradiation to stereotactic hypofractionated radiotherapy. tumori. 2004 Jan-
feb;90(1):7�-9

2. Dawson la,McGinn cJ,lawrence ts.conformal chemoradiationfor primary and 
metastatic liver malignancies. semin surg oncol.200�
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steReotactIc RaDIotHeRaPY UsInG noValIs foR sKUll base Metastases 
DeVeloPInG cRanIal neRVe sYMPtoMs 

yoshimasa mori (Nagoya Kyoritsu Hospital, Nagoya, Japan)
chisa Hashizume (1) tatsuya Kobayashi (1) naoki Hayashi (1) Yuta shibamoto (2) 
(1) nagoya Kyoritsu Hospital, Japan (2) nagoya city Graduate school of Medicine, Japan  

skull base metastases are challenging situations because they often involve critical structures 
such as cranial nerves. stereotactic radiotherapy (sRt) can give high dose to the tumors 
sparing normal structures. 

We treated 14 cases of skull base metastases from other visceral malignant neoplasms. 
thirteen patients had neurological symptoms by cranial nerve involvement including optic 
nerve (4 patients), oculomotor (�), trigeminal (6), abducens (1), facial (�), acoustic (1), and 
lower cranial nerves (1). the interval between the onset of cranial nerve symptoms and 
novalis sRt was a half month to 7 months. fourteen tumors of 8 to 112 ml in volume were 
treated by novalis sRt with 25 to 50 Gy in 5 to 14 fractions. the tumors were covered by 
90 to 95% isodose. 

Imaging and clinical follow-up has been obtained in 8 patients for 2 to 1� months after 
sRt. only one patient died from primary hepatocellular carcinoma 9 months after novalis 
sRt. all 8 metastatic tumors were locally controlled until the end of the follow-up time or 
patient death, though retreatment for re-growth was done in one patient. In 6 of 8 patients 
with cranial nerve deficits the symptoms were improved completely or partially. In all 6 
cases with cranial symptoms treated recently, though no follow-up imaging was obtained 
so far, somewhat improvement of cranial nerve symptoms were observed even during the 
treatment. 

novalis sRt is thought to be safe and effective treatment for skull base metastases with 
involvement of cranial nerves and it may improve cranial nerve symptoms quickly. 
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tHe clInIcal stUDY of boDY RotatInG GaMMa sYsteM RaDIotHeRaPY foR tHe 
RecURRence of PRostate canceR  

Jingbo Kang (Aohua medical group, Navy general Hospital, Shenzhen, China)
Jing-bo Kang (1) Qing nie (1) li-ping zhang (1) Qi-liang li (1) 
(1) aohua Medical Group, navy General Hospital, china  

objectives: to evaluate the clinical effect of body Rotating Gamma system (bRGs) 
radiotherapy for the recurrence of prostate cancer. 

methods: a total of �1 patients with recurrence of prostate cancer were treated by bRGs 
radiotherapy. Median age 72 years, 61-85 years. all patients with pathologically confirmed 
prostate cancer. 11 cases of prostate cancer received radical mastectomy, from the time the 
treatment of more than 12 months, of which 2 cases have received radiation therapy, the 
dose of �8 ~ 50 Gy; 15 patients have been treated with bilateral orchiectomy, in which 
9 cases at the same time taking endocrine Drug treatment, � cases received radiotherapy 
treatment (dose 50 ~ 60 Gy), from the shortest duration of treatment for more than  
6 months, only five cases of the use of endocrine drug treatment. bRGs treatment Psa 
values were higher than normal, ranging from 26.5 ~ 155.0 ng / ml, the median value of  
47.0 ng/ml. bRGs radiotherapy were delivered �,5Gy-5Gy/fraction (60-70% isodose curve 
include 95% PtV ) and 10-1� fractions for the patients ,the total doses were 40 Gy-55 Gy.  
1� patients were treated by androgen deprivation therapy synchronously and after.

results: Psa value reached cR 19 cases, of which at the end of treatment to achieve cR 5 
cases, � months after treatment to achieve cR 10 cases and 6 months after treatment to 
achieve cR 4 cases; Psa value reached PR 10 cases, � months after treatment to reach PR 
8 cases, 6 months after treatment to achieve PR 2 cases; 6 months after treatment Psa nc 
2 cases. the total effective rate of ct or MRI was 77.4% (24/�1). the total survival rate at  
� years was 61.�%. the survival rate of bRGs radiotherapy combined with endocrinotherapy 
at � years was 61.5%. the survival rate of bRGs radiotherapy alone at � years was 61.1%. 
after the end of the treatment of three months, 14 cases of patients with dysuria in 1� cases 
of varying degrees to improve to improve the rate of 92.9% (1�/14); 8 cases of patients with 
bone pain in 7 cases of varying degrees of pain relief. Pain remission rate of 87.59% (7 / 8). 
no serious complications were found in the follow up period.

Conclusion: bRGs radiotherapy is an effective treatment for the recurrence of prostate 
cancer.
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boDY-GaMMa KnIfe RaDIotHeRaPY coMbIneD WItH sYncHRonoUs cHeMotHeRaPY 
foR locallY aDVanceD non - sMall cell lUnG canceR (nsclc)

Qing Qie (Aohua medical group, Navy general Hospital, Shenzhen, China)
Jingbo Kang (1) liping zhang (1) 
(1) aohua Medical Group /navy General Hospital, china  

objective: to evaluate the theraputic effect of body-gamma knife radiotherapy combined 
with synchronous chemotherapy for locally advanced non-small cell lung cancer. 

methods: �58 cases of locally advanced nsclc patients were divided into two groups from 
January 2004 to January 2006. 197 patients in one group were treated with the body-
gamma knife radiotherapy alone, while 161 patients in another group were treated with the 
body-gamma knife radiotherapy combined with synchronous chemotherapy. body-Gamma 
Knife radiotherapy were delivered �,5Gy-5Gy/fraction (55-70% isodose curve include 95% 
PtV ) and 10-1� fractions for the patients, the total doses were 40Gy-55Gy .the synchronous 
chemotherapy in nP (nVb +DDP) was performed synchronously with the body-gamma knife 
radiotherapy and regimen/� cycles .

results : the total effective rate was of three months after treatment was 84.4% (�02/�58). 
the effective rate was of three months after treatment was 81.7% (161/197) with the body-
gamma knife radiotherapy alone. the effective rate was of three months after treatment 
was 87.6% (141/161) with the body-gamma knife radiotherapy combined with synchronous 
chemotherapy. the total survival rates at 1,� years were 49.2.0%, 24.9%. the 1-year,  
�-year survival rate of the body-gamma knife radiotherapy alone group were 48.2% and 
21.8% respectively. the 1-year, �-year survival rate of the body-gamma knife radiotherapy 
combined with synchronous chemotherapy were 50.�% and 28.6%. serious adverse effects 
and complications were not seen. 

Conclusion: body-gamma knife radiotherapy combined with synchronous chemotherapy 
may have short-term therapeutic effects for the local advanced non-smal cell lung cancer 
with minor adverse effects, possible definite elevation of the survival rate.

P-77    

DeVeloPMent of a DefoRMable lUnG PHantoM foR tHe eValUatIon of 
DefoRMable ReGIstRatIon 

Jina Chang (Catholic university, Seoul, Korea)
tae-suk suh (1) Dong-soo lee (1) 
(1) Department of biomedical engineering, college of Medicine, catholic University, Korea (2) 
Department of nuclear Medicine, seoul national University Hospital, Korea   

the purpose of this study was to develop a deformable lung phantom prototype to account 
for the patient breathing motion, and to evaluate for a deformable image registration 
algorithm. the phantom consisted of an acryl cylinder filled with water and a latex balloon 
located in the inner space of the cylinder. this latex balloon simulated the thoracic cavity, 
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and it was filled with sponges and targets, which were embedded in the sponges. a silicon 
membrane was attached to the inferior end of the phantom. the silicon membrane was 
designed to simulate a real lung diaphragm and to reduce motor workload. this specific 
design was able to reduce the motor size of the phantom. Verification of deformable 
registration was based on peak exhale and peak inhale breathing phases. the isocenters 
of the targets on the coreplan radiation planning system were compared for quantitative 
registration evaluation. the registration differences ranged from 0.85 mm to 1.47 mm, 
and accuracy was determined according to target deformation. this phantom was able to 
simulate the features and deformation of real human lung and has the potential for wide 
application in radiation treatment planning.

P-78    

tHe Use of tHe PIXel sensItIVItY VaRIatIon coRRectIon of electRonIc PoRtal 
IMaGInG DeVIce (ePID) 

Sang Hoon Jung (Asian medical Center, Seoul, Korea)
sung Ho Park (2) Geum Mun back (1) eun Kyung choi (2) Jong Hoon Kim (2) sang-wook lee (2) si Yeol 
song (2) seung Do ahn (2) 
(1) Department of Radiation oncology, asian Medical center, Korea (2) Department of Radiation 
oncology, asian Medical center, University of Ulsan, Korea

Purpose: to improve accuracy of dosimetry using electronic portal imaging device (ePID), 
pixel sensitivity variation of ePID was measured, and correction method suggested by  
P. Greer (2005) was derived from matrices of pixel sensitivity variation (PsM). ePID images 
were acquired and corrected by using the PsM. the dose profiles from the corrected ePID 
images were compared with those measured by using the ion chamber and simulated by 
using McnPX.

material and methods: Pixel sensitivity variation for 6 MV photon was measured, and a 
matrix of the pixel sensitivity variation (PsM) was calculated. ePID image for 10x10 cm2 
field was acquired with sDDs of 110 cm, and the profile from the image was corrected 
by applying PsM correction. the profile above 90% was compared to those by using ion 
chamber at depth of 1.5 cm in water phantom. the profile was also compared a profile from 
the simulated ePID image for 10x10 cm2 field with 6 MV photon by using McnPX. 

results: Difference between the profiles from the original ePID image and that by using ion 
chamber was investigated to be �.7�% in root-mean-square (RMs), and difference between 
the profiles corrected by PsM and that by using ion chamber was investigated to be 1.79%. 
Difference of the corrected profiles and that from the simulated ePID image was investigated 
to be 1.01%.

Conclusion: the profile from ePID image corrected by applying PsM correction was good 
agreement to those from ion chamber and Mc simulation. as dosimetric accuracy can be 
improved by the PsM correction, a feasibility of ePID dosimetry could be investigated.



