
Journal of Radiosurgery and SBRT Vol. 2 Suppl. 1 2013    1

11th International Stereotactic Radiosurgery Society Congress 
(ISRS 2013)

An International Meeting Dedicated to Advanced Brain and  
Body Radiosurgery

Toronto, Canada • June 16-20, 2013





Journal of Radiosurgery and SBRT Vol. 2 Suppl. 1 2013    3

LISTING OF ABSTRACTS

11th International Stereotactic Radiosurgery Society Congress 
(ISRS 2013)

Abstract: 1

Gamma knife radiosurgery for 
patients with nonfunctioning pituitary 
macroadenomas: predictors of tumor 
control, neurological deficits, and 
hypopituitarism

J. Sheehan1, R. Starke2, B. Williams2, J. Jane Jr.2 

1Neurosurgery, university of virginia, charlottesville/VA/

UNITED STATES OF AMERICA, 2Neurosurgery, University of 

Virginia, charlottesville/UNITED STATES OF AMERICA

Objective: Nonfunctioning pituitary macroadenomas 
often recur after microsurgery and thereby require 
further treatment. Gamma Knife radiosurgery (GKRS) 
has been used to treat recurrent adenomas. In this study, 
we evaluate outcomes following GKRS of nonfunctioning 
pituitary macroadenomas (NFA) and assess predictors 
of tumor control, neurological deficits, and delayed 
hypopituitarism.

Methods & Materials: Between 1989 and March 2010, 
140 consecutive patients with NFA at the University of 
Virginia. Median age was 51 years (range 21-82), and 
56% of patients were male. Mean tumor volume was 
5.6cc (volume range 0.6 to 35cc). Thirteen patients were 
treated with GKRS as primary therapy, and 127 had a 
history of surgery. Ninety-three patients had a history 
of hormone therapy prior to GKRS. Mean maximal dose, 
margin dose, and number of isocenters were 38.6 Gy 
(range 10-70), 18 Gy (range 5-25), 9.8 (range 1-26), 
respectively. Follow-up evaluations were performed in 
140 patients ranging from 0.5 to 17 years (mean 5 years; 
median =4.2 years). 

Results: Pituitary adenoma volume remained stable or 
decreased in 113 (90%) of 125 patients with available 
follow up imaging. Kaplan Meier analysis demonstrated 
radiographic progression free survival at 2, 5, 8, and 10 
years to be 98%, 97%, 91% and 87% respectively. In 
multivariate analysis, volume greater than 5cc (HR=5.0, 

95% CI 1.5-17.2, p=0.023) was the only factor predictive 
of tumor growth. The median time to tumor progression 
was 14.5 years. Delayed hypopituitarism occurred in 
30.3% of patients. No factor was predictive of post-
GKRS hypopituitarism. A new or worsening cranial 
nerve deficit occurred in 16 of 117 patients (13.7%). 
Visual decline was the most common neurological deficit 
(12.8%), and all patients experiencing visual decline had 
evidence of tumor progression. In multivariate analysis, 
adenoma volume greater than 5cc (OR=3.7, 95% CI 1.2-
11.7, p=0.025) and pre-GKRS hypopituitarism (OR=7.5, 
95% CI 1.1-60.8, p=0.05) were predictive of a new or 
worsened neurological deficit.

Conclusion: In patients with nonfunctioning pituitary 
adenomas, radiosurgery confers in a high rate of tumor 
control and a low rate of neurological deficits. The most 
common complication following radiosurgery is delayed 
hypopituitarism, and this occurs in a minority of patients.

Disclosure: No significant relationships.

Abstract: 2

Multiple orthogonal angiographic views 
improve avm volume analysis for gamma 
knife radiosurgery: case illustrations and 
technical report

C.H. Carbini1, E. Elfio2, R. Rodriguez Mercado2,  
J. Mendoza2, D.P. Kuffler3, C.E. Feliciano Vals2 

1Nathan Rifkinson Gamma Knife Center, ASEM, Rio Piedras/

PUERTO RICO, 2Neurosurgery, University of Puerto Rico, 

San Juan/PUERTO RICO, 3Institute Of Neurobiology, 

University of Puerto Rico, San Juan/PUERTO RICO

Background and Importance: To date one pair of 
orthogonal angiographic views is used by most 
neurosurgeons in AVM radiosurgery treatment planning. 
In order to improve AVM volume analysis we have 
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designed a protocol that involves obtaining and analyzing 
multiple orthogonal views during DSA imaging of brain 
AVMs.

Objective: To present the technical advantages of 
obtaining and analyzing additional orthogonal views 
during biplane catheter DSA to obtain a more accurate 
definition of AVM volumes for treatment planning for 
GKS.

Methods/Results: We present clinical, angiographical 
and radiosurgical descriptions of 4 patients diagnosed 
with cerebral AVMs who underwent GKS treatment at 
the PR Medical Center. AVM volumes analyzed from one 
pair vs. multiple orthogonal views taken during biplane 
catheter DSA were used as part of the treatment planning. 
There were no procedural related complications due to 
obtaining the increased number of views.

Conclusion: Analysis of multiple orthogonal vs. one pair 
of DSA images for AVM radiosurgery planning improves 
the reliability of the estimation of AVM volumes and 
should improve patient neurological outcomes.

Disclosure: No significant relationships.

Abstract: 3

How accurately can we predict 
the survival of patients with brain 
metastases?

D. Kondziolka1, P. Parry1, L.D. Lunsford1,  
J. Flickinger2, Y. Arai2, J. Loeffler3, S. Rush4,  
J. Knisely5, J. Sheehan6, P. Sperduto7, W. Friedman8 

1Neurological Surgery, University of Pittsburgh, Pittsburgh/

PA/UNITED STATES OF AMERICA, 2Radiation Oncology, 

University of Pittsburgh, Pittsburgh/PA/UNITED STATES 

OF AMERICA, 3Radiation Oncology, Harvard University, 

Boston/MA/UNITED STATES OF AMERICA, 4Radiation 

Oncology, New York University, New York/NY/UNITED 

STATES OF AMERICA, 5Radiation Oncology, NorthShore 

Long Island Jewish Hospital, Manhasset/NY/UNITED 

STATES OF AMERICA, 6Neurosurgery, university of virginia, 

charlottesville/UNITED STATES OF AMERICA, 7Radiation 

Oncology, Minneapolis Radiation Oncology, Minneapolis/MN/

UNITED STATES OF AMERICA, 8Neurosurgery, University of 

Florida, Gainesville/FL/UNITED STATES OF AMERICA

Introduction: For cancer patients estimated survival time 
is crucial for clinicians, patients, families, and payors. 
Using specific data we asked 14 medical, radiation, or 
surgical oncologists to predict the survival of patients 
with cancer metastatic to the brain.

Methods: During a 2 year interval we prospectively 
estimated survival in 150 consecutive cancer patients 
(median age =62 ,range, 33-84) with brain metastases 
undergoing radiosurgery. We recorded the cancer type, 
the number of brain metastases, extracranial disease 
status as either a) none; b) minimal; c) symptomatic; d) 
diffuse; or e) cachectic. We also recorded KPS, exposure 
to prior WBRT, and whether the patient had synchronous 
or metachronous presentation of their brain disease. The 
brain disease was rated as a) asymptomatic; b) causing 
seizures only; c) causing headache only, or d) associated 
with a neurological deficit. We provided the Recursive 
Partitioning Analysis (RPA) score (grades 1-3). Finally, 
we asked each physician to provide a prediction of 
expected survival (in months) beginning at the time the 
patient underwent radiosurgery.

Results: The actual median patient survival was 10.3 
months (95%; 6.4-14). The median physician predicted 
survival was 9.7 months (neurosurgeons [NS]=11.6, 
radiation oncologist [RO]=11.6, medical oncologist 
[MO], 7.8 months). For patients who died before 10 
months, both NS and RO clinicians were more optimistic. 
For specific tumor types, predictions were accurate 
within the following ranges: a) Breast: prediction was 
accurate within 0-3 months = 31%, 3-6 = 22%, 6-9 
= 21%, 9-12 = 9%, 12-18 = 12%, >18 = 6%; b) NSC 
Lung: 0-3 = 34%, 3-6 = 31%, 6-9 = 19%, 9-12 =7%, 
12-18 = 7%, >18 = 1.4%; c) Melanoma: 0-3 = 57%, 3-6 
= 19%, 6-9 = 10%, 9-12 = 9%, 12-18 = 35, > 18 = 2%. 
All physicians failed to predict patients who actually had 
extended survivals. In general medical oncologists had 
better predictive abilities. All physicians had survival 
predictions that were incorrect by as much as 12-18 
months, and 7 of 11 had individual predictions that were 
in error by >18 months.

Conclusions: Predicting the survival of cancer patients is 
difficult despite the importance of such estimates when 
making educated treatment recommendations. In this 
study all physicians were unable to accurately predict 
long term survivors. Despite valuable clinical data and 
predictive scoring techniques, advanced brain and 
systemic management often led to patient survivals well 
beyond estimated survivals. Such survival predictions 
should not be used to ration care.

Disclosure: No significant relationships.
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Abstract: 4

A new grading system focusing on 
functional preservation for brain 
metastasis patients treated with gamma 
knife surgery

T. Serizawa1, Y. Higuchi2, O. Nagano3, S. Matsuda3,  
J. Ono3, N. Saeki2, T. Hirai4, A. Miyakawa5,  
Y. Shibamoto5 

1Tokyo Gamma Unit Center, Tsukiji Neurological Clinic, 

Tokyo/JAPAN, 2Department Of Neurological Surgery, Chiba 

University, Chiba/JAPAN, 3Gamma Knife House, Chiba 

Cardiovascular Center, Ichihara/JAPAN, 4Stereotaxis And 

Gamma Unit Center, Fujieda Heisei Memorial Hospital, 

Fujieda/JAPAN, 5Department Of Radiology, Graduate 

School of medical science and medical school, Nagoya City 

University, Nagoya/JAPAN

Purpose: Functional preservation (qualitative survival, 
QS) has been regarded as one of the ideal endpoints 
for evaluating treatment results for patients with brain 
metastases. However, previous reports on grading 
systems for brain metastasis patients, i.e. RPA, SIR, 
BSBM and GPA, are based on only overall survival 
(OS), not QS. Herein, we propose a new grading system 
for predicting both OS and QS in patients undergoing 
gamma knife radiosurgery (GKS). 

Methods: Among 2481 brain metastasis cases, treated 
with GKS, we verified common poor prognostic factors 
for OS and QS. 

Results: There were 1490 men and 991 women. Median 
age was 65, range 7-94. The most common primary site 
was the lung (1629 cases), followed by gastro-intestine 
(315), breast (268), uro-genital (147) and others (122). 
Median survival times (MSTs) were 7.7 months for 
OS and 46.4 months for QS. The common significant 
prognostic factors were initial KPS score (poor factor; 
<70, p<0.0001), maximum tumor diameter (≥25mm, 
p<0.0001), brain lesion number (multiple, p=0.0002), 
and extra-cranial disease status (active, p=0.0044). 
According to the sum of these 4 risk factors, we classify 
the “low” risk group (547 cases) as having a score of 
0 or 1; “intermediate” a score of 2 (1176); and “high” 
(758) a score of 3 or 4. MSTs for QS were 71.9 months 
in the “low”, 42.3 in the “intermediate” and 19.0 in 
the “high” risk group. There were highly significant 
differences among the adjacent groups (p<0.0001, 
0.0002). MSTs for OS were 15.5 months in the “low”, 
7.8 in the “intermediate” and 4.9 in the “high” risk 
group. Differences among groups were also significant 
(p<0.0001).

Conclusions: Our new index, the QS score (QSS), was 
found to be excellent for predicting both OS and QS 

simultaneously in brain metastasis patients undergoing 
GKS.

Disclosure: No significant relationships.

Abstract: 5

A prospective multi-institute 
observational study of gamma knife 
alone treatment for 1-10 brain metastases 
(jlgk0901) has evidence for the efficacy 
of srs for 5-10 brain metastases been 
established?

T. Serizawa1, M. Yamamoto2, Y. Higuchi3, Y. Sato4,  
J. Kawagishi5, T. Shuto6, K. Yamanaka7,  
A. Akabane8, H. Jokura5, S. Yomo9 

1Tokyo Gamma Unit Center, Tsukiji Neurological Clinic, Tokyo/

JAPAN, 2Mito Gammahouse, Katsuta Hospital, Hitachinaka/

JAPAN, 3Department Of Neurological Surgery, Chiba 

University, Chiba/JAPAN, 4Clinical Research Center, Chiba 

University Hospital, Chiba/JAPAN, 5Jiro Suzuki Memorial 

Gamma House, Furukawa Seiryo Hospital, Osaki/JAPAN, 
6Department Of Neurosurgery, Yokohama Rosai Hospital, 

Yokohama/JAPAN, 7Department Of Neurosurgery, Osaka 

City General Hospital, Osaka/JAPAN, 8Gamma Knife Center, 

Kanto Medical Center, NTT EC, Tokyo/JAPAN, 9Saitama 

Gamma Knife Center, Sanai Hospital, Saitama/JAPAN

Introduction: By the end of 2012, we will have finished 
a multi-institute observational prospective study 
(abbreviation; JLGK0901, UMIN ID; 1812, http: /www.
umin.ac.jp/), which is designed to prove the non-
inferiority of gamma knife surgery (GKS) alone treatment 
for patients with 5-10 brain metastases (BM) versus 2-4 
BM.

Methods: 1206 patients with 1-10 newly diagnosed 
BM (<10 cc volume of the largest BM, <15 cc total 
tumor volume, no findings of CSF dissemination and 
KPS <70%) were enrolled at 23 facilities in Japan 
between March 2009 and February 2012. No attempt 
at pre-treatment randomization was made. The primary 
endpoint was overall survival (OS); other endpoints were 
tumor control, new distant lesion(s), salvage treatment, 
functional preservation including neuro-cognitive 
function, toxicities and cause of death.

Results: There were 480 females, 726 males, with a mean 
age of 66 (range; 30-91) years. The primary organs were 
the lung in 918 patients (76.1%), breast in 125 (10.4%), 
colon in 54 (4.5%), kidney in 36 (3.0%) and others in 73 
(6.1%). BM number was one in 460 (38.1%), 2-4 in 536 
(44.4%) and 5-10 in 210 (17.4%) patients. As of August 
2012, the median post-GKS follow-up time among 
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censored observations (447 patients) was 15.4 (range; 
0.8-41.0) months, and 739 patients (62.3%) had died. 
The median survival time was 12.1 (95% confidence 
interval; 11-13.1) months. The tumor control rates at 
one year were 95.5% for tiny (<1cc), 80.9% for small 
(1-4cc) and 66.5% for medium-sized (4-10cc) BM. New 
lesion-free and salvage treatment-free survival rates at 1 
year were 41.1%, 58.9%. Functional preservation rates 
were 88.5% at 1 year, 79.9% at 2 years and 74.5% at 3 
years. Neurological deaths were verified in 59 patients 
and neurological death-free rates were 95.3% at 1 year, 
88.0% at 2 years and 86.2% at 3 years.

Conclusions: Based on our previous retrospective 
investigations, the JLGK0901 study is anticipated to 
prove the non-inferiority of GKS as the sole treatment 
for patients with 5-10 brain BM as compared to those 
with 2-4 in terms of OS (Serizawa et al. JNS 113: 48-
52, 2010). Interim analysis comparing groups according 
to BM numbers in this on-going study is prohibited by 
the protocol. However, the final results comparing OS 
between the 2-4 and 5-10 BM groups will be disclosed 
at this meeting.

Disclosure: No significant relationships.

Abstract: 6

QA program for 4D radiotherapy using 
anthropomorphic phantom and mosfet 
detectors

J.E. Davila, J.A. Romero, A.T. Cabrera, J. Sayago 

Medical Physics Department, GURVE GROUP OF 

RADIOTHERAPY, CARACAS/VENEZUELA

Objective: Development and implementation of a 
program of quality assurance for the implementation of 
4D radiotherapy, including all the processes involved. 

Materials and Methods: We designed and built an 
anthropomorphic phantom with tissue equivalent 
material (gel). 5 detectors were introduced into the 
model type MOSFET to which they had previously been 
calibrated with an accelerating potential of 6 MV from 
Varian Linac, model Trilogy, distributed within a volume 
corresponding to the position of the tumor. It was later 
taken to the Image Service to perform 4D CT scanner in 
Phillips with dedicated software. The phantom was placed 
on a treatment simulation with horizontal scrolling. After 
obtaining the CT scan in 4D, the treatment planning was 
performed with a TPS, Varian Eclipse model, taking into 
account the movement. 

Results: The location of the volume to radiate was 
performed through use of portal imaging and markers 
using OBI and CBCT trust. The treatment plan delivered 
to the phantom was made   which was in motion on 
the table with horizontal scrolling. The results of dose 
measurements obtained with are similar with the 
applicable by simulation in the treatment planning 
system.

Conclusions: Measurements obtained from the fitting 
performed demonstrated the efficiency of the phantom 
built, this is mainly because the material used is similar 
to the tissue density. The platform built to simulate the 
horizontal movement allows the implementation of 4D 
technology which simulates the movement and breathing 
of the patient having the option to vary the speed of 
movement or breathing. With the implementation of the 
protocol can be verified as high doses are concentrated in 
the tumor region, decreasing sharply outside the defined 
area. The rate of formation ensures a good distribution 
of the dose and low dose areas correspond to 50% of the 
dose. The immobilization of the patient plays a key role in 
the delivery of treatment, so it should be as comfortable 
as possible. In this sense, the patient must fit in the 
restraint device in the most comfortable permitted; this 
will reduce the variations in the positioning during 
irradiation.

Disclosure: No significant relationships.

Abstract: 7

Which patients with glioblastoma respond 
best to adjuvant radiosurgery?

L.D. Lunsford, A. Niranjan, H. Kano, D. Kondziolka 

Neurological Surgery, University of Pittsburgh Medical Center, 

Pittsburgh/PA/UNITED STATES OF AMERICA

Purpose: We use Gamma Knife stereotactic radiosurgery 
(SRS) in glioblastoma patients who have residual or 
progressive disease after completion of initial surgical, 
radiation, and chemotherapy management. We sought 
to determine which patients respond best.

Methods: In a 20-year interval, Gamma Knife 
radiosurgery was prospectively performed in 297 
patients with histologically proven glioblastoma. We 
retrospectively evaluated the overall survival from 
diagnosis, survival after radiosurgery, and progression 
free survival based on the RPA class.

Results: The median survivals for class III, IV, and V +VI 
patients were 31.6%, 21.3%, and 16.7% respectively. 
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The one, two, three, and five-year survival for patients 
in RPA Class III were 94.8%, 57.5%, 40.2%, and 28.7% 
respectively. Survivals were significantly worse for 
RPA Class IV and V + VI patients. Median survival was 
improved in patients with tumor volumes less than 15 cc 
(p<0.00010, in patients who received a margin dose of 
15 Gy or higher (p<0.001), in patients who had a higher 
KPS (p=0.045) and in patients who were younger than 40 
years old (p<0.001). The extent of initial surgery (gross 
total, subtotal, biopsy) was not statistically significant.

Discussion: SRS is an appropriate management strategy 
for recurrent or progressive glioblastoma in patients 
who have undergone initial surgery, radiation, and 
chemotherapy. We found that patients with RPA Class 
III have the best prognostic features, especially if the 
tumor volume is less than 15 cc, and the tumor volume 
receives a dose of greater than 15 Gy. A younger age 
and better KPS were also statistically important factors. 
For such patients aggressive multimodality management 
including SRS may provide the best benefit.

Conclusion: Adjuvant stereotactic Gamma Knife 
radiosurgery provides an improved therapeutic benefit 
for glioblastoma patients who are eligible for boost 
radiosurgery, especially younger patients with smaller 
volume tumors that are eligible to receive a higher 
dose. A prospective level 2 trial of boost SRS and 
bevacizumab is planned by the North American Gamma 
Knife Consortium.

Disclosure: No significant relationships.
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Stereotactic radiosurgery in  NF-II.
Preliminary results in four patients

A.E. Castillo1, H. Grajeda2, A.F. Berti1, M. Zaharia3, 
A.R. Plasencia1 

1Neurosurgery, Instituto Radiocirugia del Pacifico, Lima/

PERU, 2Neurosurgery, Hospital Nacional PNP Luis N Saenz, 

Lima/PERU, 3Radiation Oncology, Instituto Radiocirugia del 

Pacifico, Lima/PERU

We present our preliminary results in four patients with 
Neurofibromatosis type II (NF-II) between 2007 and 
2012. We use a LINAC (Mevatron 6Mv) and the Micromar 
TM Stereotactic Radiosurgery System. All the patients 
but one have been treated with surgery and radiotherapy 
before and in our follow up new lesions appear in the 
central nervous system. Three of this patients are waiting 
for a new stereotactic radiosurgery for contralateral 
acoustic neurinoma or any other intracranial tumor. Two 
of them have not useful hearing.

Results: Three of them have tumor control, and 
two (which have preserved hearing) are clinically 
asymptomatyc, without any change before the treatment. 
Early intratumoral necrosis was observed in three 
cases.1 patiente fail because of the size of the tumor 
and the dosis/volume ratio was low. There was no facial 
nerve injury in any of the patient.

Conclusions: SRS is safe and effective in patients witn 
NF-II. The complications was related to the dose/volume 
ratio of the treated lesion.The mean dose was 12.5 Gy 
to the 80% of the isodose. No facial nerve injury was 
observed.

Disclosure: No significant relationships.

Abstract: 9

Robotic radiosurgery for the treatment 
of one to three brain metastases: a 
pragmatic application of cost-benefit 
analysis using willingness-to-pay

J.N. Greenspoon1, T. Whelan2, A. Whitton2,  
J. Wright2, W. Sharieff2, A. Gafni3 

1Radiaiton Oncology, Juravinski Cancer Centre, Hamilton/

CANADA, 2Radiation Oncology, Juravinski Cancer Centre, 

Hamilton/CANADA, 3Clinical Epidemiology And Biostatistics, 

McMaster University, Hamilton/CANADA

Purpose: With the emergence of radiosurgery as a new 
radiotheraputic technique, health care decision makers 
are required to incorporate community need, cost 
and patient preferences when allocating radiosurgery 
resources. Conventional patient utility measures 
would not reflect short term preferences and would 
therefore not inform decision makers when allocating 
radiosurgery treatment units. The goal of this article is 
to demonstrate the feasibility of cost-benefit analysis 
to elicit the yearly net monetary benefit of robotic 
radiosurgery.

Methods: To calculate the yearly incremental cost 
of robotic radiosurgery as compared to fixed-gantry 
radiosurgery we used direct local cost data. We assumed 
a standard 10 year replacement and 5% amortization 
rate. Decision boards summarizing the clinical scenario 
of brain metastases and the difference between robotic 
and fixed-gantry radiosurgery in terms of immobilization, 
comfort and treatment time were then presented to a 
sample of 18 participants. Participants who preferred 
robotic radiosurgery were randomly assigned to either 
a low ($1) or high ($5) starting point taxation based 
willingness-to-pay algorithm.
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Results: The yearly incremental cost of providing robotic 
radiosurgery was $99,177CAD. The mean community 
yearly willingness-to pay for robotic radiosurgery 
was $2,300,000CAD, p=0.03. The calculated yearly 
net societal benefit for robotic radiosurgery was 
$2,200,823CAD. Among participants who preferred 
robotic radiosurgery there was no evidence of starting 
point bias, p=0.8.

Conclusion: We have shown through this pilot study that 
it is feasible to perform cost-benefit analysis to evaluate 
new technologies in Radiation Oncology. Cost-benefit 
analysis offers an analytic method to evaluate local 
preferences and provide accountability when allocating 
limited healthcare resources.

Disclosure: No significant relationships.

Abstract: 10

Investigation of surface dose result from 
imaging units of (belonging) cyberknife 
robotic radiosurgery

A. Canbolat, F. Zorlu, A. Dogan, M. Gürkaynak 

Radiation Oncology, Hacettepe University Medicine School, 

Ankara/TURKEY

Purpose: Cyberknife Robotic Radiosurgery (CKS) uses 
stereoscopic X-ray imaging not only for patient setup, 
but also real-time target tracking throughuot treatment 
delivery process. This study measures surface doses 
result from CKS imaging system using different tube 
parameters.

Material and Method: The CKS imaging system uses a 
pair of amorphous silicon flat panel detectors arranged 
in a stereoscopic geometry with two ceiling-mounted 
kilovoltage (kV) X-ray sources at 45 degrees to the 
vertical, and the corresponding, floor-mounted flat panel 
detectors. The imaging system field of view, at the point 
where the central axes of these beams intersect (the 
imaging isocenter), is approximately 20x20 cm2. Center 
of measurement was accepted cross point of sagital 
and transvers lasers at the isocenter on the surface. The 
other measurement points was ±5 cm far from image 
field edge, cranio-caudal direction . For the different 
energies (90, 100, 110, 120 kV) was combined with 10, 
30 and 90 mAs which is proper to X-ray tubes. Average 
of measurement was taken as fix on 3 number of TLD for 
increasing accuracy at each measurement point. Also it 
was repeated two times through 160 and 240 images 
for investigating linearity of measurement and determine 
dose of single image more reliable ( sensitive). This 

process was followed for all combination of the tube 
parameters. 

Result: The increase in dose per image was observed 
in both the higher mAs value for the same energy and 
the higher energy for the same mAs value. While the 
lowest dose at image center and out-of-image field was 
determined at 90 kV and 10 mas, the highest dose was 
determined at 120 kv and 90 mas, respectively 0.16/0.07, 
2.38/0.96 mGy. The doses are decreasing significantly in 
the out of image field (! 50% dose of center image). 
Conclusion: Dose of imaging increase by high kV and 
mAs values. The number of images, depends on location 
of disease and CKS treatment options like breath tracking 
(Syncrony), vertebra bones tracking (X-Sight), cranial 
bones tracking (6D-Skull), is various during treatment 
approximately between 40 and 150 real-time imaging. 
This reveal also necessity that take into consideration 
a contribution to surface dose. Hence we should use 
lowest and optimal tube parameters without decrease 
quality of imaging and should determine minimum 
number of imaging without compromising quality of 
treatment.

Disclosure: No significant relationships.

Abstract: 10a

Modeling the dosimetric impact on 
target coverage due to small geometrical 
deviations of linac-based stereotactic 
radiosurgery

A.J. Patel, N. Nayebi, N. Papanikolaou,  
A.N. Gutierrez 

Department Of Radiation Oncology, University of Texas Health 

Science Center San Antonio, San Antonio/UNITED STATES 

OF AMERICA

Purpose: Stereotactic radiosurgery (SRS) is a precise 
radiation delivery technique that requires great accuracy 
in both the mechanical and dosimetric components of 
radiation delivery in order to achieve high local control 
rates. Presently, the American Association of Physicists 
in Medicine (AAPM) recommends the overall end-to-end 
testing tolerance for stereotactic delivery to be ≤ 2.0mm. 
This tolerance includes, but is not limited to, mechanical 
linear accelerator (LINAC) fluctuations about the 
isocenter, simulation imaging spatial resolution, target 
volume delineation and coincidence of imaging and 
mechanical isocenters. One of the distinct requirements 
in accomplishing LINAC-based SRS is the mechanical 
stability of modern age LINACs. Although tighter 
machine motion tolerances are now possible, residual 
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fluctuations still exist and can lead to overall millimeter-
scale displacements.

Methods: In this study, the dosimetric impact of these 
displacements on the target volume was modeled 
by purposely introducing random, 3D displacements 
of 0.5, 1.0, 1.5, and 2.0mm. One-hundred (n=100) 
previously treated SRS targets with multiple arc-based 
plans using either cone or mMLC collimation were 
evaluated. The targets were binned based on their 
delineated volume: Group A – vol. ≤ 0.1cc, Group B – 
0.1 < vol. ≤ 1.0cc and Group C – vol. > 1.0cc. Dosimetric 
impact was characterized by quantifying each metric 
difference between the original SRS plan and displaced 
isocenter plans. The evaluation metrics used were the 
conformation number (CN), near-minimal dose (D99%), 
target coverage (TC), mean dose (D50%), and near-
maximal dose (D2%).

Results: Results show a strong correlation between 
the magnitude of displacement and CN, D99%, D50% 
and TC. For a 1.0mm displacement, mean percentage 
differences in the D99% for Groups A, B, and C were 
18.4±11.0%, 10.6±5.3% and 5.3±3.0%, respectively. 
For the TC, mean percentage reductions for Groups 
A, B, and C were 8.6±6.1%, 4.2±2.4% and 1.5±1.0%, 
respectively. Maximum differences for all metrics 
were noted for targets in Group A irrespective of 
displacement value.

Conclusions: Overall, displacements on the order of 
1.0-2.0mm were found to influence the dose distribution 
of SRS targets. Due to results, a strict emphasis on 
high accuracy should continue to be adhered to for 
stereotactic radiosurgery in order to ensure high local 
control rates. 

Disclosure: No significant relationships.
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Evolving needs to divide or combine 
radiosurgery treatment plans

K. Hunt, L. Walton, J.G. Rowe, J. Yianni, M. Radatz, 
A. Kemeny 

National Centre For Stereotactic Radiosurgery, Sheffield 

Teaching Hospitals NHS Trust, JF/UNITED KINGDOM

Introduction: We recently experienced a rare equipment 
failure, forcing us to divide a single radiosurgery plan 
into two component parts. We describe how this was 
achieved using the planning tools available. Whilst 
unusual, the ability to divide or combine plans potentially 

has applications not only for equipment failures, but for 
a number of complex radiosurgery cases. Case study 
During a standard Gamma Knife Perfexion treatment, an 
irrecoverable collimator cap error occurred. Available to 
us to complete the interrupted treatment was in house, 
our 4C model Gamma Knife, or in an adjacent unit another 
Perfexion machine. We used the latter, the remaining 
shots being delivered as originally planned, but with 
adjusted times to correct for the difference in output. 
A method was subsequently developed for completion 
of the second component of a Perfexion plan on a 4C 
model. First the original planned 50% and 20% isodoses 
are outlined. The undelivered shots are removed from 
the plan. Shot weights and the prescription are adjusted 
to match the already delivered shot times. The delivered 
50% and 20% isodoses are then outlined. The delivered 
plan is recreated as closely as possible using 4C shots, 
adjusting required shot times for output factor and 
doserate differences. Additional fields are then added 
to match the distribution to the 50% and 20% planned 
isodose outlines. Weights are altered to attempt to keep 
the “delivered” 4C shot times fixed. 

Discussion: This case raised a number of issues. If a 
treatment is interrupted and needs to be completed, the 
completion will depend on what other radiosurgical tools 
are available. Whilst our situation may be unique, there 
may be other centres with different units available. In 
Gamma Plan, the total plan is normalised to the max 
dose point, which makes splitting it into component 
parts difficult. The facility to fix shot times within Gamma 
Plan and calculate the dose distribution from these times 
would be beneficial. A separate but related issue is the 
combination of plans. This may be combining different 
Gamma Knife plans for a single patient – we are seeing 
more complex phased treatments. Alternatively we are 
seeing complex patients being treated with different 
radiosurgery devices e.g. combinations of intracranial 
and spinal disease. To date Gamma Plan can export 
DICOM RT including dose distribution details, but cannot 
import the dose component. There may be increasing 
need for this in the future.

Disclosure: No significant relationships.
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A novel electron-beam combined with 
magnetic field application for SRS and 
SBRT

D. Alezra1, U. Nisim2, S. Roberto2, L. Zach1,  
Y. Lawrence1, R. Pfeffer1 

1Oncology, Sheba Medical Center, Tel Hashomer/ISRAEL, 
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Purpose: The new beam and delivery system consists 
of an electron accelerator and a system of magnets. 
Introducing a transverse magnetic field in and near 
the tumor, causes the electrons to spiral in this region, 
thereby producing an effective peak in the depth dose 
distribution, within the tumor volume. We suggest here 
for the first time, a viable as well as workable, magnetic 
field configuration, which in addition to focusing the 
beam does not interfere with its propagation to the target.

Methods: Electron accelerator: Linear accelerator or 
other, capable of producing different electron energies 
for different depths and dose absorption accumulation. 
The Field size can be small as a pencil beam or big as any 
standard field sizes used in radiosurgery. The dose rate 
accumulation can be as high as possible.
The magnets are able to produce magnetic fields. The 
order, direction, width, place, shape and number of the 
magnetic fields define the shape and the Percentage 
Depth Dose (PDD) Curve of the electron beam.

Prototypes were successfully tested by means of 
computer simulation, using COMSOL-Multiphsics for 
magnetic fields calculations and FLUKA package, for 
electron beam MC simulation.

Results: Our results suggest that by using an electron 
beam at different energies, combined with magnetic 
fields, we could modify the delivered dose. This is 
caused by manipulating the electron motion via the 
Lorentz force. The applied magnetic field, will focus the 
electron beam at a given depth and deposit the energy in 
a given volume and depth, where otherwise the electron 
energy would have spread deeper.

The direction and magnitude of the magnetic fields 
will prevent the scattering of the electron beam and its 
absorption in remote volumes. In practice, we get a 
pseudo Bragg peak depth dose distribution, applying 
a relatively low cost system. The therapeutic efficiency 
induced by the system is similar to the ion beam therapy 
techniques.

Conclusion: Our novel concept enables radiation 
treatment configurations that are almost similar to 
proton therapy and in some parameters may show even 
better performance.

Unlike the current high-energy electron therapy, 
our system’s beam deposits almost all of its energy in 
the target, with a low amount of radiation deposited in 
tissues interposed from the skin to the tumor surface with 
virtually no “exit dose” beyond the tumor. This property 
will enables to hit tumors with higher, potentially more 
effective radiation doses, while being considerably less 
expensive than charged particle beam systems.

Disclosure: No significant relationships.
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Recursive partitioning analysis for the 
prediction of stereotactic radiosurgery 
brain metastases lesion control

J. Zindler1, G. Rodrigues2, A. Warner2,  
F.J. Lagerwaard1 

1Radiation Oncology, vuMC, Amsterdam/NETHERLANDS, 
2Radiation Oncology, London Regional Cancer Program, 

London/CANADA

Purpose: The objective of this investigation is to identify 
independent pretreatment factors that predict for local 
brain metastases (BM) control in the context of a large 
single institution stereotactic radiosurgery (SRS) series. 
Recursive partitioning analysis was used to potentially 
identify a class of patients with durable lesion control 
characteristics.

Methods: A retrospective SRS database containing 
baseline characteristics, treatment details, and follow-
up data of newly diagnosed patients with 1-3 BM (on 
magnetic resonance imaging) treated with Linac-based 
SRS was created. Three study endpoints were used: 
time to progression (primary endpoint, individual lesion 
progression n=536), time to first progression (secondary 
endpoint, first lesion progression on an individual patient 
basis, n=380) and overall survival (secondary endpoint, 
n=380). Recursive partitioning analysis (RPA) was 
performed to identify predictors of time to progression. 

Results: Multivariable analysis demonstrated that lesion 
aspect/phenotype and radiotherapy schedule were 
independent factors associated with both progression 
outcomes. Presence of tumor necrosis was found to 
be associated with a significant hazard of progression 
(hazard ratio >3) whereas use of the most intense 
radiotherapy fractionation schedule (21Gy/1fraction) 
was associated with significant reductions in progression 
(hazard ratio <0.3). An RPA utilizing SRS dose and lesion 
aspect/phenotype was created and describes three 
distinct prognostic groups.

Conclusions: A RPA of a large retrospective SRS 
database has confirmed previous observations regarding 
the importance of SRS dose and lesion aspect/phenotype 
in lesion control and overall survival. The RPA analysis 
may assist in stratification of future clinical trials as well 
as better defining patient care options and prognosis.

Disclosure: No significant relationships.
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Propensity-score matched pair 
comparison of whole brain with 
simultaneous in-field boost radiotherapy 
and stereotactic radiosurgery

G. Rodrigues1, J. Zindler2, A. Warner1, G. Bauman1, 
S. Senan2, F.J. Lagerwaard2 

1Radiation Oncology, London Regional Cancer Program, 

London/CANADA, 2Radiation Oncology, vuMC, Amsterdam/

NETHERLANDS

Purpose: To compare lesional stereotactic radiosurgery to 
whole brain (WBRT) radiotherapy with simultaneous in-
field boost for brain metastases in terms of overall survival.

Methods: A retrospective review was performed on 
two institutional databases of 500 patients diagnosed 
with brain metastatic disease who received either 
stereotactic radiosurgery (SRS, n=381) or whole brain 
with simultaneous in-field boost radiotherapy (SIB, 
n=119), between 2002-2011. Propensity score matching 
was utilized to obtain two groups with similar known 
prognostic factor characteristics. Kaplan-Meier and 
univariable/multivariable Cox modeling was conducted 
to assess the treatment impact on overall survival (OS). 

Results: Propensity score matching created a matched 
cohort of 178 patients (89 SRS/SIB) with similar baseline 
characteristics. Multivariable analysis demonstrated that 
presence/absence of systemic metastases, patient age, 
tumour volume, and presence/absence of active primary 
were found to be more predictive of OS than treatment 
assignment (p=0.38). SIB was associated with reduced 
intracranial failure likely due to the WBRT component of 
the treatment (HR 0.36, p<0.001).

Conclusions: Adjusting for other predictive factors, 
treatment with either SRS or SIB did not result in any 
statistically significant difference in OS; however, 
observed intracranial failure was different due to the use 
of WBRT in the SIB cohort.

Disclosure: No significant relationships.
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Gamma knife stereotactic radiosurgery 
for large vestibular schwannomas: the 
Manitoba experience

M.G. Bigder1, F.A. Zeiler2, P.J. Mcdonald2, A.M. 
Kaufmann2, D. Fewer2, J. Butler3, G. Schroeder3,  
M. West2 

1Section Of Neurosurgery, Health Sciences Center, 

University of Manitoba, Winnipeg/MB/CANADA, 2Section Of 

Neurosurgery, University of Manitoba, Winnipeg/MB/CANADA, 
3Department Of Radiation Oncology, Health Sciences Center, 

University of Manitoba, Winnipeg/MB/CANADA

Object: To review our institutional experience with 
Gamma Knife (GK) stereotactic radiosurgery in treating 
large vestibular schwannomas (VS) of 3 to 4 cm diameter.

Methods: We retrospectively reviewed records of 
all patients treated with GK for VS at our institution 
between November 2003 and March 2012. Data on 
age, sex, VS volume, location and maximal diameter, 
House-Brackmann (HB) facial nerve scores pre and 
post-GK, Gardner-Robertson (GR) hearing score pre and 
post-GK, GK treatment parameters, VS response time, 
complications and clinical outcome was recorded 

Results: A total of 28 patients during the defined time 
period were identified. Three patients were lost to 
follow-up. Mean follow-up was 34.5 months. Tumor 
control occurred in 92%, and was maintained in 85.7% 
at 2 years. Facial nerve or hearing preservation occurred 
in all treated compared to pre-GK status, as per HB 
and GR grading. Transient complications occurred in 
80%. Temporary vestibular dysfunction occurred in 7 
patients (28%). One patient (4%) had the permanent 
complication of worsening pre-GK hemifacial spasm. 
Four patients (16%) developed hydrocephalus post-GK. 

Conclusion: GK stereotactic radiosurgery as a primary 
treatment modality for large VS, can provide acceptable 
tumor control rates with good facial nerve and hearing 
preservation, and low complication rates. 

Disclosure: No significant relationships.
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Abstract: 16

Ramipril mitigates the radiation-induced 
spinal cord damage by dealying the time 
to develop paralysis after high dose 
radiation to the spinal cord in rats

S. Ryu, A. Kolozsvary, K. Lapanowski, K. Jenrow,  
S. Brown, J.H. Kim 

Radiation Oncology, Henry Ford Hospital, Detroit/MI/UNITED 

STATES OF AMERICA

Spinal cord is a dose-limiting critical normal tissue in 
spine radiosrugery. To demonstrate the mitigating effect 
of Ramipril, ACE inhibitor, as was in the optic neuropahty 
modes, experiments were carried out in a rat model to 
determine whether Ramipril can mitigate the spinal cord 
injury following single high dose radiation. A total of 49 
Fisher 344 rats were irradiated to the spinal cord (C5-T2) 
in the field size of 20x20 mm with radiosurgical doses of 
22 - 33 Gy. After radiation, rats were randomly assigned 
to sham vs. Ramipril treatment. Starting one week after 
radiation, Ramipril was given 1.5mg/kg/day in drinking 
water for the study period. Endpoints were paralysis 
(functional) and histology. Upon developing paralysis, 
the rats were euthanized and spinal cord was prepared 
for immunohistochemical stained with LFB, VEGF, and 
HIF-1a. The radiation dose relationship was established 
for paralysis. There was no paralysis after 22 Gy at 6 
months. ED50 was calculated to be 27 Gy and the time 
to develop paralysis was 153±14 days. In the group 
receiving high radiation doses (30-33 Gy), median time 
to develop paralysis was 125±4 days. Post-radiation 
ramipril treatment was effective in delaying paralysis 
in high radiation doses. In 30-33 Gy group, the time 
to develop paralysis was prolonged to 135±4 days by 
Ramipril. This showed a marginal statistical significance. 
Ramipril effect was less pronounced in the lower 
radiation dose group given 27 Gy. LFB stain showed a 
statistically significant restoration of myelin production 
in the Ramipril-treated group. Ramipril delayed the time 
to develop paralysis after high radiation doses, and 
showed a trend toward mitigation of radiation-induced 
spinal cord damage. Further studies are planned to 
elucidate pathogenesis of radiation injury with and 
without Ramipril. 

Disclosure: No significant relationships.
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Patterns of failure after radiosurgery to 
different target volumes of enhancing 
lesion only versus enhancing lesion 
and flair abnormality for recurrent 
glioblastoma multiforme

S. Ryu1, R. Yechieli1, T. Mikkelsen2, J. Kim1,  
S. Kalkanis2, J. Rock2, E. Kim2 

1Radiation Oncology, Henry Ford Hospital, Detroit/MI/UNITED 

STATES OF AMERICA, 2Neurosurgery, Henry Ford Hospital, 

Detroit/MI/UNITED STATES OF AMERICA

Objectives: To demonstrate the different pattern of 
failure after radiosurgery of the recurrent glioblastoma 
(rGBM) to two different target volumes of contrast 
enhancing lesion only with/without FLAIR abnormality. 

Methods: A total of 61 patients with rGBM were treated 
with fractionated radiosurgery (FRS) Between 2008 
and 2012. All patients were diagnosed with recurrent 
GBM, including 3 patients whose tumors trnasformed 
to GBM. All patients received initial treatment with 
surgery followed by radiotherapy with temozolomide 
and treated with second-line chemotherapy before 
FRS. Radiosurgery Regimen A was 32Gy (8Gy x 4 
within 2 weeks) to the contrast enhancing lesion only. 
Regimen B was 32Gy (8Gy x 4 within 2 weeks) to the 
contrast enhancing lesion and 24Gy (6Gy x 4 within 2 
weeks) to the area of new FLAIR abnormality delivered 
concomittantly.

Results: The median overall survival after primary 
diagnosis was 28 months for patients with GBM and 
132 months for patients with initial grade 3 gliomas. The 
median survival after SRS was 10 months. The median 
progression-free survival after SRS was 5 months. 
Overall, 62% (38/61) recurred during the follwoup 
period. Tumor control rate was 17% (7/40) in regimen A 
and 33% (7/21) in regimen B (p = 0.081). Regimen A had 
67% (27/40) locoregional failure and 15% (6/40) distant 
failure. Regimen B showed 52% (11/21) locoregional 
failure and 14% (3/21) distant failure. No acute or long 
term toxicities were attributable to FRS of either regimen. 

Conclusion: Both FRS regimens were safe and effective 
for salvage therapy of recurrent GBM. FRS to the contrast 
enhancing lesion and flair abnormality appear to improve 
tumor control, and there is trend to reduce the regional 
tumor progression. Based on this finding, a prospective 
study is ongoing to further clarify the optimal role of FRS 
in the treatment of recurrent GBM.

Disclosure: No significant relationships.
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Abstract: 18

Linac-based fractionated stereotactic 
radiotherapy (FSRT) for vestibular 
schwannomas: dosimetric comparison 
of dynamic conformal arc therapy and 
helical tomotherapy

N. Bauer, J. Clavier, P. Meyer, G. Noël 

Radiation Oncology, Paul Strauss Cancer Center, 

STRASBOURG CEDEX/FRANCE

Purpose: To compare dosimetric results of fractionated 
stereotactic radiotherapy (FSRT) performed by dynamic 
conformal arc therapy (DCAT) and helical tomotherapy 
(HT) for the treatment of vestibular schwannoma (VS).

Materials and Methods: Ten consecutive patients 
with VS treated in our radiation department by DCAT 
using 4 or 5 noncoplanar arcs were re-planned with 
HT system. Prescription dose was 54 Gy, delivered in 
1.8 Gy fractions, to the encompassing 95% isodose. 
Several dosimetric indexes were gathered to compare 
both techniques: homogeneity index (HI) and conformity 
indexes (CIs) for planned target volume (PTV), dose 
volume histograms (DVHs) of PTV and organs at risk 
(OARs), dose gradient index (DGI) and 50% isodose 
volume (Vi50%) for dose drop-off outside the PTV, OAR 
coverage (OCO) and integral dose for brain (IDbrain). 
Beam-on time and monitor units (MUs) were too 
analyzed for each technique.

Results: Mean and median GTV was 3.62 cm3 and 1.90 
cm3 (range 0.18-15.45), respectively. CIs were similar 
between both techniques. A better HI was achieved with 
HT (p = 0.004), with a higher D98%, the near-minimum 
absorbed dose (p < 0.001). HT provided also a better 
DGI (p = 0.011) than DCAT. As regards OARs, no 
significant difference was retrieved for OCO, but D2% 
(near-maximum absorbed dose) to chiasm was lower in 
HT plan (p = 0.002), whereas DCAT plan spared better 
contralateral trigeminal and facial cranial nerves (p = 
0.003 and 0.044 for D2%, respectively, and p = 0.011 
and 0.046 for Dmean, respectively). HT achieved a 
substantial decrease in very low-dose (2 Gy) irradiation 
of the normal brain (322 cm3 vs 859 cm3, p < 0.001), 
with a lower IDbrain. Concerning treatment delivery, DCAT 
consumed less MUs (p < 0.001) and had shorter beam-
on-time (p < 0.001).

Conclusion: DCAT and HT techniques are highly 
conformal techniques and are able to deliver a safe 
and efficient treatment for VSs. Each technique has its 
own dosimetric advantages and no technique seem 
to be overall better than the other one. Translation of 

these dosimetric advantages into clinical benefits is not 
demonstrated. Prospective studies and further long-
term evaluation, mostly for neurocognitive and nerves 
functions, are required.

Disclosure: No significant relationships.
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The efficacy and safety of fractionated 
cyberknife radiosurgery for large brain 
tumors: a preliminary report

Y.H. Cho, J.H. Kim, C.J. Kim 

Neurosurgery, Asan Medical Center, Seoul/KOREA

Purpose: Stereotactic radiosurgery has been proved to 
be effective and safe in treating brain tumors ≤ 3.0 cm 
in diameter. Herein, we present the preliminary results 
of multi-fractionated cyberknife radiosurgery for large 
brain tumors > 3.0 cm.

Methods: Between June 2011 and June 2012, a total of 
29 patients were treated with cyberknife radiosurgery 
(mean marginal dose of 29 Gy, 3 to 5 fractions) for their 
large brain tumors, either primary or metastatic. There 
were 15 men and 14 women and mean age was 61.1 years 
(range, 34-78 years). Specific types of tumor included 
metastasis (n=12), meningioma (n=12), schwannoma 
(n=2), pinealoma (n=2), and central neurocytoma (n=1). 
Average diameter of tumor was 3.9 cm (range, 3.1-5.1 
cm).

Results: With the mean follow-up of 7.7 months (range, 
3-15 months), no progression of disease was observed. 
Seven of 12 metastases showed significant size reduction 
as early as one to three month follow-up. Treatment-
related adverse events included increased peritumoral 
edema in two patients of whom one underwent a 
craniotomy, and aggravation of hydrocephalus in another 
two patients.

Conclusions: These preliminary results may indicate a 
promising role of fractionated radiosurgery for treating 
large brain tumors in terms of efficacy and safety.

Disclosure: No significant relationships.
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Gamma knife in the treatment of pituitary 
adenomas: results of a single center

M.G. Bigder1, F.A. Zeiler2, P.J. Mcdonald2,  
A.M. Kaufmann2, J. Butler3, G. Schroeder3, M. West2 

1Section Of Neurosurgery, Health Sciences Center, 

University of Manitoba, Winnipeg/MB/CANADA, 2Section Of 

Neurosurgery, University of Manitoba, Winnipeg/MB/CANADA, 
3Department Of Radiation Oncology, Health Sciences Center, 

University of Manitoba, Winnipeg/MB/CANADA

Introduction: Gamma Knife (GK) radiosurgery for 
pituitary adenomas can offer a means of tumor 
and biologic control with acceptable risk and low 
complication rates. Methods: Retrospective review of all 
the patients treated at our center with GK for pituitary 
adenomas from Nov 2003 to June 2011.

Results: We treated a total of 86 patients. Ten were 
lost to follow-up. Mean follow was 32.8 months. 
There were 21 (24.4%) growth hormone secreting 
adenomas (GH), 8 (9.3%) prolactinomas (PRL), 8 
(9.3%) adrenocorticotropic hormone secreting (ACTH) 
adenomas, 2 (2.3%) follicle stimulating hormone/
luteinizing hormone secreting (FSH/LH) adenomas, 
and 47 (54.7%) null cell pituitary adenomas that were 
treated. Average maximum tumor diameter and volume 
was 2.21cm and 5.41cm3, respectively. The average 
dose to the 50% isodose line was 14.2 Gy and 23.6 Gy 
for secreting and non-secreting adenomas respectively. 
Mean maximal optic nerve dose was 8.87 Gy. Local 
control rate was 75 of 76 (98.7%), for those with 
follow up. Thirty-three (43.4%) of patients experienced 
arrest of tumor growth, while 42 (55.2%) of patients 
experienced tumor regression. Of the 39 patients with 
secreting pituitary tumors, 7 were lost to follow up. 
Improved endocrine status occurred in 16 (50.0%), 
while 14 (43.8%) demonstrated stability of hormone 
status on continued pre-operative medical management. 
Permanent complications included: panhypopituitarism 
(4), hypothyroidism (4), hypocortisolemia (1), diabetes 
insipidus (1), apoplexy (1), visual field defect (2), and 
diplopia (1).

Conclusions: Gamma Knife radiosurgery is a safe and 
effective means of achieving tumor growth control and 
endocrine remission/stability in pituitary adenomas.
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Cranial irradiation induces migration 
of bone marrow-derived cells to the 
cerebellum and their differentiation  
into microglia in adult mice

N. Okonogi1, K. Nakamura2, Y. Suzuki1, N. Suto2,  
K. Suzue3, T. Kaminuma1, T. Nakano1, H. Hirai2 

1Radiation Oncology, Gunma University Graduate School 
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Purpose: Microglia, which are resident immunological 
effector cells, play key roles in the defenses against brain 
disorders. Although postnatal hematopoietic progenitor 
cells do not essentially contribute to microglial 
homeostasis in adult mouse brains under physiological 
conditions, adult bone marrow (BM) cells migrate to the 
brain to differentiate into microglia following sublethal 
whole-body irradiation. Here, we investigated whether 
cranial irradiation instead of whole-body irradiation 
was sufficient to induce the migration of BM cells and 
their differentiation into bone marrow-derived microglia 
(BMDM) in the brain of a mouse model.

Methods: In the first set of experiments, donor BM cells 
were obtained from murine stem cell virus (MSCV)-
green fluorescent protein (GFP) transgenic mice. The 
MSCV-GFP transgenic mice expressed GFP in BM cells 
and some neuronal populations but not in microglia. The 
GFP-positive BM cells were transplanted into adult wild-
type (WT) mice after whole-body irradiation (3.9 Gy). 
Four weeks after BM transplantation, the mice received 
cranial irradiation of 6.5 Gy or 13.0 Gy. In another set of 
experiments, MSCV-GFP transgenic mice received 13.0 
Gy of cranial irradiation alone. The use of transgenic 
mice permit the evaluation of cranial irradiation-induced 
migration of BM cells to the brain without pretreatment 
with whole-body irradiation and BM transplantation. 
Eight weeks after cranial irradiation, the ratio of GFP- and 
Iba1-double positive microglia among all parenchymal 
microglia was quantified as BMDM in the cerebellum. 
Statistical differences were evaluated using an unpaired 
Student’s t-test. Differences were considered significant 
when p values were less than 0.05. 

Results: In the WT mouse sections with BM 
transplantation, the ratios of BMDM among all microglia 
were 1.2%, 12.4%, and 30.9% in the 0-Gy, 6.5-Gy, and 
13.0-Gy groups with cranial irradiation, respectively. 
There were statistically significant differences between 
the 0-Gy group and the 6.5-Gy group (p < 0.005), the 
0-Gy group and the 13.0-Gy group (p < 0.001), and 
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the 6.5-Gy group and the 13.0-Gy group (p < 0.001). 
In the MSCV-GFP transgenic mouse sections, the ratios 
of BMDM among all microglia were 0.0%, and 45.1% 
in the 0-Gy, and 13.0-Gy groups with cranial irradiation, 
respectively. There was statistically significant difference 
between the 0-Gy group and the 13.0-Gy group (p < 
0.001).

Conclusions: Our results showed that cranial irradiation 
alone, but not low-dose whole-body irradiation, was 
sufficient to induce BMDM in the brain parenchyma 
of adult mice. Because of its therapeutic potency of 
microglia, our results would be beneficial to future 
therapeutic application of cranial irradiation.
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Tumor control and incidence of radiation 
necrosis after reirradiation with 
stereotactic radiosurgery

B.E. Terakedis1, R.L. Jensen2, D.C. Shrieve1 

1Radiation Oncology, University of Utah, Salt Lake City/

UNITED STATES OF AMERICA, 2Neurosurgery, University of 

Utah, Salt Lake City/UT/UNITED STATES OF AMERICA

Objectives: To determine the ability of a second course 
of stereotacctic radiosurgery (SRS) to control brain 
metastases as well as to document the incdience of 
radiation necrosis (RN) after SRS reirradiation.

Methods: All patients with brain metastases treated with 
two or more courses of single fraction, linear accelerator 
based SRS to the same lesion were identified. Patients 
were excluded if they did not have follow-up imaging 
after the second course of SRS. Patient characteristics 
and radiotherapy and surgery data were collected. MRI 
scans were evaluated for tumor response, and axial 
dimensions were documented. Lesions were categorized 
as complete response, partial response (<20% increase 
in size), or progressive disease (>20% increase in 
size). Development of RN as confirmed by pathology or 
spectroscopy/imaging, was recorded.

Results: A total of 43 lesions in 38 patients were 
evaluable. The most common histology was melanoma 
(20/38, 53%) followed by lung and breast. RN was 
identified in 7/43 (16%) lesions. Three cases were 
confirmed by pathologic evaluation, and 4 cases were 
identified by imaging. Of lesions without RN, 17 (47%) 
were stable, 7 (19%) had a partial response, 1(3%) had 
a complete response, and 11 (31%) had progressive 

disease after the second course of SRS. In patients 
without RN, the median SRS dose for both courses was 
20 Gy. For patients with RN, the median dose was 18 Gy 
for both courses. The mean maximum tumor dimension 
at the time of the 2nd course of SRS was 14.7 mm and 
19.3 mm for patients without and with RN, respectively. 
The mean number of days between courses of SRS 
was 326 for patients without RN and 255 for patients 
with RN. Of lesions with RN, 3/7 (43%) were resected 
prior to the first course of SRS. In lesions without RN, 
10/36 (28%) were resected (6 prior to the first course 
of SRS and 4 between courses of SRS). Whole brain 
radiotherapy was delivered in 18 (50%) without RN and 
in 3 (43%) with RN.

Conclusion: Reirradiation with SRS can lead to tumor 
response in the majority of patients with a low incidence 
of RN. RN did not appear to be associated with SRS dose 
or use of whole brain radiotherapy but may be associated 
with the time interval between courses of SRS, size of 
the treated lesion, and use of surgery.
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SBRT for cardiac arrhythmia ablation

A. Lo1, B. Loo1, P. Maguire2, S.G. Soltys1,  
L. Wang1, P. Zei3 

1Radiation Oncology, Stanford University, Stanford/CA/

UNITED STATES OF AMERICA, 2Medical, CyberHeart 

Inc, Portola Valley/CA/UNITED STATES OF AMERICA, 
3Cardiovascular Medicine, Stanford University, Stanford/CA/

UNITED STATES OF AMERICA

Purpose: Stereotactic Body Radiation Therapy (SBRT) 
for cardiac ablation of ventricular tachycardia (VT) 
represents an alternative to standard catheter-based 
methods for treating VT. This study reports the steps 
and considerations for treatment setup, target definition, 
treatment planning and treatment delivery with 
CardioPlan 3-D contouring software (CyberHeart) and 
Cyberknife (Accuray). 

Methods: A selected patient was observed under 
fluoroscopy to visualize his existing pacemaker lead. 
Because of extensive metallic components it was not 
suitable for Synchrony (Accuray) tracking. A dummy lead 
with a single metal end was implanted via percutaneous 
right axillary vein access for tracking purpose. Cardiac 
motion about 1 cm was observed with breathe hold. 
FHS 4D-CT, breathe hold CT were performed with patient 
rolled about 15 degree to the right so the dummy lead 
could be identified clearly by Synchrony tracking. CT 



ISRS 2013

16   Journal of Radiosurgery and SBRT Vol. 2 Suppl. 1 2013

images were loaded into CardioPlan 3-D contouring 
software. The cardiologist visualized the heart in 3D, 
segmented to show various volumes and contoured 
a 3D target that was projected into CT slices. The SS 
(structure set) was transferred to Multiplan (Accuray). 
The radiation oncologist refined a composite target 
incorporating cardiac motion and PET uptake and a PTV 
(planning target volume) that allows dose to extend to 
the interior wall and chamber. Adjacent critical organs 
were also contoured. Special shells were created 
during planning to create a conformal dose distribution 
around the PTV while keeping dose to critical organs to 
minimum.

Results: A Synchrony treatment plan with Iris collimator 
of 25 Gy in 1 fraction to 75% isodose line, 175 non zero 
beams and 27671 MU was created that covered 97% of 
PTV, doses to critical organ were all acceptable. Patient 
setup took half an hour including placing monitors to 
monitor vital signs, identified the dummy lead and built 
Synchrony tracking model. Actual radiation delivery with 
Synchrony took 90 minutes with a 30 minute rest period 
in between that the patient requested. Total elapsed time 
was under 3 hours. The cardiologist then removed the 
dummy lead. Patient was admitted under observation 
overnight and discharged next day.

Conclusions: The first Cyberknife SBRT cardiac ablation 
of ventricular tachycardia was performed successfully. 
25 Gy was high enough based on success with animal 
testing and low enough to be safe based on other SBRT 
experience. This procedure combines complex target 
definition and tracking strategy that represents a new 
and less invasive option to treat VT.

Disclosure: No significant relationships.