PosteR abstRacts

298

tUesDaY, 9 JUne 2009 11:00-12:00 
anD WeDnesDaY, 10 JUne 2009 10:�0-11:�0

P-79    

feasIbIlItY stUDY of RaDIotHeRaPY sYsteM DeVeloPeD at KIRaMs 

Seungwoo Park - Korea Institute of radiological And medical Sciences (Seoul, Korea)
Haijo Jung (1) Kum bae Kim (1) Young Hoon Ji (1) 
(1) Div. of Radiation cancer Research, Korea Institute of Radiological & Medical sciences, Korea  

Purpose: KIRaMs (Korea Institute of Radiological & Medical sciences) is conducting the 
research to develop Gating Radiotherapy (GRt) system and Dynamic tumor tracking 
Radiotherapy (DttRt) system using Mlc. this study intended to quantitatively assess of GRt 
system and DttRt system realized in KIRaMs and evaluate effectiveness and efficiency of 
beam delivery for the both Rt system.

material and methods: the evaluation condition were no organ movement, organ 
movement with a maximum 1 cm displacement in the x direction and organ movement 
simultaneously the gate or Mlc was moving within limited widths. a dose of 4Gy was 
delivered at the ssD of 100 cm using cobalt 60 therapy unit with the organ movement 
simulator. to evaluate the quantitative effectiveness of the developed radiation therapy 
system, penumbra widths were analyzed from the measured target images on ebt film.

results: average penumbra widths dose for DttRt system showed almost same effect 
compared to GRt system operated with the gating rate of 20%. the other side, if radiation 
was exposed to the phantom with 4Gy for the same period of � minutes, radiation dose was 
considered to be same for the GRt system operated in the gating rate of 100% and DttRt 
system. However, the gating rates of GRt system, 20% resulted in the calculated radiation 
dose of 0.8Gy respectively.

Conclusion: In the future, if various verification processes are performed through not only 
verification but also in vivo experiments using a respiratory motion simulator, the applying 
GRt and DttRt system will make high efficiency and accurate radiotherapy possible.

P-80    

DeVeloPMent of Real-tIMe coUcH baseD ResPIRatIon tRacKInG sYsteM (RcRts): a 
feasIbIlItY stUDY  

Suk Lee (Korea university, Seoul, Korea)
Jang bo shim (1) Rena lee (2) Dae sik Yang (1) Young Je Park (1) Won seob Yoon (1) chul Yong Kim (1) 
(1) Department of radiation oncology, college of Medicine, Korea University, Korea (2) Department of 
radiation oncology, school of Medicine, ewha Womans University, Korea  

Purpose: this study aims to obtain body surface motion by using the real-time couch based 
respiration tracking system (RcRts) and laser based scanner, and to develop respiration 
tracking techniques that can adjust patients’ beds by using opposite values of the data 
obtained.

material and methods: the RcRts made to measure body surface motion is composed of 
a �-channel controller, McU, application software, linear actuator (home-made) and alignrt 
(Vision Rt ltd, UK) etc. and the program to control and operate it was developed. after the 
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RcRts was adjusted by entering random movement data, and the couch movements were 
acquired using the alignrt, the two data were compared and analyzed. and then, after the 
motions by respiration were acquired by using a patient, the real-time respiration tracking 
techniques were drawn by operating the RcRts with the opposite values of the data. 

results: the result of analyzing the acquisition-correction delay time for the data value 
shows that the data value coincided within 1% and that the acquisition-correction delay 
time was obtained real-time. 

Conclusion: this study successfully confirms the clinical application possibility of real-time 
motion tracking techniques by using the RcRts.

P-81    

DosIMetRIc IMPact of taRGet PosItIonInG eRRoRs DURInG IMaGe-GUIDeD 
steReotactIc boDY RaDIatIon tHeRaPY foR tHe sPIne 

Siyong Kim (mayo Clinic, Jacksonville, Jacksonville, uSA)
Hosang Jin (1) Huey Yang (2) Robert amdur (�) 
(1) University of florida Proton therapy Institute, Usa (2) Druid city Hospital Medical center, Usa (�) 
University of florida, Usa  

objective: Hypofractionated radiotherapy for spinal lesions with a significantly higher dose 
per fraction has been made. Delivering such high doses per fraction was possible by virtue 
of image-guided radiation therapy (IGRt). In current IGRt approaches, however, most setup 
adjustments are applied to translational directions only. thus, rotational positioning errors 
still exist throughout the patient’s treatment. In addition, targets can be displaced from 
the initial setup during beam delivery which is much longer than before. this study is to 
investigate dosimetric impact of target positioning errors in a single-fraction image-guided 
stereotactic body radiation therapy (IGsbRt) for the spine. 

methods and materials: a prescription dose of 15 Gy and 8 to 9 coplanar intensity-
modulated beams were used. the patient was immobilized with a custom-fit vacuum mold 
and the target was localized using a volumetric cone-beam computed tomography (cbct) 
image. a 6D robotic couch was utilized for target adjustment. for evaluation, a cbct image 
was obtained at the end of treatment. both target positioning error and its dosimetric impact 
were investigated for the first 9 cases. 

results: for cases studied, translational errors were 0.9±0.5 (lateral), 1.2±0.9 (longitudinal), 
0.7±0.6 (vertical), and 1.8±1.0 mm (vector) and rotational errors were 1.6±1.� (pitch), 
0.8±0.9 (roll), and 0.8±0.4 degree (yaw). for the ctV, D95 (dose to 95% of target volume), 
D90, Dmax, and Dmean were evaluated. only one case showed significant dose variations 
reaching up to 18% in D95 and 10% in D90. the spinal cord dose was evaluated by 
observing D0.1 (dose to 0.1 cc), D0.5, D1.0, and Dmax. although one case showed dose 
change reaching up to �0% in Dmax, cord dose was within the planning tolerance limit in 
all but 2 cases (�% higher in one and 0.4% higher in the other). Dose variations caused by 
rotational positioning errors were much smaller than those caused by translational errors. It 
was also observed that the combined effect was not necessarily larger than translation effect 
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only because of possible opposite impacts between them. 

Conclusion: the implemented IGsbRt provides precise target localization. However, despite 
of reasonably precise spatial precision, dosimetric perturbation can be significant because 
of both extremely stiff dose gradients and close distances between the target and the spinal 
cord.

P-82    

VolUMetRIc IntensItY MoDUlateD aRc tHeRaPY foR sPIne boDY RaDIotHeRaPY: 
coMPaRIson WItH statIc IntensItY MoDUlateD tReatMent  

Jackie Wu (Duke university medical Center, Durham, uSA)
Jackie Wu (1) sua Yoo (1) John Kirkpatrick (1) Danthai thongphiew (1) fang-fang Yin (1) 
(1) Duke University, Usa  

Purpose: this clinical study evaluates volumetric modulated arc treatment (VMat) as an 
alternative to static beam intensity modulated treatment (IMRt) for spine stereotactic body 
radiosurgery (sbRt) for (1) dosimetry merits and (2) treatment efficiency.

methods and materials: ten spine (c� to l4) sbRt patients were studied retrospectively. 
IMRt and VMat plans with 1arc and 2arc were performed. 

results: the PtV DVHs were comparable between the VMat and the IMRt plans. only 
VMat (2arc) had better conformity index than IMRt (1.09 vs.1.15). 
IMRt was the best and VMat (1arc) was the worst for cord sparing, with IMRt achieving 
>10% more D1 sparing for 6 out of 10 cases and 7-15% more D10 sparing over the 
VMat (1arc). the difference between IMRt and VMat (2arc) were smaller and statistically 
insignificant at all dose levels. the differences were small and statistically insignificant for 
esophagus sparing. 
the mean MUs were 8711, 77�0 and 6�17 for IMRt, VMat (1arc) and VMat (2arc) plans, 
respectively, with 26% reduction from IMRt to VMat (2arc). the mean treatment time 
was 15.86 minutes for IMRt, 8.56 for VMat (1arc) and 7.88 for VMat (2arc). the average 
integral dose was the lowest for IMRt, and the highest for VMat (1arc). the difference was 
statistically significant only between IMRt and VMat (1arc)(p=0.029). 

Conclusion: although VMat provided comparable PtV coverage and esophagus sparing 
for spine sbRt, 1arc showed significantly worse spinal cord sparing and integral dose than 
IMRt, while 2arc was comparable to IMRt. treatment efficiency is substantially improved 
with the VMat technique.

P-83    

tHRee-DIMensIonal Dose VeRIfIcatIon foR noValIs IntensItY MoDUlateD 
RaDIosURGeRY Plan WItH Gel DosIMetRY

Dong Joon Lee (Inje university Ilsan Paik Hospital, goyang City, Korea)
Moon-Jun sohn (1) sang Won Yoon (2) chae Heuck lee (1) 
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(1) novalis Radiosurgery center, Inje University Ilsan Paik Hospital, Korea (2) Department of 
neurosurgery, Inje University seoul Paik Hospital, Korea  

Purpose: Polymer gel �D dosimeter was used to verify the accuracy of treatment plans 
produced by the treatment planning software and assess the dosimetric uncertainties of 
the radiosurgery procedures. the aim of this study is to investigate the �D dose distribution 
of intensity-modulated radiosurgery (IMRs) treatment using polymer gel dosimeter for a 
selected radiosurgery case.

materials and methods: a spherical glass flask (160mm-radius) filled with the polymer 
gel dosimeter was fixed with in the stereotactic head frame. and the intensity-modulated 
radiosurgery (IMRs) treatment procedure was simulated to a selected preclinical concave 
shaped pituitary tumor closed to the optic pathway. Images of the gel dosimeter were 
acquired using a simens 1.5t MR imager. the images transferred to a planning computer for 
which a data analysis and compare to dose distribution produced by planning software.

results: Root mean square differences between the dose profile measured with gel 
dosimeter and computational pre-planned beams profiles by planning software were within 
�% in the high dose gradient regions. and spatial deviations were not more than 2.5mm. 
the �D dose profile using gel dosimeter shows complied with the pre-determined dose 
volume constrains. 

Conclusion: the polymer gel dosimetry with MR imaging is a valuable method for �D dose 
profile verification of IMRs under clinical conditions. 
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DeVeloPMent of a 4D MoVInG PHantoM foR RePRoDUcInG PatIent InteRnal 
oRGan MotIon 

Jai-Woong yoon (The Catholic university of Korea, Seoul, Korea)
Jai-Woong Yoon (1) tae-suk suh (1)
(1) Dept. of biomedical engineering, college of Medicine, the catholic University of Korea, Korea  

Purpose: to develop a 4D programmable moving phantom to simulate internal organ 
motion and investigate the impact of respiratory motion on dose delivery by comparison 
with phantom measurements. 

method and materials: a moving phantom system was constructed to simulate internal 
organ motion. the system consists of a motion system and an acrylic phantom. the moving 
mechanism is based on �-axis robotic arm. the acrylic phantom has lung and prostate inserts 
where a film cassette and an ion chamber can be inserted. the motion control system was 
composed of three ac servo motors, a motion controller and a Pc-based motion program. 
the motion control program was implemented to move the phantom insert with a non-linear 
(sinusoidal or irregular) motion according to a motion input profile. the user-defined motion 
profile can be generated in a spreadsheet either by calculation using an analytic model such 
as elliptic function or by acquisition of real patient data using the cyberKnife synchronytM. 
an external stereo camera was used to verify the rigid phantom motion. 
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results: User-defined motion trajectory can be reproduced using the programmable moving 
phantom within an accuracy of 0.5 mm, which was verified on the stereo camera system. a 
time interval of 10 ms to update position by the motion controller was enough to recreate 
complicated patient motion trace. 

Conclusion: the 4D programmable moving phantom will be useful for the verification of 4D 
dose delivery and real-time target localization. 

conflict of Interest: this work was supported by a grant of seoul R&bD Program (10550).
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tHe GeneRalIzeD beD MoDel coMPaReD to tHe beD MoDel consIDeRInG 
Doses safe VeRsUs Unsafe to tHe sPInal coRD folloWInG steReotactIc boDY 
RaDIotHeRaPY foR sPIne tUMoRs 

Arjun Sahgal (university of Toronto, Toronto, Canada)
David larson (1) Iris Gibbs (2) Peter Gerszten (�) samuel Ryu (4) scott soltys (2) Vivian Weinberg (1) 
shun Wong (5) eric chang (6) Jack fowler (7) lijun Ma (1) 
(1) University of california, san francisco, Usa (2) stanford University, Usa (�) University of Pittsburgh, 
Usa (4) Henry ford Hospital (5) University of toronto, canada (6) M.D. anderson cancer center, Usa 
(7) University of Wisconsin, Usa  

Introduction: We report a dosimetric analysis of five radiation-induced myelopathy (RM) 
cases compared to a larger series of patients treated where no RM has occurred post-spine 
sbRt. Due to variation in fraction number and dose per fraction, the biologic effective dose 
(beD) was calculated. to overcome limitations of the beD model, the «Generalized beD» 
(gbeD) was developed to incorporate the effects of inhomogeneity of the dose distribution.

methods and materials: five patients with RM are compared to a subset of 19 patients with 
no RM post-sbRt. In all patients, the thecal sac was contoured to represent the spinal cord. 
the gbeD was derived based on the original beD model=nd(1+ d/a/b) where n=number of 
fractions, d=dose per fraction, and a/b represents the tissue radiation sensitivity. the mean 
normalized 2 Gy equivalent beD and gbeD (nbeD and ngbeD, respectively) was calculated 
using an a/b =2 for late neural toxicity to the maximum point (maxp), 0.1, 1, 2, and 5 cc 
volumes. the two patient subsets were compared using the anoVa method, and individual 
mean dose at a given volume compared with the students t-test.

results: the gbeD represents the dose that produces the same biologic effect regardless of 
dose uniformity or fractionation while accounting for volume. at a point volume gbeD=beD, 
and as the volume increases the effect of partial volume distributions is accounted for in the 
derived formula. overall, there was a significant interaction between patient subsets and 
volume with both the nbeD and ngbeD (p=0.000� and 0.0001, respectively) model. Given 
individual volumes, a significant difference was observed for the mean maxp dose using 
the nbeD model (p=0.01), and both the maxp and 0.1 cc volume using the ngbeD model 
(p=0.01).

Conclusion: the maxp should be respected for spine sbRt, a nbeD and ngbeD of 
approximately �0-�5 Gy2 to the thecal sac is safe posing a low risk of RM. the gbeD model 
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may be more sensitive than the beD for inhomogeneous dose distributions allowing for 
prediction of RM at both the maximum point and the 0.1 cc volume.
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MoRPHoloGIc cHanGes In VeRtebRal boDIes folloWInG steReotactIc sPIne 
IRRaDIatIon 

Tom Boike (university of Texas Southwestern, Dallas, uSA)
tom boike (1) Jessie Dickens (1) Ryan foster (1) aktar ali (1) timothy solberg (1) Paul Medin (1) 
(1) University of texas southwestern, Usa
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cYbeRKnIfe RaDIosURGeRY foR MetastatIc sPIne tUMoRs: clInIcal eXPeRIence In 
100 cases

Ihl Bohng Choi (Wooridul Spine Hospital, Seoul, Korea)
sang-Ho lee (2) Jae Hyuk seo (1) Hun Joo shin (1) Myung Ho Kim (1) Hyun Jung lim (1) 
Kue eun Kim (1) Jee-soo Jang (2) Jihoon Jeong (�) 
(1) Department of Radiation oncology, seoul Wooridul Hospital, seoul, Korea (2) Department of 
neurosurgery, seoul Wooridul Hospital, seoul, Korea (�) Department of Institute for biomedical science 
and technology, seoul Wooridul Hospital, seoul, Korea 

Purpose: the authors conducted a retrospective study for preliminary analysis of the results 
from cyberKnife radiosurgery for metastatic spine tumors. 

Subjects and methods: the authors analyzed the treatment records of 100 cases of 
cyberKnife radiosurgery for metastatic spine tumors in seoul Wooridul Hospital between 
December 10, 2007 to Jul 19, 2008. the total number of patients was 66 (�2 males and  
�4 females) aged �5 to 79 (median value 58.15). cases of primary tumors consisted of 
thirteen breast cancer, twelve lung cancer, eight kidney cancer, six liver cancer, six prostatic 
cancer, four thyroid cancer, two colon cancer, two stomach cancer, and two sarcoma patients, 
one patient each of rectal cancer, cholangiocarcinoma, chondro sarcoma, oral cancer, skin 
cancer, and six unknown primary cancer patients. they received fractionated radiotherapy 
one to five times (median value three times) and the marginal tumor dose ranged from 
1500 cGy to 2500 cGy (median value 2100 cGy). the volume of irradiated tumors was 0.48 
cc-428.5 cc (median value �6.14 cc). 70% to 85% (median value 80%) was used for the 
marginal tumor isodose line, and the maximum tumor radiation exposure was �571 cGy 
while the minimum tumor radiation exposure was 1764 cGy. 

results: the follow-up results for 100 cases were analyzed. the mean Visual analogue 
scale was 4.5 before treatment, which improved to �.16 after treatment. the mean 
oswestry Disability Index decreased from 28.1 before treatment to 2�.2 after treatment. for 
complications, two patients experienced temporary nausea and one patient was attacked 
by radiation pneumonitis but fully cured by appropriate symptomatic therapy and steroid 
therapy. no patient experienced radiation myelitis.
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Conclusion: this study found that cyberKnife radiosurgery for metastatic spine tumors 
can relieve the pain of the patients by non-invasive method and effectively manage spinal 
disorders. Judging from these results, cyberKnife radiosurgery can be used as a new therapy 
for management of terminal cancer such as metastatic spine tumors.
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noValIs sHaPeD beaM RaDIosURGeRY foR cRanIal anD sPInal tUMoRs: 8 YeaRs of 
eXPeRIence In KoRea  

moon-Jun Sohn (Inje university, Ilsan Paik Hospital, goyang City, Korea)
Hae-Won Gu (1) Dong Joon lee (1) seong Rok Han (1) sang Won Yoon (2) chan Young choi (1) 
chae-Heuck lee (1) c. Jin Whang (1) 
(1) novalis Radiosurgery center and Department of neurosurgery, Inje University Ilsan Paik Hospital, 
Korea (2) novalis Radiosurgery center and Department of neurosurgery, Inje University seoul Paik 
Hospital, Korea  

Purpose: We review 1,041 clinical experiences of cranial and spinal stereotactic radiosurgery 
for the last 8 years and analyze the clinical results to determine the range and efficacy of 
treatment protocols for the treatment of the wide range of cranial and spinal pathologies.

material and methods: Regarding the cranial Rs (795 cases), 59% were for malignant 
tumors and �4% were for benign tumors. for spinal Rs we had performed 245 cases and 
most of them were malignant tumors; 70% metastatic tumors followed by benign tumors 
and aVM. We analyze clinical results and Kaplan Meier survival curves of those patients 
according to the different pathologies, dose-fraction regime, patients’ condition and tumor 
stages.

results: traditionally, single session radiosurgery have performed for 4�8 cases of cranial 
(�28 cases) and spinal (110 cases) tumors. However, single session Rs was confronted the 
limitations that were tumors location, size & histopathological features such as glial tumor. 
at our center, we have successfully overcome some of these limitations with fractionation 
and intensity modulation. the overall outcome of the spinal radiosurgery was similar as that 
of cranial radiosurgery in benign tumors, such as neurogenic tumor, meningioma and etc as 
well as metastatic lesions.

Conclusion: a hypo-fractionated schedule for treating sellar & parasellar tumors, multiple 
and large tumors has been applied with great success and allowed us to achieve excellent 
clinical outcomes with reduced morbidity. spinal Radiosurgery is now established as a 
clinically viable treatment option for a wide range of challenging lesions that previously 
required invasive surgical procedures.
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oUtcoMe afteR lInac- RaDIosURGeRY foR cHeMoDectoMas 

martin malacek (St. Elisabeth’s Cancer Institute, Bratislava, Slovakia)
augustin Durkovsky (1) Yaroslav Parpaley (2) olexander lysak (�) 
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(1) st. elisabeth’s cancer Institute, bratislava, slovakia (2) Department of neurosurgery, faculty 
Hospital, bonn, Germany (�) Department of neurosurgery, faculty Hospital - Kramare, bratislava, 
slovakia   

Introduction: chemodectomas (usually benign, sometime aggressive/rapidly growing and 
too vascular glomus jugulare tumors involving the temporal bone) are quite rare. from 
5/1992 to 12/2008 they created 1�/97� (1.�%) among all treated patients during 1 070 
radiosurgeries at our department. as a microsurgical radicality of chemodectomas used to 
be unsatisfactory/removal of such lesions can often be associated with injuries of the lower 
cranial nerves/significant bleeding (in spite of previous embolization), the radiosurgery can be 
helpful as a well-tolerated noninvasive replacement/supplement tool. low set of sterotactic 
ring-frame offers possibility to treat also extracerebral parts of these lesions located under 
skull base (up to level c�). outcome of radiosurgically (lInac-radiosurgery = lRs) treated 
patients for chemodectoma has been analysed.

methods: 1� patients (11 females/2 males, their mean age was 55.9 years, range �1-8� 
years) with chemodectoma were treated/retrospectively studied. In four cases a residual 
tumor (after surgery and/or at least one incomplete embolization, in one case the repeated 
lRs has been used) was irradiated, 9 patients underwent only one (primary) lRs-procedure. 
the mean tumor volume was 8.64 ccm (range 0.5-21 ccm), the mean margin dose 15.8 Gy 
(range 12-18 Gy). follow-up (fU) was at least 12 months. the radiological (also MR-/ct-
angiography) tumor changes as well as clinical outcomes were evaluated.

results: fU (also after repeated lRs) was short (10 months) in two cases (a death due to 
non-radiosurgical cause shortened fU without any revealing of radiological outcome in one 
of them), one patient (foreigner) was lost for follow-up. In remaining 10 patients with mean 
fU 68.1 months (range �0-128) overall final results showed a tumor growth control in all of 
them in addition to decreased vascularity in three cases. one lRs has been repeated after 
fU 45 months (with a tumor control after fU 46 months). In 10 (90.9%) out of 11 followed 
patients some meliorations or disappearances of previously evaluated clinical symptoms/
signs (e.g. pulsatile tinnitus) were found.