Abstract: 24

Development and evaluation of a web 
portal serving SRS and SBRT  
practioners in the asia-pacific region

D.Y. Tan 

Radiation Oncology, National Cancer Centre Singapore, 

Singapore/SINGAPORE

Objectives: In conjunction with an IAEA/RCA project’s 
1st Regional Training Course on ‘Strengthening the 
application of SBRT to improve cancer treatment’ in Dec 
2012, a free access website is being voluntarily created 
by the local organizer as a resource portal for the national 
project team members representing 16 countries to 
bring home to share with their respective country’s 

professional body. In addition to course material being 
uploaded, key features of the site include: Key references 
for the practice of SRS/SBRT pertaining to: official 
guidelines, treatment of individual sub-sites, and QA 
matters Summary tables of popular and safe prescription 
dose/fractionation schemes and tolerances How to do it 
sections detailing key steps in the SRS/SBRT planning 
process. Users are encouraged to register for full access 
to all material, to receive alerts when references are 
updated 3 monthly and to post comments/suggestions/
clinical experiences. The rationale this portal is to provide 
one stop access to pertinent information necessary 
for good and safe clinical practice in a region where 
interest in SRS/SBRT is increasing and practices have 
the resources to purchase equipment and will proceed to 
treat patients anyway. It is hoped that with a wide body 
of information made accessible to users, patient safety 
and evidenced-based practices will be promoted. For 
some, this website may be the main source of up-to-date 
information as users in certain centers do not have ready 
access to journals but nevertheless have Internet access.

Methods: The website is created using PHP 
webpublishing for easy editing. Content is compiled 
with advise from international experts. Abstracts of key 
papers with links are provided for easy access to the 
article. Free access articles are highlighted to encourage 
download. The user is reminded in a disclaimer that the 
use of information provided is his full responsibility. 

Results: Representative pages of the website will be 
displayed. Key statistical data will be presented including 
the number of site visits, unique visitor number, most 
downloaded article or resource, country of visitors etc 
Questionnaire survey of registered visitors will inform 
regarding site usefulness, suggestions for improvement 
and demand for further services.

Conclusion: By June’13, the website would have been 
live for 6 months. Key statistical indicators will provide 
information of user patterns and interests. Questionnaire 
survey of registered users will inform regarding the 
utility of such a site. The optimal modality for educational 
outreach in the field of SRS/SBRT in the Asia-Pacific 
region will be further clarified.

Disclosure: No significant relationships.
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Abstract: 25

Technical updates of general anesthetic 
management for pediatric patients: how 
to correspond with a new generation of 
gamma knife radiosurgery

K. Kamata1, M. Hayashi2, A. Horiba2, N. Tamura2,  
Y. Muragaki2, Y. Okada2, M. Ozaki1 

1Anesthesiology, Tokyo Women’s Medical University, Tokyo/

JAPAN, 2Neurosurgery, Neurological Institute, Tokyo Women’s 

Medical University, Tokyo/JAPAN

Purpose: The authors previously reported a remote 
controlled patient management system consisting of 
propofol-based general anesthesia, which was originally 
designed for pediatric Gamma Knife Radiosurgery 
(GKRS) using Leksell Gamma Knife Model C® with APS. 
A longer amount of time for a single treatment setting 
and requirements of multimodal-imaging techniques 
with careful preparation, especially in magnetically 
active fields, made the general anesthetic management 
more challenging. However, with the technological 
advances of GKRS, a completely robotized irradiation 
with frameless MRI study is now available. This 
technique provides the benefits of reducing total 
treatment time and not having to conduct MRI study 
on the treatment day. We considered that the patient 
management system could be simplified according to 
the rapid progress of GKRS. In this report, we describe 
our upgraded system and address key issues. 

Methods: Elective GKRS cases using Leksell Gamma 
Knife® Perfexion™ and Leksell Gamma Plan® version 
10.1 (Elekta Instruments AB, Stockholm, Sweden) 
were assigned. Total intravenous general anesthesia 
with continuous infusion of propofol and remifentanil 
was selected. Rocuronium was used to facilitate 
endotracheal intubation. Ventilation was mechanically 
controlled by the ambulatory respirator (Oxylog®3000; 
Dräger, Lübeck, Germany). Standard cardiorespiratory 
measurements such as electrocardiogram, heart 
rate, peripheral oxygen saturation, end-tidal carbon 
dioxide and noninvasive blood pressure were 
recorded successively with a portable display monitor 
(BSM-2301; NIHON KOHDEN, Tokyo, Japan). The 
same medical apparatuses required for anesthesia, 
ventilation, and monitoring were used throughout the 
procedure, which were placed beside the patient on 
their bed. Cardiorespiratory information was observed 
from outside of the examination room through a leaded 
glass window during CT scanning and angiography, and 
was visualized via a closed-circuit television camera in 
the Gamma Knife unit.

Results: We applied this system to the pediatric patients. 
Total anesthesia time could be reduced. The occurrence 
of perioperative complications including any signs 
of intraoperative awareness, radiation interference, 
airway management trouble or delayed recovery from 
anesthesia were comparable to the cases managed by 
the original system. Patient transfer could be done safely 
and smoothly. No medical apparatus troubles were 
observed.

Conclusion: Frameless MRI study seems to cause 
dramatic changes in the patient management system. 
MRI-compatible equipment was no longer required. 
Anesthetic agents, which have the advantage of more 
rapid onset and offset of action, can be chosen because 
infusion suspension due to changing the devices hardly 
occurs. Accidental extubation of trachea, monitoring 
interruption, and disconnection of intravenous access 
are avoidable risks if portable apparatuses were 
selected.

Disclosure: No significant relationships.
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Stereotactic radiosurgery in patients with 
multiple intracraneal meningiomas

K. Sallabanda1, J. Samblas2, J.C. Bustos1,  
J.A. Gutierrez Diaz1 

1Neeurosurgery-radiosurgery, IMO, Instituto Madrileño de 

Oncologia, Madrid/SPAIN, 2Neurosurgery,radiosurgery, 

IMO,Instituto Madrileño de Oncologia, MADRID/SPAIN

Background: Stereotactic radiosurgery (SRS) is now a 
treatment option for meningiomas, especially for those 
located in the proximity of critical brain structures 
and multiples. SRS delivers a potent, highly focused 
dose of radiation to the tumor while sparing the 
surrounding normal tissues. The surgery in those cases 
has limitation relationated with the multplicity, age, 
and the relationsheep with important brain structure.
The purpose of this study is to assess the outcome of 
patients with intracranial multiple meningiomas treated 
with stereotactic radiosurgery (SRS), and to compare 
with surgical procedure.

Method: A total of 73 patients with 221 benign 
meningiomas (range per patient, 2 to 20) treated with SRS 
and followed up for more than a year were retrospectively 
reviewed between 1991 and 2005. Six cases (8%) were 
associated with type 2 neurofibromatosis. Fifty patients 
(68%) were treated with SRS to the primary meningioma 
while 23 (32%) patients received SRS to the relapses 
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adjacent or distant from the site of the initial meningioma 
that was previously treated with surgery alone. Mean 
tumor margin dose was 14 Gy (range, 10 to 16). SRS 
was delivered after surgery in 117 meningiomas (55 
patients).

Results: The median age at diagnosis was 47 years old 
(range, 16 to 74) and the median follow-up 5.8 years 
(range, 1 to13.6). The 3- and 5-year overall survival 
rates for all patients were 95% and 90%, respectively. 
The mean gross tumor volume decreased from 4.17 
cc to 3.23 cc after SRS (P=0.057). Twenty-two (10%) 
meningiomas increased after SRS. In addition, clinical 
symptoms improved in 36% and remained stable in 
45%. With regard to morbidity of SRS, only 7 patients 
(9.6%) had late complications, including: edema (N=4), 
brain necrosis (N=4), gliosis (N=1), and paresis of the 
III pair (N=1). There was no treatment-related mortality.

Conclusions: SRS for patients with multiple intracranial 
meningiomas is effective yielding a high local tumor 
control, whereas the treatment-related morbidity 
remains low.Actualy its remain as first treatment option.

Disclosure: No significant relationships.

Abstract: 27

Fractionated stereotactic radiosurgery for 
intracranial metastases: tumor control

J.S. Katz1, M. Kushnirsky1, J. Knisely2, M. Schulder1, 
M. Ghaly1 

1Neurosurgery, Hofstra North Shore-LIJ School of Medicine, 

Manhasset/NY/UNITED STATES OF AMERICA, 2Radiation 

Oncology, NorthShore Long Island Jewish Hospital, 

Manhasset/NY/UNITED STATES OF AMERICA

Purpose: Fractionated SRS may confer radiobiologic 
treatment advantages in the eradication of metastatic 
brain tumors. We compared the results of single and 
fractionated SRS for patients with metastatic tumors. 

Methods: We reviewed all patients from our institution 
who were treated with SRS for intracranial metastases 
between January 2010 and September 2012. Collected 
data included diagnosis, tumor location, lesion volume, 
and SRS dose. Local control (LC) and volume changes 
after fractionated or single fraction SRS were compared 
using t-test and chi-square test.

Results: 152 patients with 279 lesions underwent SRS. 
214 lesions were available for followup with serial MRI 
from 0.2 –24.5 months (5.00 ± 6.73 months) after SRS, 

with overall LC of 76%. 63 lesions had treatment volumes 
greater than 3 cc. Of these, 31 lesions underwent single 
session SRS and 32 were treated in 3 sessions. Median 
prescription doses for single and fractionated SRS were 
20 Gy and 24 Gy, respectively. Tumor progression was 
observed in 9/31 lesions treated with a single session, 
compared with progression in only 1/32 lesion treated 
with 3 sessions (chi-square = 0.004). Overall, lesion 
volume following fractionated SRS decreased by 66.6%, 
vs. a 66.3% decrease after single session SRS (p = 0.95).

Conclusion: Fractionated SRS for patients with metastatic 
brain tumors yielded volumetric decrease in tumor size 
that was equivalent to that obtained with single session 
SRS. For larger tumors, LC was significantly better in 
patients treated with fractionated SRS. We recommend 
consideration of fractionated SRS for patients with 
metastatic tumors larger than 3 cc.

Disclosure: No significant relationships.

Abstract: 28

Normal brain tissue dose following 
stereotactic radiosurgery (SRS) of 
multiple brain metastases: variation 
across modern SRS treatment platforms

L. Ma1, S. Hossain2, A. Nichol3, C. Higby2,  
S. Ahmad2, P. Petti4, B. Wang5, D.C. Shrieve5,  
D.A. Larson1, A. Sahgal6 

1Radiation Oncology, University of California San Francisco, 

San Francisco/CA/UNITED STATES OF AMERICA, 
2Radiation Oncology, University of Oklahoma, Oklahoma City/

OK/UNITED STATES OF AMERICA, 3Radiation Oncology, 

University of British Columbia, Vancouver/BC/CANADA, 
4Gamma Knife Center, Taylor McAdam Bell Neuroscience 

Institute, Fremont/CA/UNITED STATES OF AMERICA, 
5Radiation Oncology, University of Utah, Salt Lake City/

UT/UNITED STATES OF AMERICA, 6Radiation Oncology, 

Princess Margaret Hospital, University of Toronto, Toronto/

CANADA

Purpose: Flattening-filter-free (FFF) linac-based SRS is 
a new technology that allows SRS doses to be delivered 
using volumetric modulated arc therapy (RapidArc). 
The purpose of this study was to compare the treatment 
times and normal brain tissue doses for multiple 
metastases planned using TrueBeam FFF, Leksell 
Gamma Knife Perfexion (PFX), CyberKnife, and Novalis 
SRS platforms. 

Methods: A single patient with 12 brain metastases 
(volume 0.06-0.1 mL) treated with the PFX was selected, 
and all lesions and organs-at-risk were contoured by 
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a single radiation oncologist. SRS plans for 3, 6, 9 
and12 targets were performed at different institutions 
with expertise in each platform to minimize bias (2 
independent institutions created FFF-based RapidArc 
plans). Identical dose-volume constraints were applied. 
Each target had to be covered by at least 99% of the 20 
Gy prescription dose. Dose-volume histogram data were 
centrally reviewed and analyzed.

Results: All target and organ-at-risk dose-volume 
constraints were satisfied by each platform. The beam-on 
times were shortest with TrueBeam FFF (6, 9, 9, 10 min 
at 1200 MU/min) but longest with PFX (27, 54, 72, 108 
min at 3 Gy/min) for 3, 6, 9, 12 metastases respectively. 
However, normal brain tissue doses were greatest by 
TrueBeam FFF but lowest by PFX. When grouping the 
four treatment plans together for 3 targets (1.8 mL), 
6 targets (3.2 mL), 9 targets (4.2 mL) and 12 targets 
(5.7 mL), the mean normal brain volumes averaged over 
these treatment plans for the two modalities (TrueBeam 
FFF vs. PFX) were: (16.3 mL vs. 8.7 mL) at 12 Gy, (52.9 
mL vs, 20.6 mL) at 8 Gy and (277.6 mL vs. 96.7 mL) at 
4 Gy. Thus, the mean FFF normal brain volumes were 
greater by 81.5% (range: 57.3% to 105.5%) at 12 Gy, 
126.4% (range: 70.4% to 196.4%) at 8 Gy and 217.3% 
(range: 140.3% to 310.9%) at 4 Gy, when referenced to 
the PFX.

Conclusions: Radiosurgery beam-on times were shortest 
with the FFF but longest with the PFX. However, the 
normal brain tissue doses were highest with the FFF but 
lowest with the PFX at 4 to 12 Gy dose levels. As this was 
a treatment planning study, the clinical consequences of 
these normal brain tissue doses are unknown.

Disclosure: No significant relationships.
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Benefit of intra-fraction image-guidance 
to minimize positioning uncertainty 
for stereotactic radiotherapy and 
radiosurgery

N. Tarnavski, S.A. Engelholm,  
P. Munck AF Rosenschöld 

Radiation Oncology, Rigshospitalet, Copenhagen/DENMARK

Purpose: The purpose of this study is to analyze intra-
fractional positioning uncertainty for stereotactic 
radiotherapy and radiosurgery of cranial tumors in 
order to find out if intra-fractional image guided patient 
positioning verification is necessary during delivery of 
radiation plans that include couch top rotation angle 

change and are positioned with ExacTrac and Robotics 
couch, BrainLab AG, Germany. The analysis has been 
done for two different types of ”frameless” fixation 
masks.

Methods: A retrospective analysis of patients treated in 
our clinic from June 2009 to September 2012 with intra-
fraction radiographic image guidance was performed. 
Treatment data for 288 patients treated using 1306 
fractions was analyzed in this study. Two different types 
of patient fixation mask types have been used in the 
study (”CIP”, Civco Posicast head mask, and “TMB”, 
Thermoplastic Mask by BrainLab AG).Stereoscopic 
imaging and 6D couch positioning correction was 
performed using verification of patient positioning in the 
beginning of the treatment process and after each couch 
rotation angle change on all patients. The tolerance 
value of 1 mm was used in the intra-fraction positioning 
verification. We evaluated the standard deviation as well 
as the frequency of positioning errors larger than 2 and 
3 mm with the two mask systems, which we considered 
likely to be determinental to local control of the disease.

Results: The value of an average 3D geometrical 
deviation for the CIP system was 1.04 mm and with 
standard deviation of 0.71 mm and total number of 
treatment fields of 840, while for the system TMB the 
average geometrical deviation was 0.95 mm and with 
standard deviation of 0.74 mm and the total number of 
treatment fields of 466. The frequency of errors larger 
than 2 and 3 mm were 6.5% and 1.9% of fractions 
respectively, representing a considerable geometrical 
miss without image guidance. Using the pre-treatment 
and intra-fraction image guidance at our institution, we 
estimate our overall accuracy to be better than 1 mm for 
the complete treatment.

Conclusions: The risk of a catastrophic intra-fraction 
positioning error (>3 mm) occurring appeared to be 
small (ca 2%) but non-negligible without intra-fractional 
image guidance for our SRT and SRS patients utilizing a 
couch rotation. The results were similar for both mask 
types with an average geometrical 3D deviation of 1.0 
mm and standard deviation of 0.7 mm. This implies 
the necessity of using image guided patient positioning 
correction in case the couch-top was moved between the 
treatme-nt fields.

Disclosure: No significant relationships.
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Abstract: 30

Evaluation of symmetrically loaded 
COMS I-125 plaques using the plaque 
simulator software system and specific to 
juxtapapillary choroidal melanoma

A. Beiki-Ardakani1, H. Karema2, A. Sahgal3,  
R. Simpson2, J. Jezioranski1, M. Heydarian1,  
D. Weisbrod4 and W. Xu4, D. Payne4 

1Radiation Physics, Princess Margaret Hospital, Toronto/ON/

CANADA, 2Ocular Oncology Department, Princess Margaret 

Hospital, Toronto/ON/CANADA, 3Radiation Oncology, Princess 

Margaret Hospital, University of Toronto, Toronto/CANADA, 
4Radiation Oncology, Princess Margaret Hospital, University 

of Toronto, Toronto/ON/CANADA

Purpose/Objective(s): The purpose of this study was to 
retrospectively evaluate the dosimetric coverage of I-125 
plaque brachytherapy (IBT) specific to juxtapapillary 
choroidal melanoma (JCM) using the Plaque Simulator 
treatment planning system.

Materials and Methods: Thirty patients with medium-
sized JCM treated using COMS IBT and loaded non-
uniformly but with circular symmetry, were identified 
from a prospective database. The distance from the 
tumor edge to the optic disk ranged from 0.75–2.5 mm, 
the median tumour thickness and longest diameter was 
4.3 mm and 9.9 mm, respectively. The proximity of the 
tumor to the optic nerve did not allow the round plaque 
to be centered over the tumor, so the tumor edge closest 
to the optic nerve did not receive the dose specified as 
per the COMS study. Initially these cases were planned 
with an in-house treatment planning system, and each 
case was replanned with the Plaque Simulator treatment 
planning system (BEBIG, Germany) for accurate 
dosimetric evaluations.

Results: With all corrections for dose calculation “ON” 
in the Plaque Simulator, mean dose to the tumor edge 
nearest the optic nerve was significantly lower than COMS 
recommendations (61Gy vs. 69Gy, p<0.02). However, 
the tumour control rate was 90%, eye preservation rate 
was 90%, and rate of developing systemic metastases 
was 7%. Complications included cataract in 53%, 
neovascular glaucoma in 10%, retinopathy in 53%, and 
papillopathy in 33% of patients which was comparable 
to previously reported COMS outcomes. Conclusion 
Despite relative underdosing secondary to the physical 
impediment of the optic nerve for JCM, our results imply 
that the tumor edge may not need as high a dose as 
compared to the tumor apex.

Disclosure: No significant relationships.

Abstract: 31

Risk of leptomeningeal disease in 
patients treated with stereotactic 
radiosurgery targeting the post-operative 
resection cavity for brain metastases

S.G. Soltys1, L.A. Modlin1, B. Atalar1, I.C. Gibbs1, 
S.D. Chang2, G.R. Harsh2, J.R. Adler2, C.Y. Choi2 

1Radiation Oncology, Stanford University, Stanford/CA/

UNITED STATES OF AMERICA, 2Neurosurgery, Stanford 

University, Stanford/CA/UNITED STATES OF AMERICA

Objective: We sought to determine the risk of 
leptomeningeal disease (LMD) in patients treated with 
stereotactic radiosurgery (SRS) targeting the post-
operative cavity following surgical resection of a brain 
metastasis, deferring whole brain irradiation (WBRT) in 
all patients.

Methods: We retrospectively reviewed 175 brain 
metastasis resection cavities in 165 patients with 
evaluable follow-up imaging treated with post-operative 
SRS from 1998 to 2011. No patient had WBRT. LMD 
was defined through radiologic and/or pathologic 
findings. The local cavity, distant parenchymal brain, 
and leptomeningeal brain failure rates were calculated 
using the competing risk analyses, with death as a 
competing risk. Control rates were censored at the time 
of last follow-up or at the time of salvage WBRT. Factors 
associated with LMD were determined through univariate 
analysis. The overall survival rate was calculated using 
Kaplan-Meier estimates.

Results: Median follow-up duration was 12 months 
(range, 1 - 156 months). Median overall survival was 
18 months. The cumulative incidence rates of local 
cavity failure at 1- and 2- years were 10% and 14%, 
respectively. Twenty-one patients (13% crude rate) 
developed LMD at a median of 5 months (range, 2 – 33 
months) following SRS. The 1- and 2- year cumulative 
incidence rates of LMD were 11% and 13%, respectively. 
Posterior fossa (p=0.5) or pial (p=0.2) location was not 
associated with LMD. The factors predictive for LMD on 
univariate analysis were new parenchymal metastases 
(p=0.009) and breast cancer histology (p=0.004). Both 
continued to be significant on multivariate analysis 
(p=0.03 and 0.007, respectively). The 1 year rate of LMD 
was 24% for breast (n=26 patients) vs. 9% for non-
breast (n=139) histology. The receptor status of breast 
cancer patients did not correlate with risk of LMD. All 
LMD patients were subsequently treated with WBRT. 
Median survival following the diagnosis of LMD was 7 
months (range, 1 - 37 months).
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Conclusions: Patients treated with SRS targeting the 
post-operative cavity following resection of breast 
cancer metastases have a higher risk of LMD in this 
series. Whether the inclusion of WBRT would decrease 
the rate of LMD or if the biology of breast cancer brain 
metastases places patients at higher risk irrespective 
of the treatment choice is unknown. We encourage all 
future reports on SRS cavity boost to include the risk 
of LMD.

Disclosure: No significant relationships.
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Radiation-induced vertebral compression 
fracture following spine stereotactic 
radiosurgery: clinical-pathological 
correlation
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Princess Margaret Hospital, TORONTO/ON/CANADA, 
6Neurosurgery, Toronto Western Hospital, University of 
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Purpose: Spine radiosurgery (SRS) is increasingly 
being applied to treat metastatic spinal tumors. As 
the experience matures, we are observing high rates 
of vertebral compression fracture (VCF) and it is of a 
great challenge to distinguish disease progression from 
radiation induced VCF. The aim of this case report is 
to present the clinical, radiological and pathological 
findings of two patients with radiographic evidence of 
late progression after spine SBRT.

Method: We report a case of radiation necrosis and a 
case of radiation fibrosis. The first case is a 51 year 
old female who develop an isolated L2 metastases two 
years after completing a radical treatment for a stage 
IIIA NSCLC. She was treated with spine SRS with a 
dose of 20 Gy in a single fraction. Follow-up MRI at 
two years indicated significant progression of the VCF. 
Biopsy and simultaneous Kyphoplasty was performed. 
Histopathologic analysis described abundant avital bone 
and necrotic debris with numerous minute fragments 
of metastatic adenocarcinoma interspersed between 

fragments of bone and necrotic tissue with no evidence 
of disease progression. A second case is a 53-year-old 
male was diagnosed with metastatic neuroendocrine 
cancer with disease Isolated to multiple segments of 
the spine. He was treated with spine SRS to L3 and 
L4 with a total dose of 24 Gy in 2 fractions. A follow-
up MRI three years following spine SRS showed VCF 
isolated to L3 and not L4. A biopsy and Kyphoplasty 
of the L3 vertebrae was done. Histopathologic analysis 
showed markedly thinned bone trabeculae, and the bone 
marrow was completely replaced by either dense fibrous 
tissue with focal lymphocytic inflammation or loose 
paucicellular fibrous tissue. There was no evidence of 
residual carcinoma or necrosis.

Conclusion: We recommend biopsy when it is unclear 
based on imaging alone if true Progression has occurred 
as marrow signal change within SRS-treated bone by 
itself may not be an objective finding, and alternatively 
be a consequence of radiation-induced necrosis and 
fibrosis.

Disclosure: No significant relationships.
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Development of vmat program for the 
treatment of brain metastases and 
cavities

M. Ruschin1, A. Lightstone1, A. Karotki1,  
M. Cadonic2, A. Nico1, M. Davidson1, A. Sahgal3 

1Medical Physics, Odette Cancer Centre, Toronto/ON/

CANADA, 2Radiation Therapy, Odette Cancer Centre, Toronto/

ON/CANADA, 3Department Of Radiation Oncology, University 

of Toronto, Toronto/CANADA

Objectives: Brain metastases (BM) and post-surgical 
cavities can be treated with a number of different 
stereotactic radiotherapy (SRT) approaches with 1 to 5 
fractions. The present study describes the development 
of a VMAT program designed to deliver SRT using a 
single isocenter for multiple lesions (up to 10) with 
the primary aim to improve treatment efficiency and 
quality.

Methods: Nine patients with BM’s treated at our 
institution with IMRT (n=6), cones (n=1) or helical 
tomotherapy (n=2) were re-planned using VMAT. The 
number of BM’s treated per patient were: ten (n=1), 
eight (n=1), three (n=1), two (n=3), and one (n=3). 
The two patients with >3 BMs were originally treated 
with helical tomotherapy for 25Gy-30Gy in 5 fractions. 
Six patients were treated with IMRT for 25-35Gy in  
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5 fractions and 1 patient was treated with SRS for 20Gy 
in 1 fraction. For the present study, the same clinical 
objectives and planning target volume margins were 
used as in the clinical plans. The plans were generated 
and delivered on a linac with 4-mm MLC leaves to 
evaluate deliverability and efficiency.

Results: The use of a full arc plus an additional non-
coplanar partial-arc (couch at 90 and spanning 10-
170 degrees) was favored as compared to a 1 or 2 
co-planar arc plan. Compared to IMRT, there was no 
statistically significant difference in conformity index, 
homogeneity index or mean dose to normal brain for 
the VMAT plans. IMRT plans had on average 9 cm3 
higher V_12Gy and V_10Gy than IMRT while VMAT 
plans had on average 30 cm3 higher V_5Gy than IMRT 
plans. Similar plan quality was obtained with VMAT as 
for helical tomotherapy. The cone-based SRS plan had 
a steeper dose fall-off as compared to VMAT. Treatment 
times were approximately 6 min averaged over all 
cases. As compared to IMRT, treatment times were 
faster by 4 to 15min depending on the number of IMRT 
beams and number of BM. As compared to helical 
tomotherapy, VMAT delivery times were 12 min and 30 
min shorter for the 8 and 10 BM cases, respectively. 
For the frame-based SRT case, VMAT was faster by at 
least 30 minutes. 

Conclusion: VMAT delivery is faster than helical 
tomotherapy, IMRT and cone-based SRT. Slight tradeoffs 
in plan quality do exist between the various modalities, 
which is under evaluation for clinical relevance. The next 
step towards clinical implementation is the evaluation 
of dosimetric integrity of the VMAT plans.

Disclosure: No significant relationships.
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The improvement of mini-mental status 
examination scores and good prognostic 
factors after gamma knife radiosurgery in 
patients with new brain metastases

K. Nakazaki1, A. Sadahira2, K. Fujiwara2 
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Fukuyama/JAPAN, 2Fukuyama Gamma House, Brain Attack 

Center Ota Memorial Hospital, Fukuyama/JAPAN

Objectives: Some patients with brain metastases show 
deterioration in mini-mental status examination scores 
(MMSEs). This study aimed to evaluate the improvement 
in MMSEs of patients with brain metastases after they 

underwent gamma knife radiosurgery (GKS) without 
whole-brain radiation treatment (WBRT).

Methods: Between January 2009 and June 2012, 174 
patients with new brain metastases were treated with 
a single-session GKS without WBRT as their initial 
radiation therapy. Follow-up MMSEs were determined 
for all patients before GKS and every 3 months after GKS. 
A 3-point change was considered statistically significant. 
We focused on patients with pre-GKS MMSEs ≤27 and 
monitored their follow-up MMSEs.

Results: Follow-up MMSEs were obtained for 118 
patients (67.8%). The pre-GKS MMSEs in 58 of 118 
patients (49.1%) were ≤27. For these 58 patients, the 
median age, number of brain metastases, and volume 
of the largest brain metastasis were 71.5 years (range, 
42–92 years), 2 (range, 1–18), and 4.35 ml (range, 
0.05–24.5 ml), respectively. The median prescription 
dose to the tumor margin and total skull integral dose 
were 21 Gy (range, 14–24 Gy) and 4.2 J (0.1–10.7 J), 
respectively. Age and Karnofsky performance status 
were significantly different between the pre-GKS 
MMSEs ≤27 and >27 groups. New distant lesions 
appeared in 32 patients (54.2%), and local control 
failure occurred in 14 patients (24.1%). The median 
follow-up duration of MMSEs and overall survival were 
6.0 months (range, 1.2–31.3 months) and 9.4 months 
(range, 1.7–33.6 months), respectively. Thirty-seven 
patients died.

The follow-up MMSEs of 29 patients (50%) improved 
by ≥3 points and 7 patients (12.1%) had scores that 
deteriorated by ≥3 points. Three patients with MMSEs 
that had shown a 3-point decrease experienced an 
improvement of <3 points from their pre-GKS MMSEs. 
The percentage of patients who did not show a 3-point 
decrease in MMSEs at 1 and 2 years was 92.9% (13 of 
14 patients) and 100% (6 of 6 patients), respectively. 
Good prognostic factors included male gender, as well 
as the volume and location of the largest tumor. No risk 
factors were significantly associated with a deterioration 
of ≤3 points in the follow-up MMSEs.

Conclusion: In some patients with pre-GKS MMSEs 
≤27, the pre-GKS MMSEs could be below their baseline 
MMSEs and may improve after GKS. Many patients with 
pre-GKS MMSEs ≤27 could avoid the deterioration of 
MMSEs after GKS.

Disclosure: No significant relationships.
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Abstract: 35

Adjuvant tumor bed radiosurgery 
following surgical resection of  
intracranial metastases

J.S. Katz1, M. Kushnirsky2, J. Knisely3, M. Ghaly4,  
M. Schulder1 
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Purpose: Post-resection adjuvant radiosurgery (SRS) 
of metastases avoids the use of whole brain radiation 
therapy (WBRT). There have been few previous studies 
analyzing outcomes of this approach. We evaluated LC 
of metastatic tumors in patients undergoing resection 
followed by adjuvant SRS.

Methods: We reviewed all patients from our institution 
who were treated with adjuvant SRS following resection 
of intracranial metastases between 01/2010 and 09/2012. 
We abstracted diagnosis, tumor location, treatment date, 
SRS target volume, and other SRS parameters. Serial 
MRI scans between 0.8–23.2 months after SRS provided 
LC data. Imaging responses after adjuvant multiple or 
single fraction SRS were compared using chi-square.

Results: 53 patients with 54 lesions were identified. 
34 lesions (62.9%) were > 3 cc. 28 lesions underwent 
single session SRS and 26 received 3 sessions. The 
median prescription dose and the median target volume 
for single session lesions were 20 Gy (16–21 Gy) and 
2.1cc (0.13-1.73 cc). Corresponding values for multiple 
session lesions were 24 Gy (19.5-27 Gy) and 8.9 cc 
(11.3-44.8 cc). 46 tumors (85%) had post-SRS LC. 7 
of 8 lesions without LC had single session SRS. LC was 
better for lesions treated with 3 SRS fractions than for 
lesions treated in a single session (P = 0.01).

Conclusions: Following surgical resection of intracranial 
metastatic lesions, 3-session SRS yielded improved LC 
relative to single-fraction SRS, despite the larger tumor 
and SRS volumes in the fractionated group. Our results 
support consideration of fractionating postoperative 
adjuvant SRS for patients with metastatic brain tumors.

Disclosure: No significant relationships.
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Impact of tumour volume policy 
on outcome of radiosurgery for 
neurofibromatosis Type 2 (NF2)  
vestibular schwannoma

D. Winter, J.G. Rowe, M.M.R. Radatz, A.A. Kemeny, 
A.C. Grainger, J. Millward 

National Centre For Stereotactic Radiosurgery, Royal 
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Purpose: Reevaluation of Stereotactic Radiosurgery 
treating Neurofibromatosis Type 2 (NF2) vestibular 
schwannomas (VS). Prior to 2000 we established that 
tumour size at the time of treatment was the most 
important predictor of long term control. A size limit of 
10cm3 was proposed to select tumours most likely to 
respond to radiosurgery. However, no absolute limit was 
imposed, as clinical circumstances of individual patients 
might influence the decision to treat. Revisiting this work 
assesses the impact this has had on our practice. 

Method: A retrospective review of 71 consecutive 
gamma-knife radiosurgery treatments for NF2 VS in 
53 patients performed between 2000–2010. Tumour 
control was assessed by the need for salvage treatments 
and the results of serial imaging. Hearing preservation 
was assessed with Gardner-Robertson grades and pure 
tone audiograms. Further complications, in particular 
facial palsies were recorded. Outcomes were analysed 
according to tumour volume, patient phenotype and 
against our previous results. Analyses use Kaplin-Meier 
curves and log-rank and chi-squared tests as appropriate.

Results: Eight years after radiosurgery, only 8% of our 
patients had undergone salvage therapy to the irradiated 
tumour. This 92% control rate is not significantly better 
than our previously published figure of 80%. Tumour 
volumes in these two series were not significantly 
different, however the second series had significantly 
more patients with the severe Wishart phenotype (42% 
versus 28%, p< 0.01) which would be expected to fare 
worse. The proposed tumour limit of 10cm3 was not 
adhered to in six cases (8% of series). Five of these had 
the severe Wishart phenotype, suggesting that other 
therapeutic options were limited. Despite this control 
was achieved in four of the six. Hearing was preserved 
(unchanged) in 54% of patients. One patient developed 
transient hemi-facial spasm. Conclusion A tumour limit 
of 10cm3 was adhered to in more than 90% of the 
cases, and when it was broken it was likely that severe 
phenotypic factors limited other treatment options. Even 
in these cases growth control was achieved in a majority 
of patients, suggesting that the volume limit is not an 
absolute one and should be interpreted in the context 
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of what other treatment options are appropriate for the 
individual. With overall control rate in excess of 90% at 
8years Radiosurgery remains a useful strategy, even in 
this difficult patient group.

Disclosure: No significant relationships.
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Gamma knife (GK) radiosurgery in 
conjunction with whole brain radiotherapy 
treatment (WBRT): an analysis of 
dosimetry to identify risk of morbidity

M. Grace1, Y. Hu1, M. Izard1, J. Fuller2 

1Macquarie University Hospital, Genesis Cancer Care, 

Sydney/NSW/AUSTRALIA, 2Macquarie Neurosurgery, 

Macquarie University Hospital, Sydney/AUSTRALIA

Introduction: Cerebral metastases are increasingly 
being treated with GK stereotactic radiosurgery (SRS). 
ASRO recommendations for cerebral metastases have 
recognised a role for SRS but have also noted that there 
is no clear evidence for the timing with WBRT. With the 
latest versions of ELEKTA treatment planning systems 
allowing integration of GK treatments into external beam 
radiotherapy planning systems we have assessed the 
dosimetry of both treatment techniques in clinical patients 
and show here how the two treatment modalities may be 
considered as complimentary to each other, rather than 
directly competitive. Objectives: To evaluate the whole 
brain dose received using GK treatment or WBRT of 
patients with multiple cerebral metastases. Prior to the 
latest planning systems, there had been no simple way 
to superimpose dosimetry from one treatment modality 
onto another. For this reason, an argument existed that 
the addition of GK may be considered inappropriate 
after WBRT due to increased risk of morbidity. Our 
investigation is to identify if such an increased potential 
risk of morbidity existed on dosimetric grounds.

Methods: Patients with cerebral metastases treated by 
GK at Macquarie University Hospital, Sydney between 
August 2010 to August 2012 were exported, and 
retrospectively replanned using external beam planning 
system (ELEKTA XiO®). Dose-Volume Histograms (DVH) 
were created for both techniques. These DVHs were 
combined and compared on the same graph for each 
patient. The comparison was categorised and analysed 
based on either the total number of metastasis treated 
or the total volume of the target relative to the whole 
brain volume. An averaged DVH for each subset was 
constructed as a representative.

Results: This assessment technique allows for good 
estimation of the whole brain dose from GK process. 
It is seen that the whole brain dose from GK makes 
little difference to the whole brain, integral, dose when 
combined with WBRT. It is also found that rather than 
the number of individual metastases, the GK whole brain 
dose is dependent upon the size of the total metastatic 
burden. A larger volume metastatic burden will carry 
with it an increased integral dose and potential increased 
risk of morbidity. This intuitive information has now 
been quantified.

Conclusion: GK dosimetry can be measured with a 
standard radiation therapy assessment tool – DVH. 
The integration of GK and WBRT techniques in the 
management of cerebral metastases is critical in quality 
assurance and patient care and can now be done 
routinely.

Disclosure: No significant relationships.
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Initial experience using a fast forward 
planning technique for spine radiosurgery
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Background: Spine radiosurgery has been performed 
at Oslo University hospital, The Norwegian Radium 
Hospital since July 2011. Our approach has been 
to develop a simple planning technique, where the 
organs at risk are spared while substantially reducing 
the planning time. Materials and methods: We have 
developed a library plan with nine static beams, where 
each beam is automatically formed to the PTV, but 
also manually ensuring that a spinal cord planning risk 
volume (PRV) is excluded in all directions. This is a fast 
forward planning (FFP) technique compared to regular 
IMRT or VMAT techniques for spine radiosurgery. In 
this work ten patient plans using FFP were compared 
to IMRT and VMAT plans for the identical patients. 
The dose distributions were compared for the different 
plans, emphasizing the dose to the target volumes and 
reduced dose to the surrounding tissue. The planning 
time consume and treatment time were also registered.

Results: We found that the risk organs dose criteria 
normally were fulfilled within a sufficient margin for 
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FFP, IMRT and VMAT techniques. The dose distribution 
following FFP yields a steeper gradient close to the 
spinal cord, but also gives a more heterogeneous dose 
distribution within the PTV. The GTV dose applying a FFP 
technique is normally higher than from IMRT and VMAT. 
For single fraction spine radiosurgery, the average GTV 
dose was 25.8 Gy for FFP, while the objective for an 
IMRT or VMAT optimization should exceed 18 Gy to 
D98%. Planning time for FFP is normally less than 30 
minutes, while IMRT or VMAT optimization may last for 
several hours.

Conclusions: The main alternative for this patient 
group at our hospital has traditionally been 30 Gy in 
10 fractions, conventionally planned with one or two 
opposing fields. Our preliminary findings using this FFP 
technique suggest a sufficient and comparable dose 
distribution to those resulting from IMRT or VMAT, while 
the total time consume is comparable or less than the 
conventional method.

Disclosure: No significant relationships.
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Reirradiation for recurrent gliomas
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Objetives: Management of patients with recurrent 
for gliomas comprises a therapeutic challenge in 
neurooncology. We report on our experience in the 
treatment of patient with recurrent gliomas with 
stereotactic radiosurgery as reirradiation therapy at the 
time of recurrence. The endpoints included tolerance 
and toxicity to the treatment, progression free survival 
and overall survival.

Methods: The authors retrospectively analyzed 65 
consecutive adults (44 men and 21 women; median 
age 51 years) who underwent stereotactic radiosurgery 
for recurrent gliomas from 1991-2011. 2 patients were 
treated with CyberKinfe®, and 63 with LINAC based 
radiosurgery. At the time of initial diagnosis a total 
neurosurgical resection was performed in 1, subtotal 
resection in 36 and biopsy in 21 patients. Only 1 
patient not received resection. Median lesion volume 
was 5.3cc and median treatment dose was 12Gy 
prescribed to the 90% isodose line that encompassed 
the target volume. Pathology included glioblastoma 
multiforme (n=31), anaplastic astrocytoma (n=24), 
oligodendroglioma (n=7), ependimoma (n=1) and 

gliosarcoma (n=1). In all patients external radiotherapy 
was performed as the first-line therapy with a median 
target dose of 60Gy (range, 32-72Gy). Chemotherapy 
was applied in 45 patients (69%). The median follow 
up was 9 months.

Results: Treatment was well tolerated by all patients. 
No acute toxicities. No severe long-term toxicities 
including radionecrosis were observed. Median overall 
survival from primary diagnosis of the tumor was 26 
months (range, 2-339 months), in the glioblastoma 
was 18 months, astrocitoma was 43 months and 
oligodendroglioma was 49 months. Median overall 
survival after stereotactic radiosurgery was 9 months 
(range 1-60 months), for the glioblastoma was 7.5 
months, for the astrocitoma was 13 months. The 
radiologic evolution was possible in 42 patients who 
showed 26.2% (n=17) progression free-survival 
and 32.9% (n=25) with disease after 3months of 
radiosurgery. The median progression-free survival 
after radiosurgery was 7 months (range 5-36), and 
the median progression disease after radiosurgery 
was 4 months (range 2-36). And die for the disease at 
time to the study 71% with glioblastoma, 81% for the 
astrocitoma and 57% for the oligodendroglioma.

Conclusions: The stereotactic radiosurgery offers 
effective treatment as a salvage therapy for a subgroup 
of patients with recurrent gliomas and represent a safe, 
reasonable treatment. Significant toxicity with multiple 
courses of radiation does not always occur. Reirradiation 
should be considered in a salvage setting. 
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A case-matched study of stereotactic 
radiosurgery for patients with multiple 
brain metastases: are patients with ≥5 
tumors truly unfavorable candidates?
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Purpose: Although stereotactic radiosurgery (SRS) 
alone for patients with ≥4-5 tumors is not a standard 
treatment, a trend for patients with ≥5 tumors to undergo 
SRS alone is already apparent. Our aim is to reappraise 
whether SRS treatment results for tumor numbers ≥5 
differ from those with 1-4.

Methods: This institutional review board-approved, 
retrospective cohort study used our prospectively 
accumulated database including 2553 consecutive 
patients who underwent SRS, not in combination 
with concurrent whole brain radiotherapy, for brain 
metastases (METs) during the 1998-2011 period. These 
2553 patients were divided into two groups; 1553 with 
tumor numbers of 1-4 (group A) and 1000 with ≥5 
(group B). Because there was considerable bias in pre-
SRS clinical factors between groups A and B, a case-
matched study was conducted. Ultimately, 1096 (548 
each in groups A and B) patients were selected. The 
standard Kaplan-Meier method was used to determine 
post-SRS survival and the post-SRS neurological death-
free survival times. Competing risk analysis was applied 
to estimate cumulative incidences of local recurrence, 
re-SRS for new lesions, neurological deterioration and 
SRS-induced complications.

Results: Post-SRS median survival time (MST, months) 
was significantly longer in the 548 group-A (7.9, 95% 
confidence interval [CI]; 7.0-8.9) than in the 548 group-B 
patients (7.0, CI; 6.2-7.8, hazard ratio [HR]; 1.176 [95% 
CI; 1.039-1.331], p=0.01). However, incidences of 
neurological death were very similar, 10.6% in group-A 
and 8.2% in group-B patients (p=0.21). There was 
no significant difference between the two groups in 
neurological death-free survival intervals (HR; 0.945, 
95% CI; 0.636-1.394, p=0.77). Furthermore, competing 
risk analyses showed that there were no significant 
differences between the two groups in cumulative 
incidences of local recurrence (HR; 0.577, 95% CI; 
0.312-1.069, p=0.08), repeat SRS (HR; 1.133, 95% CI; 
0.910-1.409, p=0.26), neurological deterioration (HR; 
1.868, 95% CI; 0.608-1.240, p=0.44) and major SRS-
related complications (HR; 1.105, 95% CI; 0.490-2.496, 
p=0.81).

Conclusions: Our retrospective study suggests 
increased tumor number to be an unfavorable factor for 
longer survival. However, the post-SRS MST difference, 
0.9 months, between the two groups is not clinically 
meaningful. Furthermore, patients with ≥5 METs have 
non-inferior results, as compared to those with 1-4, in 
terms of neurological death, local recurrence, repeat 
SRS, maintenance of good neurological state and SRS-
related complications. A randomized controlled trial 
should be conducted to test our hypothesis.

Disclosure: No significant relationships.
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Petroclival meningiomas, a clinical 
challenge. Five years, monoinstitutional 
radiosurgical experience
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Objective: Because of their particular location the 
treatment of the petroclival meningiomas remains a 
clinical challenge. In fact the proximity of the hindbrain 
and of multiple cranial nerves made actual the concern 
about neuro-toxicity. The aim of the present study 
was to evaluate both single-session and multisession 
radiosurgery safety and effectiveness. Method. In the 
period between June 2004 and December 2009, at 
our Institution, 28 patients underwent a radiosurgical 
treatment due to a petroclival meningioma. Radiosurgery 
was used as either primary and adjuvant therapy. 
Inclusion criteria were residual or recurrent tumors after 
previous resection and newly diagnosed symptomatic 
tumors. All patients treated with radiosurgery had 
radiological evidence of tumor growth, before the 
treatment. Contraindications included larger tumor 
volumes associated with symptomatic mass effect on the 
brainstem. The treatment plan was always designed both 
on CT and MR images. Local control and neurological 
outcome were regularly assessed.

Results: The treatment was well tolerated by all the 
patients. Ten patients underwent a single-session 
radiosurgery (sSRS) with a mean dose of 12,5 Gy 
(range11,5-14Gy). Eighteen underwent a multisession 
radiosurgery (mSRS) with a mean dose of 23 Gy 
(range12-25 Gy) in 3 to 5 fractions. The reference dose 
line, which usually included the 95% of the tumor volume, 
ranged from the 65% to the 80%. The mean target 
volume was 7,3 cc (median 8,3) and 17,6 cc (median 
14,8 cc) in case of sSRS and mSRS respectively. After 
a mean follow up period of 40 months the 90% of the 
lesions were radiologically (MRI) stable or had a partial 
response. Under a neurological point of view most of 
the patients were stable. In this sense the main problem 
was the tumor related trigeminal neuralgia. If present, 
the trigeminal pain rarely satisfactory responded to the 
treatment. Early and late toxicity rates were quite low. 
Nobody had a toxicity > grade 2 RTOG.

Conclusion: Although larger series and longer follow-
up are required, these preliminary results suggest 
that both single and multisession radiosurgery are 
safe and effective. Local control rate is promising and 
toxicity is low. This is also supported by the reported 
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gamma knife long term studies. Finally, multi and 
single-session radiosurgery seem to be equally safe and 
effective, anyway, in order to establish the real impact of 
hypofractionated regimens both in term of local control 
and toxicity, further studies are mandatory.

Disclosure: No significant relationships.
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metastases

M. Yamamoto1, T. Kawabe2, Y. Higuchi3, Y. Sato4,  
T. Nariai5, B.E. Barfod1, H. Kasuya6, Y. Urakawa1 

1Mito Gammahouse, Katsuta Hospital, Hitachinaka/JAPAN, 
2Neurosurgery, Kyoto Prefectural University of Medicine 

Graduate School of Medical Sciences, Kyoti/JAPAN, 
3Department Of Neurological Surgery, Chiba University, 

Chiba/JAPAN, 4Clinical Research Center, Chiba University 

Hospital, Chiba/JAPAN, 5Neurosurgery, Tokyo Medical 

and Dental University School of Medicine, Tokyo/JAPAN, 
6Neurosurgery, Tokyo Women’s Medical University Medical 

Center East, Tokyo/JAPAN

Purpose: Little is known about post-stereotacitic 
radiosurgery delayed complications (DCs) in long-
surviving patients with brain metastases (MET). We 
studied the actual incidence and predictors of DCs. We 
also examined DC treatment and pathogenesis based on 
histopathological studies.

Methods: This was an institutional review board-
approved, retrospective cohort study using our 
database. Among our consecutive series of 2000 brain 
MET patients who underwent stereotactic radiosurgery 
(SRS) using a gamma knife during the 1991-2008 
period, 167 (8.4%, 89 females, 78 males, mean age; 
62 [range; 19-88] years) who survived for at least three 
years after SRS were studied. In this report, DCs were 
defined as Radiation Therapy Oncology Group (RTOG) 
neuro-toxicity grade II or worse occurring >2 years after 
SRS. Also, even cases with DCs of RTOG grade 0 were 
included if neurosurgical intervention was required.

Results: Among the 167 patients, 17 (10.2%, 18 
lesions) experienced DCs (mass lesions with or without 
cyst in eight, cyst alone in eight, edema in two) occurring 
24.0-121.0 (median; 57.5) months after SRS. Actuarial 
incidences of DCs estimated by competing risk analysis 
were 4.2% at the 60th and 21.2% at the 120th post-
SRS month. Among various pre-SRS clinical factors, 
univariate analysis demonstrated tumor volume-related 

factors, i.e., largest tumor volume (HR; 1.091, 95% CI; 
1.018-1.154, p=.0174) and tumor volume ≤10 cc vs > 10 
cc (HR; 4.343, 95% CI; 1.444-12.14, p=.0108) to be the 
only significant predictors of DCs. Univariate analysis 
revealed no correlations between DCs and radiosurgical 
parameters, i.e., radiosurgical doses, conformity and 
gradient indexes, and brain volumes receiving >5 Gy and 
>12 Gy. Post-SRS, an area of prolonged enhancement 
at the irradiated lesion was shown to be a possible risk 
factor for developing DCs (HR; 8.751, 95% CI; 1.785-
157.9, p=.0037). Neurosurgical interventions were 
performed in 13 patients (14 lesions); mass removal 
for six lesions and Ommaya reservoir placement for 
the other eight, and results were favorable. Histological 
studies were performed in six patients and no tumor 
cells were found. Characteristic histological features 
were hypocellular scar tissue consisting of fibrosis with 
degenerative cells, sinusoid formation, variously-sized 
vessels, endothelial proliferation, various stages of 
hemorrhage and hemosiderin deposits.

Conclusions: Long-term follow-up is crucial for SRS-
treated brain MET patients as the risk of complications 
long after treatment is not insignificant. However, even 
when DCs occur, favorable outcomes can be expected 
with timely neurosurgical intervention.
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prognostic grading indexes for lung, 
gastro-intestinal, breast and renal cell 
cancer patients with radiosurgically-
treated brain metastases

M. Yamamoto1, T. Serizawa2, Y. Sato3, T. Kawabe4,  
Y. Higuchi5, O. Nagano6, B.E. Barfod1, J. Ono6,  
H. Kasuya7, Y. Urakawa1 

1Mito Gammahouse, Katsuta Hospital, Hitachinaka/JAPAN, 
2Tokyo Gamma Unit Center, Tsukiji Neurological Clinic, Tokyo/

JAPAN, 3Clinical Research Center, Chiba University Hospital, 

Chiba/JAPAN, 4Neurosurgery, Kyoto Prefectural University of 

Medicine Graduate School of Medical Sciences, Kyoti/JAPAN, 
5Department Of Neurological Surgery, Chiba University, 

Chiba/JAPAN, 6Gamma Knife House, Chiba Cardiovascular 

Center, Ichihara/JAPAN, 7Neurosurgery, Tokyo Women’s 

Medical University Medical Center East, Tokyo/JAPAN

Purpose: We tested the validity of two prognostic 
indices for brain metastasis (BM) patients treated with 
stereotactic radiosurgery (SRS). The two indices are 
Diagnosis-Specific Graded Prognostic Assessment 
(DS-GPA) and our recently-proposed index, Modified 
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Recursive Partitioning Analysis (RPA), in which all 
patients were categorized into three sub-classes (RPA 
I+IIa, IIb and IIc+III, Yamamoto et al, Int J Radiat Oncol 
Biol Phys 2012;83: 399-1405).

Methods: This was a two-institution, institutional review 
board-approved, retrospective cohort study using two 
prospectively accumulated databases including 4608 BM 
patients who underwent SRS alone, without whole brain 
radiotherapy, for BMs during the 1998-2011 period. 
Primary cancer categories were non-small cell lung 
cancer (NSCLC, 2827 patients), small cell lung cancer 
(SCLC, 460), gastro-intestinal cancer (GIC, 582), breast 
cancer (BC, 547) and renal cell cancer (RCC, 192). The 
Kaplan-Meier method was used to estimate the absolute 
risk of each event.

Results: There were statistically significant survival 
differences among patients stratified into four groups 
based on the DS-GPA systems (p<0.001) in all five 
original cancer categories. In the NSCLC category, there 
were statistically significant mean survival time (MST) 
differences (p<0.001) among the four groups without 
overlapping of 95% confidence intervals (CIs) between 
any two pairs of groups with the DS-GPA system. Among 
the SCLC, GIC, BC and RCC categories, MST differences 
between some pairs of groups failed to reach statistical 
significance with this system. There were, however, 
statistically significant MST differences (p<0.001) 
among the three groups without overlapping of 95% CIs 
between any two pairs of groups with the Modified RPA 
system in all five categories.

Conclusions: The DS-GPA system is applicable to our 
set of patients with NSCLC only. However, the Modified 
RPA system was shown to be applicable to patients with 
five primary cancer categories. This index should be 
considered when designing future clinical trials involving 
BM patients.

Disclosure: No significant relationships.
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Long-term follow-up results of 
stereotactic radiosurgery for pituitary 
tumors touching/compressing the  
optic apparatus

M. Yamamoto1, T. Kawabe2, B.E. Barfod1, Y. Urakawa1 

1Mito Gammahouse, Katsuta Hospital, Hitachinaka/JAPAN, 
2Neurosurgery, Kyoto Prefectural University of Medicine 

Graduate School of Medical Sciences, Kyoti/JAPAN

Purpose: Debate continues as to whether stereotactic 
radiosurgery (SRS) or stereotactic radiotherapy (SRT) 
should be chosen for patients with pituitary tumors 
touching or even compressing the optic apparatus (OA). 
We describe our personal experiences with SRS for such 
patients.

Methods: This institutional review board-approved, 
retrospective cohort study used our prospectively 
accumulated database including 26 consecutive patients 
(16 females, 10 males, mean age; 62 [range; 32-85] 
years) who underwent SRS using a gamma knife for the 
aforementioned condition during the 1998-2003 period. 
There were 24 non-functioning tumors and two growth 
hormone-producing tumors. Among the 24 patients with 
non-functioning tumors, 22 tumors manifested with 
visual disturbances in 19 and diplopia, headache and 
hypo-pituitarism in one each. The other two tumors were 
found incidentally. Before SRS, surgical removal had 
been performed in 23 patients, once in 13, twice in 8 and 
four times in two. The median tumor volume was 5.1 
(range; 1.8-24.2) cc. To avoid excess irradiation to the 
OA, the tumor was not totally covered with the selected 
peripheral doses. Instead, the lower part of the tumor 
was covered with a 50% or a 60% isodose gradient; i.e., 
55-98% (mean; 86%, median; 88%) of the entire tumor 
received the selected doses. Median doses at the tumor 
periphery and OA were 12.0 Gy and 11.6 Gy (ranges; 
10.0-18.0 Gy and 8.5-18.6 Gy), respectively.

Results: Post-SRS MR imaging performed 11-169 
(median; 99) months after SRS demonstrated tumor 
shrinkage in 16 patients (61.5%), unchanged tumor size 
in seven (26.9%) and growth in the other three (11.5%). 
Among the three patients whose tumors grew, surgery 
was required in two, 11 and 85 months after SRS, while 
the other has been observed without further procedures 
(FP), to date. Using the Kaplan-Meier method, the 
actuarial FP-free rates at the 5th and 10th post-SRS 
year were calculated to be 96.2% and 90.5%. Neither 
SRS-induced optic neuropathy nor endocrinological 
impairment occurred.

Conclusion: In patients with pituitary tumors touching 
or even compressing the OA, SRS achieves good long-
term results. The opinion that SRT is the only appropriate 
treatment is thus unwarranted.

Disclosure: No significant relationships.
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Intradural extramedullary benign spinal 
lesion radiosurgery. Medium-term results

M.C. Marchetti, I. Milanesi, E. De Martin, G. Broggi, 
M. Saini, L. Fariselli 

Neurosurgery, Fondazione IRCCS Istituto Neurologico C 

Besta, Milano/ITALY

Objective: Surgery represents the first-choice treatment 
for spinal, intradural tumors. Whether surgery is most 
appropriate in the setting of recurrences, residual or 
multiple lesions, or for patients who are not amenable 
to surgery remains an open question. In this study 
we report about our own radiosurgery experience in 
treatment of benign intradural, extramedullary tumours 
of the spine. Method. In this study we analyzed outcomes 
for 20 patients (24 lesions) treated for benign intradural, 
extramedullary lesions with a minimum follow-up period 
of 32 months. The lesions included 14 meningiomas, 9 
schwannomas and 1 neurofibroma.

Results: The mean follow-up was 43 months (32-
73 months). The median tumour volume was 2.6 cc 
(0.2-138 cc). Eleven lesions underwent single-fraction 
treatment (dose to the target 10 to 15 Gy). The others 
received a multisession radiosurgery treatment (4 to 6 
fractions) with a mean prescription dose ranging from 
16.8 to 30 Gy. The maximum dose to the spinal cord 
ranged from 9 to 26 Gy. During the follow-up period 
no lesion showed radiological evidence of progression. 
Neurological status was preserved or improved and no 
permanent sequelae were observed. Significant and 
durable pain relief was observed. Conclusion. Although 
surgical excision remains the primary treatment option 
for most intradural tumours, radiosurgery offers a 
true alternative therapeutic modality for such lesions, 
especially in case of recurrent and residual lesions or 
when surgery is contraindicated.

Disclosure: No significant relationships.
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Multisession radiosurgery for optic nerve 
sheath meningiomas. A new promising 
treatment paradigm

M.C. Marchetti1, S. Bianchi2, V. Pinzi1, I. Milanesi1,  
I. Milanesi3, L. Fariselli1 

1Radiotherapy Unit, Neurosurgery, Fondazione IRCCS 

Istituto Neurologico C Besta, Milano/ITALY, 2Neuro-

ophthalmology, IRCCS Istituto Auxologico Italiano, Milano/

ITALY, 3Neurosurgery, Fondazione IRCCS Istituto Neurologico 

C Besta, Milano/ITALY

Objective: Traditional treatment options for optic nerve 
sheath meningiomas (ONSMs) include observation, 
surgery and radiotherapy, but to date none of these 
has become the clear treatment of choice. The aim of 
this study is to evaluate the effectiveness and safety of 
multisession radiosurgery for ONSM.

Method: From May 2004 to date, 35 patients affected 
by ONSMs underwent a radiosurgical treatment by using 
the frameless CyberKnife system. Patient age ranged 
from 16-73 years (mean, 51 years; median 52 years). All 
patients were treated using multisession radiosurgery, 
with 5 fractions of 5 Gy each to a total dose of 25 Gy 
prescribed to the 75-85% isodose line. Patients were 
evaluated both for tumor growth control and visual 
function.

Results: The median pre-treatment tumor volume was 
3.7 cc (range, 0.2 – 23 cc). The mean follow-up was 26 
months (range, 5-68 months). Thirteen patients had a 
follow-up period longer than 36 months. No patients 
showed ONSM progression on follow-up MRI. Two 
patients (10%) had a partial response. At the moment 
of the present analysis the visual function was stable 
in the 74 % of the patients, improved in the 20 % and 
worsened in the 6 %. Unexpectedly, in this experience 
the optic neuropathy always occurred during the first 6 
months after the treatment. Moreover, the analysis of 
these two cases revealed that the dose to the chiasm, 
optic nerve, retina, ocular bulb and lacrimal gland as well 
as the involved volumes were not at the higher level of 
the present series Conclusion. Multisession radiosurgery 
for ONSMs was found to be safe and effective. The 
preliminary results from the present study, in terms of 
both growth control and visual function improvement 
are at least promising. Further studies are required not 
only to define the long term results, but also to better 
understand the real mechanism underlying the treatment 
related optic neuropathy.