Conclusion: lRs is safe/minimally invasive replacement/supplement of classical surgery, 
offering a high incidence of tumor control rate with relatively minimal risks for patients 
harboring these temporal bone/neck lesions. It can be can be used also in patients with 
chemodectomas having some cervical extension. there were no serious treatment 
complications.
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DeVeloPMent of tHe PRactIcal GUIDelInes of Pet-ct QUalItY assURance 

Kyung Hoon Hwang (gachon univ. gil Hospital, Incheon, Korea)
byeong-il lee (1)
(1) chonnam national Univ. Hospital, Korea  

Introduction: Positron emission tomography combined with computed tomography (Pet-



PosteR abstRacts

�06

tUesDaY, 9 JUne 2009 11:00-12:00 
anD WeDnesDaY, 10 JUne 2009 10:�0-11:�0

ct) provides both functional and anatomical images of high quality noninvasively. Recently, 
increase in the use of Pet-ct for diagnosis of the cancer and the planning of radiation 
therapy accrues the demands for accurate evaluation of system performance and well 
designed programs of quality assurance. We analyzed the quality assurance practice in the 
Pet-ct laboratories and developed the practical guidelines of Pet-ct quality assurance.

methods: the survey questionnaire were send to 60 Pet-ct laboratories and the data of 
quality assurance practice were collected. We reviewed the surveyed data and the quality 
assurance systems of foreign counties and made the practical guidelines of Pet-ct quality 
assurance. 

results: the developed practical guidelines of Pet-ct quality assurance consists of practical 
items of performance evaluation and protocols for quality assurance. for �0 Pet-ct 
laboratories, we are investigating the usefulness of the new guidelines.

Conclusion: We developed the new practical guidelines of Pet-ct quality assurance. 
these guidelines could be used to guarantee the confidence of Pet-ct imaging as a quality 
assurance keeper.
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aPPlIcatIon of fRIcKe DosIMeteR foR tHe calIbRatIon of HIGH eneRGY X-RaY beaM 
In teRMs of absoRbeD Dose to WateR 

Kook Jin Chun (Korea research Institute of Standards And Science, Daejon City, 
Korea)
Hah (1) chul-Young Yi (1) Hyun Moon Kim (1) 
(1) Korea Research Institute of standards and science, Korea  

Purpose: In this study, we set up the procedure for the determination of absorbed dose to 
water in the high energy X-rays used in radiotherapy and radiosurgery using fricke dosimeter 
developed at KRIss. 

material and methods: a set of fricke dosimeters were irradiated by the 60co gamma-
ray with various accumulated absorbed dose and the absorbance of each dosimeter was 
measured using Varian caRY 400 spectrophotometer. from the plot of accumulated dose 
vs. absorbance, the calibration factor was estimated. the absorbed dose to water in the 
high energy X-ray was then obtained by the equation of [DW]Q=nW(60co)¥ª¥ä(oD)¥ªf, 
where nW(60co) is the calibration factor in 60co gamma-ray, ¥ä(oD) is the absorbance 
measurement and fQ is the correction factor to be determined by the measurement and 
the Monte carlo calculation. eGsnrc code was applied to calculate fQ. for the feasibility of 
the simulation, the calculation of PDD for 60co gamma-ray has been compared with the 
ionometric measurement of absorbed dose to water. 

results: the calibration factor in 60co gamma-ray is obtained from the slope of the plot 
of the accumulated dose vs. absorbance and its value is �.4621¥ª10-� with the linearity of 
0.9996. the calculation of the conversion between the solution to water is 1.004 and the wall 
perturbation correction is 0.991 for 6 MV X-ray. absorbed dose to water measurement for 6 
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MV X-ray using fricke dosimeter was 17.5� Gy at the reference point upon the irradiation of 
20 Gy with uncertainty of 1.02 % (1 ¥ò). 

Conclusion: the technology of measuring absorbed dose to water in the high energy X-ray 
based on the measurement in 60co gamma-ray using fricke dosimeter has been developed. 
thus, the fricke dosimeter will be used for the clinical beam calibrations in terms of absorbed 
dose to water. 

Keywords: absorbed dose to water, fricke dosimeter, High energy X-ray, absorbance, 
radiotherapy, radiosurgery. 
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eValUatInG tHe noRMoXIc PolYMeR Gel DosIMeteR In lInac baseD steReotactIc 
RaDIosURGeRY 

Sam Ju Cho (Donguk university International Hospital, Seoul, Korea)
lee (2) Hyun Do Huh (�) sang Hoon lee (8) sangwook lim (5) Kwang Hwan cho (4) Jang bo sim (4) 
Jin Ho choi (6) Dong oh shin (7) Hyong Geun Yun (1) 
(1) Dept. of Radiation oncology, Donguk University International Hospital, Korea (2) Dept. of 
Radiation oncology, college of Medicine, Korea University, Korea (�) Dept. of Radiation oncology, 
college of Medicine, Inha University, Korea (4) Dept. of Medical Physics, Kyonggi University, Korea 
(5) Dept. of Radiation oncology, Kosin University college of Medicine, Korea (6) Dept. of Radiation 
oncology, Gachon University of Medicine and science, Korea (7) Dept. of Radiation oncology, Kyung 
Hee University, Korea (8) Dept. of Radiation oncology, Geil General Hospital & Womnen’s Healthcare 
center, Kwandong University college of Medicine, Korea  

Purpose: the major problems in the stereotactic radiosurgery (sRs) dosimetry with 
conventional dosimeters are dosimeter perturbation effects, volume averaging and positioning 
errors. It was known that these problems could be solved using polymer gel dosimeter which 
can obtain desired absorbed dose and dose distribution simultaneously by manufacturing 
the dosimeter as a form of phantom, the spatial resolution of the measurements can be 
as low as sub-mm in �D and the derived data can be well manipulated for overcoming 
averaging and set-up errors. In this study, to use a normoxic polymer gel prepared in a 
laboratory with focusing for linac based sRs as a reliable dosimeter, its dose uncertainty and 
dose resolution were evaluated. the position accuracy and dose verification of the sRs using 
the polymer gel phantom were investigated. 

material and methods: the polymer gel was composed under normal oxygen condition 
with using anti oxidant and it was bottled in glass vials to see its dosimetric characteristic 
and 1liter Pet container to use sRs dosimtery. In order to see the dose uncertainty and dose 
resolution of the polymer gel, the five vials were irradiated 4 Gy with 400 MU/min and 
the rest of five vials were irradiated 6 Gy with 600 MU/min. the dose delivery of the vials 
was carried in the water phantom to reduce the dose delivery error. the sRs beam delivery 
was done using sRs frame and sRs plan designed with 7 arc beams. In this study the 1.5t 
Magneton avanto MR was used with conditions of multi-spin echo sequence, head coil, 
256x256 of matrix, 5 mm of slice thickness, and 180x180 mm2 of foV.
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results: the results of relative dose uncertainty were �.5�% and 4.56% for 4 and 6 Gy 
respectively, and the relative dose resolution with 95% confidence level were 6.12% and 
6.�1% for 4 and 6 Gy respectively. the position accuracy and the dose verification were 
made by comparing the planned and the measured image. the position accuracy was within 
1 mm and dose error was within 5% for 80% dose level.

Conclusion: the normoxic polymer gel is easy to prepare and has the unique characteristic 
to use in small photon field dosimetry. the dose uncertainty and dose resolution were mainly 
affected by the imaging study. this study shows that the normoxic polymer gel could be a 
useful tool in sRs dosimetry.
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eValUatIon of InHoMoGeneItY coRRectIon calcUlatIon of sMall fIelD 

Hun-Joo Shin (Wooridul Spine Hospital, Seoul, Korea)
Young nam Kang (�) Jisun Jang (4) Jae Hyuk seo (1) Dong Joon lee (5) Ihl bohng choi (1) 
sooil Kwon (2) 
(1) cyberknife clinic, Wooridul spine Hospital, Korea (2) Department of Medical Physics, Graduate 
school of Kyonggi University, Korea (�) Department of Radiation oncology, catholic University, Korea 
(4) cyberknife center, Gangnam st. Mary’s Hospital, Korea (5) Ilsan Paik Hospital, Inje University, Korea 

When stereotactic radiosurgery, the author calculated inhomogeneity correction factor in 
small field and compared calculation dose of treatment planning system and dosimetric dose 
after that the author evaluated accuracy of inhomogeneity correction calculation. 

the author made phantom (IcP: Inhomogeneity correction Phantom) what can insert 
Inhomogeneity material by acryl. Phantom could insert inhomogeneity material same 
electronic density as tissue equivalent material and film also ionchamber for measurement 
of dose value and dose distribution. Phantom was made by 11 types of Inhomogeneity 
materials. IcP ct images which are produced after acquiring, that images imported to 
cyberknife treatment planning system and then built plan of treatment. after insert each 11 
types of inhomogeneity materials and acryl pole to acryl phantom for dose estimation that 
pass inhomogeneity material, each � times of irradiation and then compared measurement 
value with dose value. and similarly, evaluate contrast and compared with dose distribution 
of treatment plan after insert film. after insert film IcP’s sagittal axis and coronal axis to see 
dose difference of when gave same dose, component of homogeneity material that insert 
acryl pole to IcP to evaluate small field of cyberknife and homogeneity material that insert 
inhomogeneity material to IcP, evaluated contrast of each film.