Disclosure: No significant relationships.
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Abstract: 47

Outcomes of stereotactic body 
radiotherapy (SBRT) treatment of multiple 
synchronous and recurrent lung nodules

D. Owen, K.R. Olivier, Y.I. Garces 

Radiation Oncology, Mayo Clinic, Rochester/MN/UNITED 

STATES OF AMERICA

Purpose: Stereotactic body radiotherapy (SBRT) is 
evolving into a standard of care for unresectable lung 
nodules. Local control has been shown to be in excess 
of 90% at 3 years. However, some patients present 
with synchronous lung nodules in the ipsilateral or 
contralateral lobe or metasynchronous disease on follow 
up. In these cases, patients may receive multiple courses 
of lung SBRT or a single course for synchronous nodules. 
The toxicity of such treatment is currently unknown.

Methods & Materials: Between 2006 and 2012, 45 
subjects with metasynchronous and synchronous 
multiple lung nodules were treated at the Mayo Clinic 
with SBRT. A total of 101 nodules were treated in these 
patients. Median local control, overall survival, and 
progression free survival were described. Acute toxicity 
(defined as toxicity < 90 days) and late toxicity (defined 
as toxicity >= 90 days) were reported and graded as per 
standardized CTCAE 4.0 criteria.

Results: The median age of patients treated was 75 
years. Sixty percent were primary or recurrent lung 
cancers with the remainder metastatic lung nodules 
of varying histologies. Dose and fractionation varied 
but the most common prescriptions were 48 Gy/4 
fractions, 54 Gy/3 fractions, and 50 Gy/5 fractions. Only 
4 patients demonstrated local recurrence. With a median 
follow up of 12 months, median SBRT specific overall 
survival and progression free survival were 21.6 months 
and 7.8 months respectively. Fifty one percent (23/45 
patients) experienced toxicity, predominantly grade 1 
and 2 fatigue. Two patients developed acute grade 3 
radiation pneumonitis. Forty six percent (21/45 patients) 
developed late effects. Most were grade 1 dyspnea. 
There was one patient with grade 5 pneumonitis.

Conclusion: Multiple courses of SBRT for 
metasynchronous lung tumours and synchronous SBRT 
treatment of multiple lung nodules is feasible. Most 
toxicity was grade 1 and 2 but the risk was approximately 
50% for both acute and late effects.

Disclosure: No significant relationships.
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Are we changing malignant glioma 
patters of relapse with radiation plus 
chemotherapy instead of improving 
prognosis?

V. Toledo1, C. Rodriguez2 

1Radiation Oncology / Radiosurgery, Hospital San Javier, 

Guadalajara/MEXICO, 2Neurological Surgery, Hospital San 

Javier, Guadalajara/MEXICO

Objective: To establish if the bevazizumab/
temozolomide/radiation combination treatment in high 
grade gliomas is feasible wiith limited toxicity using 7 
mg/kg bevazizumab. Follow clinical and image response 
to treatment and present our early experience. 

Method: Histology proven anaplastic astrocitoma and 
glioblastoma multiforme with partial or subtotal resection 
where treated with 60.25 Gy 3DCRT frameless image 
guided fractionated stereotactic radiation treatment 
(thermoplastic mask) cone beam-CT was used to verify 
isocenter. Chemotherapy was temozolomide 75 mg/m2 
for the duration of radiation therapy an 150 mg/m2 days 
1-5 in a 28 day cycle plus bevazizumab 7 mg/kg every 
28 days. Patient one is a 32yo female 5/12 after starting 
radiation treatment and patient two is a 39yo male 13/12 
after starting radiation treatment, magnetic resonance 
was the selected image method for follow up.

Results: Treatment was feasible with grade I/II toxicity, 
magnetic resonance image response in case one 
showed central tumor necrosis, viable tumor at the rim 
of enhancement with distant progression to cerebellum 
amigdalae and a dorsum of medulla oblongata implant 
outside radiation field at 5/12, in case two discrete 
necrotic response and no evidence of progression or 
recurrence was observed at 13/12, neuro/functional 
deficit improved after initial treatment in both patients.

Conclusion: High grade glioma response to this approach 
is different in solid and infiltrating tumors, standard 
temozolomide dose is well tolerated with radiation therapy, 
7 mg/kg bevazizumab is less the standard recommended 
dose; it seems to increase response but may also change 
the micro vascular structure and vasogenic response of 
the tumor surrounding tissue, favoring complex toxic 
response and migration of tumor cells to distant brain 
sites. Still more information is needed with this approach 
and determine if it improves overall survival or just 
faces the patient to a diffuse relapse. Despite published 
experience more information is needed to modify the 
standard of care in high grade gliomas. 

Disclosure: No significant relationships.
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Abstract: 49

Stereotactic beam parameters of unflat 
(7UF) beam with moduleaf

S.N.K. Vatyam1, J.R. Bhangle2, S. Basu1, V.M. Maiya1, 
B. Zade1, A. Bhanage3 

1Radiation Oncology, RUBY HALL CLINIC, PUNE/INDIA, 

2Radiation Oncology, RUBY HALL CLINIC, PUN E/INDIA, 

3Neurosurgery/radiosurgery, RUBY HALL CLINIC, PUNE/

INDIA

Introduction: We have been using 6MV flat beam, 
Iplan and Moduleaf which is an mMLC mounted at 
the tray level on the Oncor Impression Plus linear 
accelerator and delivering stereotactic treatments for 
the last 6 years. The recent upgrade of this machine 
with an Unflat beam(7UF) has opened new avenues of 
stereotaxy. 

Purpose: The beam parameters of the Unflat beam 
(7UF) have been measured and the data has been fed 
to the Iplan (Ver 4.7) which is to be used for delivering 
stereotcatic radiation treatments. The characteristics 
of these beam parameters are discussed in this 
communication.

Methods: The J20/10 is 0.682 which makes beam closer 
to 7MV and hence is the notation of 7UF. The beam 
parameters are all measured with SCD of 678.6mm. The 
Moduleaf has a uniform leaf thick ness of 2.5mm and 
has a leakage of 1.2% and below the jaw, in addition to 
mMLC has a leakage below 0.3%. The PDDs and profiles 
start with 0.5cmx0.5cm to 10cmx12cm. The challenge 
of the small field dosimetry remains for 7UF small 
field PDDs, profiles and the output factors have been 
measured below 3cmx3cm by using three detectors 
such as 0.13cc, 0.1cc and by s

Disclosure: No significant relationships.
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Gamma knife for cerebral arteriovenous 
malformations at a single centre

F.A. Zeiler1, M.G. Bigder2, P.J. Mcdonald1,  
A.M. Kaufmann1, D. Fewer1, J. Butler3,  
G. Schroeder3, M. West1 

1Section Of Neurosurgery, University of Manitoba, Winnipeg/

MB/CANADA, 2Section Of Neurosurgery, Health Sciences 

Center, University of Manitoba, Winnipeg/MB/CANADA, 
3Department Of Radiation Oncology, Health Sciences Center, 

University of Manitoba, Winnipeg/MB/CANADA

Background: We report the results of a consecutive 
series of patients treated with Gamma Knife (GK) Surgery 
for cerebral arteriovenous malformations (AVMs). 

Methods: We retrospectively reviewed 69 patients 
treated with GK for cerebral AVMs between November 
2003 and April 2009, recording clinical data, treatment 
parameters, and AVM obliteration rates in order to assess 
our effectiveness with GK in treating these lesions.

Results: Ten patients were lost to follow-up. 
Presentations included: seizure (24), hemorrhage (18), 
persistent headache (12), progressing neurological 
signs (10), and incidental (9). In 24 patients (34.8%) 
treatment planning consisted of digital subtraction 
angiography (DSA), magnetic resonance imaging (MRI), 
and computed tomogram (CT) angiography (CTA). 
Currently we rely predominantly on CTA and/or MRI 
scanning only. Fourty-one patients have been followed 
for a minimum of 3 years; average age 40.9 yr., 58.5% 
males. Average dose at the 50% isodose line was 20.3 
Gy (range 16 to 26.4 Gy). Obliteration was observed 
in 87.8% by MRI, CT, or DSA. Not all obliteration was 
confirmed by DSA. Complications occurred in 12 of 
59 (20.3%) patients, and in 11 of 41 (26.8%) with 
3 year follow-up. Major (temporary) complications 
for the 59 included symptomatic cerebral edema (7), 
seizure (2), and hemorrhage (1). Major permanent 
complications occurred in one patient suffering a cranial 
nerve V deafferentation, and in two patients suffering a 
hemorrhage.

Conclusion: GKS for cerebral AVM’s offers an effective 
and safe method of treatment, with low permanent 
complication rate

Disclosure: No significant relationships.
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Fatigue following srs and what can we  
do about it?

R.I. Smee and J.R. Williams 

Radiation Oncology, The Prince of Wales Cancer Centre, 

Sydney/NSW/AUSTRALIA

Purpose: Fatigue occurs as a symptom in cancer 
and also as a side effect of radiotherapy treatment. 
Participation in aerobic exercise is becoming recognised 
as an integral part for rehabilitation/recovery.

Results: from our Prince of Wales Hospital-POWH SRS 
(Stereotactic Radiosurgery) lll-Phase Dairy Patient Study, 
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current recruitment 647 patients, reported ‘fatigue’ high 
on the Likert scoring-scale, day 1, and 1-12 weeks after 
their SRS, evaluating their physical, psychological/social 
well-being post treatment. Of major interest was the high 
response level of fatigue for both benign and malignant 
tumours at 1 and 12 weeks, with fatigue remaining high 
at 71%. This study will address how to influence this. 

Methods: Benchmarking pre SRS fatigue-level 
commenced in June 2008. To parallel our findings 
with the above study we have gained HREC approval 
to commence a translational prospective “12 Week 
Randomised 2-Arm-Control Exercise Intervention Study 
Post Radiotherapy”, measuring pre/post fatigue levels 
after SRS, in collaboration with the Physiotherapy 
Department, POWH. Recruitment commenced in 
October 2012, anticipated sample size being n=72. Arm-
1 group-‘an at home individualised exercise program 
wearing a heart-rate monitor doing programmed 
exercise 5 times per week, Arm-2 group-participants to 
continue their normal activities. Participants will have 
standard physical assessment-6 minute walking test + 
3 minute step test, along with fatigue (PIPER SCALE) 
and Qol (EORTC) questionnaires to complete. Patients 
will record their physical activities in their exercise diary 
and will be contacted to assess their weekly progress. 
At completion of the 12 week study, participants will 
return to the Physiotherapy Dept. for a second physical 
assessment, 6 minute walking test and step test. Post 
study Fatigue and Qol questionnaires will be completed. 
All assessment data forms and questionnaires will be 
entered into SPSS version_20.

Results: Thus to date 163 patients recorded nil fatigue 
pre-SRS study, while fatigue on the evening of day 
1 (procedure day) was 246 (80%), resulting from 
compounding factors such as total travel time, length 
of day, anxiety & tension. Fatigue recorded at 1 and 
12 weeks post SRS respectively were 221, 161 (72%, 
52%). The patients suitable for the translational exercise 
intervention study will be recruited from this SRS 
population.

Conclusion: It is anticipated that participating in exercise 
intervention, post radiotherapy for brain tumour patients 
will result in a decrease level of general fatigue and 
well-being, and a positive effect on their QoL outcome, 
compared to the current standard treatment course. KEY 
WORDS: SRS, fatigue, exercise intervention, quality of 
life.
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The effect of skull shape approximation 
methods on gamma plan dose calculation

H Igaki1, S. Hanakita2, A. Sakumi1, A. Nomoto1,  
M. Shin2, K. Nakagawa1, K. Ohtomo1 

1Radiology, The University of Tokyo Hospital, Tokyo/JAPAN, 
2Neurosurgery, The University of Tokyo Hospital, Tokyo/JAPAN

Purpose: The irradiation time in gamma knife is 
calculated by taking account of gamma ray attenuation 
through the length of beam path based on the skull 
shape by Gamma Plan. The objectives of this study were 
to compare skull shape approximation methods by CT 
or manual measurements and to evaluate their effect on 
dose calculations.

Methods: Skull shapes were simulated by CT or 
manual measurements by skull scaling instrument in 
10 patients who were treated by gamma knife. Manual 
measurements were done by two physicians (measurer 
1 and measurer 2) independently. Simulation plans of 
200 Gy at 100% dose were made by Gamma Plan by 
placing a 18-mm collimator shot at the central point 
(point A, (x, y, z) = (100.0 mm, 100.0 mm, 100.0 mm)) 
or 2cm caudal from skull surface of the vertex (point B, 
x = 100.0 mm and y = 100.0 mm) for each skull shape 
approximation method. Irradiation times were compared 
by three skull shape approximation methods. In addition, 
irradiation times by two measurers were compared after 
normalization by the corresponding irradiation times by 
CT approximations.

Results: Skull contour fitted the stereotactic MRI 
images best for CT approximation. Average irradiation 
times and their standard deviations in the 10 patients 
were 73.49±1.37 min, 72.49±1.48 min, 72.0±1.48 min 
at the point A, and 53.89±0.72 min, 52.57±0.85 min, 
52.48±0.98 min at the point B, for CT approximation, 
measurer 1, and measurer 2, respectively. For all 10 
patients, calculated irradiation times calculated by 
CT approximations were longer than by manual skull 
measurements by two measurers. Average normalized 
irradiation times and their standard deviations were 
0.986±0.004 and 0.980±0.006 at the point A, and 
0.976±0.011 and 0.974±0.013 at the point B, for 
measurer 1 and measurer 2, respectively. Dose 
deviations from CT approximation were larger for the 
point B (superficial lesion) than for the point A (deep 
seated lesion). Irradiation times for point A among three 
approximation methods of CT, measurer 1, and measurer 
2 and those for point B between CT and measurer 1 and 
between CT and measurer 2 were significantly different 
by paired t-test (p<0.001 for all comparisons).
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Conclusions: The effects of skull shape approximation 
methods on dose calculation were relatively small, but 
there were certain trends of deviation in the calculated 
irradiation times depending on the measurer.
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Clinical implementation of the  new SRS  
and SBRT novalis technology; epworth 
healthcare commissioning and standard 
of use  experience

M.A. Hegazy1, R. Li2 

1Radiation Oncology, Epworth HealthCare, East Melbourne - 

VIC/AUSTRALIA, 2Radiation Oncology, Epworth HeathCare, 

Richmond - VIC/VIC/AUSTRALIA

Objectives: The target of this study was to evaluate 
the performance of our hospital Epworth’s new Novalis 
Tx by performing comprehensive measurements and 
testing of the new technology linear accelerator, and 
to develop technical guidelines for commissioning 
from the acceptance testing to clinical treatment. The 
Novalis Tx linear accelerator is equipped with, among 
other features, a high-definition MLC (HD120) with 
2.5 mm central leaves, a 6D robotic couch, an optical 
guidance positioning system, as well as X-ray-based 
image guidance tools to provide high accuracy radiation 
delivery for SRS and SBRT procedures. Material an.

Methods: In this study we will present an extensive 
tests and measurements for each of the facility options 
available in our new machine, and analysed the clinical 
data collected in our Epworth radiation oncology 
department as well as presenting a technical guidelines 
in this focusing on methods of data collection and 
efficiency, OBI, HD 120 MLC, ExacTrac X-ray, and 6D 
robotic. Our measurements will be collected using 
different types of ion chambers including Pin Point, and 
farmer type chambers for small field and large field’s 
data measurements.

Results: Full beam characteristics data measurement will 
be presented using small detectors with small field sizes 
3x3 and less. OBI data specifications will be presented 
as well as the CBCT tests. Also comprehensive tests will 
be presented in order of MLC commissioning including 
light field /Radiation field alignment, Winston Lutz test 
and Picket Fence test. EBT2 Film tests will be presented 
to confirm the Linac isocenter accuracy and to confirm 
as well the radiation treatment delivery dose is matching 
the planned and prescribed dose. 

Conclusion: Setting technical guidelines for our new 
technology Novalise Tx from start to end is highly 
required to our practice and to gain and exchange the 
experience with others. Establishing a full QA program 
for HD120 MLC, OBI, CBCT, and IGRT facilities available 
in our new machine increase the safety of use and 
achieve the international standard of care and patient 
satisfaction. Developing our clinical protocols, methods 
and guidelines of Novalis Tx clinical use and treatment for 
SRS and SBRT based on Epworth clinical circumstances 
and patients standard of care. 
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Volume-staged radiosurgery for large 
AVMS: changes in paradigm

Z.A. Seymour1, P.K. Sneed1, W. Young2, N. Gupta3, 
M.W. Mcdermott3 

1Radiation Oncology, UCSF, San Francisco/CA/UNITED 

STATES OF AMERICA, 2Department Of Anesthesia And 

Perioperative Care, UCSF, San Francisco/CA/UNITED 

STATES OF AMERICA, 3Neurological Surgery, UCSF, San 

Francisco/CA/UNITED STATES OF AMERICA

Objectives: Treatment for large arteriovenous 
malformations (AVMs) remains problematic. We 
describe our long-term experience with volume-staged 
radiosurgery comparing two eras, with a change to 
treating smaller volume and higher dose per stage.

Methods: The Gamma Knife database was retrospectively 
reviewed for volume-staged radiosurgery for AVMs. Era 
1 was defined as 1992-2004 and Era 2 as 2004-2008 
when volume per stage was lowered and dose per stage 
was increased. Surgical resection or re-treatment was 
offered at 3-5 years for failure of obliteration. Clinical 
charts were reviewed to determine the population 
demographics, AVM parameters, treatment data, re-
treatment and complication profiles.

Results: There were 69 cases of intended volume-
staged SRS--38 in Era 1 and 31 in Era 2. Of 149 
planned stages, 140 were completed. The median age 
at time of radiosurgery was 34 yr (range: 8-68 yr). The 
median modified radiosurgery-based AVM grading scale 
(mRBAS), total volume and volume per stage in Era 1 vs 
Era 2 were 3.6 vs 2.7, 27.3 vs 18.9 ml, and 15 vs 6.8 ml. 
The median prescription dose per stage was 15.5 Gy in 
Era 1 and 17 Gy in Era 2 and median follow-up for living 
patients in Era 1 was 8.8 yr and 3.4 yr in Era 2. Overall 
rates of partial response and near-obliteration were 61 
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and 24 % in Era 1 and 71% and 39% in Era 2. Lower 
mRBAS score was associated with a higher probability 
of response. Allowing for salvage therapy, a total of 17 
patients have been cured to date, 10 in Era 1 (26%) and 
7 in Era 2 (23%) with a median time to cure of 13.4 
yr for Era 1 vs 3.6 yr for Era 2. Era 2 was associated 
with a higher probability of cure, even after adjusting 
for mRBAS (p = 0.046). Complications occurred in 18 
patients (47%) in Era 1 vs 8 patients (26%) in Era 2. 
There were 11 bleeds and 7 deaths from Era 1 vs 8 
bleeds and 4 deaths from Era 2.

Conclusions: Volume-staged radiosurgery is an option 
for large AVMs. Decreasing treatment volume per 
stage to 7 ml allowed higher dose per fraction without 
increasing complications. Obliteration rates with large 
AVMs remains low, though decreasing volume per stage 
and increasing dose per fraction may decrease time to 
response. Further assessment of mRBAS in the staged 
setting and predictors of response will be presented.
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Stereotactic radiation therapy and 
radiosurgery for brain pilocytic 
astrocytomas.

Y. Trunin, A. Golanov, A. Konovalov, L. Shishkina,  
G. Gorlachev, I. Pronin 

Burdenko Neurosurgical Institute, Burdenko Neurosurgical 

Institute, Moscow/RUSSIAN FEDERATION

Purpose: Pilocytic astrocytomas (PA) are the most 
common gliomas (WHO 1) in children. According to 
lots of trials in different countries Stereotactic Radiation 
Therapy and Radiosurgery yield a long recurrency-free 
survival or help to prevent progression in patients with 
unresectable pediatric PA. It is an effective method 
after incomplete removal, as well. We retrospectively 
reviewed the experience at our Institute to determine the 
role of Stereotactic Irradiation in complex treatment in 
such patients.

Materials and Methods: 156 patients with intracranial 
PA irradiated at Burdenko Institute between April 2005 
and April 2012. The study group consisted of 39 adults 
and 117 children (including those under the age of 17). 
Males - 83, females -73. The median age was 15,1 years 
( 9.8 years in children, 28.7 in adults). 140 patients had 
a prior histological tumor verification: tumor resection 
in 125 patients, biopsy in 15 patients. In 16 patients 
(10.2%) the diagnosis was based on clinical evidence 

and radiological data (MRI, CT-Perfusion, and PET). 
102 patients underwent SRT (mean dose 54,8 Gy),  
54 patients underwent SRS (mean dose 17 Gy).

Results: The median follow-up period was 62 months 
(range, 2-238) after the patients were diagnosed PA. 
138 patients were available for the follow-up. At the end 
of the follow-up (10.2012) 135 patients (97.8%) were 
alive. The median follow-up period after irradiation was 
34.7 months (range, 6-84 months). Tumor control or 
regression was achieved in 110 patients (79,8%). The 
tumor size was increased in 28 patients (20,2%). In 23 
patients out of these 28 tumor growth was the result 
of enlargement of cyst component. 24 patients were 
reoperated. In 19 operated patients histological material 
was studied and its comparative analysis with previous 
results was carried out. There was no histological 
evidence of tumor progression.

Conclusion: Stereotactic irradiation is an effective 
method of treatment for PA in patients with residual 
tumors, patients with PA relapse and patients with 
progressive disease. The efficacy did not depend on 
tumor localization. This treatment should be indicated 
as early as possible after partial resection. In 98% of 
the patients tumor growth was not noted during the 
follow-up period. Tumor volume growth after irradiation, 
resulting from cyst component enlargement, must be 
differentiated between reactively-degenerative changes 
and tumor progression. 
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High-dose stereotactic body radiotherapy 
improve local control and overall survival 
in patients with inoperable hepatocellular 
carcinoma
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Sciences, Seoul/KOREA, 4Department Of Internal Medicine, 
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Purpose: The purpose of this study is to determine 
whether a dose-response relationship in stereotactic 
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body radiotherapy (SBRT) for hepatocellular carcinoma 
(HCC) is observed and to identify whether local control 
or response affects survival outcome.

Methods: Between March 2003 and February 2011, 108 
patients with 122 lesions were treated with SBRT for HCC. 
The indications for SBRT were unsuitable for surgery 
or other ablative therapies and incomplete response of 
transarterial chemoembolization (TACE). The inclusion 
criteria of this study are SBRT using 3 fractions and 
longest diameter ≤ 7.0 cm. Eighty-two patients with 95 
lesions were analyzed. Median age was 60 years (range, 
39-79 years). Seventy-four patients (90%) had Child-
Pugh class A and 8 patients had B7. All patients had one 
or more TACE and the median number of TACE sessions 
per patient was 2 (range, 1-14). The median longest 
diameter was 3.0 cm (range, 1.0-7.0 cm). The median 
SBRT dose was 51 Gy (range, 33-60 Gy).

Results: The median follow-up duration for all analyzed 
patients was 30 months (range, 4-81 months). Local 
control and overall survival rates at 2 years after SBRT 
were 87% and 63%, respectively. The 2-year local 
control rates for lesions treated with SBRT doses of 
>54 Gy, 45-54 Gy, and <45 Gy were 100%, 78%, and 
64%, respectively (p=0.0087). In multivariate analysis, 
SBRT dose and age were significant prognostic factors 
for local control. The 2-year overall survival rates for 
patients with and without local failure were 27% and 
68%, respectively (p=0.0001). In multivariate analysis, 
SBRT dose and Barcelona Clinic Liver Cancer stage 
were significant prognostic factors for overall survival. 
Five patients (6%) experienced grade 3 or higher 
gastrointestinal toxicity. The estimated SBRT dose to 
achieve 90% LC at 2 years is 54 Gy in 3 fractions. In 
selected patients with SBRT dose > 54 Gy and longest 
diameter ≤ 5.0 cm, the treatment outcomes of SBRT 
were comparable with those of radiofrequency ablation 
(RFA).

Conclusions: The present study strongly suggests a 
dose-response relationship in SBRT for HCC. Excellent 
local control rates are achieved with SBRT dose of 
more than 54 Gy or greater. Higher local control rates 
resulted from increasing dose may be survival benefit 
for inoperable HCC. We suggest SBRT dose of more 
than 54 Gy, if normal tissue constraints allow. In the 
patients with small-sized HCC, high-dose SBRT may be 
as effective and safe treatment modality as RFA.
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Frameless stereotactic treatments on  
the novalis tx: clinical range of use of a  
6 degrees of freedom (6DOF) couch

D. Schmidhalter1, M. Malthaner1, E. Born1,  
A. Pica2, M. Schmücking2, D.M. Aebersold2,  
M.K. Fix1, P. Manser1 

1Division Of Medical Radiation Physics, Inselspital, 

Bern University Hospital, and University of Bern, Berne/

SWITZERLAND, 2Departement Of Radiation Oncology, 

Inselspital, Bern University Hospital, and University of Bern, 

Berne/SWITZERLAND

Purpose: Performing stereotactic treatments with 
frameless mask systems is arguable when using image 
guided radiation therapy (IGRT) in combination with a 
6DOF couch. The aim of this work is to analyze patient 
setup errors in 6 dimensions, i.e. to analyze in which 
range a 6DOF couch is used in clinical routine for cranial 
as well as for extracranial cases in order to demonstrate 
the need of a 6DOF couch when performing linear 
accelerator based stereotactic treatments with frameless 
patient setup systems.

Methods: For stereotactic treatments using the Novalis 
TX, the patient is pre-positioned using the optical 
system at couch rotation angle 0° (initial patient setup). 
Afterwards, verification images are acquired with the 
ExacTrac system to determine the patient setup error in 
6 dimensions (initial verification). A total of 2185 initial 
verifications (1705 cranial and 480 extracranial) were 
analyzed. Passing rates for different tolerances (e.g. ±1 
mm for the translational axes and ±1° for the rotational 
axes) were calculated. After rotating the couch, the 
patient position is re-verified. The detected patient setup 
errors as a function of the couch rotation angle are 
analyzed for 242 re-verifications.

Results: For the 1705 initial verifications in the cranial 
region the mean initial patient setup errors ±1 standard 
deviation found for the rotational axes pitch, roll and 
rotation (rot) are -0.24 ± 1.22°, -0.23 ± 0.92° and 
-0.03±1.08° and for the lateral (lat), longitudinal (long) 
and vertical (vert) axes 0.10±1.23 mm, 0.10±2.00 mm 
and 0.11±1.53 mm, respectively. The mean initial patient 
setup errors for the extracranial cases (n = 480) for 
the rotational axes pitch, roll and rot are -0.21±0.98°, 
-0.05±1.13° and -0.14±1.02° and for the translational 
axes lat, long and vert 0.15±4.83 mm, 0.64±6.45 mm and 
-0.40±6.43 mm, respectively. After initial patient setup, a 
correction shift would have to be applied in about 90% of 
all cases in order to be within tolerance (±1 mm, ±1°) for 
all six axes simultaneously. After initial setup correction 
and applied couch rotation, in 15% of all cases the 
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tolerance (±1 mm, ±1°) is not fulfilled. One error source 
may be a displacement between the couch rotation and 
the imaging isocenter. Another source of errors may be 
patient movement due to couch movement.

Conclusions: In order to achieve high patient setup 
accuracy for stereotactic treatments, a 6DOF couch is 
required. When rotating the couch, re-verification and 
re-correction of the patient setup is required in clinical 
routine.
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Management of cerebral metastases: 
establishing the role of stereotactic 
radiosurgery in Canada

J. Bourque1, D. Roberge2, E. Monsalves3,  
G. Bauman1, G. Rodrigues1, G. Zadeh3 

1Radiation Oncology, London Regional Cancer Program, 

London/CANADA, 2Radiation Oncology, CHUM - Hopital 
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Objectives: Stereotactic Radiosurgery (SRS) is 
increasingly being used in the treatment of brain 
metastases. Despite the availability of prospective 
trial data, uncertainties and variations persist in the 
application of SRS in specific clinical scenarios. Our 
objective was to determine the current attitudes of 
radiation oncologists (RO) and neurosurgeons (NSx) in 
Canada in regards to SRS use.

Methods: A review of the literature on the topic was 
conducted and questions were formulated by an expert 
panel. The questionnaire was distributed to RO and NSx 
nation-wide. Chi-square and Fisher’s exact test were used 
to analyze potential influences on treatment choices.

Results: The response rate for radiation oncology was 
30% (n=108) and for neurosurgery, 80% (n=111). 
Twenty percent of physicians were involved in the 
treatment of patients with SRS including frame-fitting, 
while 61% were involved in referral of patients for SRS. 
There were no statistical differences between RO and 
NSx in receiving formal SRS training either as a dedicated 
fellowship or training courses (27% vs. 27%, p=0.97). 
Involvement in the delivery of SRS did not correlate with 
experience (more or less than 10 years), volume of brain 
metastasis patients seen (more or less than 25 patients 
per year) or having a neurooncology focused practice. 

The vast majority of providers (98%) agreed that SRS 
plays a valuable role in the treatment of brain metastases. 
More RO vs. NSx (81% vs. 62%, p<0.01) felt 1-3 was 
the maximum number of cerebral metastases for which 
they would recommend primary treatment by SRS. 
More physicians having formal training in SRS vs. not 
felt that the maximum number of lesions should be 4-5 
(28% vs. 18%, p<0.001). More RO than NSx (65% vs. 
37%, p<0.001) believed that SRS as a single modality 
improves overall survival (OS) in patients with 1-3 brain 
metastases and controlled systemic disease. Conversely, 
in the case of patients with ≥ 4 lesions, more NSx than 
RO believed in a survival benefit (18% vs. 2%, p<0.001). 
Conclusion Although there is widespread agreement on 
the general value of SRS in the management of brain 
metastases, there are significant discrepancies in the 
perceived indications and specific benefits with the 
risk this may translate into variation in usage. These 
variations are strongly influenced by the profession of 
the practitioner and training in SRS. Such variations 
would argue for the benefit of multidisciplinary practices 
and guidelines. 
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Improved dosimetric accuracy for patient 
specific quality assurance using a 
dual-detector measurement method for 
cyberknife relative output factors

E. Vandervoort1, D. La Russa1, N. Ploquin2,  
J. Szanto2, E. Henderson1 

1Medical Physics, The Ottawa Hospital Cancer Centre, 

Ottawa/ON/CANADA, 2Department Of Medical Physics, Tom 
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Purpose: The measurement of output factors (OFs) 
for small fields is challenging and can lead to large 
dose errors if detector size and scatter from high-Z 
material are not corrected for. Due to its high spatial 
resolution and near tissue equivalence, GAFCHROMIC 
film potentially provides a “correction free” measure 
of output factors. We propose a dual detector method 
for OF measurements employing a diode with Monte-
Carlo corrections for the smallest collimators and using 
a micro-ion chamber for larger apertures (>10 mm 
diameter) with validation using film. We evaluated how 
these OFs would influence the dosimetric accuracy of 
patient specific QA measurements on 9 patient plans 
using film and a micro ion-chamber in a head-shaped 
phantom.
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Methods: We measured output factors for the 
CyberKnife G4 fixed collimators (5 to 60 mm) using an 
A16 micro ion chamber and an Edge diode detector. The 
diode measured OFs for collimator sizes 10 mm and 
below were corrected for detector effects using Monte-
Carlo correction factors published by Francescon et al. 
Output factors were also measured using GAFCHROMIC 
film. Measurements for patient specific QA were made 
in a head-shaped phantom using film and a micro-
chamber. Nine patient specific QA plans were created 
in the Multiplan treatment planning system with dose 
calculations using the hybrid dual detector OFs and 
using uncorrected diode OFs.

Results: The output factors measured using the dual 
detector method agree with film to within two standard 
deviations for the full range of collimator sizes. When the 
dual detector method OFs are used, we achieve better 
dosimetric agreement (< 2 sigma) than with uncorrected 
diode OFs for all 9 patient specific QA plans measured 
using GAFCHROMIC film. For this analysis, we compared 
2D and 3D gamma criteria and the average absolute 
dose for all film pixels within the 80% isodose line. For 
patient specific QA using the micro-chamber, we get 
good agreement (<3%) for collimator sizes greater than 
5 mm. The differences observed for the 5 mm collimator 
can be explained largely by setup uncertainty and the 
size of the A16 active volume.

Conclusions: Output factors can be determined 
consistently using the dual-detector method with 
verification using GAFCHROMIC film. For patient specific 
QA measurements, we achieve good agreement with film 
(<2 standard deviations) and with ion chambers (<3% 
for collimators > 5 mm in diameter) but film is the most 
appropriate detector for patient specific QA using the 5 
mm collimator.
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A  comparison of intra-fraction motion 
during stereotactic radiation therapy 
(SRT) of two non-invasive frameless 
commercial head immobilization devices 
(a low temperature thermoplastic mask 
vs. A dental and occipital molded fixation) 

A. Lightstone1, M. Tsao1, G. Chan1, G. Pang1,  
F. Lochray1, A. Sahgal2 

1Dept Of Radiation Oncology, University Of Toronto, Odette 

Cancer Centre, Sunnybrook Health Sciences Centre, Toronto/

CANADA, 2Department Of Radiation Oncology, University Of 
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Centre, Toronto/CANADA

Objectives: Intra-fraction motion during frameless SRT 
for brain lesions may compromise target coverage. Our 
aim was to compare the intra-fraction motion during 
SRT for patients immobilized using (1) a simple low 
temperature thermoplastic mask (“LTMask”) system 
(manufacturer Orfit), and (2) a dental and occipital mold-
based non-invasive device (“Dental” ) namely the GTC, 
Gill-Thomas-Cosman frame.

Methods: Based on patients receiving fractionated and 
(5 fraction) hypo-fractionated SRT, 19 patients were 
fitted with the LTMask (116 fractions analyzed) and 23 
patients (Dental Group) were fitted with the GTC device 
(400 fractions analyzed). Treatment plans were based on 
7 to 13 static IMRT non-coplanar beams and a planning 
target volume (PTV=CTV+ 2 mm). 79% of patients in 
the LTMask Group received 5 fraction SRT compared to 
30% in the Dental group. Cone Beam CT (CBCT) images 
of all patients were taken at three instances: (1) after 
manual set-up on a 6 degree-of-freedom (6DOF) robotic 
couch; (2) after precise adjustment based on the CBCT 
results (pre-treatment); (3) immediately post-treatment. 
A total of 1548 images were analyzed. The magnitude 
of the 3D vector intra-fraction motion was determined 
by comparing the pre- to post- treatment CBCT images, 
which were taken on average 20 minutes apart.

Results: Intra-fraction motion was minimal despite the 
immobilization device. For example, only 40.8% of the 
Dental group fractions and 60% of LTMask fractions 
had a 3D intra-fraction motion exceeding 0.5 mm; only 
13.3% of the Dental group fractions and 22.4% of the 
LTMask group fractions had a 3D intra-fraction motion 
exceeding 1 mm; and only 2.3% of the Dental group 
fractions and 7.8% of the LT Mask fractions had a 3D 
intra-fraction motion exceeding 2 mm.

Conclusion: Both immobilization systems worked well 
for SRT since the total dose distribution (accumulated 
over at least 5 fractions) does cover the CTV. The Dental 
Group had a modest but consistent benefit with respect 
to less intra-fraction motion. Furthermore, our data 
suggests caution against using a simple LTMask for 
single fraction SRS given the more stringent accuracy 
requirements.

Disclosure: No significant relationships.
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Stereotactic radiotherapy for vestibular 
schwannoma (VS) using non-coplanar 
volumetric modulated arc therapy 
(RAPIDARC)

F.J. Lagerwaard, O. Bohoudi, C.J.A. Haasbeek,  
B.J. Slotman 

Radiation Oncology, VUmc, Amsterdam/NETHERLANDS

Introduction: Stereotactic radiosurgery or fractionated 
radiotherapy (SRT) show excellent local control with 
high facial nerve preservation rates, but the outcome 
for preservation of serviceable hearing has been less 
favorable. Late loss of hearing has been correlated with 
radiation doses to the inner ear, more specifically the 
cochlea. Volumetric modulated arc therapy (RapidArc 
(RA), Varian medical systems) has recently been 
introduced at our clinic for SRT of VS, replacing our 
conventional multiple dynamic conformal arc (DCA) 
approach. We studied the ability of this RA technique for 
sparing organs at risk, including the inner ear structures. 

Materials & Methods: Ten pts with unilateral VS (mean 
size 3.6 cm3, range 0.5-13.7 cm3) and serviceable 
hearing were treated with RA to a total dose of 50 Gy 
in 25 fractions. Patient positioning and setup was 
performed using the frameless mask system, ExacTrac 
and 6D Robotics couch (BrainLAB AG). RA was delivered 
using three non-coplanar ipsilateral partial arcs with 
table rotation of 0, 15, and 350 degrees, respectively. 
Planning constraints were placed on PTV, brainstem, 
trigeminal nerve, cochlea and semicircular canals. 
RA plans were compared to five arc DCA plans. Dose-
volume histograms were derived and compared for both 
planning techniques.

Results: PTV coverage was similar for both techniques 
with a D95 of 97.2 and 97.7%, and V95 of 99.1 and 
991.1% for DCA and RA, respectively. The use of RA 
significantly decreased the mean cochlear (65.9% vs. 
89.9% for RA and DCA) and semicircular canal dose 
(40.0 vs. 56.7% for RA and DCA), without increasing the 
dose to the brainstem and trigeminal nerve. In addition, 
the use of three near-coplanar arcs lowered the mean 
brain dose from 5.5% to 3.2% of the prescribed dose. 
Treatment delivery time with RA was similar to that of the 
conventional 5DCA approach.

Conclusion: Stereotactic fractionated radiotherapy using 
non-coplanar RA allows superior sparing of the inner ear 
structures, without compromising the PTV coverage or 
increasing the dose to the brainstem. The arc setup with 
non-coplanar arcs limited to the region of the base of 

skull, is preferential particularly for treatment of benign 
disease, since it allows for a lower integral normal brain 
dose. 
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The predictive value of reported 
prognostic indexes in patients with brain 
metastasis initially treated with surgical 
resection followed by stereotactic 
radiosurgery to the resection cavity
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Purpose: Determine the predictive value on overall 
survival (OS) of five different indexes in patients 
with resected brain metastasis initially treated with 
radiosurgery (Sx+SRS) to the resection cavity without 
whole brain radiation.

Methods: Ninety-four patients with brain metastasis 
treated with Sx+SRS from July 2000 to September 
2011 were retrospectively analyzed and scored on five 
different prognostic indexes (Recursive Partitioning 
Analysis (RPA), Graded Prognostic Assessment (GPA), 
Disease-Specific Graded Prognostic Assessment (DS-
GPA), Basic Score for Brain Metastases (BS-BM), and 
Score Index for Radiosurgery (SIR). The Kaplan-Meier 
method and log-rank testing was used to determine how 
effectively each prognostic index could stratify patients 
for OS.

Results: The median survival after resection was 12.1 
months. While all indexes could separated patients 
into groups with similar survival outcomes (DS-GPA, 
p=0.001; BS-BM p=0.001; RPA, p=0.007, GPA, p= 0.015; 
SIR, p=0.031), none could statistically differentiate 
between all group with significance of p<0.05. Slight 
modification to convert the DS-GPA index from a 4-tier 
index to a 3-tier index (group 1 (3.5-4), group 2 (2.5-3), 
and group 3 (≤2) resulted in all strata being statistically 
different with p<0.05 by pair-wise comparison. Stratified 
by prognostic score, the OS for this population was 
longer than the predicted from the reported OS estimates 
for the same RPA class or GPA score. For this population 
the median OS by RPA class was 25.8, 11.4, and 7.1 
months for Class 1, Class 2 and Class 3 respectively, 
while the median OS for GPA groups was 37.6, 17.4, 9.5, 
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and 8 months for Score 3.5-4, Score 3, Score 1.5-2.5, 
and Score 0-1 respectively.

Conclusion: The available prognostic indexes for 
brain metastasis, can be used to help predict survival 
potential in patients treated with surgery followed by 
radiosurgery to the resection cavity without whole 
brain, but overall survival may exceed that published 
for each index.
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Abstract: 63

Cognitive impairment associated with 
radiocrugía. Prospective study of 
cognitive performance in patients with 
brain metastases
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Radiosurgery has been postulated as the treatment of 
choice for brain metastases, being an alternative to 
cranial radiotherapy. It is considered that this technique 
has a lower impact on quality of life and less neurotoxic 
effects. However, at present the scientific data on the 
cognitive impact of this technique are scarce. The goal 
is to understand the cognitive impact and the quality of 
life of radiosurgery in patients with brain metastases, 
three months after the implementation of the same. We 
selected 10 patients with brain metastases (one to four 
lesions) that were to be treated with radiosurgery in 
the IMO Group, within a week. Before treatment and 
three months after treatment were administered a 
neuropsychological battery to collect information from 
the following cognitive functions: attention, memory 
and executive functions Descriptive analysis is made 
of the characteristics of the population and determines 
the sample cognitive impairment. Analysis compares 
scores on neuropsychological tests, nonparametric 
tests (Wilcoxon) between the two moments of 
action. It also applies correlation analysis between 
medical variables and cognitive functions From the 
neuropsychological assessment of this population we 
can obtain information that facilitates the description 
of the disease and allows for greater understanding 
of the effects of treatments. Increased survival 
rates should be associated with the development of 

rehabilitation programs to improve the quality of life 
of patients Keyword: brain metastases, radiosurgery, 
neuropsychological assessment 
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Unilateral thalamotomy for treatment-
refractory essential tremor using 
magnetic resonance guided focused 
ultrasound (MRGFUS)
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Purpose: Essential Tremor (ET) is the most common 
movement disorder, and can be associated with 
significant disability and poor quality of life. Neurosurgical 
intervention using radiofrequency (RF) ablation or 
deep brain stimulation (DBS) of the Vim nucleus of the 
thalamus has shown promise in managing patients with 
medication-resistant disease. Both procedures, however, 
require an operation with attendant risks. Magnetic 
resonance guided focused ultrasound (MRgFUS) has 
been developed as a non-invasive alternative to open 
neurosurgical approaches.

Methods: Four patients with treatment-refractory 
ET underwent unilateral MRgFUS thalamotomy to 
treat tremor in their dominant hand (3R, 1L). Average 
maximal temperature achieved was 59.3 degrees (range 
56-63), with a mean of 20.3 sonications (range 12-27) 
performed per patient. Patients were awake during all 
sonications, allowing for real-time feedback regarding 
sensory or motor systems evoked by sub-lesional and 
lesional temperatures.

Results: All patients tolerated the procedure well. On the 
first post-operative day, there was a mean 65% reduction 
in total score on the Clinical Rating Scale for Tremor 
(CRST), which was associated with an immediate and 
significant improvement in function. Patient 1, followed 
three months so far, has had a sustained benefit, with a 
55.6% reduction on CRST score. During test sonications 
using sub-lesional temperatures, two patients reported 
sensory symptoms, such as lip and hand parasthesias, 
allowing the treating team to modify sonication and target 
parameters. Intra- and post-operative MRI in all patients 
demonstrated well-circumscribed Vim lesions, with no 
evidence of hemorrhage or parenchymal damage. There 
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were no serious adverse events during the procedure, 
and adverse events in the post-operative course were 
mino.

Conclusions: MRgFUS is a non-invasive alternative to 
open neurosurgical approaches that appears to be a safe 
and effective means of generating intracranial lesions. 
Lesions created using MRgFUS were radiologically 
similar to those obtained during traditional RF ablation, 
and were associated with significant and sustained 
reductions in tremor rating scores.
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Stereotactic body  ablative radiotherapy 
for early stage medically inoperable  non 
small cell lung cancer

G. Beltramo, A. Bergantin, A.S. Martinotti, C. Vite,  
F. Ria, M. Invernizzi, L.C. Bianchi 

Cyberknife, Centro Diagnostico Italiano, Milano/ITALY

Purpose: Although surgical resection remains the 
standard of care for patients with early stage non-small 
cell lung cancer (NSCLC), unfortunately, many patients 
have medical controindications

Our objective was to prospectively evaluate Cyberknife 
image-guide stereotactic body radiation therapy in 
patients with early-stage (Stage IA – IB) non small cell 
lung cancer (NSCLC)

Materials and Methods: Since February 2005 to August 
2011 , a total of 71 medically inoperable patients, 12 
female 59 male, median age of 74 years (range 42 – 90 
years) with pathologically proven NSCLC (squamous 
cell carcinoma, adenocarcinoma, large-cell carcinoma, 
bronchoalveolar cell carcinoma, or NSCLC not otherwise 
specified), diagnosed as 33 stage IA and 38 Stage Ib were 
referred to our Radiotherapy Department for Cyberknife 
stereotactic radiotherapy treatment (SBRT). Before study 
enrollment, patients underwent physical examination, 
computed tomography (CT) of the chest and upper 
abdomen, pulmonary function testing, and whole-body 
18F-fluorodeoxyglucose positron emission tomography 
(PET)/CT fusion study. in 25 patients fiducials (1-3) were 
placed by the interventional radiology service using ct-
guidance, in the other 46 pts fiducialless x sight option 
was used for targeting purpose. Depending on tumor 
size and location different treatment schedules were 
used. In all patients a high BED 10 (> 100 Gy) was 
delivered to the tumor bed. The SBRT treatment dose of 
48-60 Gy was prescribed to the 75-85% isodose line in 

three-four fractions. Median follow-up was 21 months 
(range, 4–70 months).

Results: The Kaplan-Meier local control rate at 1 and 
2 years was 94.3% and 90.7% respectively, overall 
survival (OS) at 1 and 2 years was 87.3% and 65.3% , 
disease free Survival (DFS) at 1 and 2 years was 84.3% 
and 67.6%. We detected a late radiation-induced local 
fibrosis using CT imaging in most patients, in 2 patients 
we observed grade 3 pneumonitis, 1 pt rib fractures and 
in another one RTOG 4 radiation induced mielopathy at 
an interval of 30 months following CK/SRS treatmen.

Conclusions: Our preliminary results suggest that 
CyberKnife-based SRT is a feasible approach for primary 
lung cancer, offering excellent in-field tumor control, low 
toxicity profile and is promising compared to standard 
radiation. However more experience and a longer follow-
up are necessary to fully evaluate the role of CK in 
patients with stage I NSLC.

Disclosure: No significant relationships.
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Effectiveness of cyberknife stereotactic 
body radiotherapy for oligometastatic 
lung tumors

G. Beltramo, A. Bergantin, A.S. Martinotti, C. Vite,  
F. Ria, M. Invernizzi, L.C. Bianchi 

Cyberknife, Centro Diagnostico Italiano, Milano/ITALY

Purpose: In patients with proven distant metastases 
from solid tumors systemic chemotherapy is considered 
the mainstay of treatment. However, in some patients, 
the metastatic disease may be very limited in number 
and site and local aggressive therapy may potentially 
prolong survival. In a subset of patients with limited lung 
metastases we hypothesized that Cyberknife Stereotactic 
Body Radiotherapy may improve treatments outcome.

Materials and Methods: between February 2007 and 
August 2011, 60 patients, 22 female, 38 male, median age 
of 69 years (range 32 – 87 years) with 78 pathologically 
proven pulmonary metastases not amenable to surgery, 
(colorectal 30, lung 15, Kidney 14, breast 7, Parothyd 7, 
bladder 2, pancreas 1, endometrium 1 and melanoma 
1) with a median gross tumor volume of 26 cc (range 
3.55 – 240.06 cc) were referred to our Radiotherapy 
Department for Cyberknife stereotactic radiotherapy 
treatment. 1-3 gold fiducials (22 patiets) were used as 
markers implanted, except for pts who were eligible for 
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fiducialles x sight option. Treatment consisted of 48-54 
Gy in 3 to 4 fractions for patients with centrally located 
lesions, and 23 -30 Gy single fraction for peripheral 
lesions. Patients were followed with CT and PET scan to 
detect disease recurrence Local recurrence was defined 
as an increase in size of tumor following treatment as 
most tumors shrunk following radiation. Median follow-
up was 16 months (range, 4–66 months).

Results: The Kaplan-Meier local control rate (LC) at 
1 and 2 years was 87.1% and 87.1%, overall survival 
(OS) at 1 and 2 Years of 82.1 and 65.2% , disease 
free Survival (DFS) at 1 and 2 years 67.8% and 59.6% 
respectively. The overall toxicity was very mild, with the 
majority of patients without any clinical side effect that 
did not interfere with their activities of daily living. in one 
patients with concomitant infection we observed a grade 
3 acute pneumonitis, one patients developed significant 
thoracic pain related to high radiation dose received by 
the peripheral nerve.

Conclusions: Cyberknife stereotactic radiotherapy, in 
patients with pulmonary metastases has been shown to 
be a promising treatment with high local control and low 
toxicity profile.

Additionally follow up is needed, and is currently 
ongoing to fully evaluate the results of Cyberknife 
stereotactic radiosurgery for oligometastatic lung 
tumors.

Disclosure: No significant relationships.
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Cyberknife stereotactic radiosurgery for 
organ confined prostate cancer

G. Beltramo, A. Bergantin, A.S. Martinotti, C. Vite,  
F. Ria, M. Invernizzi, L.C. Bianchi 

Cyberknife, Centro Diagnostico Italiano, Milano/ITALY

Purpose: Recent technological developments, combined 
with modern understanding on prostate radiobiology 
have generated enthusiasm for hypofractionated 
regimens. We report our preliminary results with 
Cyberknife stereotactic radiosurgery in patients with 
clinically localized prostate cancer.

Methods and Materials: From July 2007 to October 
2011, 107 patients with a median age of 75 (range 60 – 
86) years, a T1c –T2 b prostate cancer were treated with 
Cyberknife stereotactic radiosurgery at our institution. 
The majority of patients 59 (55%) were low risk , 28 pts 
(26%) were intermediate risk and 19 pts (19%) were 

high risk patients using the NCCN criteria . Pre-treatment 
PSAs ranged from 1.75 to 23.88 ng.ml (median 7.4 
ng.ml). Among the entire study cohort 7 of 19 high risks 
patients received androgen deprivation therapy (ADT), 
ADT was not administered to any low – intermediate risk 
patients A prescribed dose of 38 Gy in four fraction was 
delivered to the PTV, which was defined as the prostate 
(plus seminal vesicles in High risk patients) expanded 
3 mm posteriorly and 5 mm elsewhere. Biochemical 
control was assessed using the nadir+2 (Phoenix) 
definition.

Results: All patients were placed on A-blockade 
medication at the beginning of Cyberknife radiosurgery 
treatment. Acute side effects were generally mild and 
resolved shortly after treatment. .No rtog grade 4 acute 
or late ractal/urinary complications was observed. 
3 patients developed Grade 3 late urinary toxicity 
following repeated urological instrumentation, including 
cistoscopy and urethral dilatation. Four patients, one 
with prior Turp, experienced incontinence, One 9 
months after treatment, two 12 months after treatment, 
one 27 months later. One patient experienced rectal 
incontinence 12 months after treatment. The actuarial 
median follow up is 30 months (range 12 – 60 months). 
The four years actuarial psa relapse free survival rate 
is 93.9% (CI: 88.0%-99..8%) To date 5 patients failed 
biochemically. One low risk patient revealed local relapse 
30 months after Cyberknife treatment. One high risk 
patient developed bone metastases, in 2 intermediate 
and in 1 high risk patient we observed nodal metastases.
All patients are alive except four died of unrelated causes.

Conclusions: Early clinical results are encouraging 
and we conclude that Cyberknife robotic radiosurgery 
is a feasible and an emerging non invasive treatment 
approach to deliver Hypofractionated radiotherapy for 
localized prostate cancer.

Disclosure: No significant relationships.
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Early experience with cyberknife 
stereotactic radiation therapy for 
chordoma 

G. Beltramo, A. Bergantin, A.S. Martinotti, C. Vite,  
F. Ria, M. Invernizzi, L.C. Bianchi, P. Romanelli 

Cyberknife, Centro Diagnostico Italiano, Milano/ITALY

Purpose: Although considered slow-growing, low-
grade malignancies, chordomas are locally aggressive 
and destructive tumors with high recurrence rates. We 
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report preliminary results of stereotactic radiosurgery 
(CK/SRS) using the Cyberknife system for primary and 
recurrent chordomas.

Matherial and Metods: Between March 2006 and 
February 2011 sixteen patients with chordoma  
(13 men and 3 Woman; median age , 64 years; age 
range, 35-80years) were treated with Cyberknife 
(Accuray, Inc., Sunnyvale,CA) Stereotactic Radiosurgery 
at our Institution. The series included 20 lesions, forty 
per cent of the tumors were located in the mobile spine, 
35% inside the cranium and 25% in the sacral region. 
Cyberknife was performed as salvage treatment for 
multiple recurrences in 15 lesions, as primary adjuvant 
therapy for four lesion and as monotherapy for 1 lesion. 
The prescribed tumor dose ranged from 20 to 40 Gy in 
four to five fractions. The treatment dose was selected 
on the basis of tumor size, location and proximity to 
critical structure. Patients were followed at 1, 3, 6, 9, 
and 12 months and at 6-month intervals thereafter. 
Evaluations included magnetic resonance imaging(MRI), 
information on interval history, neurological examination 
and pain assessment using the Visual Analog Scale 
(VAS) as site-specific pain. Lesions were considered non 
recurrent if radiographic studies indicated no evidence 
of local disease progression and the patient had clinically 
improved or was unchanged.

Results: Patients were followed after CK/SRS for a 
median of 33 months (range 4-75 months). The actuarial 
local control rate was 58.5% at 36 months. The overall 
survival rate by the Kaplan-Meyer method was 60.7% 
at 36 months. Ten of the sixteen patients experienced 
recurrence. No RTOG Grade 3 or 4 acute toxicity was 
observed. Partial optic nerve neuropathy , lower cranial 
nerve palsies, hypestesia, transiet pharestesias and 
radiculopathy was observed. One patient developed 
RTOG 3 radiation induced mielopathy at an interval of 22 
months following CK/SRS treatment.

Conclusion: Although fractionated charged particle RT 
with agents such as protons or carbon ions has been 
advocated to deliver a potentially more radiobiologically 
effective treatment in patients with chordomas, 
Cyberknife may be an effective potentially alternative 
treatment option with acceptable survival rates and 
toxicity as reported in our experience.

Disclosure: No significant relationships.
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Frameless linac-based (Novalis TX) 
stereotactic treatment for vestibular 
schwannoma that extend distally into the 
iac (Internal Acoustic Canal): an analysis 
of the dose to the cochlea

A. Pica1, M. Malthaner2, D.M. Aebersold1,  
A. Raabe3, J. Beck3, M. Caversaccio4, D. Vibert4,  
A. Krähenbühl3, P. Manser2, D. Schmidhalter2 

1Radiation Oncology, Inselspital, University Hospital, Bern/

SWITZERLAND, 2Medical Radiation Physics, Insel, Bern/

SWITZERLAND, 3Neurosurgery, Insel, Bern/SWITZERLAND, 

4Head And Neck Surgery, Inselspital, Bern/SWITZERLAND

Objectives: We compare the dose parameters between 
3 different radiosurgery delivery techniques which may 
have an impact on cochlea function.

Methods: Five patients with unilateral vestibular 
schwannoma (VS) were selected for this study. Planning 
procedure was carried out using the BrainLAB® iPlan 
planning system v. 4.5. For each patient three different 
planning techniques were used: dynamic arc (DA) with 
5 arcs per plan, hybrid arc (HA) with 5 arcs per plan 
and IMRT with 8 fields per plan. For each technique, 
two plans were generated with different methods: with 
the first method (PTV coverage) it was the goal to fully 
cover the PTV with at least 12 Gy (normalization: 12 Gy 
covered 99% of the PTV) and with the second method 
(cochlea sparing) it was the goal to spare the cochlea 
(normalization: 12 Gy covers 50% of the PTV/V4Gy of 
cochlea lower than 1%). Plan evaluation was done 
considering target volume and coverage (conformity and 
homogeneity) and OAR constraints (mean (Dmean) and 
maximum dose (Dmax) to cochlea, Dmax to brainstem 
and cochlea). The total number of monitor units (MU) 
was analyzed.

Results: The median tumor volume was 0.95 cm3 (range, 
0.86-3 cm3). The median PTV was 1.44 cm3 (range, 1-3.5 
cm3). The median distance between the tumor and the 
cochlea’s modiulus was 2.7 mm (range, 1.8-6.3 mm). 
For the PTV coverage method, when we compared the 
cochlear dose in VS patients planned with DA, HA and 
IMRT, there were no significant differences in Dmax (p = 
0.872) and in Dmean (p= 0.860). We found a significant 
correlation (p< 0.05) between the target volume and the 
cochlear Dmean for all plans with Pearson’s coefficient 
correlation of 0.90, 0.92 and 0.94 for the DA, HA and 
IMRT techniques, respectively. For the cochlea sparing 
method, when we compared the cochlear dose in VS 
patients planned with DA, HA and IMRT, there were 
no significant differences in Dmax (p = 0.310) and in 
Dmean (p= 0.275). However, in this group the V4Gy of 
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the ipsilateral cochlea represents less than 1%. When 
using the HA or IMRT technique, the homogeneity and 
conformity in the PTV, but also the number of MUs were 
increased in comparison to the DA technique. 

Conclusion: VS tumors that extend distally into the IAC 
had an equivalent sparing of cochlea with DA approach 
compared with the HA and IMRT techniques. 

Disclosure: No significant relationships.

Abstract: 70

Radiation dose measurement for  
metal spine support with mapcheck 
detectors array

K. Chan 

Radiation Oncologist, Prince of Wales Hospital, Randwick/

NSW/AUSTRALIA

Metal support in the vertebra causes dose inaccuracy 
in Radiationtherapy of spine treatment in two ways: It 
creates artefacts in the CT causing the electron density 
calculated is incorrectThe high atomic number of the 
titanium may not be able to handle by the planning 
computer. This study uses the Mapcheck detectors 
array to measure the dose and compare with the Xknife 
(Radionics) and Xio (CMS) planning computer. A 
phantom is constructed with a sample of spine support 
immersed in a water tank. The phantom is scanned in 
both Kilovoltage CT and Magavoltage CT. The Kilovoltage 
CT is used in treatment planning while the Magavoltage 
CT is to contour the spine support by taking the 
advantage of less artefacts on metal. Both CTs will be 
fused together for planning purpose. The results will be 
shown in the conference.

Disclosure: No significant relationships.
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Microanaotmy based stereotactic 
radisosurgery in the cavernous-
paracavernous sinus lesions: practice 
and advantage of “4D dose-planning” 
concept

M. Hayashi 

Neurosurgery, Neurological Institute, Tokyo Women’s Medical 

University, Tokyo/JAPAN

Rationale: Gamma Knife surgery is one of “Image 
guided surgery” for cerebral lesions. Precisely tumor 
visualization should be needed to complete dose 
planning to control tumor progeression. In particular, the 
surrounding vital structures also should be defined more 
clearly for the tumors which were adjacent to them to 
keep their underlying function. Recently, we developed 
the special sequence of MRI dedicated to the cavernous 
sinus (CS) and near located paraCS tumors. We 
neurosurgeons should learn the precise microanatomy 
using the above obtained MRI on Gamma Plan when 
we have to make dose planning for this region. In this 
lecture, we’d like to demonstrate how to make dose 
planning for CS-paraCS lesions according to the concept 
of microanatomy and the usefulness technical point of 
view. 

Method and Results: Normally, we are using high 
quality of MRI and CT for tumor radiosurgery. For 
skull base and suprasellar tumors, additionally, we 
prefer to use dedicated sequence, “3D heavily T2WI 
axial 0.5mm thickness with gadolinium enhancement”. 
Each structure which was adjacent to the tumor in the 
CS could be visualized more clearly than that without 
gadolinium, because the CS became transparent on the 
MRI after injection of gadolinium. For the CS-paraCS 
tumors, we could visualize the oculomotor, trigeminal, 
and abducens nerves, and the CS compartment and 
pathways, such as Dorello’s canal, superior petrosal 
sinus, and basilar venous plexus, separating from the 
Mechel’s cave and the intrasellar space. Taking account 
for all microanatomical information, we could suspect 
the tumor origin and the natural history of its growing. 
Finally, we could perform optimal dose planning in every 
CS-paraCS tumor to get highly conformity and selectivity 
to keep their underlying function. It should be worth to 
be “4 dimensional dose planning” for these lesions. We 
would like to demonstrate 120cases with CS-paraCS 
tumors (89 pituitary adenomas, 19 meningiomas, 6 
hemangiomas, and 6 schwannomas) who could be at 
least 3 years follow-up to show the advantage of our own 
concept causing in preferable clinical results.

Conclusions: We demonstrated to establish the optimal 
dose planning for CS-paraCS tumors with dedicated 
special sequence of MRI. In the nearest future, we hope 
most majority of patients who are treated by Gamma 
knife will experience no complaint of new neurological 
deterioration and overcome their still existed neurological 
deficit.

Disclosure: No significant relationships.
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Abstract: 72

Neuromodulation in stereotactic 
radiosurgery for functional disorders: 
elucidation of the action mechanism 
based on clinical and basic approaches

M. Hayashi 

Neurosurgery, Neurological Institute, Tokyo Women’s Medical 

University, Tokyo/JAPAN

Rational: Gamma knife surgery (GKS) has been 
applied as a treatment for functional disorders, and 
the clinical results are preferable and acceptable to be 
evaluated. However, the critical action mechanism is not 
known yet. Among of them, we suspected it should be 
destructive change due to GKS for tremor (essential and 
Parkinsonism) and epilepsy (hypothalamic hamartoma). 
On the other hand, we also suspected that intractable pain 
(trigeminal neuralgia: GN, cancer pain: P, and thalamic 
pain syndrome: PS) and another epilepsy (mesial 
temporal lobe epilepsy: TLE) might not be triggered by the 
destructive change, postoperative clinical course point 
of view. We would like to report these non-destructive 
change group disease to demonstrate neuromodulative 
change which might provide the patients cure. Material 
and methods: 130 patients with essential TGN, 21 patients 
with CP, 24 patients with TPS, and 4 patients with MTLE 
were registered in our retrospective study. All patients 
could be followed up at least 5 years excluding the cases 
with cancer pain whose majority were died due to cancer 
death within one year. In TGN, the target should be the 
trigeminal nerve at retrogasserian region with 90Gy at 
maximum dose using one shot of 4 mm collimator. In 
CP and TPS, the target should be the anterior lobe of the 
pituitary gland with 140-180Gy at maximum dose using 
one shot of 8 mm collimator. In MTLE, the target should 
be the archeocortex and entrhinal cortex with 22-24Gy at 
marginal dose using 4 and 8 mm collimators. The target 
volume (50% isodose) should be range between 7 and 
8cc as a concept of Marseille protocol .

Results: In TGN cases, 98% of initial electric discharge 
free, 66% of complete pain free at the last follow up, 
and 24% of significant complication (facial numbness). 
In CP cases, 90.5% of significant pain reduction without 
significant complication. In TPS cases, 71% of significant 
pain reduction without significant complication excluding 
30% of endocrinological impairment. In MTLE cases, 
75% of significant seizure cessation without significant 
complication excluding MR morphological changes.

Conclusions: The true action mechanism of these 
presenting disease could not be elucidated yet without 
some hypothesis that GKS might provide something 
of neuromodulative effect to the patients, according to 

postoperative clinical phenomena with recent results of 
our institutional basic research. We would like to have 
much more experience and perform basic research to 
prove our hypothesis.

Disclosure: No significant relationships.
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MR imaging for planning vestibular 
schwannoma

M. Schneider1, R.I. Smee2, K. Chan3 

1Radiation Oncology, Prince of Wales Hospital, Randwick, 

SYDNEY/AUSTRALIA, 2Radiation Oncology, The Prince of 

Wales Cancer Centre, Sydney/NSW/AUSTRALIA, 3Radiation 

Oncologist, Prince of Wales Hospital, Randwick/NSW/

AUSTRALIA

Purpose: MRI is routinely used to define the target 
volume for planning vestibular schwannomas for SRS. 
There are many MRI sequences available for planning 
these patients. The aim is to use the sequence that 
gives the most accurate representation of these targets, 
in order to achieve the best clinical outcome for these 
patients. Consideration should be given to the target 
dose coverage as well as the dose delivered to the dose 
limiting structures or OARs.

Methods: The patients all have an MPRAGE sequence 
to identifying the target volume for SRS planning and 
treatment. This is a volumetric T1 weighted sequence 
with contrast, which is then fused to a stereotactically 
localised CT scan for planning. For the purpose of this 
study, selected patients also hada CISS sequence. We 
have been advised by the Radiologists that a CISS 
sequence will give more accurate definition of the 
target volume. The MPRAGE datset includes the entire 
skull with slices reconstructed at 3mm spacing. The 
CISS data set is a 20mm block centred on the target 
with slices reconstructed at 0.5mm spacing. Both data 
sets are fused to the localised CT scan for planning - 
chained fusion. The target volume is outlined on both 
data sets so that a comparison of volume and position 
can be made.To complete the study, model of a typical 
vestibular schwannoma target of known volume was 
made and placed in a phantom. This was scanned with 
both MPRAGE and CISS sequences to determine which 
sequence more accurately demonstrated the target.

Results: There was a demonstrable difference in 
volume and position of the target volumes. Although the 
differences are quite small, the target volumes are also 
small so this maybe important. The comparison with the 
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phantom study needs to be considered when making 
recommendations for the clinical setting.

Conclusion: There are many different sequences 
available for MRI. Careful consideration must be given 
when selecting the imaging used clinical cases in order 
to most accurately demonstrate these small targets 
located in close proximity to critical organs at risk. Every 
effort is made when planning these cases to limit the 
dose to normal tissue whilst delivering an effective dose 
to the target. 

Disclosure: No significant relationships.

Abstract: 74

New born different nidus formation 
after gamma knife radiosurgery for 
arteriovenous malformation

H. Kenai, M. Yamashita, Y. Hori, A. Yamada, T. Asano, 
Y. Wakabayashi, H. Nagatomi 

Neurosurgery, Nagatomi Neurosurgical Hospital, Oita/JAPAN

Objectives: Gamma Knife radiosurgery(GKRS) for 
arteriovenous malformations(AVMs) has already been 
established, and there are few reports about newly 
developed different nidus around the once disappeared 
nidus after GKRS. We experienced 2 cases of AVM in 
which the new born different nidus had been formed after 
GKRS and repeated the treatment. Here we reviewed 
our experienced cases and examined the cause and the 
morbidity.

Materials and Methods: Case1 is 11-year-old girl who 
suffered from cerebral hemorrhage caused by ruptured 
AVM and underwent an operation. The residual nidus 
of 0.1cm3 was treated by GKRS, 25Gy at the peripheral 
margin. Case2 is 8-year-old girl and the onset of disease 
was intraventricular hemorrhage. The volume of the 
identified nidus was 2.3cm3. The nidus was treated by 
22Gy of marginal dose.

Results: In case1, although complete obliteration had 
been confirmed 2years after the GKRS, rebleeding 
occurred one year after the confirmation of obliteration. 
Angiography was performed and we found out that the 
treated nidus was disappeared, but that new born nidus 
and definite another shunt were formed beside the 
treated nidus. So we performed the second GKRS for 
the new nidus. Further 3 and a half years later, complete 
obliteration was identified again. In case2, aogiography 
had been performed 3years after GKRS, then a little 
bit shunt was existed, but the nidus was completely 

disappeared. And a new born nidus with different shunt 
has been formed outside the already treated nidus. In 
this case, we also performed the second GKRS for the 
new nidus and are now under observation. Conclusion 
In the treatment of GKRS for AVMs, disappearances of 
the nidus go through a process of gradual obliteration, 
and from our experiences, it is indicated that GKRS for 
AVMs brings about the slow hemodynamic changes 
around the treated nidus with the progression of 
nidus obliteration and cause a possibility of the new 
born nidus formation. Through these cases, we think 
that after we confirm the complete obliteration, strict 
following up around the treated region with Magnetic 
resonance(MR) imaging is indispensable and that 
when we found only trifling change, we should consider 
performing angiography for checking of new born 
nidus.

Disclosure: No significant relationships.
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Factors affecting time to local 
progression in brain metastases after 
treatment by gamma knife radiosurgery

M. Torrens, K. Kafkoula, G. Kollias 

Gamma Knife Department, Hygeia Hospital, Athens/GREECE

Purpose: The effectiveness of radiosurgery is judged 
better by time to local progression (TLP) rather than 
survival. The purpose of this study was to analyse TLP 
and the factors which affect it.

Methods: Data was collected prospectively in a series 
of 220 patients harbouring 1391 separate metastatic 
lesions and treated by RTOG 90-05 protocol using a 
Gamma Knife 4C. These cases were followed until death 
or for at least 2 years and up to 6 years (mean follow 
up 14.9±13.9 months, median follow up 11 months). 
The data included age, gender, dosimetric information, 
histology, number, size, Karnowsky and BSBM grade. 
The date of death was checked in the National Registry. 
Statistical analyses include Spearman Rank correlation, 
Mann Whitney, Kruskal Wallis and Kaplan Meier logrank 
methods with survival and TLP as end points measured 
in months. 

Results: The cases with adequate follow up information 
(213/220, 96%) were divided between non small cell 
lung carcinoma (NSCLC, n=102), breast carcinoma 
(n=56), melanoma (n=19) and other diagnoses (n=36). 
Analysis showed a significant difference in TLP between 
diagnoses (P=0.003).
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TLP (%) 6 months 12 months 18 months 24 months
NSCLC 92.5 83.9 79.2 75.2
Breast Ca 93.7 68.7 48.8 36.6
Melanoma 62.5 37.5 37.5 37.5

Other diagnoses 92.6 88.7 88.7 63.4 There was an 
insignificant trend towards an effect for larger size of 
metastasis (P=0.09). There was no significant effect of 
age (P=0.54), preceding WBRT (P=0.28), Karnowsky 
grade (P=0.38), BSBM grade (P=0.34), number of 
metastases (P= 0.92). Gender was significant (P=0.03) 
because of the proportion of breast cancer subjects 
with shorter TLP. Overall survival from treatment was 
significantly related to BSBM grade (P<0.0001) but 
not to other recorded parameters and particularly not 
to number of metastases (Spearman rank for all cases: 
P=0.15, Kruskal Wallis for groups of 1 vs 2-9 vs >9: 
P=0.15, for groups 1-3 vs >3: P=0.11)).

Conclusion: Time to local progression is markedly 
different between diagnoses, with NSCLC responding 
better and breast Ca showing a trend to early progression 
at one year. Counter intuitively the number of metastases 
does not affect the rate of local control or overall survival. 
Tumour size may be relevant but other factors do not 
affect TLP.

Disclosure: No significant relationships.
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Survival in cases of malignant glioma 
after salvage radiosurgery according 
to rpa classification as compared with 
historical controls

M. Torrens, C. Chrissicopoulos, C. Paraskevopoulou 

Gamma Knife Department, Hygeia Hospital, Athens/GREECE

Purpose: To assess the benefit of radiosurgery in salvage 
therapy of glioma by analysis of factors associated with 
better survival.

Methods: A prospective cohort analysis (CoE Class 
II) was made of 66 patients with malignant glioma 
(RPA 3-6) all previously treated with both radiotherapy 
(WBRT) and Temodal. Gamma Knife radiosurgery (GKS) 
was performed on recurrence and patients followed to 
death or study closure. Mean duration of follow up 29.8 
months. Data recorded included age, gender, histology, 
multifocal presentation, tumour volume, Karnowsky 
grade, dosimetric information and treatment method. 
Statistical analyses include Spearman Rank correlation, 
Kruskal Wallis and Kaplan Meier logrank methods using 

survival from diagnosis and from GKS as end points 
measured in months using historical controls. 

Results: 42 males and 24 females, aged 16-79 years 
(mean 54.5 ± 13.7), prescription dose 10-25 Gy (mean 
16.9 ± 4.5), tumour volume 0.7-106 cc (mean 19.1 ± 
20.4). 19/66 (29%) were multifocal, 7/66 (11%) required 
a second GK treatment later and 17/66 (26%) were 
treated by the flair (Duma) technique. The overall survival 
from date of diagnosis is as follows. For WBRT only 2 
year=10.9%, 3 year=4.4%, 4 year=3.0% and 5 year=1.9%. 
For WBRT with Temodal the 2 year survival=27.2%, 3 
year=16.0%, 4 year=12.1% and 5 year=9.8%. For WBRT, 
Temodal and salvage radiosurgery 2 year=42.4%, 3 year 
=28.5%, 4 year=19.7% and 5 year=13.1%. Survival from 
diagnosis in relation to RPA grade shows no significant 
difference between grades (P=0.28) except for grade 
6 (Median survival in grades: 3=27mo, 4=24mo, 
5=20mo, 6=8mo). Survival from GKS in relation to RPA 
grade shows no significant difference between grades 
(P=0.22) except for grade 6 (Median survival in grades: 
3=14mo, 4=11mo, 5=12mo, 6=4.5mo). Survival is 
slightly, but not significantly less in multifocal tumours 
(P=0.75) and using the Duma technique (P=0.36). 
Survival from diagnosis is significantly better with young 
age (P=0.03). Survival from GKS is better with higher 
Karnowsky grade (P=0.04). Otherwise survival is not 
related to gender (P=0.38) or tumour volume (P=0.66) 
though a trend exists for treatment dose (P=0.07). One 
case required operation for radionecrosis. No other 
significant complications were observed.

Conclusion: Despite the difficulty in analysis induced by 
selection bias, it appears that GKS salvage of malignant 
glioma provides a useful (approx. 50%) improvement 
in overall survival. Only RPA grade 6 should perhaps 
be excluded. Moderately large tumour volumes and 
multifocality are not contraindications.

Disclosure: No significant relationships.
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Objective: For synchronous brain metastasis from non-
small cell lung cancer (NSCLC) patients, both local brain 
control for brain metastasis and systemic management 
for the primary cancer are simultaneously needed. 
Therefore, the local control of the brain metastasis 
in these patients could be affected by the systemic 
chemotherapy. We managed those patients with gamma 
knife radiosurgery (GKRS) and systemic chemotherapy, 
and investigated clinical and radiological outcomes. One 
of our main objectives was if the systemic chemotherapy 
could enhance the tumor control when it was 
simultaneously applied with stereotactic radiosurgery 
for the brain metastasis.

Methods: Between June 2004 and November 2011, total 
159 NSCLC patients underwent GKRS for synchronous 
metastatic brain tumors from NSCLC. The mean age 
was 62.7 years, and the male-to-female ratio was 98: 
61. All the patients were RPA class I (33%, n=46) and 
RPA class II (67%, n=113). The number of single brain 
metastasis patients was 52, and multiple 107. The 
systemic chemotherapy was indicated in 118 patients 
(73%) within 2 months before or after the GKRS. At 
GKRS, the mean tumor volume was 1.64 cc and the 
median prescription dose was 21.0 Gy (range, 9 to 24) 
to the tumor margin.

Results: The clinical and radiologic follow-up was done 
in 121 patients with 464 tumors. The tumor control rate 
was 78.6% (365 out of 464 tumors), and the median 
progression-free survival was 6.7 months. The significant 
favorable prognostic factors related to the tumor control 
were prescription radiation dose more than 18 Gy 
(p=0.005) and tumor volume less than 5cc (p= 0.010), 
but adenocarcinoma as primary cancer (p=0.71) was not 
significant. On the combination of chemotherapy, both 
simultaneous chemotherapy with GKRS (p= 0.001) and 
with intravenous agents (p=0.026) were significantly 
related to the tumor control after GKRS. In all 121 
patients, overall median survival after the GKRS was 9.9 
months, and the survival rate was 14.0%. The patient’s 
age (age ≤ 65) (p=0.730), RPA class I vs. II (p=0.617), 
and single metastasis (p= 0.657) were not statistically 
significant. However, adenocarcinoma patients showed 
favorable survival and it was statistically significant 
(p=0.001). The simultaneous chemotherapy with GKRS 
showed statistically significant favorable survival (p= 
0.04), but intravenous chemotherapy (p=0.16) was not 
a statistically significant factor on the patients’ survival.

Conclusions: The combination of GKRS and systemic 
chemotherapy performed at peri-GKRS periods can have 
positive effect on not only to the patient’s survival but 
also to the tumor control itself.

Disclosure: No significant relationships.
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Objectives: Adenoid cystic carcinoma (ACC) are 
uncommon tumors, accounts for 5~10% of head and 
neck tumor. ACC has a character that is frequent recur 
and metastasis with aggressive local invasion through 
perineural and vascular spreading. Using gamma knife 
radiosurgery (GKS), we managed a patient with recurred 
clival and petrous ACC in spite of previous chemotherapy 
and radiotherapy.

Case: A 46-year-old woman visited our hopital 
complained for hoarseness. On physical examination, 
she had a soft and palpable mass in her left nasopharynx 
without neurologic symptom. The Magnetic resonance 
image (MRI) revealed ill-defined heterogenously 
enhancing mass in left nasopharyngeal wall with 
extension to ipsilateral oropharyngeal wall and left 
carotid space. Serial systemic evaluation confirmed 
no distant metastasis. The histopathological diagnosis 
showed adenoid cystic arcinoma on biopsy. She 
underwent Concurrent chemoradiotherapy (CCRT) with 
a total dose of 6800cGy and 34-day fractionation. 18 
months after CCRT, follow up MRI showed recurred 
ACC. She underwent secondary CCRT with total dose of 
2500cGy and 10 fractionation tomotherapy. Five month 
later, she underwent fractionated GKS for aggravated 
ACC into the cerebellum and brain stem. A margin dose 
of 10 Gy was prescribed to the 50% isodose line at the 
tumor border for 2 days.

Results: There were no procedure-related complications, 
and no clinical or radiological radiation effects were 
observed during the follow-up periods. And eight 
months after the GKS, the ACC was markedly reduced 
in volume and did not develop new cranial nerve palsy 
or neurological symptoms. CONCLUSION: Stereotactic 
radiosurgery can be a good salvage management option 
for palliation and prevention of neurologic symptom 
in a patient with recurred ACC after chemotherapy and 
radiation therapy.

Disclosure: No significant relationships.
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Abstract: 79

Subdivision of recursive partioning 
analysis (RPA) class ii patients with brain 
metastases treated with stereotactic 
radiosurgery – bristol oncology centre 
results

J.C. Botten1, T.M. Robinson1, A.V. Jenner1,  
L.S. Douglas1, C.C. Herbert1, K.I. Hopkins1,  
A.L. Cameron2 

1Bristol Oncology Centre, University Hospitals Bristol, Bristol/

UNITED KINGDOM, 2Bristol Oncology And Haematology 

Centre, Bristol Royal Infirmary, Bristol/UNITED KINGDOM

Purpose: RPA class is a validated score to predict the 
survival of patients with brain metastases. Unfortunately, 
the majority of patients fall into class two and their 
varying survival limits the use of the RPA as a prognostic 
guide. Recent studies focusing on class 2 have found 
that significant differences in survival can be predicted 
by stratifying this group into a further three distinct 
groups. This was validated in patients with breast, 
lung, gastrointestinal and genito-urinary tumours in 
a population in Japan. Our study aimed to establish 
whether these results are applicable to a population in 
Bristol, UK.

Methods: Our database consists of patients with brain 
metastases treated with stereotactic radiosurgery using 
linac-based delivery, collimators, and the Radionics X 
knife planning system between 2002-2012. They were 
characterised depending on their primary tumour and 
RPA with 75 patients meeting our inclusion criteria.

Results: Thirty-seven patients (49%) had carcinoma of 
the breast, 17 (23%) lung, 12 patients (16%) genito-
urinary, 9 (12%) gastrointestinal. Fifty-eight (77%) had 
one metastases, 16 (21%) two, and 1 (1%) three.
Twenty-two patients were RPA 1 (29% of patients) with 
an average survival of 15.4 months, 43 patients were 
class 2 with an average survival of 11.6 months and 10 
(14%) were 3 with an average survival of 8.3 months. 
Sub-dividing group 2, 22 patients were 2a (29%) with 
an average survival of 10.7 months, 15 were 2b (20%) 
with an average survival of 14.73, 6 (8%) were 2c 
with an average survival of 11.7 months. Survival was 
statistically significant between groups 1 and 3 (p=0.02). 
There was no statistical difference on comparing the 
different RPA class 2 subgroups (2a v 2b p=0.65, 2b v 
2c p=0.34, 2a v 2c p=0.71). Log rank analysis of Kaplan-
Meyer curves showed no statistical difference between 
survival in the different RPA classes (p=0.121).

Conclusion: In this single-centre study we were unable 
to demonstrate that the RPA class 2 subgroupings were 

a significant prognostic indicator in our patients with 
cerebral metastases. This could be due to the sample 
sizes involved or population differences – in both 
population genetic variances and potential thresholds 
of treatment regarding number of metastases. Further 
studies are needed to validate whether the recent 
division of class 2 RPA scores is prognostic in a Western 
population.

Disclosure: No significant relationships.
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Long term follow up of linear accelerator 
radiosurgery for vestibular schwannoma: 
evaluation of 3-D volumetric changes over 
10-year treated in a single institution
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Purpose: Because of the benign behavior of vestibular 
schwannomas (VSs), long-term follow-up after the 
treatment is required. So many studies reported abut 
radiosurgery for VSs. Among them, almost all mentioned 
about tumor control, however, a few studies referred 
3-D volumetric changes. It is very important to evaluate 
precise tumor volume particularly in order to detect the 
tumor progression. We report on retrospective study 
with the administration of LINAC radiosurgery followed 
over 10-year in 20 patients harboring VSs in our own 
institution. Moreover, we estimated 3-D volumetric 
change by using 3D-SPGR MR imaging.

Methods: Between 1993 and 2002, data for analysis 
were obtained in 20 consecutive patients (6 men and 
14 women) in this study. The median age was 54 years 
(range 21–63 years). Six patients (30%) had previously 
undergone resection. All cases involved unilateral 
tumors with a median volume of 2.1 ml (range 0.5–8.9 
ml).Depending on the tumor size and configuration, 1 to 
4 isocenters (median 2 isocenters) were targeted. The 
median radiation dose directed to the tumor margin was 
14 Gy (range 10–14 Gy), and the median maximal dose 
was 23 Gy (range 17–36 Gy). Radiation applied to the 
brainstem was limited to 10 Gy. 

Result: The tumors in the long-term follow-up over 
10-year decreased in size. At the last follow-up, Good 
tumor control was obtained in 20 (100%) of 20 patients. 
Two (10%) patients underwent second radiosurgery. 
No neurosurgical resection was needed. Thus, the 
10-year tumor control rate was 90%. We categorized 
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the tumor volumetric changes into the following four 
types. 1) Two (10%) lesions demonstrated persistent 
continuous enlargement, and in both of these cases 
tumor volumes increased 2.76- and 3.99-fold. Both of 
these tumors compressed the brainstem, and therefore 
the patients underwent radiosurgery again at 29 and 
36 months after the first treatment and the lesions 
demonstrated acceptable shrinkage. 2) None (0%) 
exhibited no change. 3) Nine lesions (45%) showed 
transient enlargement followed by shrinkage. 4) Eight 
lesions (40%) demonstrated direct shrinkage. 

Conclusion: We assessed volumetric changes of VSs 
over 10-year on the sequential MR images in our own 
unit. Volume measurement on 3D-SPGR MR imaging 
was a suitable method to detect precise tumor changes.

Disclosure: No significant relationships.
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Predicting factors of symptomatic 
complications following linear accelerator 
and gamma knife radiosurgery for 
arteriovenous malformations
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Purpose: To identify the angioarchitectural, dosimetric 
and vascular predictors of symptomatic post-radiation 
T2 signal change in patients with arteriovenous 
malformations treated with radiosurgery.

Materials and Methods: The charts of 211 consecutive 
patients with arteriovenous malformations treated with 
either gamma knife radisurgery or linear accelerator 
radiosurgery between 2000-2009 were retrospectively 
reviewed. 168 patients had a minimum of 12 months 
of clinical and radiologic follow up following the 
procedure and complete dosage data. A symptomatic 
adverse effect was considered as new or worsening 
focal or global neurological deficits including worsening 
of headaches, visual symptoms, increased seizure 
frequency, worsening of seizure activity, or motor and 
sensory symptoms. Pretreatment characteristics and 
dosimetric variables were analyzed to identify predictors 
of adverse radiation effects.

Results: 141 patients had no clinical symptomatic 
complications. Twenty patients had global or focal 
neurological deficits attributed to symptomatic edema; 
four patients had a hemorrhagic complication; two 
patients had arterial ischemia, one in the region of the 
AVM and the other remote from the AVM; one patient 
was diagnosed with radiation necrosis. We found that the 
variables associated with development of symptomatic 
edema included an asymptomatic or non-hemorrhagic 
symptomatic presentation compared to presentation 
with hemorrhage, p=0.001; OR (95% CI) = 6.26 (1.99, 
19.69); the presence of venous rerouting compared to 
the lack of venous rerouting, p=0.031; OR (95% CI) 
= 3.25 (1.20, 8.80); radiosurgery with GKS compared 
to radiosurgery with LINAC p = 0.012; OR (95% CI) = 
4.58 (1.28, 16.32); and the presence of more than one 
draining vein compared to a single draining vein p = 
0.032; OR (95% CI) = 2.82 (1.06, 7.50). Sex, AVM size, 
flow rate through the AVM, the number of dominant 
feeders, perinidal angiogenesis, nidus type, drainage 
pattern, focal venous pouches, and eloquence did not 
statistically correspond to the presence of symptoms.

Conclusions: We postulated that the greater number of 
isocenters used with gamma knife radiosurgery may be 
responsible for the greater number of adverse radiation 
effects with this modality compared to linear accelerator 
radiosurgery. We found that AVMs with greater venous 
complexity and therefore instability resulted in more 
adverse treatment outcomes, suggesting that AVM 
angioarchitecture should be considered when making 
treatment decisions. 

Disclosure: No significant relationships.
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Gamma-knife surgery for hypothalamic 
hamartomas: clinical experience in  
23 cases
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A. Gil-Nagel Rein, R. Martínez Álvarez 

Gamma-knife, Hospital Ruber Internacional, Madrid/SPAIN

Introduction and Purpose: Hypothalamic hamartomas 
(HH) arise as a result of an uncorrect embryonic cell 
migration (neurons, glial cells and nervous fibres). Most 
patients are asymptomatic. However, the association 
between HH and gelastic seizures was described some 
years ago. The majority of these patients presents 
medically refractory epilepsy. They can develop a severe 
epileptic encephalopathy associated to behavior and 
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cognitive disorders and precocious puberty (related to 
secretoy granules). Surgery can be an effective treatment 
but it has been related to important morbidity and mortality 
because of their location and relation to critical structures. 
Our objective is to evaluate our results with Gamma-knife 
surgery (GKS) in the treatment of these lesions.

Methods: From 2002 until nowadays, 23 patients with 
HH and clinically disabling epilepsy and severe behavior 
disorders have been treated by GKS in our hospital. We 
retrospectively reviewed our prospectively collected 
data. This series includes 14 women and 9 men, 16 
months to 45 years-old, presenting lesions from 8cc 
to 0.2cc. Video-EEG and stereotactic MRI (T1, T2, Flair 
and T1 post-gadolinium, using axial, coronal and sagittal 
sections) were used for diagnosis and planning.

Results: The mean coverage dose has been 18’5Gy. 
Previously, 8 cases had been operated. More than 70% 
of the patients had a positive outcome (73% Engel 
I-II, 91% up to Engel III, same patients who improved 
their behavior disorders), even though most of them 
still need medication. After 2 years follow-up, 5 cases 
were re-treated (the mean coverage dose used was 
17Gy) due to medically refractory symptom persistence 
or reappearance. In 2 of these 5 patients a favourable 
evolution was observed.

Conclusions: GKS is an effective, safe and reliable option 
in the treatment and control of medically refractory 
epilepsy secondary to HH. Prognostic factors that 
should be considered are evolution time (the precocity 
of treatment), other epileptic focus absence, lesion size 
and relation-distance between the HH and the critical 
structures (being able to achieve a correct coverage 
dose more than 17Gy irradiating all over the lesion). 
These facts have been confirmed in our series.

Disclosure: No significant relationships.
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control and complications based on a  
23-year experience

B.E. Pollock1, M. Link2, S. Stafford3, Y.I. Garces3,  
R. Foote3 

1Neurological Surgery And Radiation Oncology, Mayo Clinic 

and Foundation, Rochester/UNITED STATES OF AMERICA, 

2Neurological Surgery, Mayo Clinic and Foundation, 

Rochester/MN/UNITED STATES OF AMERICA, 3Radiation 

Oncology, Mayo Clinic and Foundation, Rochester/MN/

UNITED STATES OF AMERICA

Purpose: Stereotactic radiosurgery (SRS) is the primary 
treatment for most patients with cavernous sinus 
meningiomas. To analyze factors associated with tumor 
control and complications after single-fraction SRS, we 
reviewed patients having Gamma Knife SRS between 
1990 and 2008.

Methods: Excluded were patients with WHO grade 
II or III tumors, radiation-induced tumors, multiple 
meningiomas, Neurofibromatosis type 2, and prior or 
concurrent radiotherapy. Four patients were lost to follow-
up and two patients refused research authorization. The 
remaining 119 patients (30 men/89 women) had either 
histologically confirmed WHO grade I tumors (n=48, 
40%) or presumed (n=71, 60%) cavernous sinus 
meningiomas. The median prescription isodose volume 
was 9.4 cm3 (range, 1.3-42.2). The median margin 
dose was 16 Gy (range, 12-20); only 10 patients (8%) 
had tumor margin doses <14 Gy. The median follow-up 
after SRS was 85 months (range, 12-251). Thirty-seven 
patients (31%) had ≥10 years of follow-up after SRS.

Results: Six patients (5%) had tumor progression (in-
field, n=3; marginal, n=3) at a median of 74 months 
(range, 42-145) after SRS. The 5-year and 10-year 
tumor control rate was 99% and 93%, respectively. No 
analyzed factor was associated with tumor growth after 
SRS including previous surgery (HR=5.3, 95% CI 0.6-
45.8, P=0.12) or margin dose (HR=1.14, 95% CI 0.5-
1.48, P=0.64). Sixteen patients (14%) had permanent 
complications at a median onset of 23 months (range, 
2-146) including trigeminal dysfunction (n=10), diplopia 
(n=3), ischemic stroke (n=2), and hypo-pituitarism (n=1). 
Multivariate analysis found increasing PIV (HR=1.07, 
95% CI 1.02-1.13, P=0.006) to be associated with 
permanent complications after SRS. The complication 
rate for patients with a PIV ≤ 9.4 cm3 was 3% (2/60) 
compared to 24% (14/59) for patients with a PIV > 9.4 
cm3. No patient developed a radiation-induced tumor 
after SRS.

Conclusions: Single-fraction SRS at the radiation doses 
used in this series provided durable tumor control for 
patients with benign cavernous sinus meningiomas. 
Despite the advances in SRS technique, tumor volume 
remains the primary factor associated with complications 
after single-fraction SRS of benign cavernous sinus 
meningiomas. 

Disclosure: No significant relationships.
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Assessment of the dynamics of 
radiosurgery-related edema.The 
frankfurter line as a strong predictor  
of edema occurence
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Purpose: Perilesional edema is a serious and well-
known complication after stereotactic radiotherapy. The 
aim was to evaluate the risk of edema after treatment and 
the assessment of its dynamics in patients treated with 
stereotactic radiosurgery.

Methods: 107 patients underwent intracranial 
stereotactic radiotherapy. Our diversed group comprised 
34 patients with arteriovenous malformations (29%), 
38 meningiomas (35%), 16 metastatic tumors 
(15%), 16 acustic neuromas (15%), 3 cavernomas 
(3%), 2 anaplastic astocytomas (2%), anaplastic 
oligoastrocytomas (2%). Each edema was carefully 
delineated in MRI T2 FLAIR sequence in 0,6,12,18,24,30 
and 38 months after treatment. We divided lesions in 
terms of their presence above (80 patients) and below 
(32 patients) the Frankfurter line.

Results: New development or aggravation of perilesional 
edema was observed in 17% patients in posttreatment 
evaluation. The largest volume of edema occured at 6 
months (mean 7.2, SD 1.2) post radiosurgery. Comparing 
the location of lesions, the incidence of the development 
of post-SRS perilesional edema was 5.1 (1,06-24,53) 
times higher in patients above the Frankfurter line. There 
was no significant relation between the development of 
edema and age, PTV size, number of beams and diagnosis 
(p = 0.07) Conlusions: Radiosurgery associated 
edema develops within 6 months after treatment and 
decreases over time. Perilesional edema can deteriorate 
neurological condition, therefore it should be treated . 
Edema presence is much more likely when the lesions 
are located above the Frankfurter line.

Disclosure: No significant relationships.
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Purpose: After stereotactic ablative radiotherapy (SABR) 
for early-stage non-small cell lung cancer, benign CT 
changes due to radiation-induced lung injury (RILI) are 
common, and difficult to differentiate from recurrence. 
The goal of this study was to measure the utility of 
CT image feature analysis in differentiating RILI from 
recurrence at different time points post-treatment.

Methods: A total of 22 patients treated with SABR were 
selected, with a total of 24 lesions (n=11 with recurrence 
[73% biopsy proven], n=13 without recurrence but 
with substantial benign RILI). Two regions of interest 
were manually contoured on each follow-up CT scan: 
consolidative changes and ground glass opacity (GGO). 
RECIST measures were also taken for the consolidative 
areas. For each lesion, contoured regions were analyzed 
for the mean and variation in Hounsfield unit (HU) 
density (basic texture analysis), 3D volume, and RECIST 
over the course of follow-up. As a preliminary study of 
the utility of the measures, classification of this dataset 
using a linear Bayes normal classifier and leave-one-out 
cross validation was performed.

Results: A total of 136 CT scans were reviewed, and the 
median duration of imaging follow-up was 26 months. 
Patients with recurrence had significantly denser 
consolidative changes (p=.046) and increased variability 
of CT densities within the GGO regions (p=.0078) detected 
at nine months post-SABR, compared to patients without 
recurrence. Restricting the analysis to the GGO in the 
peritumoral region only (within 4 mm) variability of CT 
density remained significant at nine months post-SABR 
(p=.0499). Standard metrics, such as 3D volume and 
RECIST were significant predictors, but only after 15 
months post-SABR: (p=.030 and p=.028 respectively). 
Based on our preliminary study of classification accuracy, 
texture analysis within the GGO regions was the best 
predictor, with a cross validation error of 26.1%. Based 
on classification as the positive prediction of patients 
with recurrence, the false negative and false positive 
rates were 27.3% and 25% respectively.
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Conclusions: Changes in mean CT density and textural 
analysis in the GGO have the potential to differentiate 
benign RILI from tumour recurrence at 9 months 
post-SABR. With further refinement and incorporation 
of further texture metrics, this approach may lead to 
development of a clinically useful tool. If validated, 
this approach has the potential for earlier detection 
and salvage of recurrence, and could result in fewer 
investigations of patients exhibiting benign RILI.

Disclosure: No significant relationships.
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Comparison of two techniques to treat 
acoustic neuroma: conformal beam 
versus dynamic conformal arc
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Purpose: The major objective of this work is to analyze 
the differences between the conformal beam (static 
fields) and dynamic conformal arcs in the treatment of 
acoustics neuroma. 

Methods: A retrospective study of 11 cases of acoustic 
neuroma, indicated for radiosurgery in a single-dose, 
from June 2011 to September 2012 was conducted. 
The cases that were initially planned for tridimensional 
conformal beam plans were redesigned for dynamic 
conformal arc. In these 11 cases were analyzed: target 
volume, minimum dose, dose in 95% of the volume, 
conformal index, doses in organs at risk, time of 
application. The number of static beans was varied 
according to each case. The posterior arrangements of 
dynamic conformal arcs were: for right acoustic neuroma 
were made with table angles of 0, 315, 90 degrees and 
arcs of 180, 100 and 110 degrees, respectively; for left 
acoustic neuroma were made with table angles of 0, 
45, 90 degrees and arcs of 180, 110 and 110 degrees, 
respectively. 

Results: The average of target volume was 1,90 cc 
(0,37cc - 6,6 cc). The coverage of target volume with 
minimum doses and maximum doses had no significant 
variation between the plans for each patient. In the 
analyses of dose that coverage 95% of target volume 
an improvement was observed in all cases, although 
poor – except in one case where this coverage was 12% 
better for dynamic conformal arc. The conformity index 
did not show a more favorable pattern for conformal 
or dynamic conformal arc, remaining almost equal for 

both techniques in each case. Seven cases presented 
significant dose reduction in 5% of brainstem volume, 
ranging between -19% and -44%, when utilizing the 
dynamic conformal arc technique. The application time 
had an average reduction of 36% (-69% at -22%) when 
using dynamic conformal arc. Among 11 cases, 4 had 
dose in the cochlea evaluated, and of these, only 1 
showed dose reduction. 

Conclusion: The main advantage in using dynamic 
conformal arc was related to time of treatment, allowing 
more comfort to the patient. In cases of preserved 
hearing, the tridimensional conformal beam planning 
proved to be friendlier in intent to adjust and minimize 
the dose in the cochlea. In general, both radiosurgery 
techniques proved to be suitable for treatment of 
acoustic neuroma.
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Intra-fraction motion management for 
radiosurgical treatments of trigeminal 
neuralgia: clinical experience and imaging 
frequency analysis

A. Sharma, N. Agazaryan, A. Gorgulho 

Dept. Of Radiation Oncology, UCLA School of Medicine,  

Los Angeles/CA/UNITED STATES OF AMERICA

Purpose: To clinically evaluate the patient positioning 
and intra-fraction motion management performance of 
an image-guidance protocol established for radiosurgical 
treatments of trigeminal neuralgia patients. Specifically, 
to analyze patient data to determine the adequacy of 
imaging frequency.

Methods: Novalis Tx equipped with Exactrac is used 
for patient positioning with stereoscopic imaging 
and treatments. Treatments are delivered with 4 mm 
conical collimators using 7 equally spaced arcs. Arcs 
are 20 degrees apart and span 100 arc degrees each. 
Following initial Exactrac positioning, CBCT is obtained 
for independent confirmation of patient position. Patient 
is then stereoscopically imaged prior to the delivery of 
each arc and repositioned when 0.5 mm translational 
tolerance in any direction is exceeded. After the patient 
has been repositioned, verification stereoscopic images 
are obtained. Data from 48 patients with 607 image pairs 
has been retrospectively analyzed.

Results: Following the initial Exactrac and CBCT, mean 
treatment time from first arc to treatment end was 
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57 mins (range 33-63 mins). With this imaging and 
treatment protocol, patients were repositioned 46.1% 
of the time, including verification images. Patient 
repositioning frequency following a treatment arc was 
51.4%. The mean magnitude of 3D motion was 0.55 mm 
with SD 0.12 mm (range 0.07 mm – 2.74 mm).

Conclusions: Current imaging protocol for patient 
positioning and intra-fraction motion management fits 
the clinical workflow. Frequent patient re-positioning 
can result from actual patient motion convolved with 
the accuracy and precision limitations of image analysis. 
Increasing the re-positioning tolerance could more 
selectively correct for actual patient motion at the 
expense of more variations in patient position.

Disclosure: No significant relationships.
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Factors contributing to motor function 
improvement or deterioration following 
radiosurgery for motor-region metastases

N. Luther, D. Kondziolka, H. Kano, H. Moussavi,  
J. Flickinger, L.D. Lunsford 

Neurological Surgery, University of Pittsburgh Medical Center, 

Pittsburgh/PA/UNITED STATES OF AMERICA

Introduction: We sought to better define factors that 
affect the clinical response of patients who underwent 
stereotactic radiosurgery (SRS) for brain metastases 
located in the region of the motor cortex.

Methods: We performed a retrospective analysis of 2026 
brain metastasis patients who underwent Gamma Knife 
SRS between 2002-2012, and evaluated multiple factors 
that affect motor function before and after SRS in 94 
patients with tumors ≥1.5 cm in diameter in or adjacent 
to the motor strip.

Results: Motor function improved after SRS in 30 
patients (31%), remained stable in 48 (50%), and 
worsened over time in 18 (19%). In patients with 
existing motor weakness, most patients (84%) 
remained stable or improved. We performed univariate 
and multivariate analyses of factors potentially related 
to motor deterioration, including tumor volume, 
margin dose, patient age, multiplicity of tumors, and 
tumor type. Univariate analysis found tumor volumes 
>9.0 cc (p=0.001), margin doses <18 Gy (p=0.004), 
and melanoma pathology (p=0.018) were significant. 
Multivariate analysis found that only tumor volumes 
≥9.0cc were significantly associated with a worse motor 

outcome (p=0.013). Motor improvement after SRS was 
not significantly correlated with any of these factors.

Conclusion: SRS performed for metastases in or 
adjacent to motor cortex had a relatively low risk of 
causing new or additional motor deficits. Larger tumor 
volumes, lower margin dose, and melanoma pathology 
were associated with less satisfactory outcomes.

Disclosure: No significant relationships.
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Development of a monte carlo treatment 
planning system for small animal 
stereotactic irradiation

R. Pidikiti, S. Stojadinovic, K. Song, M. Speiser,  
T. Solberg 

Radiation Oncology, UTSW Medical Center at Dallas, 

DALLAS/TX/UNITED STATES OF AMERICA

Purpose: To develop and benchmark a cone beam CT 
(CBCT)-based Monte Carlo treatment planning system 
for a commercial small animal stereotactic irradiator.

Methods: The BEAM/EGS Monte Carlo code was used to 
model 225 kV photon beams from a commercial small 
animal stereotactic irradiator (X-RAD 225Cx, Precision 
X-Ray, North Branford, CT). The unit was calibrated in 
accordance with the recommendations of AAPM TG-61. 
Both in-air and in-water calibrations were performed 
at a 30.5 cm source-to-surface distance (SSD) using a 
40x40 mm2 square reference applicator; a radiochromic 
film sensitometric curve was subsequently constructed 
based on this calibration. The Monte Carlo model was 
extensively tuned to provide good agreement with 
measured beam characteristics (e.g. PDDs and off-axis 
ratios). Subsequently, output factors for various square 
(10x10 – 40x40 mm2) and circular (1 – 20 mm diameter) 
applicators were measured using various dosimeters 
(ionization chamber, radiochromic film) and compared 
with MC simulations. The gamma index method and 
AAPM TG 53 recommendations were used to benchmark 
planar radiochromic film measurements against Monte 
Carlo simulations. Benchmarks were performed in both 
homogeneous and heterogeneous media. The statistical 
uncertainty on the MC-calculated results was between 
0.5% and 2% for most points. The CBCT images 
obtained on the XRAD 225Cx irradiator were converted 
to a material /density matrix for subsequent input to 
DOSXYZnrc simulations. The measured and computed 
point doses and isodose distributions were compared 
using the gamma index method.
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Results: The in-water and in-air absolute dose 
measurements demonstrated excellent agreement of 
3.42 and 3.45 Gy/min, respectively. Simulated and 
measured dosimetric characteristics, PDD and off-
axis profiles, also demonstrated excellent agreement. 
Agreement of output factors was within 3% for all field 
sizes, with the exception of the 1 mm field diameter 
applicator. In this case the disagreement 11% can be 
attributed to a misalignment of the proximal and distal 
apertures of the physical applicator. Good agreement 
was observed between measurements and calculations 
in both homogenous and heterogeneous conditions. 
Finally, CBCT-based Monte Carlo treatment time 
calculations in both homogeneous and heterogeneous 
media, using single and multiple beam configurations, 
were within 1% relative to time settings from measured 
dosimetric parameters. Finally, MC calculations have 
also been successfully demonstrated in CBCT small 
animal models.

Conclusions: Monte Carlo simulation provides 
an indispensable tool for validating small field 
measurements, and for performing relative and 
absolute dose calculations in CBCT-based small animal 
stereotactic treatment planning. 

Disclosure: No significant relationships.
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Gamma knife radiosurgery for central 
neurocytoma (Treatment for Residual or 
Recurrent Tumor)

T. Tsugawa1, T. Kobayashi1, C. Hashizume1, Y. Mori2, 
T. Wakabayashi3 

1Nagoya Radiosurgery Center, Nagoya Kyoritsu Hospital, 

Nagoya/JAPAN, 2Department Of Radiology And Radiation 

Oncology, Nagoya City Graduate School of Medicine, Nagoya/

JAPAN, 3Neurosurgery, Nagoya University Graduate School of 

Medicine, Nagoya/JAPAN

Purpose: Central neurocytomas (CN) is a rare 
intraventricular tumor with prominent neuronal 
differentiation, which composes approximately 0.1% 
of all primary brain tumors. Surgical resection is the 
primary treatment standard. However it has been 
estimated that the complete resection is achieved in less 
than half of the operative cases. Local recurrence is not 
rare especially in case of incomplete resection. In this 
study we evaluated the efficacy and the role of gamma 
knife stereotactic radiosurgery (GKRS) for control of the 
residual or recurrent CN.

Methods: Between April 2004 and October 2012, we 
treated 5 patients with CN by GKRS. They were one 
man and four women. All patients underwent surgical 
resection and had histological confirmation as CN before 
GKRS. Two of 5 patient received GKRS for residual 
tumors and others had GKRS for recurrent tumors. The 
mean age of the patients at 1st GKRS was 33.8 (range, 
19 to 53) years. One patient received GKRS two times 
because of the tumor recurrence after 1st GKRS. The 
mean volume of the tumors was 10.5 ml (range, 4.7 
to 20.2 ml) and the mean prescription dose to tumor 
margin was 15Gy (range, 13 to 18Gy).

Results: The median follow-up time was 51.4 months 
(range 1 to 91 months). Of 4 patients who were 
followed-up more than 30 months, the treated tumor 
was decreased in size in one, remained unchanged in 
two and progressed after long term dormancy in one. 
All patients are alive and no serious complication was 
observed after GKRS treatment.

Conclusion: GKRS is useful as a management option for 
patients with residual or recurrent CN.

Disclosure: No significant relationships.

Abstract: 91

Cyberknife robotic radiosurgery of optic 
nerve sheath meningiomas

O. Athanasiou, E. Pantelis, L. Lekas, A. Tzouras,  
C. Antypas, L. Sideri, E. Peteineli, K. Verifos,  
N. Salvaras 

Cyberknife, Iatropolis Clinic, Athens/GREECE

Purpose: Optic nerve sheath meningioma (ONSM) is 
a rare orbital benign lesion originating from the dural 
sheath of the optic nerve. In this study, our experience 
in ONSM treatment with multisession CyberKnife robotic 
radiosurgery is reported.

Methods: 15 patients diagnosed with of orbital ONSM 
were treated between July 2007 and July 2012 at the 
CyberKnife (CK) department of our clinic. Before 
treatment, all patients had a CT and an MRI for lesion 
contouring and treatment planning. Post treatment an 
orbital MRI was performed every 6 months for the first 
2 years and once a year thereafter. A dose of 20Gy was 
prescribed to the periphery of the lesion delivered in four 
consecutive fractions. At diagnosis, in all 15 patients, 
visual acuity limitations of different degrees were found, 
while exophthalmos was present in 2 and diplopia in 1.
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Results: After radiosurgery, previous symptoms 
improved in all patients. The MRI consistently showed 
a stationary status compared to the pre-treatment MRI. 
At a median follow up of 36 months (range 6–60) all 
patients had a subjective and/or objective better visual 
performance than before CK treatment without any 
evidence of disease progression. No late side effects 
were recorded.

Conclusion: Clinical results suggest that CK stereotactic 
radiosurgery delivered in four fractions is an effective 
and safe technique for the management of ONSM. 

Disclosure: No significant relationships.
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Risk factors for motor seizures after 
gamma knife radiosurgery in patients  
with brain metastases and the 
effectiveness of anticonvulsant drugs

K. Nakazaki1, A. Sadahira2, K. Fujiwara2 

1Neurosurgery, Brain Attack Center Ota Memorial Hospital, 

Fukuyama/JAPAN, 2Fukuyama Gamma House, Brain Attack 

Center Ota Memorial Hospital, Fukuyama/JAPAN

Objective: To evaluate the risk factors for motor seizures 
after Gamma Knife Radiosurgery (GKS) in patients with 
brain metastases and the effectiveness of anticonvulsant 
drugs.

Methods: Between January 2009 and June 2012, 174 
patients with new brain metastases were treated with 
single-session GKS without whole-brain radiation 
therapy. Seventy-five patients (43.1%) with brain 
metastases in the motor and adjacent areas were 
evaluated. Forty-six patients (61.3%) were male. The 
median age, number of brain metastases, and volume 
of the largest brain metastasis in the motor and adjacent 
areas were 71 years (range, 40–92 years), 4 (range, 
1–20), and 2.6 mL (range, 0.006–24.5 mL), respectively. 
Extracranial disease was controlled in 9 patients (12%). 
Seven patients (9.3%) experienced motor seizures before 
GKS. The median prescription dose to the tumor margin 
and total skull integral dose were 21 Gy (range, 14–24 
Gy) and 3.3 J (range, 0.4–11.2 J), respectively. Thirty-
one patients (41.3%) were treated with anticonvulsant 
drugs after GKS (zonisamide, 10 patients; valproic acid, 
8; phenytoin and phenobarbital, 5; carbamazepine and 
levetiracetam, 2; or gabapentin, 1).

Results: Among the 51 patients with follow-up 
magnetic resonance images, local control failure and 

the appearance of new distant lesions occurred in 13 
(25.5%) and 29 (56.9%), respectively. The median overall 
survival was 7.4 months (range, 0.7–34.8 months). Fifty-
nine (78.7%) patients died. Motor seizures occurred in 
7 patients (9.3%). The median motor seizure occurrence 
time was 1.8 months (range, 0.03–9.7 months). In 6 
patients with post-GKS images, 5 (83.3%) experienced 
local control failure or enlargement of perifocal edema. 
In a monovariate analysis, more than 2 brain metastases 
in the motor and adjacent areas was a significant risk 
factor (p = 0.034). In a multivariate analysis, the number 
of brain metastases in the motor and adjacent areas was 
a significant risk factor (p = 0.044; hazard ratio = 1.725; 
95% confidence interval = 1.014–2.935). Treatment with 
anticonvulsant drugs after GKS was not a significant 
prognostic factor (monovariate analysis, p = 0.825; 
multivariate analysis, p = 0.835).

Conclusion: In our study, the number of brain metastases 
in the motor and adjacent areas was a significant risk 
factor for the development of motor seizures after GKS. 
The efficacy of treatments with anticonvulsant drugs 
could not been shown.

Disclosure: No significant relationships.
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Identification of the ventrointermediate 
thalamic nucleus using Q-ball calculation 
and dosimetric comparison of linac-
based (Novalis TX) stereotactic plans: a 
feasibility study

A. Pica1, M. Malthaner2, T. Lönnfors-Weitzel3,  
C. Kiefer3, L.H. Stieglitz4, M.F. Oertel4,  
M. Schüpbach5, K. Alain5, N. Meier5, C. Pollo4 

1Radiation Oncology, Inselspital, University Hospital, Bern/

SWITZERLAND, 2Division Of Medical Radiation Physics, 

Inselspital, Bern University Hospital, and University of Bern, 

Berne/SWITZERLAND, 3Neuroradiology, Insel, University 

Hospital, Bern/SWITZERLAND, 4Neurosurgery, Insel, 

University Hospital, Bern/SWITZERLAND, 5Neurology, Insel, 

University Hospital, Bern/SWITZERLAND

Objectives: We evaluated the reliability of Q-ball 
calculation (QBC) in predicting position of the functional 
target compared to coordinate based localization of Vim 
in patients who underwent DBS for essential tremor 
(ET) and we compared the dose distributions from 3 
radiosurgery delivery techniques: a 4-mm cone based 
system, a multileaf collimator (MLC) system and a 2-mm 
cone based system.
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Methods: 5 patients who received bilateral DBS in Vim 
for treatment of ET in 2011 and 2012 were included in 
this study. Conventional targeting was based on atlas 
coordinates and high resolution MRI. All MRI was 
performed at 3 Tesla. QBC is based on a 42 directional 
diffusion-sequence and performed with “in house” 
intern developed software. We analyzed the connectivity 
by QBC of dentate nucleus with thalamus and thereby 
retrospectively identified Vim. Co-registration of the 
connective-imaging target compared to atlas-based pre-
op targeting and with postoperative CT coordinate of the 
active contact of the implanted lead, which was correlated 
with the best clinical effect on tremor, was performed. 
A single 4-mm isocenter was placed, targeting the Vim 
nucleus. A maximum dose of 130 Gy was planned to the 
target using 21 static arcs.

Results: We were able to localize Vim according to 
connectivity via the dentate-rubro-thalamic tract in all 
patients on both sides. Average localization of active 
contacts was 14.6mm lateral (SD 1.24), 5.37mm (SD 
0.94) posterior and 2.21mm cranial of MC (SD 0.69). 
The active contact was found at an average of 1.5 mm 
(SD 1.22) anterior of the connectivity target. The single 
4-mm isocenter was shifted 1 mm medially from the 
active contact. There was an equivalent capsula interna 
dose sparing between the 4-mm cone based system 
and the MLC system. However the 4-mm cone based 
system reduced the V10Gy and V12Gy of normal tissues 
compared to MLC system. With the 2-mm cone based 
system the capsula interna received less than 6 Gy as 
maximum Dose. 

Conclusion: Our preliminary results suggest that the 
reliability of QBC in determining pre-op targeting of the 
Vim is comparable to atlas-based targeting. Compared 
with the 4-mm standard cone, the MLC showed a larger 
penumbra. The 2-mm cone is promising but strong 
dosimetric validation is needed and in progression.

Disclosure: No significant relationships.

Abstract: 94

4 Years experience in lung tumours 
stereotactic body radiotherapy/
radiosurgery(SBRT/SBRS) 

D. Di Gennaro1, G. Bove2, B. Curcio1, A. Losco1,  
G. Spagnoletti2, G. Scimone1, E. Falcone1, V. Verile2, 
G. Plotino2, I. Pilotti1, D. Di Gennaro1 

1Radiotherapy, Salerno University Hospital, salerno/ITALY, 

2Radiotherapy, Foggia University Hospital, Foggia/ITALY

Purpose: Radiosurgery is largely approved for cure of 
lung tumours or metastases. A joint program to set 
the standards of Stereotactic Body Radio-Therapy & 
Radiosurgery (SBRT–SBRS) treatments started in 2008, 
in Foggia and Salerno University Hospitals.

Methods: These centers are very similar and irradiate 
1400 patients/year, with 4 Elekta Linacs. Patients had 
Karnofsky Status > 80, primitive/metastatic lung tumors, 
diameter < 5 cm and were unsuitable for surgery. 
Patients were treated with 3-6 fractions (Stereotactic 
Body Radiotherapy - SBRT), while in 2008 it was decided 
to use also a single fraction (Radiosurgery - SBRS), 
for lesions 2 cm afar from mediastinum. We used a 
BRAINLAB Micro-multileaf, and Body-Fix for patient 
immobilization; Radiological Physics Center (RPC) at 
the MD Anderson Cancer Center, made the dosimetic 
external monitoring 

Results: we treated 35 patients with minimum 6 months 
follow-up (range: 6-52 months; mean: 26 months). 
CTVs varied from 1.37 to 27.48 ccm. The CTV - PTV 
margin expansion was 5-8 mm in antero-posterior and 
latero-lateral direction and 10-13 mm in cranio-caudal 
direction. Patients were irradiated with 9-19 coplanar 
or 8-12 non-coplanar fields. Radiation dose was 
always prescribed to the peripheral isodose of 80%. 5 
metastatic lesions received 36-37.5 Gy in 3 fractions, 4 
primitive tumours received 50Gy in 5 fractions, 3 lesions 
in the immediate proximity of mediastinal vessels (<3 
cm) received 42 Gy in 6 fractions. Otherwise, 19 patients 
were treated with a single fraction – SBRS (26 Gy in 11 
cases - 27 Gy in 6 cases and 18 Gy in the remaining 
3 cases. Moreover SBRT or SBRS was used as boost 
technique to treat 4 patients, 3 T3N1 cancer and 1 
sarcoma metastasis, diameter 5 cm. 30/35 lesions 
were controlled, until now (85% local control, with 5 
local failures-LF). Local failures were evident at CT and 
PET scan, after 24months(n°2), 30 months(n°2), and 
36 months (n°1). CT examination revealed radiological 
signs of radiotherapy pneumonitis after 6-8 months.
There were no acute complications, while 1 patient, with 
liver mets., had a mild pleural effusion, after 1 year, and 
1 patient, with a LF, had a Brachial plexus damage, after 2 
years. Two patients went to surgery and the histological 
examination revealed no tumour in the >100 Gy (BED 
10) treated volume. 2 patients NED died after 24 and 33 
months for other reasons.

Conclusions: In our experience SBRT/SBRS is a safe 
technique to treat primitive or met lung tumours 

Disclosure: No significant relationships.
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Mechanical and clinical evaluation of 
targeting accuracy through gamma knife 
stereotactic radiosurgery process

H. Nakazawa1, T. Tsugawa1, Y. Mori2, M. Komori3,  
Y. Uchiyama1, M. Hagiwara1, C. Hashizume1,  
T. Kobayashi1 

1Nagoya Radiosurgery Center, Nagoya Kyoritsu Hospital, 

Nagoya/JAPAN, 2Department Of Radiology And Radiation 

Oncology, Nagoya City Graduate School of Medicine, Nagoya/

JAPAN, 3Department Of Radiological And Medical Sciences, 

Nagoya University Graduate School of Medicine, Nagoya/

JAPAN

Purpose: The spatial uncertainty of Gamma Knife (GK) 
stereotactic radiosurgery is attributable to fixation of 
the frame on a patient’s head, stereotactic imaging and 
GK mechanical positional accuracy. For the irradiated 
position check of GK unit, a radiochromic film and 
a dedicated mechanical device are used as the most 
reliable measurement tools, which are easily available. 
However, the measurement using this combination 
evaluate only center location in the Leksell stereotactic 
coordinates system, while estimation of geometric 
accuracy of whole treatment range is insufficient. In this 
study, we investigated mechanical and clinical targeting 
accuracy of both GK model C and Perfexion (PFX) over 
the whole stereotactic space.

Methods: Mechanical position accuracy was evaluated 
by use of a simple 4 mm shot. The discrepancy between 
planned shot position and irradiated one was defined 
as specific mechanical error of GK unit. The clinical 
targeting accuracy of the previously treated patient`s 
planning data including multiple shots was estimated 
by comparison of planned dose distributions and actual 
dose distributions confirmed in film measurement. The 
originally developed phantom and a radiochromic film 
were used for obtaining actual dose distributions. The 
phantom with inserted films on different axial plane (z = 
50, 75, 100, 125, 150) was placed on Leksell skull frame, 
following computed tomography (CT) was acquired with 
a stereotactic localizer box attached on the frame, a 
dose planning was performed using treatment planning 
system, and the phantom was ended up as beam 
delivery on an equal with clinical patient radiosurgery 
process. The analysis of dose plan reproducibility was 
implemented by film quality assurance software.