When irradiation of the same doses, inhomogeneity material electron density rises, 
measured charge got decreasing line commensurately. and, result dose distribution type 
that compare contrast of film that get by isodose distribution in treatment plan system and 
actuality irradiation of beam that enforce and get inhomogeneity correction could confirm 
that is resemblance. 

the error which compares profile of X axis directions from highest point of isodose curve 
is minimum �.2754%, maximum 10.46�6%, average 5.62�6%, median 4.9942%, and 
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standard deviation is 2.�827%.

also, difference of the measurement value of ionchamber and point dose value of treatment 
planning system is minimum 0.686�%, maximum �.610�%, average 1.9487%, median 
1.7492%, and standard deviation is 1.2975%. 

therefore, inhomogeneity correction is necessity from stereotactic radiosursery where uses 
small field. 
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oPtIMIzatIon of oUR neW cbct DesIGn PaRaMeteRs UsInG Monte caRlo MetHoD

So Hyun An (Ewha Womans university, Seoul, Korea)
oyeon Kum (2) Hye Young Kiim (1) Jihye baek (1) Rena lee (1) 
(1) Department of Radiation oncology, school of Medicine, ewha Womans University, Korea  
(2) school of electrical engineering and computer science, Kyungpook national University, Korea   

Purpose: cone beam computed tomography (cbct) is a novel method which can get a nice 
bit of data to �-dimensional image reconstruction through only one �60 degrees scan for 
image-guided radiation therapy (IGRt). In recent years, cbct has significantly developed 
in a wide field of medical with its inherent advantages of a lower dose according to short 
irradiation time and lower cost alternative to conventional ct. In this study, the effective 
dose of a phantom is calculated to optimize the cbct design parameters developed for 
stereotatic radiosurgery.

material and methods: our new cbct is composed of one flat-panel detector and one 
X-ray tube. these components are mounted to a bench and can be rotated to �60 degree 
for image acquisition. the cbct system was modeled by the Geant4 simulation toolkit 
considering various detector parameters such as source-to-imager distance (sID), source-to-
axis distance (saD), and field-of-view (foV). X-ray spectrum was obtained by the sPec78 
code (IPeM, 1997) which is the most famous code for producing X-ray spectrum with a 
theoretical method. the low energy physics model was used in Geant4 to apply more 
accurate shell cross section data than the standard physics model which are optimized 
for high energy physics applications. the pixels of detector were modeled by using the 
“G4PVReplica“ class in Geant4 toolkit. the energy spectrum of X-ray tube was applied by 
“G4GeneralParticlesource“ class, and the deposit energy is calculated by “G4calorimeter“ 
class to estimate effective dose in the IcRU water phantom of which diameter is �0 cm. 

results: the simulation model of the cbct was verified by comparing the simulation results 
with the McnPX code. there was a good agreement between the results from the McnPX 
and Geant4 models. our results show that patient’s dose is decreased from 0.1045 mGy to 
0.0�7 mGy as the sID varies from 50 cm to 100 cm. 

Conclusion: a method of calculating effective dose of a phantom from cbct scan is 
developed using Geant4 models. Using the toolkit, it was possible to obtain effective dose 
of a cbct system and could be applied to optimize geometry of cbct in patient’s dose 
aspects. at the conference, we will show the performance of the cbct system with the 
optimized design parameters obtained from Monte carlo and experimental study. 
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JellY-babY: cHIlD-scaleD antHRoPoMoRPHIc PHantoM stUDY of PeRIPHeRal Dose 
In PeDIatRIc HeaD anD necK PatIents 

Stephen g. Bosi (Prince of Wales Hospital, randwick Sydney, Australia)
Paul White (1) Meg schneider (1) Robert smee (1) 
(1) Radiation oncology Department, Prince of Wales Hospital, australia  

Background and objectives: estimates of peripheral dose to organs at risk in pediatric 
head and neck patients, based on models or adult-sized phantoms have been reported 
[Klein et al. 2006]. Mansur et al. (2007), using stacks of water-equivalent rectangular 
slabs approximating the size and shape of a three-year old child, showed that peripheral 
doses were too dependent on phantom geometry to allow pediatric peripheral dose to be 
extrapolated from existing adult work. Given this geometry dependence, the aim of this 
work is to check the validity of the water-equivalent stack approach by comparing it with a 
more realistically-shaped pediatric phantom.

method: two kinds of phantom in several age-equivalent sizes will be produced, fitted with 
a selection of dosimeters at locations corresponding to organs at risk.

Phantom 1) stacks of water-equivalent rectangular slabs (similar to Mansur et al. 2007)
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PoRtable cone beaM ct IMaGInG sYsteM foR steReotatIc RaDIosURGeRY 

rena Lee (Ewha Womans university, Seoul, Korea)
Hyunsuk suh (1) 
(1) Radiation oncology, school of Medicine, ewha Womans University, Korea  

Purpose: Design and construct a portable cone beam ct system for stereotatic 
Radiosurgery

material and methods: a compact sized, portable cone beam computed tomography 
(cbct) scanner is designed and constructed to obtain �60 degree projection images in head 
and neck. Main components of the cbct system are the x-ray source, x-ray detector, main 
control board, system power, and lcD module. a standard x-ray source typically used in 
intra-operative imaging is chosen. the x-ray source has 0.5mm focus, and maximum tube 
voltage and current are 110 kV and 22 ma. the flat panel detector is connected to the pc 
through gigabit ethernet interface and capable of acquiring data at a maximum rate of  
�0 frames per second. active area of the detector is 18 cm x 24 cm and can get images in 
the head region. the detector and x-tubes are controlled by the main control board and thus 
could rotate �60 degree. a small device which can be moved up and down is attached to 
the base frame for phantom placement 
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results: a phantom study was performed to evaluate the feasibility of using the constructed 
cbct system for radiosurgery. cone beam ct of a head phantom is performed by rotating 
the x-ray tube and detector. the number of projections for a full �60 degree rotation is �60 
and the total time for the acquisition of one full rotation is about �0 sec. the dimension of 
acquired projection image is 14.7 cm x 20.0 cm with 90.0 cm fDD. Various quality assurance 
tests were performed to test the geometrical accuracy. 

Conclusion: the constructed cbct system equipped with a large flat-panel detector can 
be used to obtain �60 degree projection data to generate � D images in head and neck 
area while minimizing radiation dose to patient. However, further developments in both 
hardware and software are required to optimize the image quality and to accurately localize 
patient during stereotatic radiosurgery.

P-97    

on tHe MetHoD of ResPonse fUnctIon-baseD Dose ReconstRUctIon: Recent 
aDVances 

Inhwan yeo (Cooper university Hospital, Camden, uSA)
Jae Jung (1) Jong Kim (2) 
(1) cooper University Hospital, Usa (2) University of Pittsburgh Hospital, Usa  

In the past, we have developed a new method of in-vivo dose reconstruction from exit 
dose based on response functions that was generated from Monte carlo particle transport 
calculations of treatment beams. If the Mlc positions and patient organ positions is known 
from a log file and ct imaging, respectively, the linearity of response functions is specified. 
from the exit dose at ePID, the delivered dose can be reconstructed based on the linearity 
of response functions. the method was accurate and fast, because it did not involve any 
iteration. the method is particularly useful for quality assurance of clinical site that does not 
involve large organ motion and requires a high-level of precise delivery such as stereotactic 
radiation therapy. In this study, we present recent advances made in this method which 
includes numerical inversion studies and application in more realistic clinical situations. the 
linear equations derived from the linearity of response functions should be solvable. the 
equations sometimes form a big matrix in order to get a fine resolution in the penumbrae 
region. It is known that the instability exists solving the matrix inversely. as such, we have 
performed a study on the numerical method of inversion that involved a detailed analysis 
on the performance of response matrix inversion. a simulating field of intensity modulated 
radiation therapy (size 6 cm x 6 cm) was used. the matrix system was carefully chosen 
considering scattering characteristics of delivered radiation. Diagonal matrix of responses 
provided potential for matrix inversion. several matrix inversion methods were evaluated 
such as pseudo-inverse method, conjugated gradients squared method, least squares 
method as well as left-division method. among them, the reconstructed dose in phantom 
using conjugated gradients squared method and least squares method showed a difference 
with measured dose of less than �% for square matrices while the maximum differences 
reached 11% for pseudo-inverse method and left-division method. the solutions using square 
matrix is found more sensitive to the statistical accuracy of Monte carlo calculation and 
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noise associated with measurements. for over-determined system, pseudo-inverse matrix 
inversion is more stable and shows closer agreement with measurements than direct matrix 
inversion. the matrix inversion using pseudo-inverse method took 1.1 seconds of calculation 
time for 72x72 mesh dimension (2.8x2.8 mm2). a follow-up study will include noise and 
registration effects on dose reconstruction. *this method was Us patent approved.

P-98    

RelatIonsHIP betWeen MoVeMents In tUMoRs anD eXteRnal MaRKeR WHen 
tReatInG lUnG canceR PatIents UsInG cYbeRKnIfe 

Chul Kee min (Konyang univ. Hospital, Daejeon, Korea)
Gha-Jung Kim (1) su-Jung shim (1) Ji-sun Jang (2) Hyun-Do Huh (�) Weon-Kuu chung (1) 
(1) Konyang Univ. Hospital, Korea (2) cyberKnife center, Kangnam st. Mary’s Hospital, the catholic 
University of Korea, Korea (�) Inha Univ. Hospital, Korea  

the purpose of this study is to quantitatively analyze movements of internal tumors as 
well as an external marker, using lung cancer patients from the hospital as study subjects, 
to evaluate the form of the movement of the tumors depending on the external marker.  
16 lung cancer patients who have had cyber knife treatments were used as study subjects.  
� to 4 gold fiducials were inserted into the tumor or areas around the tumor using computed 
tomography and using computed tomography image, treatment plan was established. 
During the treatment of the patients treatment-purpose vest was worn and on the surface 
of the vest an leD (light emitted Detector) was attached. Movements of the internal tumor 
seen through real-time X-ray and the movement of the external marker seen through 
synchronytM camera were saved on the computer using a breathing tracking device in the 
file format of ModelPoint.log. Using the saved file, coordinates of each axis were coincided 
and movements of the external marker and internal organs were analyzed. after analyzing 
16 lung cancer patients, the amounts of displacement of internal tumor movements 
were measured as -6.1-6.5 mm, -1.1-�.2 mm, and -�.7-�.6mm for sI (superior-Inferior), 
lR (left-Right), and aP (anterior-Posterior) respectively. at the same time, the amounts of 
displacement of the external marker were measured as -5.7-6.� mm, -4.0-�.4 mm, and  
-4.0-�.4mm respectively. the movements of internal organs in three axes showed the same 
direction based on the X axis (sI direction) of the external marker. based on the Y axis (lR 
direction) of the external marker, the movements of internal organ in X, Y, z axis didn’t show 
the same tendencies, and based on the z axis (aP direction) of the external marker, although 
internal organ movements in X and Y axis showed the same tendencies, the z axis showed 
different tendencies. changes in movements of internal organs and the external marker 
when treating lung cancer patients using a breathing tracking device of the 4th generation 
cyberknife were quantified, and the �D form of movements of internal organs according to 
the external marker could be found.
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banG-� PolYMeR Gel DosIMetRY In cYbeRKnIfe 

Kang young-Nam (St. mary’s Hospital, The Catholic university of Korea, Seoul, 
Korea)
Jang (1) byung-ock choi (2) Hun-Joo shin (�) Jae-Hyuk seo (�) Ihl-bohng choi (�) Dong-Joon lee (4) 
soo-Il Kwon (5) 
(1) cyberKnife center, Kangnam st. Mary’s Hospital, the catholic University of Korea, Korea (2) 
Department of Radiation oncology, st. Mary’s Hospital, Koreal (�) cyberknife clinic, Wooridul spine 
Hospital, Korea (4) Department of neurosurgery, Ilsan Paik Hospital, college of Medicine, Korea (5) 
Department of Medical Physics, Graduate school of Kyonggi University, Korea  

In this study, we performed banG-� polymer gel dosimetry to propose an experimental 
technique for relative output factor and �D dose distribution measurements of small 
radiosurgical fields.