Results: The mechanical accuracy of GK unit over the 
stereotactic space was within 0.5 mm and 1.0 mm for 
PFX and model C, respectively. In the clinical targeting 
reproducibility, the errors of dose distributions observed 
in PFX and model C were ranged from 0.1 -1.5 mm and 

0.1 -2.5 mm for the isodose lines ranging from 25% to 
90% of max dose, respectively. 

Conclusions: The film dosimetry proved the excellent 
accuracy of the treatment plan for the whole-procedure 
of GK radiosurgery in both GK model C and PFX cases.

Disclosure: No significant relationships.
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Evaluation of the clinical usefulness 
for using verification images during 
frameless radiosurgery

T. Gevaert1, M. Boussaer1, B. Engels1, C. Litré2,  
A. Prieur3, D. Wdowczyk3, D. Verellen1, J. D’Haens1, 
P. Colin3, M. De Ridder1 

1Radiotherapy, UZ Brussel, Brussels/BELGIUM, 

2Neurosurgery, Institut du cancer Courlancy, Reims/FRANCE, 

3Radiotherapy, Institut du cancer Courlancy, Reims/FRANCE

Introduction: Our previous studies showed that 
intrafraction motion needs to be corrected for in 
frameless radiosurgery (SRS). This study was designed 
to evaluate if verification images during SRS-treatment 
can correct for mechanical inaccuracy of table rotations 
and intrafraction motion. Material and Methods Hidden-
target-tests (HTT) were performed to measure the overall 
accuracy at different table rotations with and without 
ExacTrac 6-degree-of-freedom (DOF) positioning. 
Sixteen trigeminal-neuralgia SRS patients were enrolled 
to assess positioning errors after every table position. 
Verification images with ExacTrac-system and 6DOF 
registration/positioning were performed after each table 
rotation.

Results: HTTs showed an overall three-dimensional(3D) 
accuracy of 0.66mm (SD0.19mm) for a table position at 
0°. Rotating the couch to 90 and 270 degrees, showed 
deviations of 0.83mm (SD0.34mm) and 0.62mm 
(SD0.16mm), respectively. During patient treatment, 
verification images were taken every 4.6minutes 
(SD2.3minutes). The mean 3D intrafraction shift was 
0.51mm (SD0.13mm). Conclusion Verification images 
taken during treatment and at different table positions 
will correct for mechanical inaccuracy induced by 
table rotations and intrafraction motion. With proper 
immobilization and x-ray verification images on a regular 
bases during treatment, mechanical table-inaccuracies 
can be corrected and the absence of PTV-margins as used 
with traditional frame-based radiosurgery warranted.

Disclosure: No significant relationships.
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Abstract: 97

Young paediatric patients with recurrent 
posterior fossa brian tumours treated 
with stereotactic radiosurgery/ 
radiotherapy (SRS/SRT)

A.L. Cameron1, C.C. Herbert2 

1Bristol Oncology And Haematology Centre, Bristol Royal 

Infirmary, Bristol/UNITED KINGDOM, 2Bristol Oncology 

Centre, University Hospitals Bristol, Bristol/UNITED 

KINGDOM

Purpose: Small recurrent posterior fossa primary brain 
tumours in paediatric patients are rare and require 
individualized treatment plans to optimize outcomes. 
This case series aims to increase the currently limited 
published evidence regarding the practicality, safety and 
efficacy of using SRS/SRT in this scenario in patients 
under the age of 7 years.

Methods: Retrospective case review of 3 consecutive 
paediatric patients treated for recurrent primary brain 
tumours in the posterior fossa in 2012. All received SRS/
SRT via a frame-based collimator LINAC system using 
Radionics Xknife and received play therapy to cope with 
frame placement.

Results: Case 1: 4 year old with recurrent atypical 
teratoid rhabdoid tumour of the posterior fossa 
previously treated with resection, chemotherapy 
and 54Gy radical radiotherapy aged 2 years. Second 
recurrence in posterior fossa treated with surgical 
resection 3 and 8 months prior to further recurrence 
(same site) treated with SRS. Fixed frame placed under 
general anaesthetic, patient woken then reanaesthetised 
for SRS and frame removal later that day. Received 
12Gy to 50% isodose. Tolerated procedure without 
acute complication and had a complete response. 
At 5 months follow up no evidence of recurrence 
or side effects. Case 2: 4 year old with recurrent 
medulloblastoma. Previous craniospinal radiotherapy 
and chemotherapy. Recurrence at primary site at 
completion of maintenance chemotherapy, 11 months 
after radical radiotherapy. Treated with SRS, 18Gy to 
50% isodose then subsequent high dose chemotherapy 
and stem cell rescue. Fixed frame placed under GA, 
patient woken then reanaesthetised for SRS and frame 
removal later that day without complication. Complete 
response achieved. At 7 months patient is well without 
complication or evidence of recurrence. Case 3: 6 
year old with locally recurrent Grade 3 posterior fossa 
ependymoma. Initial treatment: complete surgical 
resection and 54Gy radical radiotherapy 39 months 
prior. Recurrence resected completely and adjuvant 
SRT given, 54Gy to 100% isodose cover by 95% 

isodose over 30 fractions. Relocatable Gill-Crossman-
Thomas frame placed daily without any sedation or 
anaesthetic and tolerated well with parental support. 
No evidence of recurrence or complication at 8 months.

Conclusion: Paediatric patients are particularly 
susceptible to the effects of radiotherapy. SRS/SRT 
allows the dose outside the lesion to be minimized which 
is ideal for paediatric patients. This series demonstrates 
that SRS/SRT is both feasible and effective in young 
paediatric patients (<7 years) with recurrent tumours 
in the posterior fossa where radical radiotherapy has 
already been used. This should therefore be considered 
a valid treatment option.

Disclosure: No significant relationships.
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Equivalent whole brain dose for patients 
undergoing gamma knife for many lesions
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Introduction: New radiosurgical technology now allows 
for the treatment of multiple brain metastases with 
greater ease. As a result, more radiosurgery centers are 
treating patients with larger and larger numbers of brain 
metastases. At what point single fraction radiosurgical 
treatment begins to approximate whole brain 
radiotherapy is unknown. Therefore, we measured the 
dose to the whole brain delivered for 12 representative 
patients with multiple brain metastases treated at our 
institution.

Methods: Twelve representative patients were chosen 
from our institutional database, having undergone 
radiosurgery for multiple lesions. All patients were treated 
using the Leksell Gamma Knife Perfexion radiosurgical 
platform. The entire brain was contoured using Leksell 
Gamma Plan 10.1. Mean whole brain dose (MWBD) was 
calculated. For each plan, all enhancing tumors were 
outlined and total volume of tumors recorded.

Results: Two patients underwent radiosurgery a single 
time, one patient underwent 2 treatments, 4 patients 
under when radiosurgery on 3 occasions, four patients 
on 4 occasions, and one patient on 1 occasion. Median 
number of lesions treated was 8 (range 1-41). Dose 
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ranged from 18-22 Gy per lesion. The median MWBD 
dose per treatment was 1.4 Gy (Range 0.2-7.6 Gy). 
Median total tumor volume was 4.3 cm3 (range .048 
cm3 – 21.72 cm3). No patients with less than 20 lesions 
treated had a MWBD greater than 3 Gy, and no patients 
with less than 25 lesions treated had a MWBD greater 
than 4 Gy. Total tumor volume was also associated with 
greater MWBD. However, one patient with MWBD greater 
than 4 Gy, had a lower overall tumor volume (7.9 cm3, 
all tumors treated to 20 Gy) compared to two patients 
with less than 3 Gy MWBD (11.6 cm3 treated to 18 Gy 
with a MWBD of 2.9 Gy, and 11.0 cm3 treated to 18 Gy 
with a MWBD of 2.2 Gy). The highest MWBD were seen 
for patients with 29, 41, 26, 32, and 37 lesions treated, 
with MWBD of 4.5, 5.3, 5.1, 6.0, and 7.6 Gy.

Conclusion: New radiosurgical technologies have allowed 
for the expedited treatment of patients with multiple 
metastases. As patients have more than 25 lesions 
treated per session, doses to the whole brain begin to 
approach doses which may be clinically significant. 
Further study is needed as to the neurocognitive 
sequellae of such treatment.
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Frameless linac based srs treatment for 
sunct syndrome targeting the trigeminal 
nerve and sphenopalatine ganglion
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Introduction: SUNCT (short lasting-unilateral neuralgiform 
headache attacks with conjunctival injection and tearing) 
describes a unilateral headache syndrome often refractory 
to medical therapy. Experience in the literature regarding 
SRS is scarce with only 4 cases previously reported using 
gamma-knife with mixed results. 

Method: We commenced treatment of trigeminal 
neuralgia (TN) without invasive frames after 4 years of 
experience in frameless SRS. Since then, 2 cases of 
SUNCT were treated. Case 1 was an 83yr lady with a 
1-year history of episodic headaches in the right temporal 
and orbital regions associated with right eye tearing. It 
was burning in nature and exacerbated by eating and 
chewing. Pain score was 7/10 on the visual analogue 
scale even after dose escalation of gabapentin and 
carbamazepine. She was offered radiosurgery in October 

2011. Case 2 was a 53yr male with episodic right-sided 
facial pain in the V1 and V2 distribution initially treated 
with carbamazepine in 2003. His facial pain worsened 
and became associated with right eye tearing. In 
November 2011 he was admitted for uncontrollable pain 
despite treatment with carbamazepine, amitriptyline 
and naproxen. Both patients were treated similarly. 
Immobilisation was done with the brainlab relocatable 
head mask. Planning was done using 1mm MRI CISS 
sequence scans fused with CT. Using a 4mm cone, the 
isocentre was placed at the Root Entry Zone of the TN, 
keeping the 50% isodose line tangential to the brainstem. 
The sphenopalatine ganglion was treated using a 7.5mm 
cone with the isocentre positioned at its centre. 90Gy 
and 80Gy was prescribed to the REZ and the SP ganglion 
isocentres respectively. Exactrac localization was done 
before treatment and every angle change. Treatment was 
delivered using 8 dynamic arcs.

Results: At 4 months, patient 1 was pain free. 6 months 
after, she experienced slight pain of 1-2/10 with no 
tearing symptoms. Patient 2 reported a 70% decrease 
in pain at 1 month requiring only carbamazepine 
intermittently. He had no further admissions and is now 
on 6 monthly follow-up. Both patients report only mild 
facial numbness.

Conclusion: SUNCT is a debilitating cephalagia difficult 
to control. After failed medical therapy, options include 
SRS or microvascular surgery, which are both invasive 
to various degrees. To the best of our knowledge, these 
are the first 2 reported cases treated using non-invasive 
frameless SRS. Initial response has been excellent with 
minimal side effects. Longer follow-up and further 
experience will determine the efficacy and safety of this 
attractive option.

Disclosure: No significant relationships.
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Dosimetric implications of tissue 
heterogeneity correction on gamma  
knife plans

M. Van Prooijen, Y. Cho 

Medical Physics, Princess Margaret Cancer Centre, Toronto/

CANADA

Objective: Leksell GammaPlan v10 allows for tissue 
heterogeneities using a convolution algorithm. In this 
study we investigate the dosimetric implications of using 
this new algorithm.
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Methods: Twelve patient data sets comprising 19 
treatment scenarios (tumors and functional disorders) 
were accessed for retrospective planning. Each scenario 
was planned using the TMR10 and the new convolution 
algorithm. Treatment time, target coverage and dose to 
critical structures were compared. A computer-simulated 
8 cm radius spherical phantom with 7 mm thick hard 
bone at a depth of 10-17 mm was used to test the effect 
on single shots in a simple geometry. Film dosimetry 
for a 2 shot plan in a phantom with bony anatomy was 
compared to both treatment plan predictions. A 16 mm 
shot was placed just posteriorly of the nasal cavity and a 
8 mm shot was placed near the skull.

Results: The mean time to deliver the same prescription 
dose was 5.4%±2.1% (standard deviation) longer when 
heterogeneities were considered, ranging from 2.1 to 
8.8%. Despite the change in treatment time, the relative 
dose distributions appeared unaffected at the level of 
typical prescription isodoses. Parameters such as D100 
and maximum and minimum dose to target changed by 
not more than ±1% on average. Nearby brainstem dose 
changed on average by -0.4±2.0% (range: -3.3%-4.0%). 
Other critical structures considered received too low a 
dose to make changes relevant. The single shot plan 
using effective depth calculations in phantom simulation 
showed an increase in treatment time of 3.2–6.9%, 
depending on position. These results support the patient 
dosimetry well. The film results show agreement with 
the convolution algorithm, where the higher doses fall 
outside the bony structure for the 16 mm shot and the 8 
mm shot is asymmetrical in the xy plane. In contrast, the 
TMR10 algorithm shows symmetrical distributions with 
high dose inside bone.

Conclusion: With the new convolution-based dose 
algorithm, treatment times for the same prescription 
dose increase on average by 5%, but the relative dose 
distribution at the prescription level remains largely 
unaffected. This is a reasonable result that accounts 
for the hard bone in the skull and is verified with 
computer simulation using an effective depth dose 
correction on a simulation phantom. Film measurements 
in an anthropomorphic head phantom with bone 
heterogeneities showed agreement with the convolution 
algorithm. 

Disclosure: No significant relationships.
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Gamma knife radiosurgery of functional 
pituitary adenomas

X Meng, W. Li, M. Xia 

Xian Jiao Tong University, Xian Gamma Knife Center,  
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Objective: To evaluate the effectiveness and the factors 
associated with the Gamma Knife radiosurgery of 
functional pituitary adenomas.

Methods: Between June 1999 and June 2005, 356 
cases of functional pituitary adenomas were treated 
by Gamma Knife radiosurgery. 224 patients have been 
followed up regularly. Among them, 207 patients with 
prolactin(PRL)-producing tumors; 89 patients with 
growth homone(GH)-producing tumors; 46 patients with 
adrenocorti-cotrophic(ACTH)-producing tumors, and 70 
patients with tumors that secreted both PRL and GH. The 
mean marginal doses for these tumor treatments were 
30.6Gy, 22.1Gy, 34.5Gy, 21.7Gy respectively.

Results: The mean following-up time was 24 months. 
In 90 (40.2%) of the cases, the normalization of 
hormone secretion was achieved after the Gamma Knife 
radiosurgery. The hormonal levels was found to decrease 
in 119(53.1%) of the cases. In 15 (6.7%) of the cases, 
no significant change was found. In the radiological 
imaging follow-up of all the cases, 84 (37.5%) of the 
cases exhibited no tumor presentations; 117(52.2%) of 
the cases had significant tumor reduction in size; and 
1(0.4%) of the cases, the tumor had increased in size. 

Conclusion: Gamma knife radiosurgery with appropriate 
doses is an effective and a safe therapy for functional 
pituitary adenomas, both in controling the tumor growth 
and in controling the hormone levels. 
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Purpose: NSCLCs with activating EGFR mutations or 
EML4-ALK translocation respond to tyrosine kinase (TK) 
inhibitors and may also be sensitive to ionizing radiation. 
Because radiotherapy for intracranial metastasis utilizes 
a standardized planning approach, we examined local 
control for this clinical scenario to determine if TK 
mutations are associated with increased radiosensitivity.

Methods: Analysis was performed on 239 NSCLC 
patients prospectively enrolled in an IRB approved 
GammaKnife (GK) database between 2005 and 2012. 
Tumor mutations for 81 patients were determined 
through sequencing (EGFR or KRAS) or FISH (EML4-
ALK), and revealed 21 EGFR, 9 ALK, 17 KRAS, and 34 
tumors wild type for these mutations. Excluding resection 
cavities, 469 metastatic brain lesions in 79 patients were 
treated with GK (164 EGFR mutant, 61 ALK, 105 KRAS 
mutant, and 139 wild type). The median prescribed dose 
was 18-20 Gy for all groups (range 16-24 Gy), and mean 
lesion diameter was 0.68 to 0.88 cm (standard deviation 
= 0.49 cm). Treatment plans and surveillance MRIs 
were reviewed to assess local control. Recurrence was 
defined as ≥ 20% increase in lesion diameter. Consensus 
amongst a multi-disciplinary team or pathology after 
resection superseded radiographic criteria. Estimates of 
local control were calculated using a Cox proportional 
hazards model with a robust sandwich covariance 
estimator to account for intra-cluster dependence.

Results: 9/79 (11%) patients developed in-field 
recurrence after GK radiotherapy. 0/164 metastases 
with EGFR mutation and 0/61 metastases with ALK 
translocation recurred in-field, corresponding to 0/30 
patients with activating TK mutations that recurred in-
field. In contrast, 10/139 (7%) lesions in 6/32 (19%) 
wild type patients recurred in-field. 3/105 (3%) lesions 
in 3/17 (18%) KRAS mutant patients recurred in-field. 
Rates of distant brain recurrence were similar between 
patients with and without TK mutations (16/30 [53%] 
and 23/49 [47%], respectively). The median in-field 
recurrence time was significantly longer for TK-activated 
compared to wild type patients (not reached for TK-
mutated vs. 18.4 months for wild type, p < 0.0001), 
whereas median distant brain recurrence time was 
equivalent (7.7 months for both groups, p = 0.97).

Conclusions: Local control of NSCLC brain metastases 
treated with radiation therapy was superior for tumors 
harboring either an EGFR TK domain mutation or the 
EML4-ALK translocation, while tumors that tested 
negative had expected rates of in-field failure. This data 
suggests that TK driver mutations, in particular those of 

the EGFR, may identify a subset of tumors with increased 
sensitivity to radiation therapy.
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The development of a clinical registry for 
gamma knife radiosurgery in pittsburgh
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A. Niranjan, H. Kano, L.D. Lunsford 
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Objectives: The introduction of the first North 
American 201 Cobalt 60 Gamma Knife Radiosurgery® 
(GKR) device to the University of Pittsburgh Medical 
Center in 1987 prompted the desire to study the 
effectiveness of this technique and evaluate patient 
outcomes. This surgical procedure was innovative and 
largely untested at the time. The concurrent progress 
in computer software and database technology led to 
the development of a registry to track patient outcomes 
at our center that could be prospectively analyzed and 
reported.

Methods: A team of clinicians and software engineers 
was created to develop a database system that would 
organize and retain information related to the usage of 
GKR. Several software systems were developed over the 
years as technology evolved and our current system is 
Microsoft Access (Microsoft Access version 2007, 1995, 
Microsoft Corporation, Redmond, WA). All patients 
undergoing GKR were systematically entered into this 
database by a clinician familiar with the technology and 
the clinical indications. Information entered into the 
registry includes patient demographics and diagnosis, 
clinical background, anatomic site of the target, and 
procedure details such as volume, collimators and 
dosage.

Results: From the first GKR procedure in August of 
1987, there have been 11,738 patients entered in 
the database for the 25 years to August of 2012. Our 
center has pioneered the evaluation and publication of 
GKR technique and outcomes. Data derived from this 
computer registry has facilitated the publication of 
over 400 peer-reviewed manuscripts, more than 200 
book chapters, 6 books, and more than 300 published 
abstracts and scientific presentations. The use of GKR 
has become a well established surgical technique that 
has been performed over 700,000 times across the 
world. 
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Conclusions: The development of a patient registry 
to track and analyze the use of GKR has given us the 
ability to study our patient’s procedures and outcomes 
in an effective and efficient way. The production of good 
quality information is increasingly important in an era of 
evidence based medicine and results driven evaluation. 
It is important for centers to develop and maintain 
registries and tracking mechanisms of their own. As 
database technologies evolve, the future of clinical 
medical research will largely rely on the ability of clinical 
centers to both store and to share information in order to 
produce high quality analyses and reports. 
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Single isocenter radiosurgery for 
treatment of multiple brain metastases: 
shared-isocenter dynamic conformal arc 
(SI-DCA) versus volumetric modulated  
arc therapy (VMAT)
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Objectives: To propose a new technique, shared-isocenter 
dynamic conformal arc (SI-DCA), for radiosurgery treatment 
of multiple brain metastases. A SI-DCA plan consists of 
multiple groups of dynamic conformal arcs; one group for 
each lesion and all arcs share the same single isocenter. 
We evaluated the plan quality of SI-DCA versus volumetric 
modulated arc therapy (VMAT) for treating multiple brain 
metastases with single-isocenter radiosurgery. 

Methods: SI-DCA and VMAT plans were created for 6 
patients in Eclipse (AAA algorithm V10.0.28) on a Varian 
TrueBeam (6X-FFF mode, 1400 MU/min, Millennium 120 
MLC). Patients had 3 to 5 brain metastases; the average 
size was 0.5 cc (range 0.03-2.75 cc). A SI-DCA plan and 
a VMAT plan were developed for each patient. The total 
number of arcs was 5 in VMAT and 5 times the number 
of lesions in SI-DCA plans. Plans were normalized so 
that 99% of the target volume received 100% of the 18-
Gy prescription dose and the maximum dose was limited 
to 120% to 130%. Plans were evaluated using: Radiation 
Therapy Oncology Group conformity index (CIRTOG), 
Paddick conformity index (CIPaddick) Paddick gradient 
index (GI), volume of normal brain that received 10 Gy 
(V10Gy), 4.5 Gy (V4.5Gy ) and 1.8 Gy (V1.8Gy), as well 

as monitor units (MU) needed. Normal brain is defined 
as whole brain minus target volumes. 

Results: The conformity index achieved by both SI-DCA 
and VMAT plans was similar. The average CIRTOG and 
CIPaddick were 1.39 and 0.65, respectively, for SI-DCA 
plans, and 1.44 and 0.67 for VMAT plans. SI-DCA plans 
had a sharper dose fall-off around the lesions (p < 0.001) 
with a mean GI of 5.54, compared with 8.68 for VMAT 
plans. Dose to normal brain, measured by V10Gy, V4.5Gy, 
and V1.8Gy, was less with SI-DCA (p = 0.004, 0.011, and 
0.014, respectively). Their mean values were 7.4, 33.5, and 
190.6 cc, respectively, for SI-DCA plans, and 10.0, 70.1, 
and 424.0 cc for VMAT plans. More MUs were needed 
with SI-DCA (range 11333-18332), while the VMAT plans 
had a MU range of 5323 to 8394. This corresponds to a 
longer beam-on time by 2.7 to 9.3 minutes. 

Conclusions: Both SI-DCA and VMAT techniques 
produced plans that were highly conformal to lesions. 
SI-DCA plans achieved sharper dose fall-off around the 
lesions and lower dose to normal brain. Both techniques 
need patient positioning only once to the single 
isocenter. SI-DCA plans require higher MUs, and thus 
longer treatment delivery time.
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Objective: Re-irradiation of spinal metastatic disease 
using radio-surgery is an effective means of managing 
this debilitating condition with minimal toxicity. The 
precise volumetric evaluation of the dose delivered 
to the spinal cord by previous radiotherapy offered by 
software like VelocityAI could be extremely useful where 
multiple courses of treatment have overlapped. In this 
study, we validated the dosimetric accuracy of dose 
fusions and dose composites generated by VelocityAI 
using GAFCROMIC film to measure dose within the 
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Rando anthropomorphic phantom delivered using the 
Cyberknife robotic radiosurgery system.

Methods: To create dose composites, CT scans of the 
phantom were acquired in two orientations: CT1 in which 
the phantom cross-sections and films were aligned with 
CT slices and CT2 where they were not. A “baseline” 
for agreement between film and treatment planning 
system (TPS) was provided by plans generated using 
CT1. For plans generated using CT2, VelocityAI was 
used to fuse CT2 to CT1 employing rigid and deformable 
co-registration and to transform the TPS dose. Three 
stereotactic ablative treatments (16 Gy/ 1 fraction) were 
planned using the Multiplan TPS. Course1-CT1 treated 
the posterior part of L3 following RTOG trial 0631; 
Course2-CT1 and Course2-CT2 treated the anterior 
part of L3 following published biologically equivalent 
dose guidelines for spine re-irradiation. Two pieces of 
film were exposed for each course and for composites. 
Calculated and measured dose were compared using 
gamma analysis and dose histograms.

Results and Conclusions: For baseline films planned 
using CT1, 92-99% and 85-89% of pixels pass a 3% 
/ 1 mm γ-criteria for the single course and composite 
films, respectively. For comparisons which required 
VelocityAI for fusion, we found similar γ-criteria passing 
rates of 91-95% for the single course and 86% for the 
composite. We found good agreement between dose 
histograms within an estimated 2-σ uncertainty of 4% 
for absolute dose using GAFCHROMIC film at these 
dose levels. As one would hope, negligible differences 
were observed at the 3% / 1 mm level between dose 
distributions using rigid and deformable image 
transformations. A significant software error was found 
in VelocityAI fusion software during this investigation, 
which affected Cyberknife dose distributions using Ray-
Tracing, highlighting the importance of software testing 
in the clinical environment. A software patch was issued 
by the manufacturer, but prior to the patch the γ-criteria 
passing rates were between 48-59% and transformed 
dose was 6-12 % lower following image fusion.
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Comparison of stereotactic radisurgery 
and hypofractionated stereotactic 
radiotherapy using cyberknife for brain 
metastases
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Objectives: The goal of this study comparison of 
stereotactic radiosurgery (SRS) and hypofractionated 
stereotactic radiotherapy (HFSRT) for brain metastases 
(BM).

Methods: Between November 2009 and July 2011, 40 
patients aged 25-77 (Me=54) years using CyberKnife 
as a first-line therapy were observed. A total of 40 
BM(Me=3,29 ccm in volume) in 16patients were treated 
with SRS. And 63 large BM (Me=22.69 ccm in volume) 
in 24 patients were treated with HFSRT. The median 
prescribed dose was 22 Gy (range, 12-24) in SRS. 27 
Gy (range, 22.5-35) in 2-5 fractions were delivered 
daily on consecutive days to patients with large BM. We 
evaluated local tumor control (LC), overall survival (OS), 
and toxicity as endpoints. Neurological examinations and 
computed tomography or magnetic resonance imaging 
were performed within 1-3 months after treatment. 
Each lesion was measured and response was scored 
according to MacDonald’s criteria. LC was defined as 
complete response, partial response or stable disease. 
The LC and OS were calculated using the Kaplan-Meier 
method. Toxicity was recorded according to the National 
Cancer Institute Common Terminology Criteria for 
Adverse Events version 4.

Results: Primary tumor site was the lung in 12 patients, 
breast in 12, melanoma in 8, kidney in 4, and other in 4. 
The median follow-up interval was 12,3 months (range, 
1-16,1). The median OS was 6,38 months (range, 
1-15.8) for SRS – group and 6,2 months (range, 0.2-
16.1) for HFSRT-group. LC (complete response, partial 
response and stable disease) for SRS- and HFSRT-
groups was 81%(13) and 79%(19), respectively. New 
metastases were 25 % (10) in both groups. 8 patients 
had neurotoxicity Grade II-III and two developed 
neurotoxicity Grade IV from 6 to 24 weeks. Neurotoxicity 
for SRS- and HFSRT-groups was 19%(3) and 29%(7), 
respectively. GTV of all patients who developed 
neurotoxicity was 9,39 ccm (range, 8.99 - 38.4). Volume 
of normal brain undergone to radiation dose (BED) 10Gy 
(α/β=3 Gy) was 24.25 ccm (range, 9.13-112). Volumes 
irradiation metastases and brain tissue is an important 
factor in the development of neurotoxicity.

Conclusions: HFSRT to large BM provides a high level of 
LC with acceptable toxicity, showed advantage for large 
BM in comparison to SRS.

Disclosure: No significant relationships.
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Integration of functional meg data into 
dose planning during avm radiosurgery
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Purpose: To assess the value of integration of functional 
brain mapping using magnetoencephalography 
(MEG) with dose planning during treatment of brain 
arteriovenous malformations (AVMS) with stereotactic 
radiosurgery (SRS).

Methods: During a 25 year interval our center has 
performed SRS on more than 1200 patients with brain 
AVMS. In selected patients we have integrated preoperative 
MEG functional imaging with the intraoperative imaging 
performed to facilitate dose planning. Three patients 
with AVMS in the motor region were selected for this 
co-registration paradigm. All patients had outpatient 
MEG performed 5-10 days before elective SRS using the 
Leksell Gamma knife. Noninvasive mapping of the motor 
cortex was achieved using a whole-head 306 channel 
Neuromag® Vectorview System, which is contained in 
a magnetically shielded room (MSR). During the MEG 
data acquisition patients sat comfortably in an upright 
sitting position in the MSR with the head positioned in 
a helmet containing the 306 MEG sensors. Evoked fields 
were recorded while patients performed the motor task. 
Source localization analysis was performed on filtered 
and averaged MEG data. MEG-derived source maps 
were Co-registered with high-resolution MR images. 
Processing of the functional 3 D brain maps has been 
compressed using special algorithms. On the day of the 
SRS procedures the functional brain maps (motor cortex, 
sensory cortex, speech) are imported and overlaid on 
the intraoperative MRI done for dose planning. Dose 
planning was done with LGP V. 10.

Results: The average patient age was 49 years. The 
average AVM volume at treatment was 16.67cm3 based 
on 18Gy margins. A staged radiosurgery treatment 
was required in 2 patients and no adverse events 
have occurred since treatments. Image integration 
of functional imaging obtained by MEG improved the 
recognition of critical brain structures adjacent to the 
AVM. Such integration allowed planning to restrict dose 
to such structures while maintaining a therapeutic dose 
to the AVM target. Case examples will be presented. 

Conclusion: Co-registration with data sets obtained 
prior to SRS improves the accuracy and dose sparing 
needed during optimal planning during Gamma Knife 
procedures. We believe that pre radiosurgery MEG 
allows accurate targeting of critical brain structures 
including the motor, sensory, and speech cortices. 
This additional data set can be used to modify and 
improve dose delivery to the target while sparing critical 
adjacent brain structures. Similarly positron emission 
tomography and magnetic resonance spectroscopy data 
may improve dose planning in patients with malignant 
gliomas or metastatic tumors. 

Disclosure: No significant relationships.

Abstract: 108

Implementation of a patient specific Plan 
QA method with radiochromic films for 
cyberknife treatments: preliminary results
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Purpose: This preliminary study is finalized to implement 
in the clinical practice a pre-treatment Quality Assurance 
(QA) method for the verification of the planned dose 
distribution.

Methods: The CT scan of the Accuray supplied 
anthropomorphic head phantom was acquired with 
the protocols clinically used in our facility. A pre-cut 
radiochromic film, model EBT2, was inserted in the ball 
cube present inside the phantom in the axial section. 
Using the Plan QA tool of the treatment planning system 
(TPS) Multiplan®4.5, the patient’s plan was recalculated 
on the phantom using the Ray-tracing algorithm. Both 
6D-skull tracking and fiducial tracking were used. From 
the TPS the dose on the axial plan was exported as DICOM 
image. EBT2 films were used to measure the delivered 
dose. A dose calibration curve was obtained delivering 
doses up to 21 Gy, selecting separately the red and the 
green channel. The calibration curve in the red channel 
was applied only for planned maximum doses up to 10 
Gy. A total of 8 patient plans, distributed among head 
and body lesions, treated with fixed and iris collimators, 
were evaluated. The delivered maximum dose ranges 
from 8.2 to 20.5 Gy. The comparison between the 
delivered and the calculated dose was performed with 
the gamma analysis method (4% Dose Difference and 
2 mm Distance To Agreement criteria), performed by 
an home-made MATLAB program. This analysis was 
executed with a single channel dose calibration and 
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with a combination of the red and green channel curves.  
A threshold dose equal to 20% of the maximum dose 
was set.

Results: The plans analyzed exhibit an overall average 
Confidence Index (CI) equal to 86.5% (range from 73.5% 
to 97.2%), considering only a single channel calibration 
curve and equal to 84.2% with both channels. Plans with 
fixed and iris collimator show similar results: the mean 
CI found is 82.7 % and 86.7% respectively with a double 
channel gamma analysis. Both tracking methods exhibit 
good results: the mean CI found is 91.9% and 79.5% 
for fiducial and 6D-skull tracking methods respectively. 
The reproducibility of the method has been assessed by 
repeating the entire process for some of the plans analyzed.

Conclusions: The method proposed in this study has 
shown good results, even for plans different for dose 
levels, type of tracking and technique. Increasing 
the number of plans analysed will allow to define the 
acceptability criterion for the Confidence Index to adopt 
in the clinical practice.

Disclosure: No significant relationships.
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Purpose: To evaluate the long-term efficacy and adverse 
effects of fractionated conformational radiotherapy 
(FCRT) in patients with optic nerve sheath meningiomas 
(ONSM).

Methods: We retrospectively reviewed the clinical and 
radiographic data of 8 consecutive patients treated 
between 1995 and 2005 with FCRT for their ONSM. 
Continuous data are summarized using medians and 
ranges.

Results: All 8 patients were Caucasian, with a median 
age of 45 (range, 38-58) years at the time of treatment. 
Six patients were women and 2 were men. All 8 patients 

presented with a single tumor, with 5 affecting the right 
eye and 3 affecting the left. Each patient presented with 
symptoms of optic nerve dysfunction in the affected 
eye, including a visual field defect, diminished visual 
acuity, and a relative afferent pupillary defect. In addition 
to these symptoms, 3 patients had proptosis and 2 
complained of orbital pain. The median duration of 
follow-up was 149 (range, 73–209) months. FCRT was 
performed in all patients with a median total radiation 
dose of 5220 (range, 3600-5400 begin_of_the_skype_
highlighting  FREE  3600-5400  end_of_the_skype_
highlighting) cGy, given in 29 (6-30) individual fractions 
of 180 (180-600) cGy at a median isodose line of 93% 
(range, 80-100%). Two patients previously underwent 
conventional surgical resection of their tumor, with 1 
patient suffering blindness of the affected eye prior to 
radiation. This patient received adjunctive radiotherapy 
for residual tumor. Two (25%) patients experienced side-
effects after radiotherapy, with 1 patient experiencing 
transient swelling and eye pain, and the other suffering 
lasting radiation retinopathy with long-term retention 
of useful vision (2/200). Visual acuity remained stable 
in 6 (75%) patients and markedly improved in 2 (25%) 
patients. Tumor volume, assessed by MRI, remained 
stable in 5 (62.5%) patients, exhibited shrinkage in 1 
(12.5%) patient, and progressed in 1 (25%) patient.

Conclusions: Our study shows that FCRT is a safe and 
effective treatment modality for the management of 
ONSM. FCRT offers successful long-term tumor control, 
satisfactory functional outcome, and low morbidity 
related to treatment. As such, FCRT should be the 
preferred initial treatment modality for appropriately 
selected patients with presumed ONSMs. The results of 
this study also show that patients treated with FCRT for 
their ONSM may still exhibit tumor growth after several 
years of stability, suggesting the necessity of longer 
clinical and radiographic follow-up than the current 
standard of care.

Disclosure: No significant relationships.
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Purpose: To evaluate the long-term radiographic 
and clinical outcomes of fractionated conformational 
radiotherapy (FCRT) in patients with cavernous sinus 
meningiomas (CSM).

Methods: We retrospectively reviewed the clinical and 
radiographic data of 53 consecutive patients treated 
between 1990 and 2002 with FCRT for the management 
of CSM. Continuous data are summarized using medians 
and ranges.

Results: Patients were followed for 90 (range, 3-264) 
months. Of the 53 patients, 36 (68%) were female and 
17 (32%) were male, aged 52 (range, 25-81) years at 
the time of treatment. Forty-two patients (79%) were 
Caucasian, 4 (8%) were African American, and 7 (13%) 
were of other races. Extensive lesions were present in 
32 patients (60%), and 21 patients (40%) had lesions 
confined to one side of the cavernous sinus; 32 patients 
(60%) with tumors predominantly on the left and 21 
(40%) patients with right-sided CSM. Pretreatment 
tumor volume was determined in 49 patients (92.5%), 
with a median of 13.6 (0.9-60.8) cc. Fractionated 
radiation to a total dose of 5400 (3500-6500 begin_
of_the_skype_highlighting  FREE  3500-6500  end_of_
the_skype_highlighting) cGy, separated into 30 (7-46) 
fractions, was given to 52 patients (98%), and 1 (2%) 
patient received a single dose of 1000 cGy. The dose 
per fraction was 180 (117-500) cGy at an isodose line 
of 90% (70-100%). Stereotactic radiotherapy was used 
for 47 patients (89%), and conventional external beam 
radiation was given to 6 patients (11%). FCRT was 
provided as a first-line treatment in 21 patients (40%), 
and 32 patients (60%) were previously treated for their 
CSM. Of the patients who received prior therapy, 31 
patients (58%) underwent conventional surgery and 13 
patients (24%) received previous radiation. FCRT was 
used as an adjuvant treatment for 14 patients (26%), and 
21 patients (40%) had recurrence prior to FCRT. Long-
term clinical improvement was achieved in 9 patients 
(17%), 18 patients (34%) remained unchanged, and 14 
patients (26%) worsened. New cranial nerve deficits were 
observed in 7 patients (13%). Radiographic evidence of 
shrinkage was observed in 22 patients (42%), 9 patients 
(17%) had stable lesions, and 14 patients (26%) showed 
progression of their CSM at last follow-up.

Conclusions: FCRT offers adequate long-term tumor 
control, satisfactory functional outcome, and low 
treatment morbidity. Patients treated with FCRT for their 
CSM may exhibit progression of their disease, even 
after several years of stability, suggesting the necessity 
of longer clinical and radiographic follow-up than the 
current standard of care.

Disclosure: No significant relationships.
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Purpose: The purpose of this study was to evaluate 
the tumor control and efficacy of 2-stage gamma knife 
radiotherapy (GKRT) with a 3-week interfraction interval 
for inaccessible brain metastases more than 10 cc in 
volume. 

Methods: 88 patients with 94 tumors more than 10 cc 
in volume who underwent 2-stage GKRT at Rakusai 
Shimizu Hospital between May 2006 and December 
2011 were analyzed. There were 38 women (43%) and 
50 men (57%). The mean age of the patients at the time 
of GKRT was 65 years (range 30-89 years). The most 
common primary site was the lung (40 patients; 45%) 
followed by the gastrointestinal (GI) tract (19 patients; 
21%), breast (18 patients; 20%), and other locations 
(11 patients; 12%). The prescription dose was 15-16 Gy 
in two fractions. The interval between fractions was 3 
weeks. The median tumor volume before GKRT was 15.6 
(range; 10.0-41.7) cc.

Results: At the time of second session, the median 
tumor volume was 9.5 (range; 0.9-45.5) cc. The median 
volume reduction rate was 41%. The median volume 
reductions according to the primary cancer sites were 
39%, 40%, and 47% in patients with lung, GI tract, 
and breast. The tumor control rate was 85% at the 6th 
post-GKRT month, 79% at the 12th post-GKRT month. 
The overall median overall survival time (MST) was 8.3 
(95% CI 5.7-13.2) months. Distribution of MSTs across 
Recursive Partitioning Analysis (RPA) classes showed 
that MSTs were 17.7 months in Class I (8 patients), 18.3 
months in Class II (36 patients), and 5.0 months in Class 
III (42 patients). Neurological survival rate was 92% at 
the 6th post-GKRT month, 90% at the 12th post-GKRT 
month.

Conclusion: Stereotactic radiotherapy using our protocol 
can be an alternative modality in treating inaccessible 
large brain metastases.

Disclosure: No significant relationships.
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Can the karolinska adverse radiation 
effect (KARE) factor predict  
radiosurgical treatment-related  
imaging changes (trics)?
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Purpose: Post-radiosurgery lesion enlargement may occur 
in up to one-third of brain metastases. These treatment-
related imaging changes (TRICs) may not herald loss of 
metastasis control; they are often of uncertain clinical 
significance. A 10 Gy volume/tumor volume ratio of >4.09 
(KARE10) has previously been correlated with a greater 
likelihood of post-radiosurgery adverse radiation effects. 
We wanted to determine if the KARE10 factor could help 
predict post-radiosurgical TRICs.

Methods: 425 metastases in 113 patients were treated 
using Gamma Knife radiosurgery between 1/1/2007-
12/31/2009. Follow-up gadolinium-enhanced T1 MRI 
was performed every 6-12 weeks for all patients until 
death. Post-radiosurgery lesional regrowth time was 
recorded. Regrowth was defined as a 20% increase in 
volume, ignoring fluctuations in small lesions (> 108 mm3 
threshold). The KARE10 factor was calculated along with 
tumor volume, 10 Gy and 12 Gy volumes, prescription 
isodose volume (PIV), Paddick’s conformality index 
(CI), and Shaw’s CI. The KARE12 factor (12 Gy volume/
tumor volume) was also calculated. Statistical analyses 
were performed to determine the ability of each metric 
to predict TRICs.

Results: The KARE index was inversely correlated with 
TRICs. For all follow-up periods after radiosurgery (0-6, 
6-12, and >12 months), more traditional measures (TV, 
10 Gy and 12 Gy volume, PIV, and Paddick and Shaw’s 
CI’s) correlated with TRICs within 6 months but became 
less correlated in the 6-12 month period. Conversely, 0-6 
months after radiosurgery, KARE10 and KARE12 were 
inversely correlated with TRICs, but no longer correlated 
with TRICs for changes >6 months after radiosurgery. 
Furthermore, median KARE10 and KARE12 were 
smaller for those patients with a TRIC (6.38 and 4.83, 
respectively) compared to those without (8.68 and 6.54, 
p<.001 for both). When including only lesions greater 
than 1.0 cm3 (n=118) and looking at all TRICs, only 
tumor volume and PIV were significantly associated with 
TRICs.

Conclusions: Though the KARE10 factor was described 
as significantly associated with post-radiosurgery 
adverse events, we found it did not predict TRICs. 
This could be due to the KARE factor being very 
sensitive to small lesions. Additionally, as noted above, 
TRICs may not predict adverse events. Traditional risk 
measurements such as TV and PIV were best correlated 
with TRICs versus more complex factors.

Disclosure: No significant relationships.
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Objective: Despite the availability of CT-and MR-
angiography, digital subtraction angiography (DSA) 
consisting of sequential fast X-ray images during contrast 
injection remains the standard for target definition in 
radiosurgery. The advantage of the temporal information 
stored within the two-dimensional DSA studies generally 
outweighs the benefit of 3-dimensional information of 
CTA and MRA. A single anterior-posterior and lateral 
X-ray image of the early DSA-phases is selected for 
contouring of the AVM nidus in radiosurgery planning, 
which severely limits the temporal information contained 
within the DSA. In order to better visualize AVMs on 
DSA, we developed a color intensity projection (CIP) of 
DSA studies for AVM target definition.

Materials: The CIP technique summarizes the intensity 
changes over a stack of grayscale images within a single 
composite color image. Areas that have any change in 
pixel-intensity over the stack are indicated by color. The 
larger the change in intensity, the greater the saturation 
of the color.The hue of the color corresponds to the time 
at which contrast arrives at any location. CIP images 
can be generated for both the AP and lateral series 
of the DSA obtained for AVM radiosurgery, for the 
carotid and/or the vertebral arterial system.Initially CIP 
images were generated using Image J software, but 
recently a prototype software version for generating 
CIPs was included in iPlan radiosurgery planning 
software[BrainLAB, Germany].
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Results: CIP images improves the graphical display of 
the AVM nidus by a better discrimination of the feeding 
arteries and draining veins. Compared to the single 
images used to delineate the nidus in an earlyDSA phase, 
the CIP allows more prolonged visualization of the entire 
nidus in the arterial phase. Recent improvements in CIP 
generation are the scaling of the hue and saturation to 
improve the contrast of the CIPs image much the same 
way that the brightness and contrast of a greyscale 
image are adjusted to improve the contrast of structure 
in the greyscale image. When the hue is scaled by more 
than a factor of 1 the hue can be cycled, resulting in 
more detailed imaging of the AVM, allowing for e.g. 
visualization ofhigh flow direct AV shunts and slower 
flow regions within the AVM.

Conclusions: The generation of CIPs containing color-
coded time-information from the full DSA series aids in 
the visualization of the AVM nidus for radiosurgery and 
is currently undergoing clinical validation within iPlan 
radiosurgery planning software.

Disclosure: No significant relationships.
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Objectives: To evaluate the outcomes of stereotactic 
body radiation therapy (SBRT) for unresectable soft 
tissue tumors of the trunk.

Methods: Between January 2002 and December 2008, 
62 patients with unresectable soft tissue tumors of the 
trunk underwent SBRT using the Cyberknife. Among 
them 23 patients with tumors in the spinal lesions, 12 
patients with tumors in the bone were excluded from the 
study. Four patients who underwent SBRT as boost after 
conventional external beam radiation therapy were also 
excluded. Twenty-three patients with 36 lesions located 
in the truck were retrospectively studied. Among the 36 
lesions, 5 were benign and 31 were malignant. For the 
benign cases, 3 patients had recurrences after previous 
surgeries, and 2 patients had symptoms needed to be 

resolved. Five reirradiated cases were also included. The 
median tumor volume was 24 cm3 (range, 2.6-214 cm3). 
SBRT doses for nonreirradiated patients ranged from 
20 to 48 Gy in 1-3 fractions, with median biologically 
equivalent dose (BED) of 82 Gy10 (range, 43-125 Gy10). 
SBRT doses for reirradiated patients ranged from 24 
to 40 Gy in 3-5 fractions, with median BED of 60 Gy10 
(range, 43-90 Gy10). Toxicities were investigated and 
graded according to the Common Terminology Criteria 
for Adverse Events (CTCAE) v4.0.

Results: With a median follow-up of 73 months, the 
overall survival (OS) and local control (LC) rates at 5 
years were 39% and 52%, respectively. For malignant 
tumors, OS and LC rates at 5 years were 28% and 
47%, respectively. For benign tumors, OS and LC rates 
at 5 years were 80% and 100%, respectively. None of 
the patients treated for benign tumors needed further 
treatment. For reirradiated cases, local recurrence 
occured in all lesions within 2 years, and all patients 
expired within 3 years. There were no acute toxicities 
of ≥grade 3. Grade 3 late skin toxicity was reported in 
one reirradiated case 10 months after SBRT. There were 
no radiation-induced secondary malignancies observed. 

Conclusion: SBRT is an effective treatment modality 
for unresectable soft tissue tumors of the trunk without 
severe toxicity. SBRT may also have a role for soft tissue 
tumors of benign nature.

Disclosure: No significant relationships.
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Objective: To analyses the result of Linac rasdiosurgery 
(LRS) for the treatment of intracranial benign lesions and 
to assess possible factors related to the complications. 

Methods: The authors retrospectively reviewed 204 
patients treated LRS between May 1993 and December 
2003. The study determined the correlation between 
radiosurgical complications including imaging changes 
after LRS and multiple factors such as radiosurgical 
parameters, location, volume and sharp. We divided 
into three groups by MRI imaging changes and clinical 
symptom. Group1 (Gr.1): Imaging change only. Group2 
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(Gr.2): Imaging change with transient symptoms. Group3 
(Gr.3): Image change with permanent symptoms.

Result: 93 patient with AVM: Gr.1, 8cases (8.6%), Gr.2, 
1cases (1.1%), Gr.3, 2cases (2.1%). A significantly 
higher incidence of imaging change was noted in patient 
with AVM volumes greater than 10cc, irregular sharp 
of nidus and deep location. 58 patients with VS: Gr.1, 
6cases (10.3%), Gr.2, 1cases (1.8%), Gr.3, 2cases 
(3.4%). Imaging changes were seen mostly tumor 
volume greater than 5cc. 53patients with meningioma: 
Gr.1, 4cases (7.5%), Gr.2, 2cases (3.7%), Gr.3, 0case. 
Imaging changes were seen mostly in convexity, 
parasaggital, and falx meningiomas that were deeply 
embedded in the cortex. The symptom continued 
until last serial observation in four cases. We used 
various interventions in these patients include steroid, 
anticoagulant, surgical removal, and hyperbaric oxygen 
therapy; but these therapy was not effective. 

Conclusion: LRS for each disease seems to be safe and 
effective treatment. However, once serious radiation 
injuries occur there is no effective therapy and it is 
important to have appropriate patients selection for 
radiosurgery. 

Disclosure: No significant relationships.
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Clinical characteristic and stereotactic 
radiosurgery of canvernous sinus 
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Objective: To evaluate the role of stereotactic 
radiosurgery (SRS) in the treatment of cavernous sinus 
hemangiomas.

Methods: The records of 33 patients who underwent 
SRS for cavernous sinus hemangioma were reviewed.10 
patients had undergone prior tumor resection. 23 
underwent radiosurgery on the basis of imaging 
diagnosis only. The mean diameter of the 33 tumors was 
29 mm. (range 12 ∼ 65mm).The mean marginal dose 
was12.5 Gy (range, 9 ∼ 16Gy), and the mean prescription 
isodose configuration was 47.7%.

Results: 32 patients had been followed for 6 to135 
months (mean: 46months).Neurological symptoms or 
signs improved or dismissed in 30 patients (93.8 %), 

a stable lesion in 2 patients (6.2%).No other cranial 
nerve dysfunction symptoms appeared.On imaging, the 
hemangiomas almost disappeared in 9(28.1%),shrank 
in 21 patients (65.6%),remained stable in 2 patients 
(6.7%). Tumor growth control was achieved in all 
patients(100%).2 patients because of the big tumor 
volume for fractionated gamma knife treatment. 

Conclusion: The use of SRS to treat cavernous sinus 
hemangiomas resulted in a high rate of tumor control 
and functional improvement.

Disclosure: No significant relationships.
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Abstract Goal: To evaluate the clinical benefit and 
imaging response of bevacizumab when used to 
treat refractory adverse radiation effects (ARE) after 
stereotactic radiosurgery.

Methods: Twenty-nine patients with ARE were treated 
with bevacizumab were identified retrospectively after 
SRS for brain tumors or vascular malformations. 
Patients received an average dose of 7.4mg/kg over 5.7 
weeks at 14.8 weeks following SRS. Initial diagnosis, 
SRS therapy, bevacizumab treatment protocols, pre- and 
post-bevacizumab T2/FLAIR, T1 post-Gd-enhancement 
lesion volumes as well as symptoms were measured. 
Lesional volumes based on T2/FLAIR and post-Gd-
contrast enhancement MRI were used to calculate a 
percent change following bevacizumab treatment.

Results: Twenty of twenty-nine patients had clinically 
symptomatic ARE, and eighteen improved following 
bevacizumab therapy. Twenty-six of twenty-nine patients 
demonstrated average decrease of 62% in T2/FLAIR 
volumes and 50% decrease in magnetic resonance 
imaging (MRI) intravenous contrast enhancement 
volumes. Two patients showed progression of the 
T2/FLAIR and contrast enhancement volumes. One 
patient had progression of post-Gd-enhancement but 
regression of T2/FLAIR volume. Symptoms recurred 
in 11 of the 20 symptomatic patients after cessation of 
therapy. Maximal benefit was seen 3.5 months following 
initiation of treatment. No adverse events attributable 
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to bevacizumab were reported. Patients who relapsed 
received a lower marginal dose during SRS.

Conclusions: Prior reports indicate that bevacizumab 
may reduce both symptoms and reactive imaging 
changes in patients with ARE. We also found a major 
decrease in T2/FLAIR and contrast-enhanced lesion 
volumes. We have previously reported the long term 
benefit of a combination of pentoxyphylline and vitamin 
E in patients with suspected radiation injury. The current 
results support the use of bevacizumab in patients with 
refractory ARE unresponsive to initial corticosteroids 
followed by a trial of pentoxifylline and vitamin E. A 
prospective trial seems indicated.

Disclosure: No significant relationships.
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Purpose: Nasal and paranasal malignant tumors often 
involve skull base and critical structures including 
cranial nerves. This study reported the treatment results 
of Novalis fractionated stereotactic radiotherapy (SRT). 
Indication of SRT is classified into 4 situations, including 
(i) focal relapse after other radiation therapies, (ii) 
tumors involving or adjacent to the optic apparatus, (iii) 
tumors thought to need high dose per fraction, and (iv) 
palliation in elderly patients.

Methods: Thirty-two patients with nasal and 
paranasal malignant tumors were treated by SRT. 
Mean age of the patients was 59 (range, 15 to 88) 
years. Histological diagnosis included squamous cell 
carcinoma in 11 patients, adenoid cystic carcinoma in 
11, adenocarcinoma in one, malignant melanoma in 3, 
and olfactory neuroblastoma in 6. Residual or recurrent 
tumors were treated in 25 patients after other radiation 
therapy. In addition, SRT was as an initial irradiation in 
7 (5 involving visual apparatus and 2 with malignant 
melanoma). In case SRT was done for recurrent tumors 
arising in the previous irradiation field, 35 to 48 Gy in 10 
to 20 fractions were delivered. The mean volume of the 
treated tumors was 63 ml (range, 9 to 300 ml).

Results: A median follow-up period of 23.5 months 
(range, 1.5 to 63 months) was obtained in all 32 patients. 
Thirteen patients were dead and 19 patients were alive. 
The tumor was treated again by second Novalis SRT at 
22 and 28 months after the first SRT respectively in 2 
patients. In one of these 2 and other 2 patients, tumors 
developing outside the treatment field were treated at 10, 
30, and 39 months after SRT respectively. In addition, in 
other 2 cases, CyberKnife SRT (23 and then 36 months) 
and convenitional irradiation (4 months) were performed 
for newly developed tumors outside the Novalis treatment 
field. In one case, lung metastasis was repeatedly treated 
(5, 12, 39, 45, 56, and 64 months). The control rate of 
the local tumors by the 1st SRT at 1-year, 2-year, and 
3-year were 81%, 64%, and 55% respectively. In all 4 
cases, the tumors treated by second Novalis were stable 
after repeat SRT. Overall survival rate at 1-year, 2-year, 
and 3-year were 84%, 85%, and 57%.

Conclusion: In selected patients, Novlais SRT is 
thought to be a safe and effective treatment option for 
nasal and paranasal malignant tumors. Close follow-up 
observation and timely assessment for tumor relapse 
may prolong patients’ survival.

Disclosure: No significant relationships.
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Introduction: The AJCC staging system has recently 
updated the staging of multiple lung lesions located in 
one lobe (T3), in different lobes on ipsilateral side (T4) 
and bilateral lesions (M1a) in order to better reflect on the 
outcome of these patients. ESMO guidelines have stated 
that synchronously detected lesions should be treated as 
synchronous primary tumors, and a curative approach 
for both lesions may improve survival. The majority 
of patients with synchronous double lung tumors are 
elderly and exhibits multiple co-morbidities, rendering 
them unfit for surgery of both lesions. We analyzed the 
clinical outcome in such patients who were treated with 
SABR as a single modality for both lesions (N=57) or in 
combination with surgery for the second lesion (N=6).
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Methods: SABR was performed in 63 patients with 
synchronous early stage double tumors at the VUmc 
from 2003 – 2012. All patients were discussed in a 
multi-disciplinary tumor board, and staging FDG-PET 
scans were available for all patients. A pathological 
diagnosis was available for both lesions in only 5%, and 
in one of both lesions in 49%. SABR was delivered to a 
total dose of 54-60 Gy in 3-12 fractions for all lesions. 
Clinical outcome, including survival, patterns of relapse 
and toxicity (CTC v4.0) was evaluated. A sub-analysis 
was performed for ipsilateral and bilateral synchronous 
lesions.

Results: Median overall survival of the 63 patients was 
31 months, with an actuarial survival rate of 40% at 3 
years. Overall lesional local control was 79% after 3 
years. Local control correlated significantly with tumor 
size (p=0.005), number of fractions (p=0.013) and with 
location of lesions (p=0.004). Lesional control at 3 years 
for bilateral lesions was 92% versus 62% for ipsilateral 
lesions (p=0.009). Regional- and distant failures were 
observed in 17% and 46% at three years, respectively. No 
physician-reported grade ≥3 early toxicity was observed. 
Late grade 3 toxicity was reported in 3 patients (5%), 
and consisted of pneumonitis (n=1), rib fracture(n=1) 
and pain of the thoracic wall(n=1). No grade 4 or 5 late 
toxicity was reported.

Conclusion: Curative treatment using SABR for both 
lesions (or combined with surgery) offers the chance 
of long-term survival. Severe toxicity of SABR for 
synchronous double tumors was uncommon, and 
not different from that reported for single lesions. The 
disappointing local control rate observed after SABR for 
ipsilateral double lesions was independent from SABR 
fractionation scheme, and will be investigated in more 
detail.

Disclosure: No significant relationships.
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Is it important to use monte carlo 
calculations for radiosurgery of the 
clivus?

A.K. Ho1, S.G. Soltys1, S.D. Chang2 

1Radiation Oncology, Stanford University, Stanford/CA/

UNITED STATES OF AMERICA, 2Neurosurgery, Stanford 

University, Stanford/CA/UNITED STATES OF AMERICA

Objectives: We sought to determine if dosimetric 
differences exist between Ray-Trace (RT) and Monte-
Carlo (MC) calculation algorithms for radiosurgery for 

tumors of the clivus, given their proximity to air-tissue 
inhomogeneity.

Methods: We retrospectively identified 6 patients with a 
tumor of the clivus where the target was located near an 
air-tissue interface. CyberKnife treatment was delivered 
in 1 to 5 fractions. Plans originally calculated with the RT 
algorithm were re-calculated with the same monitor units 
(MU) with the MC algorithm. Similarly, plans originally 
calculated with MC were recalculated with RT. MC 
calculations were performed using High Resolution with 
2% uncertainty on the MultiPlan 4.6 planning system. 
If the RT plans were originally calculated using water-
air density model, they were re-calculated with Body 
standard density model, and then compared with MC 
plans computed with Body standard density model. The 
maximum dose (Dmax) to the planning target volumes 
(PTV) and critical structures, minimum dose (Dmin) and 
coverage percentage for the PTV were calculated.

Results: For the PTV, MC target coverage was a median 
of 4% (range, 0-13%) less than for RT. MC PTV Dmin was 
a median 6% (range, 1-10%) and Dmax a median 6% 
(range, 4-9%) higher than for RT. Similarly, the dose to 
critical structures (optic pathways and brainstem) was a 
median 9% (range, 3-27%) higher with MC as compared 
to RT. The degree of differences depends on the location 
of the target relative to the air-tissue inhomogeneity.

Conclusion: Monte Carlo dose calculations are 
recommended for targets near tissue homogeneity such 
as the clivus. Assuming that Monte Carlo more closely 
approximates the true dosimetry, the use of Ray Trace could 
both overestimate target coverage and underestimate dose 
to critical structures. Analysis of the clinical correlates of 
worse tumor control and higher toxicity is ongoing. 

Disclosure: No significant relationships.
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Dosimetric comparison between gamma 
knife  plans and intensity-modulated 
radiotherapy plans for benign intracranial 
tumors

H. Nakazawa1, Y. Mori2, T. Tsugawa1, M. Hagiwara1, 
M. Komori3, Y. Uchiyama1, T. Kobayashi1,  
C. Hashizume1 

1Nagoya Radiosurgery Center, Nagoya Kyoritsu Hospital, 
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Purpose: Excellent clinical treatment results for various 
brain lesions by stereotactic irradiation, including both 
Gamma Knife (GK) stereotactic radiosurgery (SRS) 
and linear accelerator–based (LINAC) fractionated 
stereotactic radiotherapy (SRT) such as Novalis, have 
been reported. Novalis is equipped with sophisticated 
patient setup system and LINAC radiation delivery system, 
including intensity modulation (IM), useful for SRT. 
On the other hand, recent GK Perfexion(PFX) features 
composite collimator shots, besides multi-isocenter 
technique, for better target conformality. In addition, 
Extend system for GK-SRT, without invasive skull frame 
fixation, was developed. In this study, the dosimetric 
results of these two modalities were compared from the 
viewpoint of conformity, heterogeneity, and gradient in 
target covering.

Methods: Fourteen patients (skull base meningioma 
[9], craniopharyngiomas [4] and pituitary adenoma [1]) 
were originally treated by Novalis IM-SRT from April 
2011 through June 2012. Treatment planning was made 
on iPlan workstation. Five- to 7-beam IM-SRT in 14 to 18 
fractions with fraction dose of 2.5 or 3 Gy was performed. 
With these patients’ data, additional treatment planning 
simulation using GammaPlan workstation for PFX-SRT 
was performed. Reference CT images with planning 
structure contour set including planning target volume 
(PTV) and those of organs at risk (OAR), which had been 
used on iPlan for actual Novalis treatment, were exported 
to GammaPlan in DICOM-RT (digital communications in 
medicine–radiation therapy) format. Dosimetric results 
in both Novalis IM-SRT and PFX-SRT were evaluated 
using indices including target coverage, CI (conformity 
index), HI (homogeneity index), and GI (gradient index), 
while the same prescription dose would be used.

Results: The PTV volume ranged from 2.3 to 102.2 cc 
and isocenter number of PFX was between 12 and 50 at 
the isodose contour of 45% to 60%. The PTV coverage 
ranged from 95% to 99% for Novalis and from 94% to 
98% for PFX. The CI was 1.11-1.61 and 1.04-1.15, the 
HI was 1.1-3.62 and 2.3-3.25, and the GI was 3.72-7.97 
and 2.54-3.39 in Novalis and PFX respectively.

Conclusions: PTV coverage by both Novalis and PFX 
was almost equivalent. However, CI, HI, and GI for the 
PTV had significant differences. PFX was superior in 
CI and GI, and Novalis was better in HI. The outcome 
of this study showed that better conformality would be 
achieved by multi-isocenter PFX, if we don’t mind the 
homogeneity inside the tumors. 

Disclosure: No significant relationships.
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Treatment of brainstem metastases with 
gamma-knife radiosurgery

M. S ¸engöz1, I. Arslan Kabalay2, E. Tezcanli1,  
S. Peker3, N. Pamir3 

1Radiation Oncology, Acibadem University, Istanbul/TURKEY, 

2Radiation Oncology, Marmara University, Istanbul/TURKEY, 

3Neurosurgery, Acibadem University, Istanbul/TURKEY

Purpose: The aim was to investigate the efficacy and 
safety of gamma-knife stereotactic radiosurgery (SRS) 
for treating brainstem metastases.

Methods: The cases of 44 patients who underwent 
SRS as treatment for 46 brainstem metastases were 
retrospectively evaluated. The median age was 57 
years (range, 42-82 years) and the median Karnofsky 
performance score (KPS) was 80 (range, 60-90). The 
primary tumor was lung carcinoma in 28 cases, breast 
carcinoma in 7 cases, colon carcinoma in 3 cases, renal 
cell carcinoma in 3 cases, malignant melanoma in 1 case, 
and unknown origin in 2 cases. Of the 46 metastases, 30 
were in the pons, 14 were in the mesencephalon, and 2 
were in the medulla oblongata. The median volume of 
the 46 metastases was 0.6 cc (range, 0.34-7.3 cc). The 
median marginal dose of radiation was 16 Gy (range, 
10-20 Gy). Twenty-three patients (52%) received whole-
brain radiotherapy prior to SRS, and 6 (14%) received 
this therapy after SRS. In the remaining 15 cases (34%), 
SRS was applied as the only treatment. Recursive 
Partitioning Analysis, Graded Prognostic Assessment, 
and Basic Score for Brain Metastases were used to 
predict survival time.

Results: Local control was achieved for all but two of the 
46 metastases (96%). The overall survival time after SRS 
was 8 months. Female gender, KPS>70, mesencephalon 
tumor location, and response to treatment were 
associated with longer survival. Basic Score for Brain 
Metastases class I and Recursive Partitioning Analysis 
classification were associated with better prognosis. 
Radiation necrosis was detected radiologically at 2 (4%) 
of the metastatic lesion sites but neither of these patients 
exhibited symptoms.

Conclusion: Gamma-knife radiosurgery is effective and 
safe for treating brainstem metastases.

Disclosure: No significant relationships.
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Abstract: 123

SRS is an effective and primary 
treatment for  brain steam metastases

K. Sallabanda, J. Samblas, J.A. Gutierrez Diaz,  
J.C. Bustos 

Neurosurgery-radiosurgery, IMO Instituto Madrileño de 

Oncologia, Madrid/SPAIN

Purpose: The incidence of brainstem metastasis (BSM) 
accounts for 1-3% of brain metastases (BM). They are 
often associated with multiple brain metastases (BM) 
and produce significant neurological symptoms. We 
retrospectively analyze the results of treatment with 
stereotactic radiosurgery (SRS).

Methods: and Material: We included the medical records 
of 36 patient’s median age 51.50 years, 23 (63.9%) 
were women. The most frequent primary tumors: breast 
(n=14), lung (n=12) and melanoma (n=4). A total of 38 
BSM were treated with radiosurgery (SRS), with linear 
accelerator (Linac Scalpel-University of Florida). The 3D 
planning was with image fusion.

Results: The median time from the diagnosis of the 
primary tumor to the BM was 15 months, 9 cases were 
diagnosed simultaneously. 33 patients (91.7%) received 
whole brain radiotherapy, 24 before SRS and 9 after. The 
most usual dose was 30 Gy. Three patients underwent 
another SRS for other BM[M1] . The median volume of 
BSM was 546,6 mm3. The median prescribed dose was 
1100 cGy. The tumor volume did not change significantly 
with SRS but there was neurological improvement in 12 
patients (48%). 29 patients (85.3%) died, 26 (86,7%) 
due to the primary tumor: 16 cases (55,2%) due to 
progression of BM, 1 case due to progression of BSM 
and 10 due to local tumor progression or extra-cerebral 
metastases.[M2] Median survival from diagnosis of BM 
was 17 months and from SRS of BSM, 5,6 months 

Conclusion: The SRS is effective and primary treatment 
in the control of BSM, (only one patient [M3] died due 
to progression of BSM), improving the neurological 
symptoms in 48% of patients, there for an early 
diagnosis and treatment is important. Many patients 
die due to causes other than the BSM. WBRT can be 
useful to increase the local dose and to control the other 
brain metastases. Key word: Brainstem metastasis, 
stereotactic radiosurgery. 

Disclosure: No significant relationships.
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Feasibility of radiosurgery for multiple 
lesions

I. Paddick 

Gamma Knife Centre, Cromwell Hospital, London/UNITED 

KINGDOM

Purpose: Arguably the most significant shift in 
radiosurgical opinion in the last decade is the increasing 
acceptance to treat multiple (>3) brain metastases by 
radiosurgery. However, this technique still has many 
critics. This disapproval may be partly attributed to a 
misunderstanding of the technique and partly due to 
experiences with some radiosurgical techniques that do 
not lend themselves to easy and efficient radiosurgery 
of multiple lesions. In order for radiosurgery of many 
lesions to be feasible, the treatment procedure should not 
take an unreasonable time or drain staffing resources. It 
needs to expose normal tissue to an acceptable level and 
has to give clinical benefit to the patient.

Methods: Dosimetric analysis of two groups of 
consecutive multiple lesion treatments were made; 131 
patients treated with the Gamma Knife Model B (mean 
and median number of targets per patient; 5.3 and 3.0) 
and 177 with the Perfexion (mean and median number of 
targets per patient; also 5.3 and 3.0). Mean dose to the 
whole head was compared against the total number of 
metastases treated, the total target volume treated and 
the Gamma Knife model used. Dose volume histograms 
(DVHs) were obtained for conventional parallel-opposed 
linac whole brain radiotherapy (WBRT) and intensity 
modulated WBRT, which provided a 10Gy boost to 
metastases. These were compared with a DVH for a 
Gamma Knife Perfexion treatment of 28 metastases.

Results: No correlation was found between the mean 
dose to the head and the total number of metastases 
treated. A poor correlation was found between dose 
to the head and the total volume of metastases. The 
Gamma Knife Perfexion gave lower doses to the head 
(mean 1.03Gy, median 0.90Gy), when compared with 
the Model B (mean 1.23Gy, median 1.10Gy). DVHs from 
three different treatment modalities showed a dramatic 
difference to the mean dose to the head, with the Gamma 
Knife plan giving an order of magnitude less dose to the 
head.

Conclusions: Radiosurgery for multiple lesions, when 
performed with the Gamma Knife, gives a low dose to 
the normal brain, allowing safe disease management via 
multiple treatments if necessary. This data negates the 
concept that radiosurgery is a one time treatment. The 
implied disadvantage of radiosurgery, with higher rates 
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of distant recurrences when compared with WBRT, is no 
longer an issue if treatments can be safely repeated up 
to several times when required.

Disclosure: No significant relationships.
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Advanced imaging for the diagnosis, 
treatment planning and evaluation in the 
radiosurgery clinic: an illustrative case

D.Y. Tan1, J. Thomas2, J.Y.H. Teh1 

1Radiation Oncology, National Cancer Centre Singapore, 

Singapore/SINGAPORE, 2Neurosurgery, NNI, singapore/

SINGAPORE

Objective: Recent advances in molecular imaging have 
expanded their scope in clinical practice. We describe a 
case of a symptomatic skull base tumor with chondroid 
features in a patient who refused all invasive intervention 
for diagnosis and treatment. She was managed in a 
multi-disciplinary setting in close collaboration with 
nuclear medicine physicians and has had a favorable 
outcome. Scan images, treatment plan and prescription 
details will be provided. 

Materials: A healthy 46-year-old female presented in 
Feb’08 with mild headache, giddiness and right-sided 
tinnitus associated with mild ipsilateral hearing loss. MRI 
of the IAM showed a 25mm contrast-enhancing lesion 
extending between the right jugular foramen, along the 
posterior aspect of the temporal bone and reaching the 
right cerebello-pontine angle, associated with diffuse 
thickening and enhancement of the leptomeninges. She 
was observed as a meningioma case with serial MRIs 
showing slow or negligible growth over 3 years with 
stable symptoms. A separate neurosurgical opinion 
and CTs of the IAMs and Brain in Sept’11 showed a 
heterogenous expansile mass of stable size centred in 
the right occipital bone, with portions demonstrating 
a chondroid matrix. The diagnostic challenge was to 
exclude a chondroid tumor such as chondrosarcoma 
which would require higher doses of radiation since 
she continued to refuse biopsy and surgery. Gallium-68 
DOTATATE PET-CT scan was done in March 2012 when 
she subsequently developed vertigo and increased 
tinnitus and sought treatment. The tumor was Ga-68 
DOTATATE-avid with no evidence of avidity elsewhere, in 
keeping with a meningioma expressing SSR-2 receptors 
rather than a chondroid tumour. An Iodine-131 MIBG 
scan was done following Neurooncology Conference to 
differentiate between paraganglioma and meningioma 
and this was negative. The lesion was most likely a 

symptomatic low grade meningioma as evidenced by 
slow or absent growth over 4 years. The lesion was 
contoured using both MRI and PET images on Brainlab’s 
iplan software and 50.4Gy Stereotactic Radiation 
Therapy was delivered to the PTV in 28 fractions. 

Results: SRT was well tolerated with resolution of vertigo 
during treatment, stability of hearing, but increase of 
right-sided tinnitus. Repeat Ga-68 DOTATATE PET-CT 
and MRI at 6 months will be reported. 

Conclusion: This case illustrates the usefulness of 
modern imaging in clinching a diagnosis, guiding 
target delineation and prescription, and possibly in 
evaluating treatment response, without being invasive. 
As radiosurgical cases are often complex and surgical 
access sometimes unfeasible, radiosurgeons should 
be aware of imaging advances and work with imaging 
specialists for the benefit of patients.

Disclosure: No significant relationships.
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Cyberknife radiosurgery for 
intramedullary spinal cord metastasis

S. Mizumatsu 

Cyberknife Center, General Aoyama Hospital, Toyokawa/

JAPAN

Purpose: This study evaluated CyberKnife Radiosurgery 
(CKR) for the treatment of intramedullary spinal cord 
metastasis (ISCM). 

Methods: The subjects were 9 patients (4 men, 5 women) 
with ISCM who underwent CKR between 2011 and 2012. 
The mean age at presentation was 63 years old (46-72 
years old). The primary lesions were lung cancer in 4 
patients (3 small cell, 1 non-small cell), breast cancer in 
3, colon cancer in 1 and renal cell carcinoma in 1 patient. 
The lesions were located at the cervical cord in 6 cases 
and the conus medullaris in the other 3 cases. The times 
to start of CKR from the diagnosis of ISCM were within 
4 days in 3 cases, 2-3 weeks in 5 cases and 1.5 months 
in 1 case. All patients were symptomatic at the time of 
ISCM diagnosis.

Results: Tumor volume ranged from 0.48 to 2.9 cm3 

(mean 1.9 cm3). We delivered 20Gy to 30Gy (mean 
24.6Gy) in 5 fractions. 50% survival time was 3-4 months 
after CKR. Six patients died due to systemic disease. 
There were no local recurrences and no worsening of 
pretreatment symptoms except for the lack of steroid 
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after CKR. The all patients, that CKR was started within 
4 days from diagnosis, had weakness improvement after 
CKR.

Conclusion: Early diagnosis and early treatment are 
important in ISCM. CKR is a feasible, safe, and effective 
modality for the treatment of ISCM.

Disclosure: No significant relationships.
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Linac radiosurgery for the treatment 
of radiation induced-meningioma: a 
comparative study

Y. Shoshan1, R. Sharif1, N. Adika1, I. Ospovat2,  
A. Wygoda2, M. Wygoda2 

1Neurosurgery, Hadassah Hebrew University Medical Center, 

Jerusalem/ISRAEL, 2Radiation Oncology, Hadassah Hebrew 

University Medical Center, Jerusalem/ISRAEL

Objective: Stereotactic radiosurgery can be useful for the 
treatment of radiation–induced meningioma (RIM’s). Our 
goal was to compare the clinical and imaging outcomes 
of RIM patients with those of Sporadic Meningiomas 
(SM’s) patients who underwent radiosurgery.

Methods: Forty-four patients harboring 99 RIM’s and 
228 patients with 279 SM’s were treated consecutively 
by stereotactic radiosurgery in our institution between 
March 2004 and January 2011. Clinical and radiological 
followup (mean 63.04 months, range, 22-80) was 
completed in total of 240 patients (88%). Study groups 
were comparable for age (63.2 (29-82) and 60.6 (21-
92)), sex (30 (68%) and 156 (68%)) female) and for 
previous surgery (27 (61%) and 140 (61%)) for RIM’s 
and SM’s respectively. All RIM’s patients had history of 
low dose scalp irradiation; estimated latency period is 40-
45 years. Multifocal meningiomas observed in 16 (36%) 
and 25 (11%) patients with RIM’s and SM’s respectively 
(p<0.0001). Nine (21%) RIM’s and 29 (13%) SM’s 
patients had either atypical or malignant tumors (p<0.4). 
Median tumor volume was 6.1 cc (range, 0.7-20.5) and 
7.7 cc (rang 0.2-52.5), and mean tumor marginal dose 
was 14.3 Gy (range, 12-17.5 Gy) and 13.52 Gy (range, 
12-18 Gy) for RIM’s and SM’s respectively. Radiological 
control rate was assessed by volumetric measurements 
on Ax3DT1+Gd. followup MRI.

Results: Four RIM’s patients (2 pts. with WHO II,) and 
11 SM’s patients (2 with WHO II and one with WHO III) 
expired during follow-up period, 7 deaths were related 
to progression disease. Neurological deterioration was 

observed in 9/38 (24%) of RIM’s patients and 13/200 
(7%) of SM’s patients (p<0.0036). The overall procedure-
related complication rate was 10% and 4% for RIM’s, 
and SM’s patients respectively (p<0.008). Complications 
were mainly related to symptomatic peritumoral edema, 
mostly transient. The radiological tumor local control 
rate was 77% and 93% for RIM’s and SM’s patients 
respectively (p<0.018).

Conclusion: When compared to spontaneous 
meningiomas, radiation-induced meningiomas manifest 
with significantly higher multifocal disease and tendency 
for WHOII/III histology. Stereotactic radiosurgery 
for RIM’s results more frequently in neurological 
deterioration, post-radiosurgery complications and 
radiological recurrent disease particularly in non-
benign meningiomas. However, in RIM’s patients 
whose tumor affect critical structures and/or are poor 
surgical candidates, stereotactic radiosurgery provide 
satisfactory clinical and radiological control rates.

Disclosure: No significant relationships.
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Comparison between surgical resection 
and stereotactic radiosurgery in patients 
with a single brain metastasis from  
non-small cell lung cancer

É. Bougie-Richardson1, L. Masson-Coté2,  
D. Mathieu1 

1Neurosurgery, Centre Hospitalier Universitaire de 

Sherbrooke, Sherbrooke/QC/CANADA, 2Radiation Oncology, 

Centre Hospitalier Universitaire de Sherbrooke, Sherbrooke/

QC/CANADA

Purpose: The optimal management of patients with 
single brain metastasis from non-small cell lung cancer 
(NSCLC) remains controversial. Surgical resection and 
stereotactic radiosurgery (SRS) are both used in the 
treatment of such lesions. This study was conducted 
in order to compare both modalities in terms of local 
control and survival.

Methods: 115 patients with single brain metastasis from 
NSCLC were treated with either resection or SRS at our 
institution between 2004 and 2011. Median age was 61 
years, 46% were male, and 69% had adenocarcinoma 
histology. 43 patients underwent resection and 72 
underwent SRS using a median marginal dose of 18 
Gy. Most surgical patients had adjuvant post-operative 
irradiation. 63% of patients in the resection group had a 
synchronous presentation of their brain metastasis and 
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lung primary, compared with 56% of those treated with 
SRS. Almost 60% of patients treated surgically had an 
aggressive management of their thoracic disease with 
curative intent compared with only 47% of patients in 
the SRS group.

Results: With a median follow-up of 10 months, local 
control was 72% in the surgical group compared to 78% 
in the SRS group (p=0.992). The 6-, and 12-month local 
control rates were 83.5% and 72.9% for resection and 
90.8% and 65.5% for SRS. Four (5.6%) patients treated 
with SRS and 6 (13.9%) who underwent resection had 
clinical complications following their treatment. The 
median survival for patients treated with resection and 
SRS were 13.3 months and 7.8 months, respectively 
(p=0.047). Actuarial 6-, 12- and 18-month survival rates 
were 76.2%, 58.9% and 38.8% for resection and 60.1%, 
36% and 24.6% for SRS. Multivariate analyses revealed 
aggressive treatment of the primary lung tumor to be an 
independent factor associated with prolonged survival 
in patients undergoing resection. Patients in the SRS 
group with asynchronous metastasis showed a better 
prognosis. Patients with asynchronous presentation 
usually benefited from a more aggressive management 
of their primary NSCLC compared to those with 
synchronous disease. 

Conclusions: Based on a more aggressive management 
of their lung primary, patients with a single brain 
metastasis undergoing surgical resection had a survival 
advantage over those managed with SRS. Since resection 
and SRS achieved comparable local control of brain 
disease, we believe that patients treated with SRS should 
benefit from an equally aggressive treatment of their 
primary NSCLC, as aggressive thoracic management 
seems to be the most important survival predictor in this 
population.

Disclosure: No significant relationships.
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Cine-MRI analysis: a novel technique to 
explore radiation effects after stereotactic 
radiotherapy of brain metastases

R. Wiggenraad1, P. Bos1, A. Verbeek- De Kanter1,  
G. Lycklama A Nijeholt2, J. Van Santvoort1,  
H. Struikmans2 

1Radiotherapy, RCWEST, The Hague/NETHERLANDS, 

2Radiology, Medical Center Haaglanden, The Hague/

NETHERLANDS

Purpose: Stereotactic radiotherapy (SRT) of brain 
metastasis can lead to lesion growth after varying time 
intervals. The pathophysiology of this radiation effect, 
that has to be distinguished from regrowth of the tumor, 
is not well understood. We made cine-loops of serial 
MRI scans of patients with this effect in order to describe 
the evolution of SRT associated changes.

Methods: Ten patients who had received SRT of brain 
metastases were selected from our departmental 
database. They had been treated on a Novalis (Brainlab, 
Feldkirchen, Germany). Patients received either single 
doses of 21Gy or 18Gy or three doses of 8Gy. Selection 
criteria for this study were: lesion growth after SRT not 
caused by tumor progression and the availability of at 
least five three-monthly follow-up MRI scans. For the 
cine-loops we used post-gadolinium 3D T1 weighted 
images. These MRI scans were co-registered using iPlan 
4.5 (Brainlab). From the pre-SRT MRI the axial slice with 
the largest lesion diameter was selected. For the cine-
loop we copied the corresponding follow-up MRI images 
into Microsoft Windows Movie Maker (Microsoft Corp. 
Redmond USA), put them in chronological order and 
used the fading mode for the transitions between the 
separate slices. The ten MRI cine loops were interpreted 
in a joint meeting of the authors.

Results: In all patients the cine-loops were found to 
be superior to the separate MRI’s for describing and 
interpreting the events after SRT. The sequence of events 
showed a similar pattern in all patients, but the timing of 
the observed events varied. In the movies we saw partial 
or complete regression of the metastasis first, followed 
by an enlarging area of contrast enhancement in the 
surrounding brain tissue. In five patients the volume 
of this enhancement eventually decreased. Histological 
examination of the enhancing tissue was possible in 
two patients and confirmed the existence of radiation 
necrosis without residual tumor.

Conclusions: Cine-loop MRI analysis enabled better 
understanding of the changes that develop in follow-
up MRI scans after SRT of brain metastases. The cine-
loops showed a typical growth pattern after SRT with a 
gradually expanding area of contrast enhancement in the 
brain tissue surrounding the shrinking metastasis.

Disclosure: No significant relationships.
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Whole-brain radiotherapy versus 
stereotactic radiosurery in cerebral  
lung cancer metastases

C.M.T. Sagerup, Å. Helland, O.T. Brustugun 

Dept Of Oncol, The Norwegian Radium Hospital,  

Oslo/NORWAY

Background and Purpose: Lung cancer is the most 
common cause of brain metastases. Stereotactic 
radiosurgery (SRS) is increasingly utilized in the 
treatment of brain metastases, and is in our institution 
delivered via linear accelerator. We compared median 
overall survival (mOS) in lung cancer patients who 
received either SRS alone, SRS combined with whole 
brain radiation therapy (WBRT) or WBRT alone for 1- 3 
cerebral metastases. Material an.

Methods: We conducted a retrospective review of lung 
cancer patients with 1-3 MRI-verified brain metastases 
of a diameter of 50 mm or less treated with SRS (+/- 
WBRT) in the period 2007-2011 and an identical group 
treated with WBRT only in the period 2004-2006. SRS 
was not offered in our institution until 2007, so the 
earlier time period for collection of WBRT patients was 
chosen to avoid a retrospective selection bias for either 
WBRT or SRS based on prognostic factors.

Results: 52 patients were found to fulfill the inclusion 
criteria in the WBRT only group, whereas 111 
consecutive patients were included in the SRS group. 
Median age and female percentage in the WBRT only 
patients vs SRS patients were 62 vs 65 years and 46 vs 
61 respectively. In the WBRT group, 17 patients (33%) 
had 1 brain metastasis, whereas in the SRS group, 72 
patients (65%) had 1 brain metastasis. 78 patients 
(70%) received SRS as their only radiation treatment. 
mOS in the WBRT and SRS groups were 3.1 and 6.0 
months respectively (p=0.0055), and for patients with 
only 1 metastasis, the mOS was 3.4 vs 6.4 months 
(p=0.009). For patients with 2-3 metastases, the mOS 
was 2.8 vs 4.4 in the favor of SRS, but this did not reach 
statistical significance (p=0.29). The combination of 
WBRT and SRS yielded a non-significant prolongation 
of mOS compared to SRS alone (7.6 vs 5.5 months, 
p=0.22), and for patients with 1 metastasis, patients 
treated with SRS alone achieved similar mOS as those 
treated with both SRS and WBRT (6.6 vs 6.8 months 
respectively). Conclusion In our cohort of lung cancer 
patients, we show that patients with single brain 
metastasis treated with SRS had a significant survival 
benefit compared to those treated with WBRT only, 
and there was also a trend towards longer survival 
in patients with 2-3 metastases. This confirms and 

extends findings of previous studies, where patients 
with solitary cerebral metastases show better survival 
with combination therapy.

Disclosure: No significant relationships.
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Statistical analysis of the factors 
predisposing to swelling of vestibular 
schwannomas following gamma knife 
radiosurgery

M. Torrens1, K. Kafkoula1, C. Stergiou1, P. Karaiskos2 

1Gamma Knife Department, Hygeia Hospital, Athens/

GREECE, 2Medical Physics, University of Athens, Athens/

GREECE

Purpose: To seek an explanation for the phenomenon 
of tumour swelling observed in a large proportion of 
vestibular schwannomas (VS) after radiosurgery.

Methods: From a prospective cohort (CoE Class II) of 123 
patients with 125 VS a group of 78 cases with complete 
objective volumetric follow up for 4 years were analysed. 
Tumour volume was assessed on T2 MR images using 
GammaPlan® both at treatment and follow up, where 
the head was imaged inside the MRI fiducial box (4C) 
or the images coregistered (Perfexion). Parameters 
recorded included age, gender, tumour characteristics, 
previous surgery, and dosimetric information including 
information related to dose rate, target coverage, 
conformity, homogeneity and gradient index. Statistical 
analysis was performed using MedCalc.

Results: At 2 year follow up (25.4 ± 2.6 months), 
31 (40%) lesions had enlarged and 47 (60%) were 
controlled. The volumetric information was analyzed as a 
single series and also in 3 groups – enlargement of more 
than 30% from pretreatment volume (n=16, 20%), stable 
size within 30% from pretreatment (n=35, 45%) and 
shrinkage of greater than 30% from pretreatment (n=27, 
35%). Tumour characteristics and history of previous 
surgery had no significant relation to VS swelling. Tumour 
enlargement at 2 years was significantly associated with 
a greater average time per shot (P=0.028), smaller size 
of collimators (P=0.014), a lower Paddick conformity 
index (P=0.008), a larger prescription dose (P=0.069) 
and a smaller initial tumour volume (P=0.043). A trend 
towards significance was found with lower age (P= 
0.079) and lower source output (P=0.113). Collimator 
number, other dosimetric factors, treatment time and 
% cover were not significantly related. At 4 years one 
case had been operated, one retreated; all others were 
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stable or smaller. Because of the suggestion that dose 
rate may be a factor in the genesis of swelling, a method 
of determining an “effective dose rate” for every patient 
plan was elaborated. This was performed by averaging 
the contribution of each shot to every point within the 
prescription isodose, with 1 mm spatial resolution, using 
the plan data (source output, number and type/size of 
shots, treatment time per shot, shot center coordinates 
and shot dose profiles) and custom-written routines. 
It confirms trends for significance of dose rate in VS 
swelling (P=0.10).

Conclusion: The fact that dosimetric parameters are 
associated with the phenomenon of VS swelling suggests 
one reason for its genesis and this has been elaborated 
with a novel technique for true dose rate analysis.

Disclosure: No significant relationships.
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Animals versus humans, a comparative 
analysis of spinal cord tolerance to 
stereotactic ablative radiotherapy

P.M. Medin, R.D. Foster, B.A. Hrycushko,  
T.D. Solberg 

Radiation Oncology, UT Southwestern Medical Center, Dallas/

TX/UNITED STATES OF AMERICA

Purpose: Animal models provide a means for testing 
biologic limits to medical procedures that carry a high 
risk of morbidity before application to humans. While 
animal studies applicable to spine stereotactic ablative 
radiotherapy (SAbR) provide the overwhelming majority 
of data regarding spinal cord tolerance, the direct 
clinical application of the tolerance doses (and tolerance 
principles) derived from animal studies is controversial. 
A comparative literature review was conducted for the 
purpose of evaluating the degree of correlation between 
the dose levels observed to cause spinal cord toxicity in 
humans and in animal models.

Methods: A literature search was performed to discover 
reports of human spinal cord motor neurologic 
toxicity following SAbR and to find animal studies that 
investigated spinal cord tolerance. Cases involving de 
novo irradiation and reirradiation were included in this 
comparison. Data regarding sensory neurologic deficits 
and protracted (> 5 fractions) irradiation regimens was 
excluded. Each clinical case report was compared with 
the animal study whose design most closely matched 
the clinical situation (fractionation scheme, reirradiation 
interval). The clinical literature was also reviewed for 

cases in which large doses were delivered to the spinal 
cord without evidence of neurologic toxicity. Fourteen 
clinical cases (9 de novo and 5 reirradiation) of radiation 
myelopathy following SAbR were found. Of the cases 
that involved de novo irradiation, 7 received single-
fraction and 2 received hypo-fractionated regimens. Of 
the cases that involved reirradiation, 1 received a single 
fraction and 4 received hypo-fractionated regimens.

Results: Direct human/animal comparison was 
performed with ease for single-fraction de novo 
irradiation while comparison of hypo-fractionated cases 
requires use of a dose equivalence model. For some 
clinical cases, the correlation with animal data appears to 
be strong while other cases cannot be easily explained. 
The following observations were made: a) none of the 
cases of human myelopathy are “forbidden” by animal 
data although some cases are predicted to be unlikely, 
b) select cases of human myelopathy are in reasonable 
agreement with animal data, c) large numbers of 
patients have been irradiated safely with doses predicted 
to be safe by animal data, and d) animal data is self-
consistent between species when irradiation conditions 
are comparable.

Conclusions: Sparse clinical data prevents a firm 
conclusion regarding the correlation between humans 
and animals but available data supports the hypothesis 
that research animals provide a reasonable model to 
study spinal cord tolerance for humans. More will be 
learned as human data increases.

Disclosure: No significant relationships.
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Outcomes after stereotactic linac-
radiosurgery (SLRS) for at least  
five brain-metastases
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Purpose: Stereotactic radiosurgery (SRS) for multiple 
brain-metastases usually has been used providing they 
are not exceeding a count of three. If there are more of 
them, the whole brain radiotherapy (WBRT) becomes 
the optimal treatment option. From the noticed list of 
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topics, we decided to prove retrospectively the SLRS-
effectiveness in the group of five patients harboring 
more than four of brain-metastases.

Methods: 301 SLRSs in 263 patients with at least one 
brain-metastasis were performed from May/1992 to 
September/2012 (about 20 years). In two men with renal 
cell carcinoma/three women with breast cancer at least 
five brain-matastases (range 5-7) were radiosurgically 
treated at least once, usually as a SRS-boost preceded 
exclusively by WBRT (in two male-patients) as well as 
by other cancer-therapies (in three breast cancer female-
patients). Mean age of women/men was 57.7/54 years 
(55-60/40 and 59), mean margin dose of the initial 
procedure 13.2 Gy (range 11-16), mean volume of the 
treated lesion 1.13 cc (range 0.01-11.02) and mean 
overall survival/follow-up 48.6 months (range 7-108). 
The radiological changes were evaluated laying stress 
upon the useful/beneficial life-lenght.

Results: Two male-patients with multiple brain-
metastases of renal-cell carcinoma underwent nothing 
but radiation treatment – primary one as a WBRT, 
repeated one as a SLRS-boost. The shortest folow-
up after SLRS-boost (finaly interrupted by death due 
to multiple bone-metatastases) was seven months. 
Another man treated for seven subtle brain-metastases 
(range 0.09-0.7 cc) fairishly survived 32 months until 
the progression/surgical removal one of them. Inherency 
of five new brain-metastases (range 0.07-11.02 cc) was 
the reason of repeated SLRS-session after 7 months. 
Ultimately he underwent the third SLRS four months 
later. Consequently this patient survived four years, 
exceeding expectancy by 3.5 useful/beneficial years. 
Three women with breast-cancer underwent at least 
one SLRS-boost after primary WBRT, chemotherapy 
and hormonal therapy. Nothing but single SLRS-session 
(and chemotherapy) for five small (range 0.1-0.4 cc) 
brain-metastases helped patient to earn about 8.5 of 
useful/beneficial years until she died of extracranial 
illness-generalization 9 years after SLRS-treatment. 
MRI-scans repeatedly showed the delece all of her 
brain-metastases. Two other female-patients (each with 
7 brain-metastases) earn about 3/3.5 useful/beneficial 
years to life expectancy.

Conclusions: Despite a short life-expectancy (generally) 
in patients with multiple brain-metastases, most 
outcomes after SLRS at our study group were amazingly 
favorable, notwithstanding that taking use of repeated 
radiosurgery/surgery. The number of brain-metastases 
by itself has obviously not been the only determining 
factor for an appropriate treatment modality selection.

Disclosure: No significant relationships.
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Estimated risk level of unified SBRT dose 
tolerance limits for spinal cord
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Objectives: A variety of guidelines have been reported to 
estimate spinal cord dose tolerance for patients treated 
with stereotactic body radiation therapy (SBRT). The 
purpose of this work is to comprehensively analyze 
dose-volume data of a cohort of patients treated by 
SBRT in order to estimate the complication probability 
and compare these probabilities to dose tolerance limits 
currently in clinical use.

Methods: An extensive literature review of English-
language publications identified 59 spinal cord dose 
tolerance limits suggested for clinical use. These 
guidelines were partitioned into a unified format of 
high-risk and low-risk dose tolerance limits. A dataset 
of spinal cord dose-volume points were interpolated 
from a previously published cohort of 74 patients with 
102 spinal metastases in whom 3 patients developed 
treatment-related severe myelopathy. Seventy-four 
percent (50/68) of previously treated patients had 
prior radiation. Dose-volume data was digitized into 
the DVH Evaluator software tool where the rest of the 
DVH was approximated and parameters of the probit 
dose response model were fitted to the data using the 
maximum likelihood approach. We estimated risk levels 
for spinal cord dose-volume parameters including 
maximum dose, D1cc, and D0.1cc, and compared the 
corresponding risk level with the published suggested 
guidelines for spinal cord tolerance.

Results: Based on the risk model generated from this 
limited dataset, the Accuray STARS 20Gy to 1cc limit and 
the RTOG 0813 30Gy maximum limit had the highest risk 
levels, at about 5%, and most of the other unified dose 
tolerance limits had 1-3% risk. Only one of the unified 
low-risk limits had higher than 3% risk. Two thirds of 
patients in this study had prior irradiation so it is likely 
that in other patient populations the risk level of these 
limits will be lower.
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Conclusion: While severe myelopathy is an unacceptable 
complication, no clinical procedure is without risk. 
Guidelines, therefore, should aim to minimize the risk of 
injury to 1-3% or less. No single dose-volume parameter 
can be relied on to predict this complication, however, 
it is likely that the use of multiple dose-volume-based 
guidelines may improve safety. Based on the findings 
of this study, the current guidelines for D0.1cc as well as 
the low-risk guidelines for maximum dose (Dmax) may be 
useful to establish the lower limits of tolerance. Longer 
follow-up with more patients from more institutions is 
required to improve the risk estimates.

Disclosure: No significant relationships.
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Hypofractionated stereotactic 
radiotherapy for treatment of brain 
tumours: an institutional experience

V.M. Maiya1, A. Bhanage2, S. Vatyam1, S. Basu1,  
S. Vhora2 
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Purpose: Hypofractionated stereotactic radiotherapy 
(SRT) has been recognised as a non-invasive alternative 
to stereotacic radiosurgery (SRS) for treating brain 
tumours. There is a radiobiologic advantage of 
fractionated treatment on sensitive structures in the 
brain. Non-invasive thermoplastic masks are used 
to allow for stereotactic delivery without the need 
for repeated invasive head frame applications. Such 
systems were found to provide accuracy equivalent 
to that of single-fraction systems, while providing 
protection of eloquent structures. Larger tumours 
can also be treated to curative doses. We started 
SRS and SRT in 2006. We have analysed our data on 
hypofractionated SRT.

Methods: Between January 2007 to December 
2011, we have treated 49 lesions in 38 patients 
with hypofractionated SRT. All patients underwent 
immobilization using Brainlab’s thermoplastic face 
masks. Planning CT was done using localizer box. MRI 
was done and fused with the CT images. Contouring and 
planning was done on Brainlab’s Iplan software. Patients 
were treated on SIEMENS Oncor Impression plus linac 
using Moduleaf microMLC. The leaf thickness of the 
microMLC is 2.5mm. The patients were followed up 
regularly both clinically and radiologically. 

Results: 49 lesions were treated in 38 patients. The lesions 
treated were metastasis (14), vestibular schwannomas 
(14), meningiomas (14), pituitary adenomas (3), gliomas 
(2), and others (1 glomus tumour and 1 pinelocytoma). 
13 (26.5%) lesions were re-irradiated. The mean volume 
of PTV treated was 25.03 cc. The dose varied from  
16 Gy to 37.5 Gy in 4 to 16 fractions. 25 Gy in 5 fractions 
(51%) was the commonest schedule used. 2 patients 
developed immediate post treatment raised intracranial 
pressure and were managed accordingly. 12.7 months 
was the mean follow-up. On follow up, 2 patients with 
brain metastasis died because of progressive systemic 
disease. 2 patients developed radiation necrosis.  
5 patients had clinical and radiological progression 
of disease. 30 (79%) lesions were status quo or had 
regressed radiologically.

Conclusion: Hypofractionated SRT is a feasible option 
for treating brain tumours. The immediate and late 
complications are minimal. Subset analysis showed 
that schwannomas responded better. This is a good 
treatment modality for selected group of patients. Long 
term follow up is required for further analysis.

Disclosure: No significant relationships.
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Experience in preclinical, high dose 
stereotactic irradiation
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Objectives: The purpose of this work is to present the 
range of image-guided preclinical studies performed on 
the two dedicated orthovoltage small animal irradiators 
(XRad-320 and XRad-225Cx, Precision X-Ray Inc., 
North Branford, CT) at our institution.

Methods: Our preclinical stereotactic irradiation core 
facility consists of two platforms capable of delivering 
high dose, high dose-gradient small field (1 to 40 mm 
circular, square, and custom shape) irradiation utilizing 
x-ray image guidance. The XRad-320 has a fixed beam 
equipped with a custom-built computer-controlled planar 
localization system, while the XRad-225Cx is capable 
of delivering multi-directional beams with volumetric 
localization using cone-beam computed tomography. 
Basic science experiments performed on the systems 
include: 10 Gy single fraction whole brain irradiation 
using a 10 mm collimator to study the association 
of drug addiction with hippocampal neurogenesis; 
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hemibrain irradiation using a custom D-shape collimator 
to study the genetic basis for radioresistance in 
glioblastoma; 90 Gy single fraction irradiation using 
1 to 5 mm collimators to study response of normal 
lung; high dose stereotactic irradiation in lung and 
prostate orthotopic tumor models; 16 Gy single fraction 
irradiation in combination with anti-phosphatidylserine 
(anti-PS) antibodies in a mouse model of age-related 
macular degeneration study; a single fraction dose 
escalation to study the effects of stem cell enhanced fat 
grafts to mitigate cutaneous radiation injury. Many of the 
experiments included various preclinical imaging studies 
(MRI, ultrasonography, bioluminescence imaging) to aid 
in planning and/or response assessment.

Results: The study of whole brain irradiation showed 
that the suppression of adult hippocampal neurogenesis 
enhanced vulnerability in animal models with various 
drug addictions and its relapse. Hemibrain study indicated 
that the loss of conditional p53 and PTEN genes, alone 
or in combination could result in radioresistance in an 
actively dividing population in the brain. In normal lung, 
the obliteration of alveoli, hyperplasia of the bronchiolar 
epithelium, and small inflammatory of cells were 
observed in response to focused high dose irradiation. 
Stereotactic radiation for orthotopic tumors dramatically 
reduced tumor size and effectively suppressed activity 
compared to control groups. Preliminary data showed 
that anti-PS antibodies with radiation have a potentiating 
effect in blocking choroidal neovascularization. 
Ulceration occurred on all irradiated skin of various 
doses within 10 days post irradiation. Peak ulceration 
was weakly correlated with doses. In contrast, average 
ulceration presented a stronger correlation.

Conclusion: The radiation effects were successfully 
studied in a plethora of preclinical small animal models.

Disclosure: No significant relationships.
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Non-coplanar volumetric modulated arc 
therapy (VMAT) for hypo-fractionated 
SBRT lung treatment: dosimetric and 
treatment efficiency study
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Purpose: Historically, lung stereotactic body radiotherapy 
(SBRT) has been delivered with multi-beam, three-
dimensional (3D), conformal techniques. However, the 

current advancements in volumetric modulated arc 
therapy (VMAT) made it a serious candidate for lung 
SBRT delivery. Since VMAT dose distributions can be 
quite different from standard 3D conformal techniques 
and because of the aggressive dose hypofractionation, 
there is a hesitation in adopting VMAT for routine lung 
SBRT treatments. In this study, we critically examined 
and contrasted 3D conformal vs. VMAT for lung SBRT 
under realistic clinical conditions. 

Methods: Nineteen lung cancer patients previously 
treated with 3D lung SBRT were selected. For each 
patient, the original non-coplanar 3D conformal plan 
was compared to the non-coplanar VMAT plan. The 3D 
plan used 9 to 10 non-coplanar beams isocentrically 
aiming to the planning target volume (PTV). The VMAT 
plan was generated for the same prescription dose of 54 
Gy total in 3 fractions covering 95% of the PTV. Three 
non-coplanar arcs were used in the VMAT plans, with 
the couch set at ± 20° and at 0°, with each arc rotation in 
excess of 180°. Progressive Resolution Optimizer (PRO) 
in Varian Eclipse version 11 was used for all the VMAT 
planning. We analyzed the dosimetric data in conformity 
index (CI), conformity number (CN), gradient index (GI), 
maximum dose at 2 cm away from the PTV (D2cm), 
V20, V5, mean target dose (MTD) and mean lung dose 
(MLD). We examined the statistical significance of the 
differences of these dosimetric indices between 3D and 
VMAT techniques.

Results: Dosimetric indices CI, CN and GI, V20 and MTD 
values were similar within 5% for both 3D and VMAT 
plans. However, VMAT plans demonstrated statistically 
significant improvement for the organ-at-risk (OAR) 
sparing compared with 3D plans; D2cm, V5, and MLD 
values were significantly lower as 6%, 30% and 12% 
respectively, since the contra-lateral lung is not exposed 
to direct dose with our VMAT techniques. Due to the 
careful selection of couch angle rotations and half arc 
rotation, potential gantry-patient collisions were avoided. 
Not surprisingly, VMAT plans were straightforward 
to construct and thus quicker to complete. Finally, 
VMAT plans were also quicker to deliver, adding to the 
attractiveness of the technique.

Conclusion: Three arc, non-coplanar lung SBRT VMAT 
plans demonstrated dosimetric superiority in OAR 
sparing compared to traditional 3D conformal plans, 
along with additional treatment delivery efficiencies. 

Disclosure: No significant relationships.
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Abstract: 138

Reduced re-bleeding after stereotactic 
radiosurgery of cavernous malformation 
in the brain stem
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Purpose: Brain stem is now a surgically accessible 
area with proper operative approaches but still it is 
often accompanied by severe morbidity and mortality. 
Stereotactic radiosurgery (SRS) has advantage over 
open surgery for its precision and non-invasiveness. 
The purpose of this study is to evaluate the result and 
effectiveness of gamma knife radiosurgery.

Methods: The medical records of 5 patients (Male: 
3, Female: 2) with brain stem lesion who underwent 
gamma knife radiosurgery from Mar. 2009 to Nov. 
2012 were reviewed, retrospectively. The duration of 
mean follow-up was 24 months (ranging from 13 to 32 
months). The reviewed candidates were diagnosed as 
cavernous malformation on radiologic imaging study 
such as CT angiography, MRI, MRA, diffusion and 
perfusion MRI. Post-operative MRI with diffusion image 
was followed up periodically, 3 months, 9 months and 
12 months. The SRS treated patients were reviewed 
in terms of change in size, clinical symptoms, edema 
around lesion, re-bleeding and previous hemorrhage of 
the lesion.

Results: Five brain stem cavernous malformations 
underwent gamma knife radiosurgery. All of the target 
lesions were well-controlled. Three patients had no 
significant interval change in the size of the lesion in 
serial follow-up brain MRI. One patient showed decrease 
in the size of about 30% (2.3cm to 1.65cm in diameter). 
Another patient showed moderate decreased size of the 
lesion in the MRI. No re-bleeding, no seizure and no 
radiosurgery-induced mortality were observed in these 
cases by now. All the patients had no acute change of the 
lesion during the follow up.

Conclusions: The authors suggest Gamma knife 
radiosurgery for the treatment of brain stem lesion can 
be one of proper therapeutic options when high morbidity 
and mortality is expected. However, the reduced size of 
cavernous malformation after SRS leaves room to study 
the progress of gamma knife radiosurgery. SRS induced 
low re-bleeding rate is still under debate. We agree our 

limited study has short-term period of follow up and 
small population parameters.
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Study for scatter correction of CBCT 
image with beam stop array and 
improvement of the accuracy in dose 
distribution
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Purposes: Accuracy of the treatment planning in 
RT is important for improving treatment outcome 
and reducing complication. The quality of image is 
recognized as one of the essential factor for achieving 
the expected treatment result. For feasibility study, we 
performed scatter correction to improve image quality of 
CBCT image, and estimated the effect of improved image 
quality on the accuracy of the dose calculation in TPS. 
Materials an.

Methods: We investigated scatter correction by 
experimental method using dual scanning mode with 
beam stop array (BSA). BSA is developed and equipped 
with the On-Board Imager (OBI™, Varian Medical 
Systems, Palo Alto, CA) to acquire scatter corrected 
image of anthropomorphic phantom. The accuracy of 
scatter distribution acquired by experimental method 
is compared with the result of particle tracking in 
Monte Carlo simulation (MCNP5 ver. 1.51). CT, 
scatter uncorrected and scatter corrected CBCT 
image of anthropomorphic phantom are transferred 
to the EclipseTM treatment planning system (Varian 
Medical Systems, Palo Alto, CA) for planning and dose 
calculation. Dose volume histogram (DVH) analysis as 
well as minimum dose to 95% of the target (D95) was 
used to compare the accuracy of the dose calculation.

Results: The result of particle tracking in MCNP5 
demonstrated the scatter distribution evaluated by 
our BSA method is well matched with real scatter 
distribution. Dose distributions calculated by TPS with 
scatter uncorrected and corrected CBCT images have the 
difference in 3% due to cupping artifact. And the dose 
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distribution with scatter corrected CBCT image is well 
matched with the dose distribution of CT image more 
than that of scatter uncorrected CBCT image. 

Conclusion: We have improved image quality of CBCT 
by scatter correction with experimental method. Dose 
calculation was also performed by TPS to know how 
scatter correction improves the accuracy of the dose 
calculation. We realized that scatter corrected image 
of CBCT is effective in achieving more accurate dose 
distribution than scatter uncorrected image of CBCT.

Disclosure: No significant relationships.
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Dosimetric evaluation of truebeam 
flattening filter free photon beams for 
IMRT and rapidarc commissioning
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Objectives: To commission Flattening Filter Free 
(FFF) 6MV and 10MV photon beams for stereotactic 
radiosurgery (SRS) and stereotactic body radiation 
therapy (SBRT). The overall accuracy of IMRT and 
RapidArc (RA) delivery using FFF beams were assessed 
using test cases developed by AAPM Task Group 119.

Methods: Both IMRT and RA plans were created for 
tests that are representative of normal clinical treatment 
sites for both energies. These tests include: band, 
multiple target, easy C shape, hard C shape, prostate 
and head&neck. The plans were created on a solid water 
phantom (30x30x15 cm3) in Eclipse (AAA algorithm 
V10.0.28) with a newly installed Varian TrueBeam Linac 
(Millennium 120 MLC). For 6X-FFF and 10X-FFF modes, 
the dose rates were 1400 and 2400 MU/min, respectively. 
All the cases were planned based on TG119 criteria and 
included the Exact IGRT couch in the dose calculation. 
For all plans except band, one ion chamber measurement 
(PTW Pin Point Chamber, Model 31014) was made in the 
target and another in a low dose organ at risk structure. 
Similarly, two Gafchromic EBT3 films were placed in the 
coronal planes to measure planar dose distributions in 
the high and low dose regions. A calibration film was 
irradiated for each photon energy with a nine square 
dose pattern ranging from 0.4 to 3.2 Gy. Films were 

scanned with a flat-bed scanner (Expression 10000XL 
Seiko Epson Corp, Nagano, Japan). In house developed 
software was used to establish dose response curve, 
convert net optical density values to dose, and analyze 
films.

Results: For the high dose low gradient regions within 
the target, the average point dose differences in the IMRT 
plans for 6X-FFF and 10 X-FFF modes were 0.012 ± 0.010 
and -0.012 ± 0.012, respectively. And the differences in 
the RA plans were 0.009 ± 0.010 and 0.003 ± 0.016, 
respectively. For absolute film dosimetry, the average 
percentages of passing 3%/3mm gamma criteria for 
6X-FFF and 10 X-FFF modes were 97.2 ± 2.0 and 98.2 ± 
2.2, respectively. The passing rates in the RA plans were 
99.4 ± 1.1 and 96.5 ± 2.7, respectively. For the low dose 
avoidance structures, the results were similar for both 
point dose measurements and gamma passing rates.

Conclusions: We have examined that the IMRT and RA 
commissioning accuracy for FFF mode agrees with the 
published data in TG119. The results will be used as 
baseline values to deliver high precision beams for SRS 
and SBRT. 
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SRS treatment experience in unusual 
cerebellar AVM
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center, Seoul/KOREA

Purpose: Stereotactic Radiosurgery (SRS) for 
arteriovenous malformations has been well-known for 
its good results in treatment. The choice of therapeutic 
modalities is based on arteriovenous malformations 
nidus volume, draining veins, feeding arteries and 
clinical patient’s profile. There are risks in microsurgery, 
radiosurgery and embolization. The author would report 
a case of multi-modality treated AVM. Case : A 28 
year-old male patient visited our hospital with sudden 
onset headache and vomiting. In the brain CT image, 
ruptured cerebellar AVM was noted. Emergent EVD was 
done due to mild obstructive hydrocephalus, and Glue 
embolization was followed the next day. Craniotomy 
and ICH removal was followed due to uncontrolled ICP. 
And the patient showed gradual improvement in mental 
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status, but with remnant cerebellar dysfunction. The 
AVM was categorized Spetzler-Martin grade 3, located 
along both cerebellar hemisphere with maximum nidus 
diameter of 30mm, and being supplied by the right 
superior cerebellar artery, posterior cerebral artery, 
anterior inferior cerebellar artery. LINAC SRS (Varion®) 
of 23.94 Gy was prescribed on the AVM. The patient was 
discharged, at 24 months post-operation TFCA showed 
residual AVM. At 32 months post-operatively, the patient 
underwent gamma-knife surgery with 16.0Gy at 50% 
isodose. 36 months after GKS, cerebral angiography 
showed almost total obliteration of AVM except for 
minimal residual AV shunt.

Results: The patient is currently living a normal life 
with mild dizziness. Total AVM nidal occlusion was not 
achieved by embolization and thus SRS was done, but 
the following cerebral angiograpy showed residual AVM. 
GKS was done on the same lesion, and after 36 months, 
cerebral angiography showed minimal residual AVM, and 
we decided to perform TFCA after 12 months for further 
treatment plans. Conclusion & Discussion : Gamma 
knife radiosurgery or SRS for the treatment of AVM is 
an option of treatment. However, long treatment time is 
required until obliteration, and emergent embolization 
may be necessary. GKS was seen to be more effective 
than SRS in decreasing the AVM size.

Disclosure: No significant relationships.
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Treatment algorithms for brainstem and 
thalamic cavernous malformations: a 
single centre experience

B. Gatterbauer, J.M. Frischer, K. Novak, A. Mert,  
A. Mallouhi, K. Kitz, E. Knosp 

Neurosurgery, Medical University Vienna, Vienna/AUSTRIA

Purpose: Treatment algorithms for brainstem cavernous 
malformations (BSCM) are still discussed controversially. 
The aim of our study is to provide the results of a centre 
with a long-standing experience in the micro-surgical 
resection and the radiosurgical treatment of BSCM and 
to elucidate how to best use the two different treatment 
options for the benefit of the patient. Patients an.

Methods: 29 patients (female: male = 13: 16) were 
treated microsurgically. In 38 patients (female: male = 
19: 19) Gamma Knife radiosurgery (GKRS) was applied. 
Surgical approaches have been chosen according 
to the most direct approach with the lowest risk of 
neurological deficits. GKRS patients were treated with 

a Leksell Gamma Knife. Gamma Knife parameters were 
applied as following: median margin dose 12 Gy (6 - 16 
Gy), median maximum dose 24 Gy (8 - 32 Gy), median 
isodose line 50% (45 - 80%). Clinical data were obtained 
by retrospective chart review. A minimum follow up 
of 2 years was established and a recent follow up was 
evaluated for all patients resulting in a median follow 
up of 7.7 years (2.0 - 22.1 years). Patients were rated 
according to the modified Rankin scale (mRS).

Results: Statistical significant differences revealed that 
radiosurgically treated patients harboured significantly 
smaller and deep seated lesions (p<0.001). Surgically 
treated patients more often showed intralesional or 
extralesional haemorrhage (p=0.002), were superficially 
seated but larger and presented with a significantly 
higher preoperative mRS score (p=0.019). In both 
treatment groups, patients presented with a significant 
better mRS score (p=0.002, p<0.001) at time of follow 
up compared to the mRS score prior to surgery or 
GKRS. Overall annual pre-operative haemorrhage rates 
were calculated as 3.2% among surgery patients and 
2.3% among GKRS patients. The annual pre-operative 
re-hemorrhage rate amounted to 25.1% for surgery 
and 7.2% for GKRS patients in the observation period. 
The overall annual post-operative haemorrhage rate for 
GKRS patients was 1.3% at time of follow up. In the first 
two years after GKRS the haemorrhage rate was 2.6% 
but dropped to 0.6% after the first two years. The annual 
postoperative haemorrhage rate was 8.8% for surgically 
treated patients with residual lesions. Conclusion: GKRS 
and microsurgery are complimentary treatment options 
that both result in a favourable patient outcome if applied 
on accurately selected patients in a multidisciplinary 
setting.

Disclosure: No significant relationships.
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Non-isocenteric approach in non-coplanar 
volumetric modulated arc therapy (VMAT) 
planning for lung SBRT treatments

S. Kim, T. Tseng, D. Dimitroyannis 

Radiation Oncology, Scott & White Memorial Hospital,  

Temple/TX/UNITED STATES OF AMERICA

Purpose: Volumetric Modulated Arc Therapy (VMAT) has 
emerged as an efficient alternative to traditional multi-
beam, three-dimensional (3D), conformal techniques 
for lung cancer stereotactic body radiotherapy (SBRT) 
because of its superior dosimetric properties and its 
native ease in planning and in delivery. However, patient 
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immobilization in lung SBRT often presents challenging 
geometrical clearance issues in the execution of large 
(in excess of 180°) non-coplanar arcs. In this study, we 
present a non-isocentric, non-coplanar VMAT technique 
that appears to be simple, dosimetrically robust and 
which allows for ample couch-gantry clearance. We 
compared this technique to an isocentric, non-coplanar 
VMAT technique, which we have already demonstrated 
to be superior to multi-beam 3 D conformal lung SBRT. 

Methods: Nineteen lung cancer patients previously 
treated with 3D conformal SBRT technique at our 
institution were selected. For each patient, the non-
isocentric, non-coplanar VMAT plan was compared 
to original non-coplanar 3D treatment plan(s) and an 
isocentric, non-coplanar VMAT plan. All the plans were 
created for the same prescription dose of 54 Gy total in 
3 fractions covering 95% of the planning target volume 
(PTV). Nine to ten non-coplanar beams were used for 
the 3D technique and three non-coplanar arcs were used 
in both isocentric and non-isocentrtric VMAT plans, with 
the couch set at ± 20° and at 0°, with each arc rotation 
in excess of 180°. Progressive Resolution Optimizer 
(PRO) in Varian Eclipse version 11 was used for all the 
treatment planning. Conformity Index (CI), conformity 
number (CN), gradient index (GI), maximum dose at 2 
cm away from the PTV (D2cm), V20, V5, mean target 
dose (MTD) and mean lung dose (MLD) were analyzed 
for all the plans. We also performed the statistical 
analysis for the differences of these dosimetric indices 
between 3D and VMAT techniques.

Results: Dosimetric indices CI, CN and GI, V20 and MTD 
values were similar within 5% for all three plans: 3D, 
isocentric and non-isocentric VMAT plans, while both 
types of VMAT plans were dosimetrically superior to 3D 
conformal plans in organ-at-risk (OAR) sparing; D2cm, 
V5, and MLD values were significantly lower as 6-8%, 
26-30%, 9-12% in VMAT plans, respectively. The non-
isocentric VMAT plans showed equivalent plan quality to 
the isocentric VMAT plans and exhibited robust freedom 
from limiting arc rotation due to potential couch-gantry 
collision.

Conclusion: Three arc, non-isocentric, non-coplanar 
lung SBRT VMAT plans appear dosimetrically equivalent 
to isocentric VMAT plans, while permitting large angle 
arc selection, free from obstractional limitations.

Disclosure: No significant relationships.
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Comparison of plan quality and delivery 
time between volumetric arc therapy 
(VMAT) and gamma knife radiosurgery for 
patients with ≥4 cranial metastases
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Purpose: Volumetric modulated arc therapy (VMAT) has 
been shown clinically feasible for radiosurgical treatment 
of multiple cranial lesions even with a single isocenter. 
In this study, we investigated whether equivalent 
radiosurgical plan quality and reduced delivery time 
could be achieved in VMAT for patients with ≥4 cranial 
targets plans who had been previously treated at our 
institution with Gamma Knife (GK) radiosurgery.

Methods: We identified a subset of 12 clinical Gamma 
Knife sessions with ≥ 4 metastases. These were re-
planned for multi-arc (MA) and single-arc (SA), single-
isocenter VMAT (RapidArc) in Eclipse. Multi-arc plans 
utilized one 360° axial arc in concert with a 180° vertex 
arc, and two 45° off-axis transverse arcs. Single-arc 
plans solely used a 360° axial arc. The prescription for 
all targets was standardized to 18 Gy. Each plan was 
normalized for 100% prescription dose to 99-100% 
of target volume. Plan quality was analyzed by target 
conformity (RTOG CI) for all targets greater than 0.025 
cm3 in volume (n = 65) as well as plan gradient index 
and 12 Gy isodose volume (V12Gy). The volume cutoff 
was chosen to balance the relevance of small target 
conformity and our desired target number for the study. 
Treatment times were also compared for each modality. 
GK treatment duration was defined as the time from GK 
room entry to frame removal. Average GK source age at 
time of treatment was approximately 3 years.