We were irradiated 2 collimators (5 and �0 mm diameter) with 6 MV radiosurgery beam. 
and, MR scanned with the same slice thickness and three different in plane resolutions. In 
these experiments, output factor measurements with the Pin Point ion chamber and diode, 
ebt films are compared with banG-� polymer gel. We used a spherical phantom filled with 
banG-� polymer gel to measure �D dose distributions. the irradiated phantom was scanned 
with an MRI scanner. Dose distributions were obtained by calibrating the polymer gel for a 
relationship between the absorbed dose and the spin-spin relaxation rate of the magnetic 
resistance signal. as results, the output factors founded agreement within ±1% as a reference 
the collimators �0 mm. therefore, results suggest that polymer gel dosimetry coupled with 
the proposed experimental procedure helps overcome not only tissue-equivalence and beam 
perturbation implications but also volume averaging and positioning uncertainties in small 
radiosurgical beam dosimetry.

In �D dose distribution, the MRI artifacts cause a geometrical distortion of less than 2 mm 
and less than 10% change in the dose distribution. In conclusion, the gel dosimetry has the 
potential to qualitatively characterize the relative output factor and the dose distributions.

P-100    

tHe sKIn InJURY DUe to steReotactIc InstRUMent DURInG MaGnetIc Resonance 
IMaGInG 

Won Seop Seo (Kyung Hee medical Center, Seoul, Korea)
Young Jin lim (1) 
(1) Kyung Hee Medical center, Korea  

objectives: to resolve the skin injury following magnetic resonance imaging of Gamma 
knife patient using the parameter of MRI. 

methods: some patient complaining for the pain on the right forehead during magnetic 
resonance imaging had a skin burning on the site after removing the stereotactic instrument. 
Most of the cases were women having slim figure and deep seated tumor. We couldn’t 
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measure the energy of Rf pulse of MR. We tried to adjust the value of estimated saR viewed 
on MR protocol, which is theoretically calculated by the MR software. We used the 1.5t 
MR scanner (signa twinspeed; General electric Medical systems, Milwaukee, Wisconsin, 
Usa) and usually obtained the image of t1-axial, t2-axial, Gd-tof-axial, Gd-t1-axial, Gd-
t1-coronal and Gd-t1-sagital. MR scanner software designs the imaging protocol within 
permitted limit of saR without considering stereotactic material, and then the number of 
possible slice is decided.

results: among various imaging, t1 image usually using a lot of Rf pulse made a high saR. 
We reduced the estimated saR of 7.0 to 5.0 by reducing the number of actual scanned slice 
from possible slice. the patient did not complain about the pain that caused the skin injury.

Conclusion: the estimated saR is only theoretical value from the MR scanner software, 
therefore it strongly depends on the manufacture and also the model. the skin injury on 1.5t 
MR scanner is not common but may happen to somewhere. the easiest method to reduce 
the estimated saR is not to use all possible slice permitted from MR scanner.

P-101    

DeVeloPInG tHe calIbRatIon PRotocol foR HelIcal toMotHeRaPY absolUte Dose 

Kyoungkeun Jeong (yonsei university, Seoul, Korea)
Yong nam Kim (1) Won Hoon choi (1) seonkyu Kim (1) 
(1) Department of Radiation oncology, college of Medicine, Yonsei University, Korea  

Purpose: to calibrate the helical tomotherapy machine output in a similar way to standard 
medical linacs.

material and methods: to determine the absorbed dose in external beam radiotherapy, 
calibration protocols such as tRs-�98 or tG-51 are required. In case of helical tomotherapy 
machine, the source-surface-distance (ssD) and field sizes are not the same as the 
conventional linacs. to accommodate the standard protocol in the simplest way, we made 
an equivalent square field approach. We measured the PDDs of �0 x 6 cm field, which is 
the equivalent square field size of 10 x 10 cm. to confirm the validity of the experiment, we 
made a measurement with both field sizes at ssD=100 cm and ssD=85 cm setting.

results: With the siemens Primart machine, which has the same linac and target with helical 
tomotherapy machine, the PDD curve of 10 x 10 cm field and �0 x 6 cm fields were almost 
the same. PDD difference at 20 cm depth was less than 1%, corresponding to 0.1 % error in 
kq value in tRs �98 protocol. the �0 x 6 cm field size at ssD=100 cm roughly corresponds 
to 25 x 5 cm field at ssD 85 cm, which is a possible setting at tomotherapy.

Conclusion: the measurement results suggest that with equivalent square method kq value 
in tRs-�98 can be obtained with sufficient accuracy for tomotherapy. further analysis will be 
made with tomotherapy measurement.
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analYsIs of RelatIVe oUtPUt factoRs In cYbeRKnIfe : coMPaRIson of cYbeRKnIfe 
MUltI-sItes 

Jang Jisun Kangnam (St. mary’s Hospital, Seoul, Korea)
Young-nam Kang (1) Hun-Joo shin (2) Jae-Hyuk seo (2) chul-Kee Min (�) Hyun-Do Huh (4) Kwang-
Hwan cho (5) Dong-Han lee (6) Moon-chan Kim (7) Dong-Joon lee (8) soo-Il Kwon (9) 
(1) Department of Radiation oncology, the catholic University of Korea, Korea (2) cyberKnife 
clinic, Wooridul spine Hospital, Korea (�) Department of Radiation oncology, Konyang University 
Hospital, Korea (4) Department of Radiation oncology, college of Medicine, Inha University, Korea 
(5) Department of Radiation oncology, college of Medicine, soonchunhyang University, Korea (6) 
cyberKnife center, Korea Institute of Radiological and Medical sciences, Korea (7) Department of 
neurosurgery, the catholic University of Korea, Korea (8) Department of neurosurgery, Ilsan Paik 
Hospital, college of Medicine, Inje University, Korea (9) Department of Medical Physics, Graduate 
school of Kyonggi University, Korea   

Purpose: Ion chamber, diode detector and film are used for measuring small field of sRs. the 
diode detector is recommended to measure the beam from cyberKnife recently. In this study, 
various detectors had been used to measure the output factors and compared that for each 
cyberKnife of domestic and foreign departments.

materials and methods: all measurements of the output factors for all 12 collimators were 
performed by three detectors: diode detector, 0.015cc ion chamber, Gafchromic ebt film. 
this measured data are compared to a set of nationwide average data, which provided by 
accuray.

results and conclusion: for the collimators over than 20 mm, the output factors from the 
different detectors showed a good agreement within ±1%. However, for the collimators 
less than 20 mm, the output factors have discrepancy of 10% or more for each detector. 
comparing the measured output factors in this study and the average of foreign departments 
provided by accuary, the agreement was less than ±0.5% except for 5 mm collimators for 
diode detector and ±1.5% for Gafchromic ebt film. the discrepancy of output factor for  
5 mm collimators measured with both Gafchromic ebt film and diode detector were �.5%. 
for the collimators over than 10 mm, the output factors from the multi-sites showed a good 
agreement within ±1%. for the collimators less than 10 mm, it was found that the effective 
volume and the material of the detector affect the output factor.

P-103    

cone beaM ct-baseD steReotactIc RaDIosURGeRY sYsteM (sRs) WItH alIGnRttM 

Soon Huh (university of Florida Proton Therapy Institute, Florida, uSA)
Hosang Jin (1) zuofeng li (1) alex chvestov (1) Robert Malyapa (1) n Mendenhall (1) 
(1) University of florida Proton therapy Institute, Usa  

Purpose: cbct is used as a primary imaging tool to setup a patient with couch-mount 
stereotactic system. (1) the geometrical accuracy of the cbct-based sRs system is 
investigated using the electronic portal imaging device (ePID) of elketa synergytM with 
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house-made phantoms. (2) the dosimetric uncertainty of the small cone (7.mm to 12.5mm 
cone) using a house-made film phantom was utilized.

methods: the house-made cbct phantom is used to do Quality assurance of maintaining 
sub-millimeter geometrical accuracy of couch-mounted stereotactic system with various 
cones. Geometrical uncertainties obtained by ePID and cbct images are less than 1mm. the 
patient with leksell frame is setup in the treatment couch using the laser as a initial setup 
point. then, take cbct (140KVp, 40ma, �000 rotation). the image fusion is executed in ¨ö 
pixel accuracy. the table motion is also monitored by the alignRt system of geometrical 
uncertainties of 0.�mm. the beam is delivered for the right (or left arcs), then set the patient 
in table 0, then take alignRt images, and compared with initial coordinates as a verification 
of possible intra-fraction motion. then, deliver the rest of the treatment fields. 

results: the geometrical accuracy of the sRs treatment depends upon that of cbct images. 
the uncertainties of the isocenter of the cbct is found to be less than 0.8mm +/- 0.�mm 
with the house made phantom which has a metal ball in the middle of the phantom. the 
geometrical structures of the phantom make possible to do image fusion within ¨ö pixels, 
and minimum intra-user variations. the overall geometrical accuracy is determined by 
the offsets between balls and cone using the ePID images. the dosimetric accuracy using 
the house-made film phantom (very similar to cbct phantom) in terms of absolute doses 
and relative profiles are evaluated. the dose differences of a single and multiple arcs for 
axial and sagittal planes) at the isocenter was less than �%, and relative profiles are less 
than ¨ö pixels (0.25mm). also, the geometrical distortion of the 1t siemens MR scanner 
was reviewed using a commercial phantom as well as house-made ct/MR phantoms. the 
maximum geometrical errors are approximately 2.5mm in worst case. 

Conclusion: the cbct-based system is used to treat linac-based radiosurgery patients. It 
will be modified to treat the patients with proton stereotactic radiosurgery.

P-104    

Qa of ResPIRatoRY tRacKInG sYsteM UsInG MoVInG PHantoM In cYbeRKnIfe 
sYncHRonY sYsteM  

Jae Hyuk Seo (Wooridul Spine Hospital, Seoul, Korea)
Young nam Kang (2) Ji sun Jang (�) Hun Joo shin (1) Dong Joon lee (4) byong ok choi (2) IhI bong 
choi (1) soo Il Kwon (5) 
(1) cyberknife clinic,Wooridul spine Hospital, Korea (2) Department of Radiation oncology, catholic 
University, Korea (�) cyberknife center, Gangnam st. Marry Hospital, Korea (4) Ilsan beak Hospital, Inje 
University, Korea (5) Department of Medical Physics, Graduate school of Kyonggi University, Korea   

In this study, we estimated accuracy and usefulness of Respiratory tracking system 
(synchrony, accuracy, Usa) using moving phantom in cyberKnife. 

for this study, we used moving phantom. When this phantom is moving, it is able to 
adapt the film, Ion chamber and adjust the single with speed and distance. the pin point  
(0.125 cc), ion chamber and gafcromic ebt film was used. We compared stationary target 
with moving target dose distribution with any point dose. We planed two different method; 
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one is a stationary target plan and the other is moving target plan. In moving target plan, 
image acquired using 4D ct and Respiratory gating system (anzai Medical, Japan). We 
analyzed dose distribution and profile using ebt film, and any point dose.