Results: Compared to Gamma Knife, multi-arc VMAT 
improved average target conformity (CIGK=2.45, CIMA= 
2.08; p = 0.0007) and reduced treatment time (tGK = 31.6 
min/target, tMA = 1.7 min/target; p <1E-5), but slightly 
increased 12 Gy isodose volume (V12GyGK=11.92 cm3, 
V12GyMA = 13.71 cm3; p = 0.003) and plan gradient index 
(GIGK=3.17, GIMA = 7.28; p =0.0004) compared to GK. 
Single-arc VMAT plans were more quickly delivered but 
dosimetrically inferior to both GK and multi-arc VMAT.

Conclusion: For multiple target CNS radiosurgery, 
compared to GK, multi-arc VMAT produced clinically 
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equivalent conformity and drastically reduced treatment 
time, at slight expense to moderate dose spill. For some, 
single-isocenter, multi-arc VMAT radiosurgery may 
constitute a surrogate for other forms of radiosurgery 
due to its similar plan quality and high delivery efficiency.

Disclosure: No significant relationships.
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A correlation between patient factors 
and dosimetric parameters for adaptive 
stereotactic body radiation therapy 
(SBRT) of lung cancer
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Objectives: To investigate potential patient factors that 
contribute to the planning target volume (PTV) reduction 
and the organ-at-risk (OAR) dose sparing in adaptive 
lung SBRT planning.

Methods: 66 lung cancer patients who had SBRT 
treatments in our institution were included in this 
retrospective study. All patients underwent 3D and 
4D CT scans for treatment planning. Internal target 
volumes (ITVs) were contoured on the CBCT images 
acquired before each fraction. 5 mm margins were 
added to the ITVs to generate PTVs. 10 patients with 
the largest percentage PTV reduction were selected 
for adaptive planning. Plans were created on CBCT 
images using the original CT-based plan beams with 
a criterion of achieving comparable conformity index 
as the original plan. Two cumulative dose plans, non-
adaptive (PNON) and adaptive (PADP), were generated 
for each patient and their dosimetric parameters 
were compared for various OAR metrics. Statistical 
significances were tested using paired t-test with a 
0.05 significance level. For all 66 patients, correlation 
between the first fraction PTV(PTV1) and percentage 
PTV reductions (∆PTVs) was evaluated. For the 10 
patients who were selected for adaptive planning 
study, correlations were evaluated between the OAR 
dose sparing (∆DOAR) and the following patient specific 
factors: PTV1, ∆PTV, tumor stage and tumor-to-OAR 
distance (∆DTO).

Results: Conformity indices for all adaptive plans ranged 
from 1.03 to 1.41, with an intra-subject variation of less 

than 0.06. The following dosimetric parameters in PADP 
plans are significantly lower compared to those in PNON 
plans: volume-to-20Gy (p=0.01) of lungs, dose-to-0.35cc 
(p=0.02), dose-to-1.2cc (p=0.01) and maximum-dose 
(p=0.01) to the cord, dose-to-5cc (p=0.01), maximum-
dose (p=0.01) to the esophagus, dose-to-30cc (p=0) to 
chest wall, and dose-to-15cc (p=0.02) to the heart. Dose 
coverage to the original ITV was comparable in both plans. 
No correlation (R2=0.07) was found between ∆PTV and 
PTV1. Mild correlation (R2=0.54~0.90) exists between 
PTV1 and ∆DOAR for lungs, esophagus, and carina. No 
correlation was found between ∆DOAR and DTO (R2=0.07 ~ 
0.26), nor between ∆DOAR and percentage PTV reduction 
(R2=0 ~ 0.28) for all OARs.

Conclusions: Retrospective feasibility study indicated 
that adaptive lung SBRT planning for patients with 
large intra-fractional tumor volume reduction resulted 
in significant dose reduction to adjacent OARs. It has 
the potential to further escalate dose to the target and/
or mitigate dose to surrounding tissues. Patients with 
larger tumors may achieve higher dose sparing for 
selected OARs with adaptive SBRT planning.
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Preservation of olfaction following 
gamma knife radiosurgery of olfactory 
groove and planum sphenoidale 
meningiomas
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Purpose: Anosmia is a common symptom of 
meningiomas arising from the olfactory groove and 
planum sphenoidale. The subjective outcome of olfactory 
function following Gamma Knife radiosurgery (GKS) of 
these select anterior fossa meningiomas was evaluated 
in 44 patients over a 20-year interval.

Methods: Analysis of imaging was performed on 110 cases 
of anterior fossa meningiomas treated by GKS between 1987 
and 2008. Forty-four meningiomas of the olfactory groove, 
planum sphenoidale or those with substantial extension 
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into these areas were included in this study. All treatments 
were single session and the mean treatment dose was 13.5 
Gy at the 50% margin. Retrospective reviews of the charts 
and phone assessments were conducted to evaluate tumor 
growth control and preservation of olfaction. The median 
follow up was 69 months.

Results: Prior to GKS, the 44 patients included 27 who 
reported no sense of smell abnormality, 11 who had 
partial anosmia and 5 who reported complete anosmia. 
All 27 patients who reported normal olfaction retained 
function after the procedure. Among those with pre-GKS 
partial anosmia, 6 patients (55%) improved, 4 patients 
(36%) remained stable and 1 (9%) patient worsened 
in CN I function following GKS. One (20%) patient 
with complete anosmia prior to GKS improved. Tumor 
volume decreased in 26 patients (62%), remained 
unchanged in 13 (31%) and progressed in 3 patients 
(7%). Progression-free survival rates for tumor growth 
at 1, 2 and 5 years were 98%, 95% and 93% respectively. 
Three patients required repeat radiosurgery at a mean of 
28 months.

Conclusions: Every patient who described normal sense 
of smell retained olfaction following GKS for olfactory 
groove and planum sphenoidale meningiomas . Only 1 
patient demonstrated a decrease in subjective olfactory 
function after GKS. We believe that GKS provides an 
effective and safe means of managing meningiomas 
in this region without significant risk of compromising 
olfactory function.
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Abstract: 147

Does radiosurgery influence the risk of 
hemorrhage of brain metastases from 
melanoma?
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Purpose: To investigate the influence of stereotactic 
radiosurgery on the risk of hemorrhage from brain 
metastases form malignant melanoma.

Methods: A cohort of 110 patients treated with 
stereotactic radiosurgery (SRS) for 358 melanoma brain 
metastases was identified. The incidence of hemorrhage 
before and after SRS was determined by review of 

serial MRI scans. Statistical analysis was performed to 
determine the influence of SRS on rate of hemorrhage. 
Overall survival and local control were assessed and 
prognostic factors, including hemorrhage pre- or post-
SRS were analyzed.

Results: At presentation 83 of 358 (23.2%) melanoma 
metastases had hemorrhaged. Following SRS 73 
hemorrhages occurred in 358 treated tumors (20.4%). 
These rates were not significantly different; p=0.362, 
HR=0.846 (95% CI 0.591-1.211.) The risk of post-SRS 
hemorrhage in patients was statistically significantly 
linked to previous hemorrhage. Fourteen of 65 patients 
(21.5%) who presented without hemorrhage prior to SRS 
subsequently demonstrated hemorrhage. Twenty-four 
of 45 patients (53.3%) who presented with hemorrhage 
went on to demonstrate further hemorrhage following 
SRS; p=0.005, HR=2.47 (95% CI 1.24-11.3). Overall 
survival (OS) at 1 year was 30% and was not influenced 
by hemorrhage either pre- or post –SRS. OS at 1 year 
was better for patients presenting with a single metastasis 
(41.2%) compared to multiple metastases (20.3%, 
p=0.009.) Overall local control (LC) was 60.4% at 1 year 
following SRS. LC was significantly lower for metastases 
demonstrating hemorrhage either pre-SRS (51.7 vs 
64.9%. p=0.03) or post-SRS 32.7 vs. 67.8%, p<0.001.)

Conlcusion: Hemorrhage of brain metastases from 
melanoma is more frequent than for non-melanoma 
primaries. The current data show that stereotactic 
radiosurgery does not alter the risk of subsequent 
hemorrhage of treated metastases. However, 
hemorrhage may complicate follow-up assessment 
of response and local control following SRS. Careful 
assessment of imaging following SRS should include 
awareness that hemorrhage may mimic treatment failure 
in these patients.
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Quality assurance for the commissioning 
of a 6 dof robotic couch image guidance 
system for stereotactic radiosurgery

B. Winey 
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Objective: To define a proper quality assurance 
commissioning procedure and evaluate the precision 
of a 6 DoF robotic couch for image guided stereotactic 
radiosurgery.
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Methods: An Elekta Hexapod robotic couch attached to a 
Synergy S with XVI was commissioned at Massachusetts 
General Hospital. A cranial anthropomorphic phantom 
was used for an end-to-end QA test of the image 
guided stereotactic system with isocenters in the 
frontal lobe, the optic chiasm, and the base of skull. 
At each isocenter, a 2 mm gold fiducial was placed to 
perform a Winston-Lutz isocentricity evaluation. Simple 
translational measurements using Vernier scales with 
0.1 mm precision were used to test the accuracy and 
sensitivity of the XVI system. Positional variations of 
the anthropomorphic phantom were measured with the 
XVI CBCT system. To test the Hexapod system, ranges 
of translational and rotational offsets were introduced 
to the phantom to evaluate the isocentricity of the 
Hexapod couch for rotations up to 3 degrees along all 
three rotational axes and translations up to 3 cm. 45 
iterations of combinations of translations and rotations 
were analyzed with a Winston-Lutz test.

Results: The XVI CBCT system precision was 0.2 mm 
for small simple translational movements. When using 
the Hexapod couch to correct for simple translational 
movements, translations under 2 mm were always corrected 
accurately by the Hexapod couch to within 0.2 mm. Larger 
translational movements were accurate to within 0.6 mm. 
Rotational movements of less then 1 degree were accurate 
to within 0.2 mm of isocenter. Rotation corrections of 
more than 1 degree always had residual errors on the 
order of 1 mm. When large rotations of multiple axes were 
combined, the Hexapod and XVI system required as many 
as three CBCT iterations to achieve an isocentric alignment 
within 0.2 mm of the baseline.

Conclusions: A precisely commissioned Hexapod and 
XVI system can delivery accurate positional assessments 
and corrections to within 0.2 mm. For patients with large 
rotations, multiple iterations of imaging and adjustment 
are required for precise positioning.
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Abstract: 149

Role of gamma knife surgery for patients 
with atypical meningioma
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Background: Atypical meningioma often reoccurs 
even after surgical resection. As a salvage modality, 

radiotherapy or stereotactic radiosurgery (SRS) is 
attempted for this aggressive tumor. Object: This 
retrospective study was performed to evaluate the 
efficacy of SRS using Gamma knife surgery (GKS) for 
atypical meningioma.

Methods and Materials: We reviewed records from 
22 patients (men=11, women=11) with histologically 
proven atypical meningioma who underwent GKS for 
28 lesions at our institute. The median patient age was 
70 years (range, 24-91) and the median tumor volume 
for each procedure was 6.0 cm3 (range, 1.6-44.2). The 
marginal dose ranged from 14 to 20 Gy (median, 18 Gy). 
Follow-up periods ranged from 3 to 98 months (median, 
23.5 months).

Results: In total, 38 GKS procedures were performed. 
The progression-free survival (PFS) rates were 74%, 
39% and 16% at 1, 2 and 5 years, respectively. When 
three patients who experienced prior radiotherapy 
were excluded, PFS with GKS solely were calculated as 
63%, 35% and 18% at 1, 2, and 5years, respectively. 
The overall survival (OS) rate after GKS in this series 
was 91% at 1 year and 68% at 2 years. Tumor volume 
less than 6 cm3 (P=0.01), a marginal dose higher than 
18 Gy (P=0.02), and a Karnofsky performance status 
scale (KPS) score of 90 or more (P=0.02) were factors 
associated with PFS in univariate analysis. In the present 
series, we experienced 18 recurrences in the irradiation 
field, four recurrences in the marginal field, and two 
distant recurrences.

Conclusion: Atypical meningioma could be more 
successfully controlled when a higher marginal dose was 
used to treat patients in good performance status with 
smaller tumors. However, tumors frequently recurred 
from not only infield but also outside the irradiation 
field. Therefore, a combination of radiotherapy and 
radical resection to decrease the target volume should 
be considered for longer PFS.
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Objectives: Computational anthropomorphic phantoms 
represent human body using mathematical or voxelized 
description. Voxel phantom, which was modeled 
in tomography images of actual patients, consists 
of shape, material and mass of the person’s body 
composition. It can be used in calculating organ dose 
of patients in radiotherapy and radiography. In this 
study, we developed voxel head phantom on the basis 
of computed tomography (CT) image, and organ doses 
were calculated using MCNPX simulation code and the 
voxel head phantom to evaluate the radiation dose and 
risk of cancer during radiography examinations.

Material and Methods: The voxel head phantom was 
developed based on CT images of RANDO phantom (The 
Phantom Laboratory, Salem, NY) designed to have the 
same absorption as human tissue at the radiography 
exposure levels. The voxel head phantom was constructed 
with bone, air and soft tissue applied through brightness 
levels of CT images. Organ doses were calculated 
using the developed voxel head phantom and MCNPX 
simulation code at internal and external exposure. To 
evaluate organ dose, the calculated dose value were 
compared with measured dose value using dosimeters 
and a fabricated phantom for dose measurement.

Results: The absorbed organ doses were calculated 
in head structures, such as bone marrow, thyroid, 
salivary gland, oesophagus, brain, skin and eye. In case 
of periapical radiography, Sublingual gland had higher 
absorbed organ dose than the other organs had. And, 
the difference between the calculated absorbed doses 
and the measured absorbed dose of fabricated phantom 
was within 20 % according to the exposure energy and 
the depth of penetration.

Conclusion: The voxel phantom and the MCNPX 
simulation code are useful tools for detecting the 
absorbed organ dose, which cannot be measured 
directly in patients, and conclusively supported that the 
gender and anatomy of patient may influence radiation 
dose and risk of cancer from radiation exposure 
during radiography and radiotherapy. Keywords Voxel 
phantom, Organ dose, Monte Carlo calculation, MCNPX 
Acknowledgement This work was supported by the 
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Hemorrhage risk reduction after gamma 
knife radiosurgery for symptomatic 
cavernous malformations: long-term 
outcome in 32 cases
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Purpose: The incidence of cavernous malformations 
(CMs) is estimated at 0.37 to 0.5% of the general 
population. Their natural history has remained unclear for 
many years, mainly because of the difficulty of diagnosing 
this lesion with computed tomography scanning and 
angiography in the past. This lack of knowledge has 
made treatment decisions difficult. Indeed, the use of 
Radiosurgery is nowadays controversial. The purpose of 
this paper is to shed light on the effectiveness of Gamma 
Knife in high risk CMs.

Methods: We retrospectively reviewed our experience 
during the past 15 years with data collected from 
a prospectively maintained database. Seventeen 
women and fifteen men, with a mean age of 40 years, 
underwent Gamma Knife Radiosurgery (GKRS) for high 
surgical risk CMs. Thirty-two CMs were treated from 
1994 to 2006. These lesions were located in: brainstem 
(21), thalamus/basal ganglia (3) and hemispheric 
eloquent areas. Gamma Knife radiosurgery was used 
as a primary treatment in 29 patients and as a second 
treatment in 3 patients after a failed microsurgery. All 
patients had experienced at least one symptomatic 
bleeding before treatment. The median malformation 
volume was 1.9 ml. The median marginal dose was 
11.29 Gy, and the mean maximum dose was 16.99 Gy. 
The follow up review was conducted with sequential 
MRIs and personal/telephone interviews. The pre-GKRS 
hemorrhage rate was calculated from the number of 
bleedings in the interval between birth and the GKRS 
considering the malformation could be present since 
birth. Observation period is assumed to be the patient´s 
lifetime.

Results: The median length of follow-up was 119 months. 
Imaging after GKRS revealed a regression in the targeted 
volume in 16 CMs, stabilization in 11 CMs and in 4 the 
volume status is unknown. The pre-treatment annual 
hemorrhage rate was 3.04%, compared with 2.08% during 
the first 3-year latency interval, and 0.44% thereafter. Four 
patients developed new location-dependent neurological 
deficits after Radiosurgery. All of them recovered fully 
from these non-bleeding-related symptoms.
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Conclusions: Although the efficacy and safety of 
Radiosurgery in CMs remains unclear, it seems that 
some reduction in the bleeding rate occurs after a 3-year 
latency period. In our study, highly conformal GKRS 
seems to significantly minimize the adverse radiation 
effects. A prospective randomized trial of conservative 
treatment versus radiosurgery and microsurgery should 
be performed in order to verify their real efficacy and 
related side effects.
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obsessive compulsive syndrome by 
gamma knife radiosurgery
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Objectives: Bilateral anterior capsulotomy with 
Gamma Knife radiosurgery is an effective treatment 
to treat obsessions and compulsions associated with 
obsessive compulsive disorder syndrome (OCD). 
We evaluated the long-term results in these patients 
in order to confirm improvement in symptoms and 
evolution of cognitive abilities. Method: We have 
treated four patients diagnosed with OCD by Gamma 
Knife radiosurgery with a follow-up of at least two years 
(2 -5 years). Bilateral lesions have been performed at 
the genu of the anterior part of the internal capsule. 
The target has been located and assessed by magnetic 
resonance tractography and MRI under stereotactic 
conditions. Two shots using the 4 mm collimator were 
placed on each target (maximum dose 120 Gy). Before 
and after the procedure test have been performed to 
assess obsessions and compulsions, cognitive status 
and quality of life. Lesions of the tracts have been 
evaluated by functional MRI and tractography at 9 and 
18 months after radiosurgery.

Results: In all cases the tract corresponding to the 
genu of the anterior part of the internal capsule had 
been blocked without damaging peripheral structures. 
The anterior and medial cortex of both frontal lobes 
showed a significant decrease in activity. In all cases an 
improvement greater than 50% has been observed in the 
evaluation test of obsessions and compulsions. Cognitive 
status of the patients had significantly improved as well 

as their self-reported quality of life. No side effects have 
been observed.

Conclusion: Bilateral anterior capsulotomy by Gamma 
Knife radiosurgery is an effective and safe treatment 
for OCD patients. The long-term results show that 
the cognitive status of these patients improves as the 
symptoms of their disease disappear.
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Local recurrences following stereotactic 
ablative radiotherapy (SABR) for early 
stage lung cancer: analysis of potential 
causes
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Introduction: SABR is an established curative 
treatment for early stage non-small cell lung cancer 
(NSCLC) in patients considered to be at high risk for 
surgery or refuse an operation. Several studies report 
long-term local control rates ≥90% with SABR in 
biological equivalent doses of 100Gy. In this study 
we retrospectively analyzed potential causes for local 
failure. Materials: In an institutional database containing 
729 patients treated with SABR for early stage NSCLC, 
all patients with suspicious tumor growth on imaging, 
even in the absence of histological proof, were coded 
as having a local recurrence. Kaplan-Meier and Cox-
regression analysis was used to identify prognostic 
factors for local failure. In addition we retrospectively 
reviewed the successive steps from target definition to 
treatment delivery, in order to evaluate a possible cause 
for local relapse. This included the quality of planning 
4-dimensional CT-scans, accuracy of target contouring, 
target mobility, proximity of organs at risk, dosimetric 
target coverage and image-guidance in patients treated 
using cone-beam CT-based localization.

Results: The 3-year actuarial local failure rate was 
8.4%, with a local recurrence identified in 32 patients 
at a median interval of 14.9 months. Recurrences 
were histologically confirmed in 38%, diagnosed on a 
combination of CT- and FDG-PET-scans in 28%, and 
CT-scans only in 31% of patients. A single patient was 
suspected of having a local recurrence based on X-ray 
only. In 22/32 patients (69%) local failure was the first 
site of recurrence. Multivariate analysis revealed TNM-
stage as a prognostic factor for local failure, with 3-year 
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local failure rates for T1a of 8.2%, T1b of 5.1%, T2a 
of 10.1% and T2b of 13.9%, respectively (p=0.012). 
In 18/32 (56%) of patients, the tumor was located 
immediately adjacent to the chest wall, and in retrospect 
target contouring was judged to be (too) tight in 5/18 
patients. As only 6/32 patients (19%) exhibited tumor 
motion ≥1cm, geographical misses caused by mobility 
are an unlikely cause of failure. In a single patient, 
unnoticed artifacts in the planning 4DCT-scan possibly 
led to inadequate target definition. In 53% of patients, 
no apparent explanation for local recurrence could be 
identified.

Conclusions: TNM-stage is a prognostic factor for local 
recurrence. A potential explanation for local failure could 
only be identified in a minority of patients. However, a 
tumor location immediately adjacent to the chest wall 
in more than half of patients with a local recurrences 
cautions against unduly tight contouring in fear of chest 
wall toxicity.

Disclosure: No significant relationships.
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Purpose: Radiosurgery is an effective therapeutic 
strategy for cerebral arteriovenous malformation 
(AVM). Stereotactic Radiosurgery (SRS) may produce 
unexpected effects on the region of interest. The goal 
of our study is to evaluate the therapeutic effects and 
complications in patients treated with SRS. Method : 
AVM patients treated with SRS from October, 2008 to 
November, 2012, were reviewed retrospectively. We 
investigated the result of SRS in the field of clinical 
characteristics, radiological image, symptomatic 
changes and interval progress of the nidus. 23 
patients were included in this study. We reviewed the 
candidates according to the therapeutic modality, such 
as craniotomy, endovascular embolization, stereotactic 
radiosurgery. MRI and MRA was taken at 3, 6, 12 
months post-operatively. Follow-up trans-femoral 
cerebral angiography was taken at 12 or 24 months after 

SRS. Additional image study was taken at the time of 
unexpected events.

Results: The average age of 23 patients was 39.3 (range 
from 12 to 67). The sex ratio was 2.3 : 1 (Male : 16, 
Female : 7). The number of patients with Spetzler-Martin 
grade 1 was five, grade 2 was six, grade 3 was five, grade 
4 was six, grade 5 was one. Average nidus diameter was 
3.4cm (range from 1.1cm to 7.9cm). The mean follow-
up duration was 15.4 months (range from 7 months to 
34 months). 8 post-operative complication cases were 
noted. Complications included AVM rupture (17%), 
seizure (13%), edema (8.5%), and hydrocephalus (4%). 
AVM size decreased in 16 cases. Among the patients 
with nidal decrement, the number of patients who 
only underwent SRS was six. Four cases showed total 
obliteration of AVM. In average, complete obliteration 
was observed in 27.5 months (range from 20 to 38 
months). Unfortunately, in one case of AVM, massive 
rebleeding occurred 10 months after embolization and 
SRS. Ictal tragedy led the patient to coma and decease.

Conclusion: Concerning the patients’ mortality, 
morbidity and treatment efficacy, SRS can be said 
to be a good therapeutic option. In AVM patients, 
hemodynamic change or vessel structural change after 
the radiosurgery might cause re-bleeding, seizure, 
edema and hydrocephalus. Short-term follow-up and 
small population parameters were limiting factors in our 
study. Further studies should be continued.
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Purpose: Brain metastasis occurs in 20-40% of cancer 
patients and the prevalence is likely to increase as 
new systemic treatments become available to prolong 
the lifespans of patients. Historically, whole brain 
radiation therapy has been the main treatment for brain 
metastasis. Stereotactic radiosurgery delivers high-dose 
focused radiation and is being increasingly utilized to 
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treat brain metastasis. We investigated the result of GKS 
in 52 brain metastasis patients who were treated from 
October, 2008 to June, 2012.

Method: The medical records of 52 patients (Male : 
10, Female : 42) with brain metastasis who underwent 
stereotactic radiosurgery from Oct. 2008 to Jun. 2012 
were reviewed retrospectively. The duration of mean 
follow-up was 9.98 months ranging from 1 months 
to 43 months. The patients were categorized by their 
duration of disease free period, average life span, and 
complications from the point they underwent GKS 
were investigated. All patients were followed-up post-
operatively by taking brain MRI periodically. In patients 
with symptomatic change, additional image study was 
done at the point of symptomatic change. The first 
follow-up brain MRI was taken 3 months after GKS, then 
every 9 to 12 months. The results of the follow-up brain 
MRI were evaluated in terms of change in size of the 
lesion.

Results: Among 109 patients with brain metastasis who 
underwent gamma knife radiosurgery. 34 patients had 
expired. Average survival duration of expired patients 
was 8 (from 1 months to 29 months) Primary tumor of 
origin included lung cancer (39%), breast cancer (30%), 
colorectal cancer (19%), Liver (2%) and etc. (10%). 
Average disease free duration was 7.7 months (from 
1 month to 19 months). In the follow-up MRI, there 
were 32 cases in which the tumor size decreased, and 7 
cases where no change or size increment were noted. 13 
patients were expired before first MRI follow-up.

Conclusion: The average life span of patients with 
metastatic brain tumor is increasing due to the advance 
in the management of cancer. In the past days when the 
life expectancy of such patients was short, whole brain 
radiotherapy was recognized as the standard treatment 
regardless of the prognosis. Along with the increase 
in their life expectancy, increasing their life quality has 
been taken into consideration. GKS can be said to be a 
safe and effective means of treatment in patients with 
metastatic brain tumor.
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Purpose: This work proposes a methodology, based on 
polymer gels, for the characterization and assessment 
of the geometric uncertainty contributors ascribed 
to Gamma Knife (GK) stereotactic radiosurgery 
applications, in which solely MR images are used for 
target delineation and registration of patient image 
coordinates to the Leksell space (LS). Based on the 
obtained geometric uncertainty results, a time-efficient 
method is also presented which considerably improves 
the geometric accuracy in GK treatment delivery.

Methods: The 3D character of polymer gel detectors 
combined with their tissue-like MRI properties was 
exploited to establish an end-to-end experimental 
process that closely simulates every link in the GK 
treatment chain. A custom-made, polymer gel filled 
head phantom was irradiated in a PERFEXION GK 
unit. An irradiation plan consisting of 26 single 4-mm 
shots with a spatial distribution covering an extended 
LS region was delivered. The irradiated phantom was 
MR-imaged at 1.5T employing a clinically relevant T2-
weighted pulse sequence. The centres of each shot 
served as “control points” in the assessment of the 
associated uncertainties. For each control point, the 
total geometrical uncertainty (utot) was determined 
by comparing its location on the acquired MR images 
to its “reference” location which corresponds to the 
shot’s planned coordinates (determined in the acquired 
MR images using the DICOM-RT dose export). To 
assess and characterize the contribution in utot from to 
the MR-related spatial distortions, an additional image 
series was acquired by reversing the read gradient 
polarity. Moreover, an “average” MR series was 
created on a pixel-by-pixel basis from corresponding 
forward and reversed read gradient polarity images 
employing an in-house developed algorithm and 
pertinent utot measurements were obtained. The 
“average” MR series concept was also applied to MR 
images of phantoms, as well as to patient images used 
for treatment planning.

Results: The average utot magnitude was found to be 
of the order of 1 mm with maximum values reaching 
up to 1.6 mm for points lying at the periphery of the 
gel phantom. A directional dependence on the read 
gradient polarity was found for the utot vector. The use 
of “average” MR image series for treatment planning 
purposes was found to considerably improve the total 
geometric accuracy of GK applications (0.04 - 0.4 
mm). This was confirmed in both phantom and patient 
studies.
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Conclusion: The proposed methods were found to be 
effectual in both assessing and improving the total 
geometric accuracy in GK radiosurgery.
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Introduction: Malignant and benign lesions that are 
located in eloquent brain tissue can cause considerable 
morbidity and may pose a significant treatment challenge. 
Brain metastases and meningiomas located in or near 
the central sulcus area are the most common relevant 
intra- and extra-axial pathologies. Recognized treatment 
modalities include surgery and radiation treatments. 
This review was performed to assess the safety and 
efficacy of stereotactic radiosurgery to brain metastases 
and meningeomas in the rolandic region, defined as the 
pre and post central gyrus.

Methods: This is a retrospective review of consecutive 
patients treated at the Tel Aviv Medical Radiosurgery Unit 
between 01-2009 to 12-2011. We included only patients 
with lesions in or close to the motor and sensory cortex. 
All patients were followed in our institution with clinical 
and radiological visits. Neurological status was recorded 
at baseline, at 3 and 6 months and at last follow up visit 
for metastatic lesions and meningeomas respectively. 
MR brain scans were performed every 2-3 months for 
metastases and 6-12 months for meningioma patients 
or according to clinical necessity.

Results: Preliminary data for Metastases and 
Meningiomas We identified 77 patients (54 with 
metastatic lesions, 22 with meningiomas). Age was 65.0 
years (30.4-89.2 years) and 52 were male. The tumor 
volume for all pathologies was 2.60 cc (0.1-13.7 cc), for 
meningiomas the median treatment volume was slightly 
higher with 4.20 cc (0.4 -10.1 cc), for metastases only 1.81 
cc (0.1-13.7 cc) Preliminary results showed that patients 
with brain metastases presented with neurological 
deficits at baseline exam in 22 cases. Available outcome 
data for metastatic patients at 3 months showed that 10 
patients improved and 1 worsened. Median follow-up 
period was 6.31 months for metastatic lesions. Outcome 

information for meningeoma patients with longer follow 
up data will be presented at the meeting. Conclusion 
Stereotactic radiosurgery is a viable treatment option 
for symptomatic patients with centrally located brain 
lesions, with good palliative effect for symptomatic 
patients.
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Objective: Accurate dosimetry of small fields used in 
stereotactic radiosurgery is complicated due to the 
presence of non-equilibrium conditions, steep dose 
gradients, and field perturbation effects. In this study, 
we report dosimetry results obtained during the quality 
assurance protocols followed in our institutions using 
Gafchromic EBT films.

Methods: Plans for five patients, including an acoustic 
neuroma, a meningioma, a brain metastasis, a glioma 
and a pituitary adenoma case were performed using 
three different systems utilized for stereotactic 
radiosurgery applications (CyberKnife, Gamma knife 
and Axesse linear accelerator) and were verified using 
EBT films. The films were placed in special phantoms 
and irradiated following an end-to-end process 
simulating patient treatment procedure. Film scanning 
was performed using a flatbed optical scanner in 48-bit 
RGB transmission mode with a resolution of 150 dpi. 
Dosimetry was performed following a triple-channel 
approach which exploits all three channels of the RGB 
(red, green and blue) transmission image. Dosimetric 
evaluation was performed using in-house developed 
algorithms, by comparing the planned dose distributions 
against those delivered to the EBT films in terms of dose 
difference, distance to agreement and gamma index 
maps.

Results: The triple-channel approach was found to be 
effectual in the dosimetry of small photon fields in the 
extended dose range employed in clinical radiosurgery 
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applications. Evaluation of dosimetry measurements 
revealed an overall excellent agreement between the 
planned and the measured dose distributions. Gamma 
index maps using 1-2 mm distance to agreement and 
5% dose difference as acceptance criteria revealed that 
more than 95% of the points passed these constraints. 

Conclusion: The advanced characteristics of EBT films 
(high sensitivity, high spatial resolution, weak energy 
dependence and near tissue equivalence) along with the 
utilization of the triple-channel technique, render EBT film 
dosimetry capable of verifying small field dose distributions 
in the extended dose range used in stereotactic radiosurgery 
applications. Dose delivery accuracy of all investigated 
systems was found to be excellent and well within 
the uncertainties of the experimental dose verification 
approach followed in this work. Acknowledgement: This 
work was supported by a grant from the Greek National 
Central Council of Health (KESY).
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Recurrent glioblastoma(GBM) is considered a terminal 
disease, nonetheless, with current advances in palliative 
therapy, attitudes for treatment are changing. To date, 
the primary objective is to maintain progression free 
survival(PFS) rather than cure.

Methods: We reviewed the SRS treatments for all 
patients with recurrent GBM who were treated with 
CyberKnife at our center from October 2009 to November 
2011. We evaluated the effect of SRS on PFS and overall 
survival(OS).

Results: The study population included 20 patients; 
mean age 58.5(40-81) years, mean Karnofsky 
Performance Score 91(71-100), mean RPA score 3.945, 
and mean NIH recurrent GBM score 0.55. Four(20%) of 
these patients had tumor debulking 4 to 6 weeks prior 
to SRS. Fifteen(75%) also received bevacizumab before/
after SRS. Ten lesions were treated with 5 fractions, 6 

lesions with 3, and 4 lesions with a single fraction. The 
median prescription doses were 30Gy, 24Gy, and 16.5Gy, 
respectively. Three months after SRS, tumor volume 
decreased in 6, remained stable in 11, and increased in 
3 patients. Tumor volume remained decreased in 5 of 
the 6 patients at the end of the observation period(30 
months), but increased in 1. Among the 11 patients with 
stable tumor volume at 3 months, 5 showed increase 
in volume at the end of the observation period. One 
of tumors actually showed reduction in volume. The 
median PFS after SRS was 7 months(mean 8.7;1-
27). The median survival from radiosurgery was 8.5 
months(3-28). The median OS from initial diagnosis was 
26.5 months(5-50). The PFS and OS correlated well with 
KPS score. The PFS was independent of the PTV volume 
or the treatment dose. There was no correlation between 
the use of bevacizumab, or the presence of EGFRvIII 
mutation and pTEN deletion. PFS did not correlate with 
the patients’ RPA or NIH recurrent GBM score. 

Conclusion: This is a small study lacking statistical 
power, but it underpins the validity in using SRS to 
treat recurrent GBM. In other larger studies, the median 
survival for patients with NIH score 0 is about 10.8 
months; (95% CI, 8.9 to 16.7 months) and for patients 
with NIH score of 1, the median survival is 4.4 months; 
95% CI, 3.4 to 6.2 months. Comparatively, this data 
suggests there is a survival advantage in using SRS 
in patients with good KPS (>80). Importantly, our data 
suggests the usefulness of SRS in selected patients 
where complete re-resection is not an option and 
chemotherapy options are limited.
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Purpose: We verified the validity of the Modified 
Recursive Partitioning Analysis (m-RPA), categorized 
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into three sub-classes (RPA I+IIa, IIb and IIc+III, 
Yamamoto et al, Int J Radiat Oncol Biol Phys 2012;83: 
399-1405) from another subset of breast cancer brain 
metastasis (BM) patients.

Methods: Our IRB-approved database of the Gamma 
Knife House, Chiba Cardiovascular Center and the Tokyo 
Gamma Unit Center, Tsukiji Neurologic Clinic, including 
268 breast cancer BM patients treated with gamma knife 
radiosurgery (GKS) during 1998-2011 periods.

Results: Two hundreds sixty six females and 2 males 
were included. Mean age was 57 [range; 27-90] years. 
Mean and median lesion numbers were 12 and 4, 
respectively, range one to 50. Cumulative tumor volumes 
ranged from 0.01 cm3 to 100.0 cm3, the median being 
8.5 cm3. Patient numbers of RPA class I, II and III were 
24 (9.0%), 202 (75.3%) and 42 (15.7%). Among 202 
class II patients, the patient numbers were 30, 80 and 
92 in the classes IIa, IIb and IIc respectively. Median 
survival times were 25.6 months in class I+IIa (95% 
CI; 19.8-29.7), 14.3 in class IIb (95% CI; 11.6-16.8, 
p=.0088 vs. class I+IIa), 6.4 in class IIc+III (95% CI; 
5.2-7.5, p<.0001 vs. class IIb). This new system showed 
highly statistically significant differences among the 
three sub-classes (p<.01 for all sub-classes), and 95% 
CIs had no overlaps.

Conclusions: We conclude that this new grading system, 
the m-RPA, is applicable to different subset of breast 
cancer BM patient groups and should be considered 
when designing future clinical trials involving BM 
patients.
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Introduction: The combination of radiosurgery and 
whole brain radiotherapy (WBRT) is utilized for selected 
patients with multiple newly diagnosed brain metastases 
(BM), or for patients who undergo resection of one BM 
and receive radiosurgery for residual lesions. Recently, 
an integrated approach for delivering such WBRT with 
(fractionated)stereotactic radiotherapy in the form of 

simultaneous integrated boosts to BM (WBRT+SIB) has 
been described using volumetric modulated arc therapy 
or tomotherapy. The use of integrated boosts lowers 
dose to normal brain in comparison to conventional 
radiosurgery and WBRT, delivered as separate 
techniques. We analyzed the clinical outcome of this 
approach in a group of RTOG RPA Class 1-2 patients, 
treated at the VU University medical center Amsterdam. 

Materials: Volumetric modulated arc therapy 
[RapidArc™, Varian medical systems] was used for 
planning and delivery of WBRT+SIB from June 2008 
to July 2012 in 65 consecutive RPA Class 1-2 BM 
patients. Included were 34 male and 31 female patients 
with a median age of 59 years. Lung cancer was the 
predominant primary tumor (71%), followed by breast 
cancer (9%) and melanoma (9%). WBRT was delivered 
in 20 Gy/5fx, with a 20 Gy/5 fx SIB to BM’s (total dose 
BM 40 Gy/5fx). Treatment was performed using the 
frameless method using the ExacTrac/Robotics 6D 
couch setup[BrainLAB, Feldkirchen, Germany].

Results: The median number and cumulative volume 
of BM was 3 (range 1-6) and 5.7 cm3 (range 0.1-
29.7 cm3), respectively. WBRT+SIB fractions could be 
delivered within 5 minutes, excluding patient setup. 
The median conformity index of the SIB was 1.17 using 
two volumetric arcs. The median overall survival was 
9.6 months [95% CI 6.5-12.6 months]. Survival was 
independent of the number of BM treated (p=.39)and 
the cumulative volume (p=.18). Acute toxicity consisted 
of fatigue(23%), headache (11%), and nausea/vomiting 
(8%). Radiation-induced tumor necrosis was observed 
in 7 patients at 6-12 months post-treatment, of which 3 
were symptomatic.

Conclusion: WBRT+SIB is a valuable addition to the 
therapeutic arsenal for patients with (multiple) brain 
metastases. With appropriate patient selection, use of 
these novel techniques can achieve prolonged survival 
without excess toxicity. A more detailed analysis of 
patterns of failure will be available at the time of the 
meeting. The EORTC is in the process of initiating 
a randomized phase III trial comparing WBRT and 
WBRT+SIB in patients with multiple BM.

Disclosure: No significant relationships.
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Abstract: 162

Patterns of distant relapse after 
radiosurgery alone for newly diagnosed 
brain metastases: implications for 
salvage therapy

F.J. Lagerwaard, J. Zindler, B.J. Slotman 

Radiation Oncology, VUmc, Amsterdam/NETHERLANDS

Introduction: Radiosurgery is an established treatment 
modality for a limited number of brain metastases. 
Although many studies describing the outcome 
following radiosurgery alone have been published, data 
on rates of distant relapse are commonly lacking, and 
a detailed description of the patterns of DR is sparse. 
In an institutional database, these patterns of DR and 
consequences for salvage treatment were evaluated. 

Materials: From Dec 2002 to June 2011, a total of 380 
patients were treated with RS alone for 1-3 BM at the 
VU University medical center Amsterdam. Radiosurgery 
doses ranged from 15-21 Gy, prescribed at the 
encompassing 80% isodose. Treatment planning was 
performed based on triple dose gadolinium-enhanced 
MRI scans (2 Tesla), obtained with 2 mm slice distance 
that were fused with planning CT scans. Follow-up 
included MRI scanning at three-monthly intervals during 
the first two years of follow-up. A total of 134 patients 
with DR were identified. In 14.9% of these patients 
(N=20), these lesions could be seen retrospectively on 
the planning MRI scan. These missed ‘micometastases’ 
had a median size of 2 mm on pre-radiosurgery imaging, 
and DR was diagnosed on the first follow-up scan 
performed at 3 months. These patients were excluded 
from further analysis.

Results: Actuarial DR rates at 6, 12 and 24 months in the 
remaining 361 patients were 19.8%, 36.6% and 54.6%, 
respectively. The incidence of DR was correlated with the 
number of initially treated lesions (p=.036). DR rates at 
6 months were 13.2%, 28,4% and 43.5% for one, two 
and three treated lesions, respectively. In 42% of DR, 
there was a single new lesion, in 17% two new lesions, 
in 13% three new lesions, and in 30% ≥4 lesions. 
Median diameter of new lesions was 6 mm; 89.5% of 
lesions were smaller than 35 mm.Salvage therapy was 
delivered in 78% of patients, consisting of WBRT (44%), 
radiosurgery (26%), surgery (6%) or chemotherapy 
(2%). In 25 patients (22%), no salvage therapy was given 
as a result of either progressive extracranial disease, or 
combined DR with in-field relapse.

Conclusions: The relatively high frequency of distant 
relapses which could be seen in retrospect on the 

planning MRI scan, underscores the importance of high-
resolution pre-radiosurgery imaging, with radiological 
review on micrometastases. A three-monthly radiological 
follow-up scheme, identifies DR at an early stage with 
the vast majority of DR technically amenable for repeat-
radiosurgery based on size (89.5%) and number (70% 
three lesions or less).

Disclosure: No significant relationships.

Abstract: 163

The efficacy and the limitation of two-
session gamma knife surgery for large 
metastatic brain tumors

S. Yomo, M. Hayashi 

Saitama Gamma Knife Center, San-ai Hospital,  

Saitama/JAPAN

Purpose: The purpose of the present study was to 
evaluate the efficacy and the limitations of two-stage 
Gamma Knife radiosurgery (GKS) alone for large 
metastatic brain tumors.

Methods: Inclusion criteria were as follows: i) metastatic 
brain tumors not amenable to surgical resection,  
ii) tumor volume > 10cm3 in the supratentorial region. 
50 lesions in 47 consecutive patients (31 men and 16 
women, age range 32 to 88 years, median age 66 years) 
were included in this study. The radiosurgical protocol 
was as follows: 20-30 Gy given in 2 fractions 3-4 weeks 
apart. The local tumor control rate and the survival rate 
were calculated using the Kaplan-Meier or Gray method.

Results: Median tumor volumes were 17.0 cm3 at 1st 
GKS and 8.9 cm3 at 2nd GKS respectively. Median 
follow-up time was 9.3 months. The local control rate 
was 86% at 6 months and 61% at 12 months. Significant 
tumor volume reduction (>50%) at the second session 
was statistically associated with subsequent local tumor 
control (HR: 0.077, 95% CI: .007-0.826). The1-year 
and 2-year- overall survival rate after GKS was 47% 
and 23%, respectively. The 1- and 2-year neurological 
survival was maintained at 90% and 84%, respectively. 
Mean Karnofsky performance status (KPS) improved 
from 67 at 1st GKS to 80 at 2nd GKS; the best follow-up 
mean KPS was 85 (p < .001). Local tumor recurrence 
necessitated surgical removal in two patients and 
salvage GKS in 5 patients. 31 patients died and the 
causes of death were as follows: 3 local progression, 
3 meningeal carcinomatosis and 25 progression of the 
primary tumor. Delayed symptomatic perilesional edema 
developed in two patient and eventually resolved with 
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conservative treatment. Conclusion Two-session GKS 
for large brain metastases appears to be an effective 
treatment both in terms of local tumor control and 
neurological palliation with minimal treatment-related 
morbidity. These data suggest that two-stage GKS could 
be used as an alternative to surgical resection of large 
tumors in patients with significant comorbidity and/or 
at an advanced age. The optimum regimen for dose and 
fraction schedule remains to be determined. 

Disclosure: No significant relationships.

Abstract: 164

Evolution of vestibular schwannomas 
after stereotactic radiosurgery : effect 
of an overdose on volume and clinical 
outcome

J.F. Sabatier1, F. Tanchoux2, P.Y. Borius1, J.A. 
Lotterie1, P. Duthil1, I. Latorzeff1, A.C. Januel2,  
B. Debono1, I. Berry1, F. Bonneville2, J.C. Sol1 

1Crrs Neurosurgery, CHU RANGUEIL TOULOUSE, 

TOULOUSE/FRANCE, 2Radiology, CHU RANGUEIL 

TOULOUSE, TOULOUSE/FRANCE

Purpose: The objective of this study was to estimate the 
clinical and radiological outcome of patients treated by 
radiosurgery for vestibular schwannomas (VS) during 
the period of the overexposure accident that occurred 
in the Toulouse Radiosurgery Unit. An initial error in the 
estimation of the scatter factors led to an overexposure 
to radiation. They are compared to a population treated 
after correction of the dosimetric parameters. 

Methods: Between April 2006 and March 2007, 16 
patients with VS were treated with overexposure in 
the Toulouse Radiosurgery Unit (Novalis®, BrainLab). 
They were compared with to 18 patients treated later. 
Every patient had at least a 24 month-follow-up (FU) 
with 3 control MRI. Patients with NF2 were excluded. 
The two populations were similar for gender (50%), age 
(61+14,9 versus 58+18,1), mean KOOS grade (2,6+0,7 
versus 2,5+0,6), volume (1,2 cc+1,0 versus 1,8cc+1,4). 
Of course, the median marginal dose was significantly 
different : 20,3Gy+4,9 for the overexposed patients and 
11Gy+1,0 for the patient treated later.

Results: 64% of VS had an increase in volume after 
radiosurgery but transiently in more than 80% of this 
population (88,9% in overexposed vs 83,3% in normo-
treated)A volume increase of less than 38% of the initial 
volume, on the first MRI at 6 months, seemed predictive 
of a good control (sensitivity 85,7%, specificity 88,9%, 

positive predictive value 66,7%, negative predictive 
value 96%)Control rate with a 24 month-FU was not 
significantly different between overexposed (81,2%) 
and normo-treated (77,8%)Unsurprisingly, clinical 
complications were related to overexposure. Trigeminal 
neuralgia was present in 50% of overexposed patients 
(severe in 75%), absent in the other group. Facial palsy 
was found in 50% of overexposed patient and in 5,5% 
of normo-treated (1 case of transient palsy). None 
of the 7/16 patients conserved a useful hearing in the 
overexposed group, 75% (6/8) in the other. 

Conclusions: There is no advantage to increase dose.
The variation of size on the first control MRI could be 
predictive of the outcome issue.All these results need to 
be confirmed by a longer follow-up. 

Disclosure: No significant relationships.

Abstract: 165

The role of continuous management of 
salvage stereotactic radiosurgery for 
failure of whole brain radiation therapy 
for brain metastases: re-evaluation using 
competing risk analysis

S. Yomo, M. Hayashi 

Saitama Gamma Knife Center, San-ai Hospital,  

Saitama/JAPAN

Purpose: The aim of the present study was to evaluate 
the efficacy and limitations of repeat stereotactic 
radiosurgery (SRS) salvage for patients with brain 
metastases (BM) recurrence after whole brain 
radiotherapy (WBRT).

Methods: This is a retrospective, observational, single-
center trial analyzing 75 consecutive patients with 
996 recurrent BM who were treated primarily with 
WBRT. All patients were treated with SRS in a salvage 
setting between January 2009 and September 2012. 
Median age of patients treated was 62 years, and 
median Karnofsky performance status (KPS) was 80. 
Median interval between the starting date of WBRT and 
radiosurgery was 10.5 months. 46 patients had one 
SRS, 13 had two and 16 had more than two sessions. 
The median metastasis volume was 0.25 mL and the 
median prescription dose was 20 Gy. The primary 
endpoint was neurological death and neurological death 
free survival (NS) was computed using competing risk 
analysis. Overall survival (OS), tumor response, and 
toxicity were also analyzed.
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Results: None of patients were lost to follow-up and 
the median follow-up was 6.7 months (range: 0.4-
30.9). One- and 2-year NS rates were 88% and 78%, 
respectively. Of 10 patients died of CNS progression, two 
were local progression and eight were leptomeningeal 
carcinomatosis. As prognostic factor, absence of active 
extra-CNS disease was negatively associated with the 
increased risk of neurological death (Hazard ratio (HR): 
6.12, 95% confidence interval (CI): 1.01-37.0). One- and 
2-year OS rates were 39% and 10%, respectively. The 
median OS time was 8.2 months. Absence of extra-CNS 
disease (HR: 0.301, 95% CI: 0.133-0.681) and high 
KPS (≥ 90) (HR: 0.366, 95% CI: 0.186-0.720) were 
significant prognostic factor for overall survival. 659 
Tumors (71.2%) with radiological follow-up data were 
evaluated. One- and 2-year metastasis local control rates 
were 81.6% and 39.5%, respectively. Of 93 metastases 
diagnosed as local control failure, 78 were re-irradiated 
with SRS and two were surgically extirpated. High 
prescription dose (≥20 Gy) (HR: 0.310, 95% CI: 0.181-
0.523) and small tumor volume (<2 mL) (HR: 0.367, 95% 
CI: 0.204-0.663) were independent predictive factors 
of local tumor control. Side effects were minimal, with 
two cases in which bevacizumab was used for delayed 
symptomatic radiation injury.

Conclusions: Salvage management using repeat SRS for 
recurrent BM after WBRT appeared to be a safe and effective 
treatment. In the majority of patients, even with numerous 
BM, CNS death could be avoided by having a good local 
tumor control with minimal treatment-related toxicity. 

Disclosure: No significant relationships.

Abstract: 166

Analysis of postoperative hemorrhage 
cases with avm followed by gk surgery: 
evaluation for the concept of prior target 
to the nidus adjacent to the drainer

S. Miyao1, M. Hayashi2, A. Horiba2, N. Tamura2,  
M. Tamura1, Y. Okada2 

1Neurosurgery, Neurological Institute,Tokyo Woman’s Medial 

University, Tokyo/JAPAN, 2Neurosurgery, Neurological 

Institute, Tokyo Women’s Medical University, Tokyo/JAPAN

Purpose: In our institute, we have treated the patients 
with AVM by GK surgery under unique concept that 
the irradiated prior target should be a part of nidus 
adjacent to the drainer. Because, the main vascular 
channels should be located on between the nidus and 
the drainer, pathohistological point of view. We hope, it 
may be easier and shorten the time to occlude the nidus 

after GK surgery. However, we have still have the matter 
that this treatment concept may provide hemorrhage 
and/or occlusive hyperemia to the patients. In this 
article, we investigated and evaluated the postoperative 
hemorrhage cases after GK surgery, and showed the 
clinical advantage of our treatment strategy concept. 

Material and Method: Since 2002, we have treated 166 
cases with AVM who underwent GK surgery as unique 
treatment strategy in our institute. Among of them, 115 
cases could be followed up at least 2 years. 10 cases 
(the onset by hemorrhage: 3, epilepsy: 2, others: 5) 
experienced postoperative hemorrhage after GK surgery. 
In our treatment strategy of the dose planning, we have 
prescribed 22Gy at 50% isodose line with 4cc of target 
volume to the nidus which was harboring to the drainer.

Results: Mean follow up period of 10 patients was 
5.6 (2-10) years. All cases experienced postoperative 
hemorrhage at least 1 year follow up after GK surgery 
(average: .3 years). The annual bleeding rate was 1.53%. 
Two patients died, two need to be removal hematoma, 
and another six did simple observation. We defined that 
3 hemorrhage onset cases and 5 non hemorrhage onset 
cases might be due to rupture of residual nidus, and 
another 2 cases might be due to occlusive hyperemia.

Conclusions: Clinical result in our institute was 
acceptable comparing other reports as same as natural 
bleeding rate of AVM. However, we should father evaluate 
patients with AVM who underwent GK surgery with the 
above concept, taking account for localization of the 
nidus, appearance of MRI findings at prehemorrhage, 
and histopathology when we need surgical resection. 
And then, we had better to develop our treatment strategy 
with underestimation of postoperative hemorrhage risk.

Disclosure: No significant relationships.
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Role of gamma knife radiosurgery 
in multimodality managment of 
craniopharyngioma

M.A. Saleem1, A.S. M Hashim2 

1Department Of Radiosurgery., Pakistan Gamma Knife and 

Stereotactic Radiosurgery Center. Nurospinal and Medical 

Institute., Karachi/PAKISTAN, 2Neurosurgery, Pakistan 

Gamma Knife and stereotactic radiosurgery center, Karachi/

PAKISTAN

Purpose: This retrospective study evaluated the efficacy 
and safety of the use of Gamma Knife Radiosurgery 
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(GKS) along with other surgical procedures in the 
management of craniopharyngioma.

Methods: Thirty-five patients (17 children and 18 adults) 
with craniopharyngioma were treated with GKS between 
May 2008 and August 2012. The age of the patients 
ranged from 2 to 53 years (mean, 20 years). There were 
26 males and 9 females. Craniopharyngiomas were 
solid in 7 patients, cystic in 4, and mixed in 24. Tumor 
size ranged from 1 to 33.3 cm3 (mean, 12 cm 3). The 
prescription dose ranged from 8 to 14 Gy (mean, 11.5 
Gy). Maximum dose ranged from 16 to 28 Gy (mean, 23 
Gy). Before GKS 11 patients underwent subtotal resection 
of the neoplasm, 2 - neuroendocopic fenestration of the 
large cystic component, and 10 - stereotactic aspiration 
of the neoplastic cyst content.

Results: The length of follow up period varied from 6 to 
50months (mean, 29 months). A tumor response rate 
and control rate were attained in 77.1% and 88.5%, 
respectively. Clinical outcome was considered excellent 
in 10 cases, good in 17, fair in 4, and poor in 4. No 
one patient with normal pituitary function before GKS 
developed hypopituitarism thereafter. Deterioration of 
the visual function after treatment was noted in one 
patient. 

Conclusion: Gamma Knife Radiosurgery may provide 
good tumor control and improved quality of life in both 
adult and pediatric patients with craniopharyngioma. 
Therefore, it may play a significant role in management 
of such tumors either as a separate modality, or in 
combination with other treatment options, such as 
microsurgery, neuroendoscopy, and stereotaxy.

Disclosure: No significant relationships.
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Role of gamma knife radiosurgery 
in multimodality managment of 
craniopharyngioma

M.A. Saleem1, A.S. M Hashim2 

1Department Of Radiosurgery., Pakistan Gamma Knife and 

Stereotactic Radiosurgery Center. Nurospinal and Medical 

Institute., Karachi/PAKISTAN, 2Gamma Knife, Pakistan 

Gamma Knife and stereotactic radiosurgery center, Karachi/

PAKISTAN

Purpose: This retrospective study evaluated the efficacy 
and safety of the use of Gamma Knife Radiosurgery 
(GKS) along with other surgical procedures in the 
management of craniopharyngioma.

Methods: Thirty-five patients (17 children and 18 adults) 
with craniopharyngioma were treated with GKS between 
May 2008 and August 2012. The age of the patients 
ranged from 2 to 53 years (mean, 20 years). There were 
26 males and 9 females. Craniopharyngiomas were 
solid in 7 patients, cystic in 4, and mixed in 24. Tumor 
size ranged from 1 to 33.3 cm3 (mean, 12 cm3). The 
prescription dose ranged from 8 to 14 Gy (mean, 11.5 
Gy). Maximum dose ranged from 16 to 28 Gy (mean, 23 
Gy). Before GKS 11 patients underwent subtotal resection 
of the neoplasm, 2 - neuroendocopic fenestration of the 
large cystic component, and 10 - stereotactic aspiration 
of the neoplastic cyst content.

Results: The length of follow up period varied from 6 to 
52months (mean, 29 months). A tumor response rate 
and control rate were attained in 77.1% and 88.5%, 
respectively. Clinical outcome was considered excellent 
in 10 cases, good in 17, fair in 4, and poor in 4. No 
one patient with normal pituitary function before GKS 
developed hypopituitarism thereafter. Deterioration of 
the visual function after treatment was noted in one 
patient. 

Conclusion: Gamma Knife Radiosurgery may provide 
good tumor control and improved quality of life in both 
adult and pediatric patients with craniopharyngioma. 
Therefore, it may play a significant role in management 
of such tumors either as a separate modality, or in 
combination with other treatment options, such as 
microsurgery, neuroendoscopy, and stereotaxy.

Disclosure: No significant relationships.

Abstract: 169

Comparison with phase correlated image 
registration to  4D CT for liver stereotactic 
radiosurgery with image guidance cone 
beam CT

R. Juh1, T.S. Suh2 

1Gamma Knife Center, Seoul National University Bundang 

Hospital, Gyeonggi do/KOREA, 2Biomedical Engineering,  

The Catholic University, Seoul/KOREA

Objects: Stereotactic radiosurgery (SRS) is 
characterized by high doses delivered to small targets 
in a few fractions. Image guidance systems, cone beam 
computed tomography (CBCT), that yield volume imaging 
and sufficient soft-tissue contrast have permitted daily 
imaging of bony anatomy and target permitting online 
correction of tumor position prior to treatment delivery, 
but CBCT is not perfectly support in phase correlated 
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image guidance for targeting. The main objective was 
to overcome breathing induced uncertainties in the 
process of image guided RT using phase correlated 
image registration both the planning CT scan and CBCT 
for verification imaging scan.

Methods: For 20 patients with liver SRS, respiratory 
correlated 4D CT scan and CBCT for image guidance 
was acquired. Internal target volume (ITV) is determined 
utilizing 50% phase end exhalation reconstructed images 
by 4DCT, In order to check the accuracy of maximum 
intensity projection for various target motion, especially 
for target moving irregularly with three implanted gold 
seed. The data analyzed were respiratory-induced 
peak-to-trough distance, 3D motion from LR, AP and 
SI directions and motion nonlinearity and hysteresis. 
Motion hysteresis occurs when three seed follows 
different paths between inhale and exhale phases during 
a respiratory cycle.

Results: The overall mean respiratory-induced peak-to-
trough distance is 0.48 cm, with individual treatment 
fraction means ranging from 0.02 to 1.44 cm. The 
overall mean respiratory period is 3.8 s, with individual 
treatment fraction means ranging from 2.2 to 6.4 s. 
Conclusion The motion nonlinearity and hysteresis are 
important characteristics of respiratory tumor motion. 
From 3D tumor trajectories, they showed that the 
hysteresis ranged from 0.1 to 0.6 cm for 20 tumors.

Disclosure: No significant relationships.
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Spine stereotactic radiotherapy for 
metastatic renal cell cancer: local control 
and analysis of predictive and prognostic 
factors

I. Thibault1, A.S. Al-Omair2, G.L. Masucci2,  
L. Masson-Coté2, F. Lochray1, G. Bjarnason3,  
A. Yee4, R. Korol5, L. Cheng6, W. Xu6, A. Sahgal7 

1Radiation Oncology, Sunnybrook Health Sciences Centre, 

Toronto/ON/CANADA, 2Radiation Oncology, Princess 

Margaret Hospital, Toronto/ON/CANADA, 3Medical Oncology, 

Sunnybrook Health Sciences Centre, Toronto/ON/CANADA, 
4Orthopaedic Surgery, Sunnybrook Health Sciences Centre, 

Toronto/ON/CANADA, 5Medical Physics, Sunnybrook Health 

Sciences Centre, Toronto/ON/CANADA, 6Biostatistics, 

Princess Margaret Hospital, Toronto/ON/CANADA, 7Radiation 

Oncology, University of Toronto, Toronto/ON/CANADA

Objectives: To evaluate local control (LC) and overall 
survival (OS) after stereotactic body radiation therapy 
(SBRT) for renal cell cancer (RCC) spinal metastases, 

and to evaluate predictive and prognostic factors, 
respectively.

Methods: 71 spinal segments in 37 RCC patients 
treated at the University of Toronto were retrospectively 
reviewed. LC was assessed based on each spinal segment 
treated and OS according to each patient treated, using 
the Kaplan-Meier method. Oligometastatic disease (less 
than 5 sites of metastatic disease), paraspinal extension, 
invasion of posterior elements, grade of epidural disease, 
targeted anti-angiogenic therapy, prior radiation, total 
dose and number of fractions, and various dose-volume 
histogram metrics were evaluated for their prognostic 
and predictive significance.