Point dose difference is 2.41% between plan and stationary, and 2.6% between plan and 
moving, 0.55% between stationary and moving. from the profile analysis, the difference 
average is 0.06% between plan and stationary, and �.47% between plan and moving, 
2.65% between stationary and moving, and tls error average inferior direction 11.15± 
6.65 mm and correlation error 0.14±0.18 mm. We recognize that respiratory tracking 
system has accuracy and usefulness.
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a noVel oRtHotoPIc lUnG tUMoR MoDel foR steReotactIc IRRaDIatIon In Rats  

Debu Saha (ut Southwestern, Dallas, uSA)
linda Watkins (1) Philip thorpe (1) Robert timmerman (1) benamin chen (1) solberg timothy (1) 
(1) Ut southwestern Medical center, Usa   

objectives: stereotactic body radiation therapy (sbRt) has the potential to significantly 
improve local control of lung cancer. our larger goals are to systematically evaluate the 
effects of sbRt lung cancer models and to overcome barriers to the effective use of sbRt by 
modulating response using a radiosensitizer. to study these effects, we have developed an 
orthotopic rat model that shows a single or minimum number of nodules in a specific lung. 

methods: a549 non small cell lung cancer cell lines genetically engineered to express the 
firefly luciferase gene were stereotactically implanted into nude rats. one million cells were 
injected in the intercostal space between the ribs 5 and 7 of the right lung. no incisions 
were made in any of the animals for the implantation procedure. Weekly bioluminescence 
imaging (blI) and ct scans were performed after the implantation to monitor tumor growth. 
for blI, tumor growth was assessed to measure the peak blI signal after systemic injection 
of luciferin substrate. In those animals demonstrating sufficient luminescence primarily 
localized in the right lung, micro ct scans (Ge, eXplore locus) were subsequently obtained 
to confirm tumor size and location, as well as for subsequent use in treatment planning and 
targeting. tumors in animal were treated with single doses of 20 Gy.

results: We have successfully generated tumors in the right lung of the rat, with 60% 
of cases resulting in a solitary nodule. these results were confirmed by serial blI and ct 
scans over a period of � weeks, and validated upon dissection. Image guided stereotactic 
irradiation of the targeted tumors was confirmed by immunohistochemistry of the tumors. 
We also observed a decrease in blI signal from the tumors following exposure to radiation. 
no radiation-induced toxicity was observed.

Conclusion: our results demonstrated the ability to (i) generate an isolated tumor nodule 
in the rat lung (ii) identify and monitor the tumor growth by blI and ct imaging, (iii) 
successfully localize and target the tumor and deliver a high single radiation dose, while 
minimizing toxicity, and (iv) validate the results by immunohistochemical staining of the lipid 



phosphatidylserine in the tumor blood vessel. this animal model will significantly improve 
our understanding the current limitations of sbRt to treat patients with lung cancer. In 
addition this model is an ideal system for investigation of molecular, biological, translational, 
and clinical aspects that are unique to sbRt. 
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a VIRtUal IsocenteR tecHnIQUe foR IMPRoVInG sbRt DeVlI  

ramin Abolfath (ut Southwestern, Dallas, uSA)
lech Papiez (1) Max Huang (1) Robert timmerman (1) timothy solberg, (1) 
(1) Ut southwestern Medical center, Usa   

objectives: the conformality of radiosurgery dose distributions requires a large spread of 
angles for the irradiating beams. the fixed source-to-isocenter concept currently used in 
radiation therapy devices severely limits the potential angles that can be used in extracranial 
applications due to gantry and couch collisions. the objective of this work is to introduce new 
method of isotropic delivery for sbRt therapy using an extended distance, virtual isocenter 
concept (VI-sbRt). this approach significantly expands the range of available beam angles 
and consequently, improves both target conformality and normal tissue avoidance.

methods: In planning VI-sbRt treatments, the vector length from the source to the target 
is allowed to vary, typically from 100 to 1�0 cm. Geometric formulas are subsequently 
applied to determine the couch and gantry translations and rotations needed to place 
the target centriod (i.e., the virtual isocenter) at the necessary location within the room 
frame of reference. the field size (Mlc shapes) are properly scaled by the planning system. 
to validate our method, we have constructed a number of VI-sbRt phantom plans. the 
required coordinate transformations are performed, and the phantom, couch and gantry 
are set accordingly within the treatment room; localization is verified by projecting a light 
field and through portal imaging. Independent verification of the translations and rotations 
can be performed through the use of a commercial infrared stereophotogrammetry system, 
using infrared reflecting spheres attached to the patient and/or body frame, complemented 
by software developed specifically for this application. subsequently, film is inserted into the 
phantom, radiation is delivered, and the measured dose distributions are compared to those 
calculated in the VI-sbRt plan. 

results: light field and portal imaging demonstrate the integrity of the methodology, 
with no reduction in targeting precision relative to fixed-saD treatments. Measured dose 
distributions also compare favorably with VI-sbRt plans. VI-sbRt plans are more conformal, 
and spare normal to a significantly greater extent, than conventional sbRt plans. 

Conclusion: the VI-sbRt is a simple extension of standard fixed-saD treatments that provides 
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CyberKnife Treatment for Extracranial malignant Skull Base Tumors 

Kengo Sato, mD, DmSc

chief Medical officer, Department of neurosurgery
Yokohama cyberKnife center
Yokohama, Japan

Introduction: skull base tumors are lately approached with skillful microscopic and 
endoscopic technique. However, surgically inaccessible area exists in this field, the total 
removal of skull base tumor is still challenge. cyberKnife(cK) enables frameless radiosurgery 
and gives us chronological and spatial freedom. We have treated for these tumors with 
stereotactic radiotherapy (sRt). We evaluated the feasibility of cK treatment for extracranial 
malignant skull base tumors (ecMsbt).

materials and methods: between 2005/5 to 2006/4, we have treated 2451 patients with 
cK. among them, there were 92 patients with ecMsbt, which was evaluated. of them, 
there were 24 patients with metastatic lesion, 47 patients with carcinoma and 15 patients 
with sarcoma and 6 patients with others. 21 patients showed recurrence within previous 
radiation field. tumor volume ranged 0.1-205ml (median 11.0ml) subscribed marginal dose 
(D95) ranged 16.0-42.5Gy (median 21.0Gy) treated with sRs to 7 fraction sRt). 

results: local control rate of metastatic lesions, carcinoma, sarcoma and others, was 92%, 
85%, 7�% and 8� %, respectively with follow up period ranging 4-48 months.
one case with internal carotid artery stenosis was seen in the patient nasopharyngeal 
carcinoma which was treated with conventional Rt and gamma knife treatment previously. 
Radiation necrosis was observed in five patients which was treated safely with steroid. no 
fatal adverse event was seen.

Conclusion: cK showed feasibility to residual and regrowing skull base tumors. our data 
showed that cK is capable to treat safely recurrence tumors within previous radiation field.

Image-guided Stereotactic Body radiotherapy for Localized Prostate Cancers 

Chul-Koo Cho, mD, PhD

Director-General, Department of Radiation oncology, cyberKnife center, Korea
cancer center Hospital, seoul, Korea

Recent technological and conceptual developments in the field of radiation therapy, such 
as �-D conformal radiotherapy, intensity-modulated radiotherapy (IMRt), image-guided 
radiotherapy (IGRt), and stereotactic body radiotherapy (sbRt), can deliver radiation doses 
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more precisely to tumors or target volumes while sparing normal tissues from exposure 
to high-dose radiation than conventional treatment modalities. especially sbRt can deliver 
high doses to tumors accurately with respiration modulation and so reduce the amount of 
normal tissues irradiated. furthermore, the potent ablative doses given in 1-� fractions of 
sbRt seem to have potential radiobiological advantages for the treatment of huge tumors 
with large hypoxic areas.

the prostate cancer is the most common cancer in men in the Usa and western europe, as 
Psa (prostatic specific antigen) has become widely used, and is the 5th most common cancer 
in Korean men. even though the incidence of prostate cancer has increased, the optimal 
treatment remains controversial. In general, radical prostatectomy and radiation therapy 
are recommended to curatively treat the prostate cancer. Moreover, radiation therapy might 
be the most appropriate modality to treat the patients with the intermediate- or high-
risk factors. With the advent of three-dimensional conformal radiation therapy, intensity-
modulated radiation therapy, stereotactic body radiation therapy and proton therapy, the 
precision of radiation therapy has significantly improved to allow the delivery of higher 
radiation doses. the cure rate has also improved while maintaining an acceptable rate of 
treatmentassociated toxicities.

the therapeutic advantage of hypofractionation for treating localized prostate cancer has 
been extensively discussed in recent years. the alpha/beta ratio for treating human prostate 
cancer was known to be around 1.5 Gy, and a recent update and alternative analysis yielded 
close confirmation of this suggestion. this alpha/beta ratio is much lower than the typical 
value of 10 Gy for many other tumors and the early-responding normal tissues, and is 
also lower than the typical value of � Gy for the late-responding normal tissues. If such 
a low alpha/beta ratio is true, then hypofractionation with a high dose could deliver a 
high bioequivalent tumor dose and this could reduce the treatment-related toxicities while 
reducing the total treatment period. there are several studies on hypofractionated treatment 
for localized prostate cancers using the IMRt or sRs techniques. Unfortunately, no one has 
proposed an optimal hypofractionated regimen, so we report the preliminary results of 
stereotactic body radiation therapy with the use of cyberKnife.

between october 2002 and september 2007, forty four patients with clinically localized 
prostate cancers were treated with sbRt using cyberKnife at Korea cancer center Hospital. all 
patients had biopsy-proven adenocarcinomas of the prostates. the patients were categorized 
into the low-, intermediate-, and high-risk groups, according to D’amico’s definition for risk 
grouping. the clinical target volume was the prostate and seminal vesicles. the dose was 
prescribed to the isocenter with 95% of the planning target volume (ctV + 2 mm volumetric 
expansion in all directions) to be covered by the 77-80% isodose line. the course of radiation 
therapy consisted of 4 fractions of 8-9 Gy each for a total dose of �2-�6 Gy, and treatment 
was delivered for 4 consecutive days. Using an alpha/beta ratio in the linear-quadratic model 
of 1.5 Gy for prostate cancer, the equivalent dose of �2-�6 Gy delivered in 4 fractions was 
calculated to be 87-108 Gy in the conventional fractionation schedule. for evaluation of 
biochemical failure, we used Phenix definition by which biochemical failure is defined as 
a rise of 2 ng/ml or more above the Psa nadir. the 5-year overall survival rate and clinical 
disease progression free survival rate were all 100%. the median Psa nadir value was 
0.1 ng/ml and the median Psa nadir was observed at 1� months from the end of sbRt. 
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Using Phenix definition, the 5-year actuarial biochemical failure free survival rates for all 
patients were 9�.6%. the �-year actuarial biochemical failure free survival rates for the  
low-, intermediate-, and high-risk group patients were 100%, 100%, and 90.9%, respectively. 
treatment was well tolerated. nineteen patients experienced grade 1 or 2 acute genitourinary 
toxicities, and 11 patients developed grade 1 or 2 acute gastrointestinal toxicities. no severe 
complications more than grade � were encountered, and all the toxicities were controlled 
spontaneously or with some medications.

In conclusion, the results of our study suggested the feasibility of sbRt using cyberKnife as a 
treatment modality for localized prostate cancers. We recommend a total of �4 Gy delivered 
in 4 fractions. this dose can be delivered safely, because we could give a high bioequivalent 
tumor dose while delivering a much lower dose to the surrounding critical organs, including 
the rectum and urinary bladder by using a very precise radiation treatment techniques. a 
further study with longer follow-up and more patients is needed to confirm the biochemical 
or clinical efficacy of this treatment, especially for the low- and intermediate-risk patients.

Peripheral Early-Stage Lung Tumors Treated With real-time Tumor 
Tracking During Stereotactic radiotherapy: a 3 years’ Experience 

J.J. Nuyttens, mD, PhD

Radiotherapist, Department of Radiation oncology, 
erasmus Mc-Daniel den Hoed cancer center, Rotterdam, the netherlands

at the erasmus Mc-Daniel den Hoed cancer center, more than 250 tumors in the lung have 
been treated with the cyberKnife, however because the follow up is too short, I only will 
report the results of the first 100 early stage lung cancer tumors in inoperable patients.

forty eight tumors were t1 and 52 a t2. fifty one percent were pathology proven. the other 
49 patients had a growing tumor on ctscan or a Pet positive tumor. Platinum fiducials and 
intravascular embolisation coils were used as markers. In total, �01 markers were placed. 
eighty six tumors were treated with a total dose of 60 Gy (20 Gy/fr), 1 with a total dose of 
50 Gy (10 Gy/fr), 12 with a total dose of 45 Gy (15 Gy/fr), and 1 with a total dose of �6 Gy 
(12 Gy/fr). PtV = GtV + 5 mm. the dose to the PtV was prescribed to the 70-85% isodose 
line. the median follow up was 15 months (range, 1-�8). the median age was 76 years old. 
thirty one percent of the patients were equal to or more than 80 years.

the 2- and �-years local control for a total dose of 60 Gy and for doses less than 60 Gy was 
94% and 8�%, resp. In total, 5 tumors recurred locally: � tumors were treated with 60 Gy (� 
Gy/fr), and 2 tumors with 45 Gy (� Gy/fr). all recurrences except one were seen in t2 tumors. 
no difference in survival in patients with pathology compared to patients without pathology 
was seen. thirty three patients died of which 14 from tumor progression. nine patients 
were diagnosed with locoregional progression and 19 with metastasis. seven patients had 
a pneumothorax after intrapulmonal placement. a thoraxdrain was placed in � patients. one 
patient needed a pacemaker after vascular placement.

the quality of live was assed in �9 patients, �2 had a peripheral tumor and 7 a central tumor. 
all patients had a pathology proven cancer and were inoperable or refused surgery. the 
eoRtc questionnaire QlQ-c�0 and QlQ-lc1� were used and filled in before the treatment, 



sPonsoReD sessIons abstRacts

�22

and at � weeks, and at 2, 4, 6, 9 and 12 months. a significant amelioration of the emotional 
functioning was found. there were not other signigicant changes.

as conclusion: Real-time tumor tracking for peripheral early stage lung tumors in the lung 
resulted in a 2- and �-years local control of 94% with doses of 60 Gy in � fractions. there 
is no change in the quality of live after treatment besides an amelioration of the emotional 
functioning.

SBrT as a Salvage Local Treatment for Inoperable Hepatocellular Carcinoma 

mi-Sook Kima, youngSeok Seoa, Sungyul yooa, ChulKoo Choa, ChulWon Choia,

ChulJu Hanb, SuCheol Parkb, ByungHee Leec, youngHan Kimc, DongHan Leed,

and min Suk Kime,
aDepartment of Radiation oncology, bDepartment of Internal Medicine, 
cDepartment of Radiology, dcyberKnife center, 
eDepartment of Pathology, Korea Institute of Radiological & Medical sciences, Korea

Purpose: to evaluate the toxicity and efficacy of stereotactic body radiotherapy (sbRt) for 
localized hepatocellular carcinoma (Hcc) without another standard treatment option.

methods: We reviewed �8 patients with inoperable Hcc (diameter < 10 cm) from 
prospectively registered database for liver tumor treated by sbRt in our institution. all 
patients have been treated with transcatheter arterial chemoembolization before sbRt and 
have finally been diagnosed as ineffective. sbRt dose (��-57 Gy in � or 4 fractions) was 
administered as protocol according to tumor volume. the tumor volume ranged from 11 to 
464 ml (median, 40.5 ml). 

results: the follow-up duration ranged from � to 47 months (median, 15 months), and 
17 patients (44.7%) died by the time of the analysis. two-year overall survival and local 
progression-free survival rates were 61.4% and 66.4%, respectively. the local response rate 
was 6�% at � months after sbRt. Higher radiation dose was independently related with 
better survival. a decline in liver function in six patients (16%) and Grade � musculoskeletal 
toxicity in one patient (2.7%) were observed.

Conclusions: this study shows sbRt can be safely administered to Hcc patients. and this 
result suggests this technique may be considered as a salvage treatment modality. Well 
controlled further studies to obtain normal tissue constraints in Hcc are required to reduce 
complication.
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Frameless Image-guided SrS/SrT – Clinical Experiences in Cranial and Extra-Cranial 
Indications  

Dr. reinhard Wurm

Department of Radiation oncology, Klinikum frankfurt (oder), Germany

Respiration induced motion of lung and liver tumors make the accurate delivery of radiation 
to these lesions particularly challenging. In many radiotherapeutical approaches large 
areas around the tumor had to be treated 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 radiotherapy 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 exactrac X-Ray adaptive Gating. adaptive 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 automatically in �D, 
allowing precise synchronization of the «beam- on window» with the patient’s breathing 
frequency. according to our results the adaptive Gating set-up accuracy is around 1 mm, 
which is the basis for precise ‘gated’ radiotherapy. once the patient is precisely positioned, 
adaptive Gating ensures that the dose delivery is accurately focused on the tumor compared 
to conventional radiotherapy approaches. the automated adaptive Gating allows us 



sPonsoReD sessIons abstRacts

�24

sPonsoReD sessIons abstRacts

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 protocols 
with increased dose over time and expect improved outcomes for patients with mobile 
tumors and reduced side-effects at the same time.

Developing Clinical Indication of Spine radiosurgery  

Samuel ryu, m.D.

Department of Radiation oncology, Henry ford Hospital, Detroit, Usa

Radiosurgery is a reliable and successful form of targeted radiation treatment for eradicating 
gross tumors in a non-invasive procedure. It requires a high degree of accuracy and 
precision in tumor targeting, coupled with immobilization, image-guided localization and 
computerized radiation delivery methods. 

the magnitude of targeting accuracy, achieved with current technology, is acceptable for 
performing radiosurgical treatment on deep-seated tumors near critical normal tissues. this 
technical progress has lead to the development of spine radiosurgery. Due to the spinal cord’s 
usual location in the concavity of the spine target volume, treatment can be a challenging 
process. additionally, spine curvature in the cervicothoracic junctional area specifically is 
highly mobile, causing spinal cord positioning to be a variable. 

nevertheless, spine radiosurgery has been increasingly used for various clinical indications. 
for vertebral bone metastasis, radiosurgery achieved a rapid and durable pain control 
in majority of patients. spine radiosurgery is also used for treatment of spinal cord 
compression—radiosurgical decompression of the epidural spinal cord has been achieved 
with neurological function and ambulation improvements. the most critical constraint of 
spine radiosurgery is the potential spinal cord damage; however, the procedure has been 
proven safe with minimal complications. 

spine radiosurgery also has been used for treatment of benign spine tumors with excellent 
clinical outcome. based on institutional experience, a nationwide clinical trial of spine 
radiosurgery is planned for treatment of spine metastasis in the RtoG setting. 

radiosurgery from the Brain to the Spine with and without frame:  
20 years Experience  

Antonio A.F. De Salles, m.D., Ph.D.

Division of neurosurgery and Department of Radiation oncology
David Geffen school of Medicine
University of california los angeles, Usa

Introduction: the evolution of radiosurgery devices brought radiosurgery from the brain to 
the whole body. the mechanical and computer technological advances in linear accelerator 
(linac) Radiosurgery, adding the use of an automated micro-multileaf collimator (novalis) 
allows application of precise single or fractional doses of radiation to a widespread of 
neurosurgical pathologies, including cranial and spinal.
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methods: the first 10 years the author used proton beam radiation in over �00 lesions, 
followed by Gammaknife, adapted linear accelerators to radiosurgery including cyberknife 
and dedicated linear accelerators in another 700 patients. the last 10 years the experience 
was accumulated with the novalis in over 4000 patients. novalis uses a beam shaper device 
mounted permanently to a high speed radiation delivery linac. this system can operate 
in several modes including conventional circular arc Radiosurgery, conformal static beam 
Radiosurgery, dynamic conformal Radiosurgery and intensity modulated radiosurgery. 
Recently, the novalis tX also allows for complete freedom from the stereotactic frame. 
Patients treated with the novalis at the University of california los angeles since 1997 
were evaluated regarding effectiveness, development of radiosurgery complications and 
early failure of treatment. these results were analyzed in comparison with previous data of 
the same author. 

results: over 5000 patients were treated, including over 200 functional cases of trigeminal 
neuralgia, intractable pain, and arterio-venous malformations, cavernous angiomas, 
metastases, ependymomas, gliomas, meningiomas, hemangiopericytomas, schwannomas, 
pituitary adenomas, hemangioblastomas, chondrosarcoma and cordomas. spinal and 
cranial lesions were treated with frameless stereotaxis with exactrac capabilities, on line 
precision checks and robotic correction capabilities. Modern linear accelerator technology 
allows patients to be treated expeditiously, comfortably and with reduced complication 
rates, with success similar to other published radiosurgery data. the reduced time of 
treatment of complex radiosurgical lesions, approximately 20 minutes per lesion, and the 
highly homogeneous dose to the lesion volume compares favorably to other radiosurgical 
techniques available.

Conclusions: this study compares and validates shaped beam and frameless approach to 
stereotactic radiosurgery and stereotactic radiotherapy against previously used techniques 
by the author over a period of 20 years. long-term follow-up supports the safety and 
effectiveness of this technique and its capability to treat brain, spine and other body sites.
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