Results: Of the 71 spinal segments treated with SBRT, 
9 were cervical, 33 thoracic, 21 lumbar, and 8 sacral. 
11/71 had been previously radiated, and 10/71 were 
treated with post-operative SBRT. The median SBRT total 
dose and number of fractions were 24 Gy (range, 18-
30) and 2 (range, 1-5), respectively. The median follow 
up was 12 months. The 1-year OS and LC rates were 
64% and 83%, respectively. Patterns of failure included 
progression within the epidural space (5/12), paraspinal 
tissue (2/12), vertebral segment bone (2/12) and mixed 
(including epidural space; 3/12). Multivariate analysis 
indicated oligometastatic disease (13/37 patients) as 
the only significant prognostic factor for OS (p=0.018). 
We did not found any predictor for LC; total dose and 
number of fractions were not predictive.

Conclusion: We identified the oligometastatic state 
as prognostic for RCC, therefore, a group deserving 
aggressive local therapy. Spine SBRT yielded high rates 
of local tumour control in this population.

Disclosure: No significant relationships.
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Time delayed contrast enhanced MRI 
improves detection of brain metastases 
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Purpose: Contrast-enhanced magnetic resonance 
imaging (MRI) is the preeminent diagnostic test for 
brain metastases (BM). BM detection for stereotactic 
radiosurgery (SRS) planning may improve with a time 
delay following administration of a high-relaxivity agent 
for 1.5T and 3T imaging systems. Metastasis detection 
with time-delayed MRI was evaluated in this study.

Methods: 53 volumetric MRI studies from 38 patients 
undergoing SRS for BM were evaluated. All studies used 
0.1 mmol/kg Gadobenate dimeglumin (MultiHance®), 
immediately after injection, followed by two more axial 
T1 sequences after 5 minute intervals (final image 
acquisition commenced 15 minutes after contrast 
injection). Two studies were motion-limited and excluded. 
287 BM were identified. The studies were randomized and 
examined separately by 3 radiologists, who were blinded 
to the temporal sequence. Each recorded the number of 
BM detected per scan. A Friedman test compared BM 
numbers between scans. One radiologist determined the 
scan on which BM were best defined.

Results: The interclass correlations for Scans 1, 2, 
and 3 were 0.7392, 0.7951 and 0.7290, respectively, 
demonstrating excellent inter-rater reliability. At least one 
new lesion was detected in the 2nd scan as compared to 
the 1st in 35.3% of subjects (95% CI: 22.4%-49.9%). The 
increase in BM numbers between scans 1 and 2 ranged 
from 1 to 10. At least 1 new lesion was detected in the 
3rd scan as compared to the 2nd in 21.6% of subjects 
(95% CI: 11.3%-35.3%). The increase in BM numbers 
between scans 2 and 3 ranged from 1 to 9. Between 
scans 1 and 3 additional tumors were seen on 41.2% 
of scans (increase range 1 to 14). The median increase 
in tumor number for all comparisons was 1. There was 
a trend towards significance in the increased numbers 
of BM detected, in each group, between earlier and 
later scans (p=0.098). In 34 of the 51 studies (66.7%), 
the radiologist selected the 3rd scan as providing the 
clearest tumor definition.

Conclusion: In patients who are being prepared for 
SRS of brain metastases, delayed MRI after contrast 
injection may reveal an increased number of targets 
that need treatment. To avoid missing tumors that could 
be treated at the time of planned SRS, and resulting 
“treatment failures”, we recommend that post-contrast 
MRI be acquired 15 minutes after injection in patients 
undergoing SRS for treatment of metastatic brain 
tumors. 

Disclosure: No significant relationships.
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Dosimetrical comparison of pencil beam 
and Monte Carlo algorithms for the iPlan 
treatment planning system using gamma 
analysis

B. Casar, A. Sarvari, I.M. Carot 

Department Of Radiophysics, Institute of Oncology Ljubljana, 

Ljubljana/SLOVENIA

Purpose: The iPlan® treatment planning system (TPS) 
offers us two dose calculation algorithms for the 
determination of the isodose distribution – Pencil Beam 
(PB) and Monte Carlo (MC). While the PB algorithm 
is much faster, the MC algorithm is generally more 
accurate. In our study we have compared the accuracy of 
both algorithms for two common treatment techniques 
for intracranial lesions: 7 conformal static fields (CSF) 
and 5 dynamic conformal arcs (DCA) comparing the 
calculated isodose distributions with measured ones.

Methods: Four standard treatment plans in the iPlan 
TPS were generated for a prescribed dose of 5 Gy in 
the isocenter using the CT scans of a Lucy phantom: 
7 CSF using PB calculation algorithm7 CSF using 
MC calculation algorithm5 DCA using PB calculation 
algorithm5 DCA using MC calculation algorithm The 
Lucy phantom was irradiated on a linear accelerator 
Novalis Tx™ with 6 MV photon beams, DR of 1000 
MU/min and with the calculated number of MUs. Dose 
distributions were measured using gafchromic® EBT2 
films cut into fragments with dimensions: 6.3 x 6.3 cm² 
and placed within the Lucy phantom. For each treatment 
plan dose, dose distributions were measured in 3 axial 
planes: the plane containing the isocenter and planes at 
z = + 5 mm and z = - 5 mm, where z represents the 
G-T direction. The films were digitized with an Epson 
Expression 10000XL flatbed scanner. The images were 
acquired in reflection mode with resolution 72 dpi (0.35 
mm/px). 2D gamma analysis of the dose distributions 
was conducted. The selected criteria for the analysis 
were 3% 3 mm excluding points with less than 10% of 
the maximum dose. Pass rate 90 % was selected.

Results: The average number of points with gamma<1 
was 80 +/- 3% with PB and CSF, 97.3 +/- 0.4% with MC 
and CSF, 52 +/- 5% with PB and DCA, and 91 +/- 2% 
with MC and DCA. The average gamma value was 0.58 
+/- 0.02 with PB and CSF, 0.31 +/- 0.03 with MC and CSF, 
1.00 +/- 0.06 with PB and DCA, and 0.41 +/- 0.02 with 
MC and DCA.

Conclusions: The superiority of MC algorithm over PB 
algorithm was statistically confirmed. The PB algorithm 
should be used only for plan optimization while the final 
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calculation of MUs should always be performed using 
the MC algorithm.

Disclosure: No significant relationships.
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Duodenal sparing stereotactic body 
radiation therapy for the treatment of 
locally advanced pancreatic cancer

M. Ghaly1, E. Montchal1, Y. Cao1, M. Marrero1,  
V. Vinciguerra1, N. Kaushik1, J. Sullivan1, J. Knisely2 

1Radiation Oncology, Hofstra North Shore-LIJ School of 

Medicine, Manhasset/NY/UNITED STATES OF AMERICA, 

2Radiation Oncology, NorthShore Long Island Jewish 

Hospital, Manhasset/NY/UNITED STATES OF AMERICA

Background: The proximity of the pancreas to bowel 
presents a unique challenge for pancreatic cancer SBRT. 
This study explores the safety and effectiveness of a 
novel approach optimizing pancreatic tumor coverage 
and duodenal sparing.

Methods: Twenty-five patients with locally advanced 
pancreatic cancer (22 head/ 3 body) were treated with 
initial chemotherapy (Gemcitabine or 5-FU/Cisplatin) 
for 2- 6 months. All underwent endoscopic US-guided 
fiducial placement in and around the tumor and had a 
4D treatment planning CT scan with oral contrast. This 
CT was used in conjunction with EUS findings, PET, and 
biphasic CT scans to identify the Gross Tumor Volume 
(GTV) in the expiration phases. The planning target 
volume (PTV) was created by uniformly expanding the 
GTV by 2 mm. Dose-volume histogram (DVH) endpoints 
were constructed, keeping V7/15/20 (stomach/
duodenum volumes that receive 7 Gy/15 Gy/20 Gy) 
<40%, /<25%/ <15%; the dose to 1/3 of the duodenal 
circumference <20Gy and duodenal point max dose <23 
Gy*. Additional dose constraints included liver D50<5 
Gy, ipsilateral kidney D25<5 Gy, cord D max <10Gy. 
Three 10 Gy fractions, normalized to the 85% isodose 
were delivered to the PTV on consecutive weekdays 
using fiducial-based respiratory motion tracking on a 
dedicated 6 MV linac-integrated stereotactic delivery 
system. The patients were then offered systemic therapy 
for 6 months or until tolerance or disease progression. 
Follow-up occurred at 4 weeks, 12 weeks, and every 3 
months.

Results: All patients completed SBRT and a median of 5 
total cycles of pre-and post-SBRT chemotherapy. Gross 
target volumes ranged from 14.2-205.7cm3 (median 
39.5cm3). With a median follow-up of 10 months, one 

patient developed transient gastroparesis, two Grade 2 
abdominal pain; one Grade 2 hematologic toxicity. No 
late toxicity was observed in 19 patients with longer 
follow-up (median 12 month). Twenty-three patients 
(92%) were free of local progression at the last follow-
up visit (range 3-12 months).

Conclusions: Linac-delivered organ-sparing SBRT 
with chemotherapy in locally advanced pancreatic 
cancer resulted in excellent local control and also was 
well tolerated acutely and subacutely. Longer follow-
up is warranted. A phase I dose-escalation study is 
underway *J. D. MURPHY et al. a dosimetric model of 
duodenal toxicity after stereotactic body radiotherapy for 
pancreatic cancer. IJROBP 2010
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Vertebral compression fracture after 
stereotactic radiotherapy for renal cell 
cancer spinal metastases

I. Thibault1, A.S. Al-Omair2, G.L. Masucci2,  
L. Masson-Coté2, F. Lochray1, G. Bjarnason3,  
A. Yee4, R. Korol5, L. Cheng6, W. Xu6, A. Sahgal7 
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Toronto/ON/CANADA, 5Medical Physics, Sunnybrook Health 

Sciences Centre, Toronto/ON/CANADA, 6Biostatistics, 

Princess Margaret Hospital, Toronto/ON/CANADA, 7Radiation 
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Objectives: To report the rate of post-stereotactic 
body radiotherapy (SBRT) vertebral compression 
fracture (VCF) specific to renal cell cancer (RCC) spinal 
metastases, and to identify potential anatomic and 
dosimetric predictive factors.

Methods: 71 spinal segments in 37 RCC patients 
treated at the University of Toronto were retrospectively 
reviewed. All 71 spinal segments were scored at baseline 
according to the Spinal Instability Neoplastic Score 
(SINS) criteria to determine if the components of this 
scoring system are predictive for SBRT-induced VCF. 
Additional factors analysed included the use of anti-
angiogenic therapies, biphosphonates, prior radiation, 
total dose and number of fractions, and various dose-
volume histogram parameters. Post-operative tumours 
were considered separately.
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Results: According to the SINS criteria, 42/71 segments 
were stable, 24/71 potentially unstable, and 5/71 unstable 
at baseline. Of the 5 unstable segments, 2 underwent initial 
surgery prior to SBRT and 3 were considered inoperable 
and treated with SBRT alone. In total, post-operative 
SBRT was delivered for 10/71 spinal segments and the 
analysis confined to the 61 segments treated with SBRT 
alone. At baseline, 48/61 vertebral bodies had no fracture 
and 13 had some degree of fracture (4 had <10% and 9 
had 10-33% of collapse). The median SBRT total dose 
and number of fractions were 24 Gy (range, 18-30) and 
2 (range, 1-5), respectively. The median follow up was 12 
months. 10 VCFs (16%) were observed with 3/10 being de 
novo fractures and 7/10 cases fracture progression. The 
1-year fracture-free probability was 82%. The median time 
to VCF was 48 days. The risk of SBRT-induced VCF was 
significantly greater in patients with baseline VCF (7/13, 
54%) compared to those with no baseline VCF (3/48, 6%). 
Multivariate analysis identified baseline VCF as the only 
significant predictor of SBRT-induced VCF (hazard ratio, 
6.46; 95% CI, 1.04-40.17; p=0.05). 

Conclusion: We observe a manageable risk of SBRT-
induced VCF in RCC patients. However, for spinal 
metastases with a baseline VCF, careful monitoring is 
required as they are at significantly greater risk of further 
collapse.

Disclosure: No significant relationships.

Abstract: 175

Do we need image-guidance of GTV 
defined by fet-pet in fractionated 
stereotactic treatment of high grade 
glioma?

S.A. Engelholm1, J. Costa2, I. Law3,  
P.M.A. Rosenschöld2, S. Engelholm2 

1Radiation Oncology, Rigshospitalet, Copenhagen/
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Nuclear Medicine And Pet, Rigshospitalet, University of 

Copenhagen, Copenhagen/DENMARK

Objectives: The purpose of the study was to determine 
the volume and extension of positron emission 
tomography using 18F-fluoroethyl-tyrosine (FET-PET/
CT) compared to magnetic resonance imaging (MRI) 
before fractionated stereotactic radiation treatment 
(FRST) of high grade gliom.

Methods: The study population comprised of more than 
100 patients (pts) with histologically proven high grade 

glioma treated with FRST and concomitant and adjuvant 
temozolomide. MRI with gadolinium-DTPA and FET-
PET/CT were performed in treatment position within the 
same week for radiation therapy planning. CT and MR 
images were fused in iPlan System (BrainLab) for auto-
contouring of organs at risk and exported to the Eclipse 
dose planning system (Varian). GTV was delineated as 
a contrast-enhancing tumor plus the operation cavity 
on MRI, defined by a radiologist blinded to the results 
of FET-PET. The CTV was generated by the geometric 
expansion of GTV plus 20 mm, and the PTV was achieved 
by an additional margin to the CTV by 2 mm. The FET-
PET volume was determined by a standardized uptake 
value (SUV) max/background threshold ratio of 1.6. On 
corresponding axial slices, FET uptake was compared to 
contrast enhancement in T1-weighted MR images. FRST 
with steep dose gradients was performed by intensity 
modulated arc therapy using a 2.5 mm micro-multileaf 
collimator, using daily image-guidance (ExacTrac) and a 
6D couch (Robotics) on a Novalis TX. Pts received 60 Gy 
in 30 fractions with 5 fractions per week.

Results: This paper shows the results of the first 50 pts. 
Six pts had no postoperative FET-PET uptake. Out of the 
remaining 44 pts, 2 pts had PET positive areas outside 
CTV (10 mm and 20 mm), GTV defined by MRI or FET/PET 
were overlapping in only 40% of the cases. Conclusion 
In this study of 50 pts, pretreatment FET-PET appears 
to identify areas of tumor activity outside the MRI-GTV, 
with the majority placed in the CTV (2 out of 44). With the 
introduction of stereotactic radiation therapy and a steep 
dose gradients it is crucial to define the tumor accurately. 
If incorporating of FET-PET to identifying areas for defining 
the CTV without expanding the GTV is reasonable, will be 
observed in a pattern of recurrence analysis. 

Disclosure: No significant relationships.
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Formation of aneurysms and 
subarachnoid hemorrhage after gamma 
knife radiosurgery for pituitary adenomas 
and vestibular schwannomas

J. Kawagishi1, H. Jokura1, Y. Akamatsu2, H. Endo2, 
M. Yoshida3, T. Tominaga2 

1Jiro Suzuki Memorial Gamma House, Furukawa Seiryo 
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Objectives: Gamma Knife radiosurgery (GKRS) has 
expanded indication of radiation therapy for patients with 
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benign tumors whose life expectancy is long after the 
procedure. Information about long-term complications 
is indispensable for the appropriate management of 
the patients. We present 5 cases with formation of 
aneurysms and/or subarachnoid hemorrhage (SAH) 
long time after the GKRS for pituitary adenomas and 
vestibular schwannomas. Materials and methods Two 
out of 671 patients with vestibular schwannoma and 
3 out of 352 patients with pituitary adenoma treated 
between December 1991 and October 2012 experienced 
formation of aneurysms and/or SAH during the follow 
up period.

Results: Case 1: 44-year-old male was treated by 
GKRS for 4.3 cm3 vestibular schwannoma prescribed 
13Gy to the periphery. He died 95 months after GKRS 
of sever SAH that was thick around the tumor. Case 2: 
66-year-old female was treated for 4.6 cm3 vestibular 
schwannoma by GKRS with 12Gy. She experienced SAH 
106 months after GKRS and pseudoaneurysm partially 
embedded in the tumor was resected. Case 3: 44-year-
old female with prolactinoma of 11.5 cm3 filling the left 
cavernous sinus grew after initial partial removal was 
treated by 15Gy. Four years later, 2nd surgical removal 
followed by fractionated radiation of 55.2Gy was needed. 
She experienced massive epistaxis and SAH 213 months 
after GKRS. An aneurysmal dilatation at the ascending 
petrous segment of left internal carotid artery was 
treated by proximal arterial occlusion and STA-MCA 
double anastomosis. Case 4: 34-year-old-female with 
non-functioning pituitary adenoma of 6 cm3 filing the 
left cavernous sinus grew after 2 surgical removals was 
treated by 27.5Gy. She experienced massive epistaxis 
216 months after GKRS. An aneurysm at left ascending 
petrous segment of internal carotid artery was trapped 
by intravascular procedure. Case 5: 38-year-old male 
with prolactinoma of 1.3 cm3 was treated by 25Gy. MRI 
performed 191 months after GKRS showed aneurysm 
formation in cavernous portion of right internal carotid 
artery that was not visible at the time of GKRS. Conclusion 
Considering the images, dose planning at GKRS, course 
and the sites, these pathologies seemed strongly related 
to GKRS. These complications are rare but can be fatal. 
Long term, probably lifelong, follow up with evaluation 
of arteries close to the tumors are desirable.

Disclosure: No significant relationships.
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Impact of fractionated stereotactic 
radiotherapy on neuro-cognitive function 
in benign brain tumors

A.A. Kanner1, G. Sela2, E. Gez3, D. Matceyevsky3,  
N. Shtrauss3, B.W. Corn3 

1Neurosurgery, Tel Aviv Souraskky Medical Center, Tel Aviv/
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Introduction: Radiation therapy is an important part 
of the therapeutic armamentarium for inoperable or 
progressing benign brain tumors after surgical and/
or medical options fail. The goal of treatment is tumor 
control and preservation of neurological function. The 
effect of radiotherapy on neuro-cognition has been 
extensively studied in metastatic disease; however the 
impact of modern image-guided stereotactic radiation 
treatments on cognitive function has not been described 
for benign lesions in proximity to the hippocampus. In 
our institution patients with benign brain lesions who 
underwent fractionated stereotactic radiotherapy (FSR) 
were evaluated prior to and 6-12 months after treatment.

Methods: This is a retrospective review of patients who 
underwent FSR between 12-2009 and 07-2011. We 
included only patients with benign lesions of the anterior 
or middle fossa, who underwent neuro-cognitive 
evaluations. All neuro-cognitive evaluations were 
performed by a dedicated neuro-psychologist.

Results: A total of 15 patients, 10 women (mean 
age 45.4 years (31-66)) were neuropsychologically 
evaluated. Treated pathologies included cavernous 
sinus meningeomas, craniopharyngeomas and pituitary 
macroadenomas. A comprehensive test battery 
including assessment of general intelligence, attention 
and memory functions (verbal and visual), language 
and executive function was used. Mean interval between 
exams was 9.9 months (range: 4.7-16.4)

During follow-up a significant increase in processing 
speed attention and in visual memory functions was found. 
Longer follow up data will be presented at the meeting

Conclusion: Although it is tempting to conclude that 
the stereotactic intervention was associated with an 
improvement in neurocognitive outcome, it is more likely 
that the results reflect a “practice effect”. The present 
data do support the conclusion that no significant short-
term neurocognitive disturbance is associated with FSR 
as delivered.

Disclosure: No significant relationships.
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Abstract: 178

Comparison of cyberknife and 
gammaknife treatment plans for target 
volume and normal tissue doses

N. Kayalilar, H.B. Caglar, G. Aydin, G. Gungor,  
B. Yapici, B. Atalar, E. Ozyar, M. S ¸engöz 

Radiation Oncology, Acibadem University, Istanbul/TURKEY

Stereotactic radiosurgery (SRS) is a highly precise form 
of radiation therapy initially developed to treat small 
intracranial lesions. The principles of cranial SRS is high 
precision radiation where delivery is accurate to within 
one to two millimeters applied with dedicated devices in 
one fraction. This treatment is only possible due to the 
development of highly advanced radiation technologies 
that permit maximum dose delivery within the target 
while minimizing dose to the surrounding healthy 
tissue. The goal is to deliver doses that will destroy the 
tumor and achieve permanent local control. Intracranial 
SRS can be done in an excellent way with dedicated 
machines. Gamma Knife and Cyberknife are two of these 
dedicated machines for this approach. In this study, SRS 
planning was performed to 11 intracranial metastases 
of 9 patients with the two dedicated treatment planning 
system. The dose volume histograms and dosimetric 
parameters were compared. Those parameters included 
heterogenity index (HI), conformality index (CI), gradient 
index (GI), volume of the normal brain receiving 8Gy 
(V8), 10 Gy (V10) and 12 Gy (V12) . The mean RTOG 
CI of the CK and GK treatment plans were 1.14±0,07 
and 1.16±0.17 respectively where the mean Paddick CI 
was 0,82 ± 0,04 and 0,85 ± 0,10 (0.64-0.95) (NS). The 
mean GI of the CK and GK treatment plans were 3,26 
± 0,47 and 3.05±0.51 respectively (NS). GK plans were 
more heterogeneous than CK plans with a HI 1.98 ± 0.19 
vs 1.09 ± 0,05 (p=0.003). V8, V10 and V12 values of 
the normal brain was not found to be different in the 
two treatment planning systems. GK and CK treatment 
planning systems are two excellent tools for stereotactic 
radiosurgery of solitary intracranial lesions in terms of 
universal dosimetric parameters.
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Histopathological examination of spine 
metastases after radiosurgery
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Objectives: There is a growing body of evidence to 
support the safe and effective use of stereotactic 
radiosurgery (SRS) for spine metastases. In contrast 
to intracranial radiosurgery for metastases, there has 
not been to date a comprehensive histopathologic 
investigation that examines the radiosurgical effects 
on metastatic spine tumors. The objective of this study 
was to analyze histopathological findings in a cohort of 
recurrent spine metastases in patients who previously 
underwent SRS.

Methods: A consecutive series of 222 patients with 
spine and paraspinal metastases were treated with SRS. 
All patients were treated using the Elekta Synergy S 
6-MV linear accelerator with a beam modulator and cone 
beam CT image guidance combined with a HexaPOD 
couch that allows patient positioning correction in 
3 translational and 3 rotational directions. The most 
common primary tumor histologies were breast, renal 
cell, melanoma, and prostate. Fifteen patients (7%) 
underwent subsequent surgical resection between 3 
and 65 months after SRS. The prescribed dose to the 
gross tumor volume, delivered in a single fraction, was 
14 to 20 Gy (mean 17 Gy). Histologic investigations were 
performed on the surgically resected tissue specimens. 
All specimens were felt to be within the radiosurgical 
treatment volume of the metastatic tumor.

Results: The indications for subsequent surgery 
after SRS were the following: 10 patients underwent 
surgery due to suspected progression of disease 
leading to spine cord or cauda equina compression 
(67%); 5 patients developed symptomatic compression 
fractures or mechanical instability that required surgical 
stabilization (33%). Light microscopy revealed 9 cases 
with minimal foci of inflammation (60%), 3 cases with 
mild inflammation (20%), and 1 case with moderate 
inflammation (7%). Nine of the ten cases with suspected 
progression demonstrated tumor within the resected 
specimen (60%). Two cases demonstrated ectacic 
vessels (13%). Only 9 cases demonstrated fibrotic bone 
marrow (60%). Finally, 9 cases demonstrated evidence 
of necrosis (60%).

Conclusions: This investigation represents the first 
systematic and comprehensive histopathological 
analysis of a series of spine metastases previously 
treated with SRS. These findings differ somewhat from 
published investigations of brain metastases treated 
with SRS. Only two cases demonstrated vasculopathy, 
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and one case demonstrated non-fibrotic, normal bone 
marrow. This lack of vascular change may be related to 
a relative under dosing of the tumor and the reason for 
clinical failure. Further investigation in a larger series of 
spine SRS cases may determine which histopathological 
features are associated with tumor progression and the 
need for subsequent surgical resection. 
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Gamma knife stereotactic radiosurgery  
in high grade gliomas
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Purpose: To identify the role of gamma knife stereotactic 
radiosurgery in the management of patients with 
recurrent or unresectable high-grade astrocytomas.

Methods: This reterospective study was carried out at 
Pakistan Gamma Knife & Stereotactic Radiosurgery 
Center.During a 15-months interval, 54 patients 
underwent gamma knife stereotactic radiosurgery 
as part of multimodal treatment of their recurrent 
or unresectable high-grade astrocytomas. Forty 
one (75.9%) of these patients harbored anaplastic 
astrocytomas (AA) and 13 (24%) patients harbored 
WHO Grade IV Glioblastoma multiforme(GBM). Median 
age was 35.5 years (range: 5-70 years). Tumors involved 
the parietal lobes in 19(35.2 %), frontal lobes in 12 
(22.3%), brainstem in 09 (16.7%), temporoparietal 
regions in 5(9.3%), thalamus in five (9.3%), parasagital 
region in 2(3.7%), parietooccipital and pineal region in 
1(1.9%) patient each. In 39(72.2%) patients, diagnosis 
was confirmed with histopathology while 15 (27.8%) 
were diagnosed clinically, radiologically and with the 
help of MR spectroscopy. Multimodal treatment included 
surgery in 33(61.1%), fractionated radiotherapy in 
15(27.8%) patients, chemotherapy in 6(11.1%), and VP 
shunt placement in 8 (14.8%). Tumor volumes ranged 
from 4.3 to 70 cm3. The median radiosurgical dose at 
tumor margin was 11 Gy (range 7.5–16 Gy).Median 
maximum tumor dose was 23.80 Gy(range: 15-32.2 Gy).

Results: Only 10 patients had follow up images, four 
were of AA and six were of GBM. Partial response was 
found in 3(30 %), stable disease in 3 (30%), progressive 

disease in 1 (10 %). No complete response achieved. 
No procedure-related death was encountered. Seven of 
10 patients are alive at a median follow-up period of 8 
months after radiosurgery .Three (30 %) patients died 
of local tumor progression. after 8 months of gamma 
knife radiosurgery. No significant radiation related 
adverse events were noted. Literature revealed the role 
of gamma knife as a part of multimodality treatment 
to increase the local controls and overall survivals in 
selected patients. 

Conclusion: Gamma Knife stereotactic radiosurgery is 
a useful intervention in the multimodal management of 
recurrent or unresectable high grade gliomas to have 
better local controls with lower complication rates.
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Application of angled posts during 
stereotactic head frame placement
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Purpose: Proper stereotactic frame placement is critical 
for accurate and safe radiation delivery during gamma 
knife radiosurgery. One of the current problems using 
the standard frame is the suboptimal positioning of 
anterior posts when the forehead is narrow, leading 
to penetration of the temporalis muscle and increased 
patient discomfort. We have developed custom anterior 
posts with angled screw holes to improve frame 
positioning. We present prospectively collected data 
on pain scale scores from patients regarding the pain 
experience with stereotactic frame placement using 
standard posts and angled posts.

Methods: We enrolled consecutive patients undergoing 
radiosurgery for primary brain tumor, brain metastasis, or 
AVMs at University of California San Francisco. Patients 
were placed in the Leksell stereotactic frame using 
standard posts unless the pin site is close to (<3mm) or 
behind the superior temporal line (STL), in which case, 
angled posts were used to ensure the pin site is anteior 
to STL. A linear scale pain assessment tool was used 
for patients to grade their pain experience: prior to/after 
frame placement, prior to/after radiosurgical treatment, 
and the day following treatment.
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Results: A total of 41 patients have participated to date 
with 25 patients receiving the standard post and 16 
patients with angled posts. On a linear pain scale, the 
mean patient pain scores prior to frame placement with 
standard posts was 0.6 ± 1.4 (mean, SD), after frame 
placement 0.9 ± 2.0; prior to SRS 0.6 ±1.8; after SRS 
1.3 ± 2.4; and the day after 1.0 ± 1.7. Pain scores for 
patients using angled posts were 0.8 ± 1.5 (mean, SD), 
after frame placement 0.9 ± 1.4; prior to SRS 1.3 ±1.8; 
after SRS 2.6 ± 2.2 and the day after 1.4 ± 1.7. There 
was no statistically significant difference in pain scores 
between the two groups.

Conclusions: Placement of a stereotactic frame is 
not regarded as an extremely painful event form the 
patient’s perspective. Angled bars prevented pin site 
penetration of the temporalis muscle and may be helpful 
in reducing the pain experience. Practitioners can use 
this information to address patients concerns about the 
pain associated with stereotactic frame placement.

Disclosure: No significant relationships.
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Should whole brain radiotherapy be used 
with radiosurgery for oligometastatic 
brain metastases? - A recursive 
partitioning analysis

G. Rodrigues1, A. Warner1, J. Zindler2,  
B.J. Slotman3, F.J. Lagerwaard3 

1Radiation Oncology, London Regional Cancer Program, 

London/CANADA, 2Radiation Oncology, vuMC, Amsterdam/

NETHERLANDS, 3Radiation Oncology, VUmc, Amsterdam/

NETHERLANDS

Purpose: The utility of stereotactic radiosurgery (SRS) 
for the management of oligometastatic (1-3 lesions) 
brain metastases (BM) has been previously defined 
in published randomized clinical trials. Whole brain 
radiotherapy (WBRT) has been shown in multiple 
studies to reduce the incidence of regional failure (RF, 
distant brain relapse). However, the routine use of WBRT 
has been questioned due to the lack of a demonstrated 
overall survival benefit. In addition, the competing risks 
of neurocognitive decline from regional failure versus 
the long-term neurocognitive side-effects from WBRT 
has further complicated appropriate decision-making. 
Therefore, the purpose of this investigation is to define 
patient populations at high- or low-risk of RF after SRS 
lesion treatment using a recursive partitioning analysis 
(RPA) approach.

Methods: A retrospective 380 patient database 
containing baseline characteristics, treatment details, 
and follow-up data of newly diagnosed patients with 
1-3 BM (on magnetic resonance imaging) treated with 
Linac-based SRS as a single modality (lesion 15-21Gy 
at 80% isodose/1 fraction or 24Gy/3 fractions) was 
created. Univariable analysis was performed to identify 
statistically significant factors to be included in a RPA 
to predict for the primary endpoint, i.e. cumulative RF 
at one-year. Low-, intermediate-, and high-risk patient 
populations were defined after an analysis of RPA trees, 
which identified robust cutoff points for the studied 
variables. Kaplan-Meier curves were generated for both 
RF and overall survival (OS) endpoints utilizing the log-
rank test to explore differences in outcome between the 
different risk classifications.

Results: A total of 109/380 (29%) patients were observed 
to have RF at one-year. Age, number of brain metastases, 
World Health Organization (WHO) performance status, 
and gross tumor volume (GTV) size were found to 
be statistically significant predictors of the primary 
outcome. Maximum GTV size was utilized for RPA 
analysis due to favourable statistical properties including 
superior statistical significance and lack of redundancy 
with the number of brain metastases variable. RPA 
classifications were defined as follows: low-risk (<20% 
1-year RF): WHO≥1 AND age>55Y AND solitary lesion), 
high-risk (>47% 1-year RF): [WHO=0 AND age>55Y 
AND 2-3 lesions] OR [age≤55Y with solitary lesion with 
GTV≤5cc]), and intermediate-risk (between 20-47% 
1-year RF): all other patient combinations not low- or 
high-risk). These classifications were highly statistically 
significant (p<0.01) for both RF and OS.

Conclusions: A clinically useful RPA has been created 
to assist clinicians and patients in assessing the risk of 
RF after SRS therapy. A risk-adapted WBRT treatment 
approach can be potentially applied using these RPA 
categories.

Disclosure: No significant relationships.
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Investigation of small target four-
dimensional computed tomography  for 
lung stereotactic body radiotherapy with 
multi-dimensional variable
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Purpose: Motion management is important in lung 
tumor SBRT. Small target four dimensional computed 
tomograhy (4DCT) imaging could give significant target 
motion information. In this study, Quality of 4DCT for 
small target was investigated to provide information for 
treatment planning in SBRT of small target, which is in 
favor of magnifying the target margin characteristics 
during 4DCT scan.

Methods: A Real Time Position Management (RPM) 
phantom from Varian Medical System and 6 CT-spot 
pellets from Beekley Medical were employed for this study. 
Each pellet was equivalent to a 4mm diameter ball. The 
CT-spot pellets were attached to the RPM phantom. Two 
pellet set planes formed 8cm distance and generated two 
speeds which were 0.2cm and 0.4mm per second given 
a period with 5.0 seconds. With a GE LightSpeedTM RT 
CT scanner, the phantom was executed with helical scan 
with 1.25mm slice thickness with and without motion. 
Then a 4D CT scan in axial cine mode was carried on at 
the same phantom. The image exams were exported the 
GE Advantage Workstation for process. The exams were 
reviewed and sorted into 10 phases retrospectively. The 
0% phase image set, 50% phase image set, maximum 
intensity projection (MIP) image set and average 
intensity projection (Ave-IP) image set were exported to 
the Eclipse treatment planning system for analysis. In 
image sets, multi-dimensinal variables such as center 
coordinate of pellets , distance between pellets, and 
volume of the pellets were used for analysis.

Results: At 350 HU window width and 40HU window 
level, image sets from helical scan for the static phantom 
is used as reference, comparing to helical scan from 
moving phantom, retrospective MIP, average intensity 
projection, 0% phase and 50% phase, for pellets moving 
at 0.4 cm per second, the average coordinate deviation 
are 0.49cm, 0.22cm, 0.19cm, 0.59cm and 0.06cm with 
standard deviation 0.83cm, 0.29cm, 0.32cm, 0.69cm, 
and 0.07cm, the percentage distance differences are 
10.2%, 3.3%, 7.3%, 0.1%, and 0.1% with standard 
deviation of 13.2%, 4.4%, 9.6%, 0.1%, and 0.1%. and 
the percentage volumes changes are 17.4%, 171.5%, 
18.4%, 14.2% and 7.8% with standard deviation at 
25.4%, 201.8%, 23.7%, 19.85% and 10%.

Conclusions: A simple and sensitive 4DCT quality 
assurance method was developed by combining Varian 
RPM phantom and CT-spot pellets from Beekley Medical 
and it shows that the 50% phase image set is better for 
SBRT planning. Further study will include dosimetric 
effect on the small target moving in different directions.

Disclosure: No significant relationships.
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11C-methionine positron emission 
tomography for differential diagnosis 
between radiation injury and tumor 
recurrence in the patients with brain 
metastasis after stereotactic radiosurgery

K. Yatsushiro1, M. Ogita2, K. Nakamura1, T. Fujimoto1 

1Department Of Neurosurgery, Fujimoto General Hospital, 

Miyakonojo City, Miyazaki/JAPAN, 2Department Of Radiation 

Oncology, Fujimoto General Hospital, Miyakonojo city, 

Miyazaki/JAPAN

Purpose: Radiation injury is one of the most important 
problems after stereotactic radiosurgery (SRS) and 
radiotherapy (SRT). However differential diagnosis 
between radiation injury and tumor recurrence is 
difficult. We evaluate availability of 11C-Methionine 
positron emission tomography (Met-PET) in differential 
diagnosis after SRS and SRT in the patient with brain 
metastasis. 

Material and Method: Between January 2008 and 
May 2012, 42 patients who had expanding lesion of 
brain metastasis after stereotactic radiosurgery and 
radiotherapy were engaged on this study. Primary 
lesions of brain metastasis were lung cancer in 28 
cases, breast cancer in 7cases, ovarian cancer in 3 cases 
and others in 4 cases. Gamma knife radiaosurgery and 
Cyberknife radiotherapy were performed in 30 cases and 
12 cases, resperctively. Met-PET images were obtained 
as a static scans of 10 minutes performed 20 minutes 
after injection of 11C-methionine. On Met-PET scans, 
the portion of the tumor with the highest accumulation 
was selected as the region of interest (ROI), tumor-
versus-normal ratio (TN ratio) was defined as the ratio 
of the standardized uptake value (SUV) in the tumor (T), 
divided by SUV in normal gray matter (N). Met-PET scan 
accuracy was evaluated by histological assessment from 
removed tissue (12 cases) or, in cases without surgery 
or biopsy, by the subsequent MR findings (30 cases).

Result: Met-PET images were obtained 459 days after 
SRS or SRT. Maximum TN ratio was 1.16 in the cases 
with radiation necrosis (25 cases) and 1.74 in the cases 
with tumor recurrence (14 cases). The cut-off value of 
SUV was about 1.5. Subsequent Met-PET was performed 
in the patients who had around 1.5 in the SUV and could 
not be evaluated differential diagnosis from initial Met-
PET only. Maximum TN ratio elevated from 1.38 to 1.69 
in the cases with recurrence. However, in the cases with 
radiation necrosis, it did not changed from 1.16 to 1.26.

Conclusion: Met-PET proved useful for differential 
diagnosis for radiation injury and tumor recurrence. If the 
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initial Met-PET could not reach diagnosis, subsequent 
examination was available for differential diagnosis.

Disclosure: No significant relationships.
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Dose escalation in spine radiosurgery is 
feasible using a simultaneous integrated 
boost technique

S. Lewis1, Z. Chang1, P. Patel1, J.P. Kirkpatrick2,  
A. Cabrera3 

1Radiation Oncology, Duke University Hospital, Durham/NC/

UNITED STATES OF AMERICA, 2Radiation Oncology, Duke 

University, Durham/NC/UNITED STATES OF AMERICA, 

3Radiation Oncology, Duke University Medical Center, 

Durham/UNITED STATES OF AMERICA

Purpose: Dose escalation to 24 Gy via spine radiosurgery 
has been shown to improve local control of vertebral 
metastases, but is associated with high rates of 
compression fracture. This study assesses the feasibility 
of using simultaneous integrated boost (SIB) to deliver 
an ablative dose to gross tumor while treating the 
remainder of the vertebral target to a lower, potentially 
less morbid dose and keeping dose to adjacent critical 
structures within acceptable limits.

Methods: Seventeen vertebral metastases in 14 patients 
were treated at our institution between June 2007 and 
August 2012 with single-fraction stereotactic radiosurgery 
using intensity modulated, linear accelerator-based 
techniques. The original plans were designed to treat 
planning target volume (PTV) homogeneously (16 Gy 
or 18 Gy x 1). Using the simulation CTs and MRIs of 
the first five consecutive patients, we generated novel 
treatment plans employing SIB to escalate dose to gross 
tumor volume (GTV). GTV included visible osseous and 
paravertebral/epidural tumor. Clinical target volume 
(CTV) encompassed GTV and adjacent vertebral 
structures in a manner consistent with consensus 
guidelines. CTV was uniformly expanded by 2 mm to 
create PTV, excluding spinal cord and cauda equina. In 
the new plans, 16 Gy was prescribed to the PTV, and 
SIB used to escalate GTV dose to 24 Gy. All plans used 
coplanar beam arrangements and were designed to meet 
dose/volume constraints from the Radiation Therapy 
Oncology Group 0631 spine radiosurgery protocol. Dose 
heterogeneity index (DHI) was defined as (D1%-D99%)/
Dmean. Dosimetric endpoints and DHI from the original 
and novel plans were compared using the Wilcoxon 
signed-rank test. We plan to generate and analyze novel 
plans for the remaining 12 lesions similarly.

Results: All five novel plans met pre-specified dose 
constraints to the spinal cord (4/4), cauda equina (1/1), 
and esophagus (1/1). Mean GTV dose in the novel plans 
was 25.3 Gy (range, 24.6-25.8 Gy), significantly higher 
than in the original plans (mean GTV dose 17.7 Gy, range, 
16.1-19.9 Gy; p=0.03). Mean DHI in the novel plans 
was 0.53 (range 0.46-0.58), higher than in the original 
plans (mean 0.18, range 0.13-0.22; p=0.03). Spinal cord 
Dmax and volume receiving 10 Gy (V10) did not vary 
significantly between the original and novel plans (mean 
Dmax 12.7 Gy vs 13.3 Gy, p=0.81; mean V10 8.5% vs 
4.5%, p=0.62). 

Conclusion: Escalating dose to GTV using SIB appears 
feasible. Prospective evaluation of this technique is 
necessary to determine safety and efficacy.

Disclosure: No significant relationships.

Abstract: 186

10 Years experience in stereotactic body 
radiation treatment for lung tumors
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J. Bea2, M.A. Garcia2 

1Oncologia Radioterapiaca, Hospital NISA Virgen del 

Consuelo, Valencia/SPAIN, 2Fisica Medica, Hospital NISA 

Virgen del Consuelo, Valencia/SPAIN

Objectives: To review our institution’s last decade 
experience in patients with medically inoperable lung 
tumors treated with stereotactic body radiotherapy 
(SBRT).

Methods: Between july 2002 and august 2012, 105 
consecutive patients with 116 inoperable lung tumors 
were treated at our institution using SBRT. Those 
lung tumors included: lung cancers of any histology 
(77.5%), metastatic lung nodules (12.1%) or solitary 
pulmonary nodules suspicious of malignancy (PET+) 
with no pathological confirmation (10.4%). Data 
regarding treatment outcome, toxicity and technique 
was collected and analyzed retrospectively using the 
medical records. In all cases the technique involved: 
(1) simulation with computed tomography slow-
scan (CT) and immobilization device (bodyframe® or 
bodyfix® systems), (2) contouring the target volume 
in the 3 sets of CTs, (3) superimposing the volumes in 
Dosisoft isogray® 3D planning system to represent the 
internal target volume (ITV), (4) dose calculation using 
heterogeneity correction and assuring a very conformal 
dose distribution and a very steep fall-off of the radiation 
dose outside the treatment volume and (5) radiation 
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delivery using multiple static non-coplanar non-opposing 
beams converging at the center of the lung tumor. The 
prescribed isocenter dose was either 3 fractions of 14-
16 Gy and or a single 30-Gy fraction (corresponding 
to BEDs > 100). Dose constraints were set for spinal 
cord and lung volume. Toxicity and radiologic response 
were assessed in the scheduled follow-up visits, using 
conventional criteria. Survival rates and cumulative 
incidences of toxicities were calculated by the Kaplan-
Meier method from the start of SBRT. 

Results: Median patient age was 69.5 years (47-86). The 
mean tumor volume was 6.62 cm3 (0.6-292.7). Acute 
toxicities were grade 1 or 2 esofagitis, neumonitis or 
dermitis and occurred in 9.6% of all cases. No toxicities 
grades 3 or greater were identified. The median follow-
up was: 18 months (3-65). The 2-year survival was 69% 
for all patients and 75.2% for those whose tumors were 
non-metastatic. Disease control in the irradiated lung 
volume was 95.7% at 2 years.

Conclusions: SBRT is an excellent treatment option for 
inoperable primary (proven or presumed) or metastatic 
lung tumors, in terms of local control, survival and 
toxicity. 

Disclosure: No significant relationships.
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Less intra-observer variation in fiducial 
marker registration compared to tumor 
registration in lung stereotactic body 
radiotherapy (SBRT)

G.F. Persson, M. Aznar, P.M.A. Rosenschöld,  
S.A. Engelholm, L. Specht, M. Josipovic 

Department Of Radiation Oncology, Rigshospitalet, 

Copenhagen/DENMARK

Purpose: Radio-opaque fiducial markers are used as 
surrogates for position of mobile tumors in beam tracking 
or gating in lung and liver stereotactic radiotherapy. 
Usually set-up is done image-guided with conebeam 
computed tomography and tumor registration. In this 
study we investigated the performance of marker versus 
tumor registration in image-guidance and evaluated the 
stability of the marker within the tumor.

Methods: We prospectively included 15 patients referred 
for lung SBRT. A complex fiducial marker was implanted 
by per-cutaneous puncture a week before planning. 
Voluntary deep inspiration breathhold scans (BHCT) 
(3 mm slice thickness) were acquired at planning and 

the three treatment days. The treatment days’ BHCTs 
were registered to the planning BHCT to determine 
intra-observer uncertainty for both tumor and marker 
registration. All registrations were performed twice to 
determine intra-observer uncertainty in both tumor 
and marker registration. Differences between tumor 
and marker based image registrations of the BHCTs 
were evaluated from four possible combinations of 
tumor and marker based image registrations. Deviation 
in registration differences in the three translational 
directions quantified the marker stability.

Results: One of the patients coughed up the marker 
between implantation and planning. Therefore only 
fourteen patients could be evaluated. Four patients 
had pneumothorax after the marker implantation, three 
needed a chest tube. Intra-observer uncertainties for 
image registration of tumor were -0.2 ± 0.9 mm (mean ± 
SD) in left-right (LR) direction, 0.0 ± 0.9 mm in anterior-
posterior (AP) direction, 0.2 ± 1.0 mm in cranio-caudal 
(CC) direction and 1.2 ± 1.1 mm in three dimensions 
(3D). Intra-observer uncertainties for image registration 
of markers were -0.0 ± 0.3 mm in LR, 0.5 ± 0.5 mm in 
AP, 0.1 ± 0.7 mm in CC and 0.7 ± 0.5 mm in 3D. Mean 
3D differences for tumor registrations on all days were 
significantly larger than for 3D marker registrations 
(p=0.007; paired t-test). Mean deviations between tumor 
and marker position of four registration combinations 
ranged -2.9 to 2.6 mm in LR, -0.8 to 1.5 mm in AP 
and -2.6 to 2.8 mm in CC. Four patients had deviations 
exceeding 2 mm in one or more registrations throughout 
the SBRT course.

Conclusions: The intra-observer uncertainty in marker 
registration was significantly smaller than for tumor 
registration and the marker deviations were within the 
magnitude of the intra-observer variation. Therefore 
marker match can safely be used for image guidance 
during a short course of SBRT.

Disclosure: No significant relationships.
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Objectives: To examine a single-center treatment 
outcomes of arteriovenous malformations (AVMs) of the 
brain using stereotactic radiosurgery as only therapy or 
as complement to other treatments.

Methods: The medical records of all patients with 
brain AVMs (including arteriovenous nidus or fistulae, 
but excluding cavernous angiomas) treated at the 
radiotherapy department of Hospital Virgen del Consuelo 
in Valencia, Spain, were reviewed . Data regarding 
treatment outcome, toxicity and technique was collected 
and analyzed retrospectively. In all cases the technique 
included: (1) Leksell frame fixation, (2) virtual simulation 
with angiography, magnetic resonance imaging 
(MRI) and tomography (CT), (3) image fusion, target 
delimitation, planning and dosimetry was obtained using 
SimuPlan® system and (4) treatment was administered 
with Elekta® linear acceleration (LINAC) with tertiary 
collimation using McGill cones or a micromultileaf 
device. For each isocenter, 4-5 non-coplanar arcs of 
photon beams of 6 MV were used. The prescribed dose 
represented that delivered to cover the entire target 
volume. Toxicity and radiologic response were assessed 
in the scheduled follow-up visits, using conventional 
criteria. Obliteration rates and annual bleeding hazard 
rates were calculated by the Kaplan-Meier method from 
the date of radiosurgery. 

Results: Between November 2000 and July 2012, 170 
patients (89 men, 81 women) and 188 AVMs have been 
treated in our institution. The mean patient age was 32.3 
years (6-82). In 47 % of the patients the presenting 
symptom had been intracranial hemorrhage. 61 % also 
received one or more embolizations, 8 % or the lesions 
had been previously (and partially) resected. 9 % of the 
patients required more than 1 round of radiosurgery. The 
mean AVM volume was 2.54 cm3 (0.4-56). The mean 
prescribed coverage dose was 17.9 Gy (12-18). 68 % 
of patients had complete obliteration confirmed by MRI 
or angiography. Most obliterations occurred in the first 
3 years after radiosurgery. Non-symptomatic imaging 
abnormalities were detected in 30 % of patients after a 
median time of 60 months. The annual risk of hemorrhage 
after radiosurgery was 1.03%. 8% of patients reported 
new or worsened neurologic symptoms, all of them 
reversible with medical treatment.

Conclusions: LINAC radiosurgery is an excellent option 
for brain AVMs, as only treatment or as complement to 
surgery or endovascular treatment. It offers encouraging 
complete obliteration rates and acceptable toxicities. The 
technique used and results obtained at our department 
are comparable to those reported in other experienced 
radiotherapy units worldwide.

Disclosure: No significant relationships.
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Comparison of cone and mlc linac based 
arc stereotactic radiosurgery for small 
target with different apertures

K. Li 

John R Marsh Cancer Center, Associates in Medical Physics, 

Hagerstown/MD/UNITED STATES OF AMERICA

Objectives: Stereotactic Radiosurgery (SRS) can 
utilize different techniques. For small target SRS, the 
selections of the apertures of cone or MLC field influence 
the treatment significantly. In this study, while the 
aperture of the MLC and cone field vary, the dosimetric 
characteristics of the two techniques are compared for 
SRS of small targets which are in the favor of magnifying 
the dosimetric effect.

Method: An anthropomorphic phantom was used to 
simulate the patient with a 4 millimeter diameter cranial 
target. Single 360 ARC plans were generated with Eclipse 
external beam and cone based treatment planning system 
from Varian Medical System. For MLC based plan, the 
apertures fit to structure with circle margins varying with 
2mm, 3mm, 4mm, 5mm and 6mm. These setups were 
in correspondence with the cones being selected to be 
5mm, 10mm, 12mm, 14mm and 16mm in diameter. For 
the MLC based plan, the leaf-edge-contour meet points 
were selected to be in the middle. Jaw positions were 
used both recommended and optimized options. Mean 
dose was treated as the prescription dose. Comparison 
of the two planning techniques was carried out using 
12Gy Volume (V12Gy) from dose-volume histogram 
(DVH), maximum dose to the prescription dose ratio 
(MDPD), ratio PITV (PIV/TV), radiation conformity 
index (TVPIV/TV), and an integrated conformity index 
(TVPIV2/(TVxPIV)), where PIV is the prescription 
isodose surface volume, TV is target volume, and TVPIV 
is the intersection of TV and the PIV.

Results: For the apertures used for this study, while MLC 
and cone based plans were compared, the V12Gy ranges 
were from 1.0cc to 5.3cc with average at 3.3cc, and 
0.1cc to 3.2cc with average value at 1.5cc. The variations 
of MDPD were 9% with average value at 1.04, and 12% 
with average at 1.03. The varying ranges of PITV were 
35% with average value at 0.80, and 17% with average 
value at 0.54. Integrated conformity index (ICI) variations 
were up to 45% with average value at 0.34, and at the 
level of the 7% with average value at 0.42.

Conclusions: For small target SRS, there are larger 
variations in V12Gy, PITV, and ICI in MLC based plan 
than those of cone based plan, while the difference is 
not significant for MDPD in both settings at the selected 
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aperture sizes.The multiple ARC treatment plan and the 
clinical reality of algorithm for small aperture also need 
further investigation.

Disclosure: No significant relationships.
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Comparison between iris and fixed 
collimators for cyberknife stereotactic 
radiosurgery treatments of  petroclival 
meningiomas
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Objectives: Aim of this study is to compare the planning 
performance of two collimators (fixed and dynamic 
aperture IRIS) mounted on the cyberknife system.

Methods: Three treatment plans for each petroclival 
meningioma patient (average target volume 13.9cc) 
were optimized for different collimator setups: up to 
three fixed, free variable aperture IRIS (fIRIS) and IRIS 
apertures constrained to the fixed plan ones (cIRIS). 
The prescription dose was 25 Gy in 5 fractions and 
the reference isodose for each patient was chosen to 
produced equivalent target coverage for the three plans. 
The comparison among different collimator setups was 
performed in terms of OARs sparing (brain stem, cochlea 
and omolateral acoustic nerve), CI (van’t Riet et al.), total 
MU, treatment time and body volumes receiving 70%, 
50%, 30% and 10% of the prescription dose.

Results: Plans for all patients had a mean target coverage 
of 96.1%, and the mean prescription isodose was 81%. 
The three collimator setups did not produce significant 
differences in terms of OARs sparing and CI values. 
Compared to fixed collimators, both IRIS plans showed 
improvements in low dose regions, with a reduction of 
4.9% and 6.7% for the total volume enclosed respectively 
by the 30% and 10% of the prescription dose isodoses; 
no relevant differences were appreciated when 70% and 
50% isodoses were considered. Treatment time was 
reduced by 16.6% when the IRIS collimator setup was 
used, with a minimal difference between free variable 
aperture and constrained IRIS (~2 min less for fIRIS). 
The fIRIS setup also allowed a reduction of the 5.6% and 
8.7% of the total MU number, if compared to fixed and 
cIRIS plans respectively.

Conclusions: The different collimator setups analysed 
showed nonsignificant differences in terms of OARs 
sparing for radiosurgery treatment of petroclival 
miningiomas. Using the IRIS collimator with free 
variable aperture can reduce the total volume enclosed 
by medium and low dose isodoses. Moreover, it can 
also reduce treatment time and total MU number. Finally, 
using IRIS constrained apertures instead of free ones 
could be advantageous in terms of treatment planning 
computation time.

Disclosure: No significant relationships.
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Robotic radiosurgery treatment in liver 
tumours: early experience from an indian 
centre
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V. Murli1 

1Radiation Oncology, Apollo Speciality Hospital, Chennai/

INDIA, 2Radiology, Apollo Speciality Hospital, Chennai/INDIA

Purpose: We report initial experience with SBRT in 
patients hepatocellular carcinoma (HCC), liver metastasis 
(LM) and Klastkin tumour (KT).

Methods: Seventeen consecutive patients (mean age 
57.5 years, range 35-81 yrs; 82% male) treated with 
fiducial based robotic radiosurgery. Nine patients had 
HCC (n=9) and four each had LM (n=4) and KT (n=4). 
11/17 patient (70%) were with Child Pugh A/B, 8/9 with 
HCC had infective hepatitis (4 each with hepatitis B & 
C), 5/17 (29%) had diffuse cirrhosis, 70%(12/17) had 
single lesion in liver and target volume <10cc in 3 patient 
(17%), 11-90cc in 8 (47%) and >90 cc in 6 (35%) 
patients respectively. 13/17 (75%) patients had prior 
treatment [chemotherapy 8/13 (61%), TACE 5/13 (39%)] 
and treated with SBRT on progression. All patients were 
treated with 3 fractions (21-45Gy/3#; mean dose 33Gy, 
prescription isodose 84%, target coverage 94%); fiducial 
tracking based CyberKnife. Mean CI, nCI, HI was 1.13, 
1.28 and 1.19 respectively. Mean liver dose was 4.7 Gy, 
800cc liver dose 8.2 Gy; 2% small intestine dose 10.6 
Gy. Mean nodes, beamlets, monitor units and treatment 
time 69, 174, 46919 and 60.4 min respectively.

Results: At mean follow up of 11.3 months (range 1.9-
26.5), 12/17 (70%) patients expired and 5/17 (30%) 
alive (3 patient with controlled primary, one each with 
local progression and metastasis). Median overall 
survival (OS) in HCC patients was 11.9 months (2.1-26.5 
months), MT 8.3 months (1.9-13.3 months) and KT was 
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12.8 months (7.4-25 months) respectively. 5/17 (30%) 
patients had grade I-II GI toxicities, no grade III-IV 
toxicities were observed and only one patient (12%) had 
anicteric ascites with high serum alkaline phosphatase 
two months after CK and recovered with supportive 
care. Median OS (month) were significantly influenced 
by factors such as performance status (KPS 70-80 vs 
90-100: 8.3 vs 15.4; p=0.034), Child Pugh (CP A/B vs 
C: 13.3 vs 4.9; p=0.039), cirrhosis (only fatty liver vs 
diffuse cirrhosis: 13.3 vs 9.4; p=0.005), prior treatment 
(no Rx vs prior Rx: 16.6 vs 8.3; p=0.006), dose (<39Gy 
vs >39Gy: 9.5 vs 15.4; p=0.02) and target volume (<10cc 
vs >90 cc: 15.7 vs 7.7; p=0.011) respectively. There was 
no fiducial related toxicity or migration. Conclusion. 
SBRT is safe and effective local treatment modality in 
selected patients with liver malignancies with minimal 
adverse events. Factors such as performace status, Child 
Pugh classification, cirrhosis status, prior treatment, RT 
dose and target volume significantly influence survival 
function. 
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Introduction: Arterio-venous malformations (AVM) of 
the brain consider as a defeat caused by anomalies of 
development in embrional period.

Materials and Methods: 491 patient with brain AVM 
received radiosurgical treatment and radiotherapy 
irradiation. Between 491 patients - 128 patients 
received Gamma-knife radiosurgical treatment, other 
313 patients were received Linac (Novalis) stereotactic 
irradiation. Between 363 patients 293 patients have 
passed a radiosurgical irradiation and 70 patients have 
received stereotactic radiotherapy treatment. In group of 
363 patients 27 patients (7,5 %) had surgical resection 

after a hemorrhage, 131 (36 %) received incomplete 
embolisation. At 18 patients (5 %) on Spetzler-Martin 
classification AVM was carried to I degree, 91 (25 %) 
patients — to II degree, 163 (45 %) — to III degree, 73 
(20 %) — to IV degree and 18 (5 %) to V degree. At 65 
(18 %) patients AVM volume was <1 sm3, 91 (25 %) 
— from 1 to 4 sm3, 116 (32 %) — from 4,1 to 10 sm3, 
91 (25 %)—> 10 sm3. The doses of irradiation were 
18 to 30 Gy (on the average, 24 Gy) for radiosurgery 
treatment. In group of 128 patients after Gamma knife 
radiosurgery, the previous microsurgical resection has 
been executed at 10 patients. At 25 patients has been 
executed embolisation AVM before carrying out of a 
session of radiosurgery. The volume irradiated AVM – 
knot fluctuated from 0.021 to 18.8 cm3 (a median, 3.9 
cm3). The prescribe doses were 12 – 32 Gy (an average 
dose has made 20 Gy) and the range of isodose was 
40-80 %.

Results: In Linac radiosurgery series from 136 patients 
with follow-up more then 2 years at 100 (74 %) we 
constat the full obliteration of AVM vessels. Adverce 
radiation effects ware achieved at 33 patients (11,5 %) 
accompanied by clinical manifestation. We received two 
cases (2,7 %) of repeat hemorrhage and three patients 
died. In gamma-knife radiosurgery serie of 88 patients 
with follow-up more then 2 years complete obliteration 
was achieved in 66 (75 %) cases. At 8 cases (9%) we 
received ARE. Repeat hemorrage has occurred only at 
one patient a year later after an irradiation. There was no 
lethal outcomes.

Discussion and Conclusion: In both series (Linac and 
Gamma-knife) higher frequency of obliteration was 
reached at smaller volume of AVM and maximum doses. 
The most effective treatment was achieved in I and II 
stages on Spetsler-Martin classification. 

Disclosure: No significant relationships.
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Purpose: Stereotactic radiosurgery (SRS) and whole 
brain radiation therapy (WBRT) are frequently employed 
in cerebral metastasis treatment. Dynamic susceptibility 
(DSC) and dynamic contrast enhancement (DCE) have 
potential to distinguish very early tumor response prior 
to structural imaging changes. We sought to determine 
whether early relative blood volume (rCBV), blood flow 
(rCBF) or permeability (rK2trans) distinguish treatment 
response.

Methods: Baseline, one week, and one month DSC and 
DCE were obtained for 46 patients (70 tumors) treated 
with SRS or WBRT. Tumor and contra-lateral regions 
were segmented. Outcome was determined at 1 year 
on follow-up structural MRI. Volume increase ≥71.5% 
indicated progressive disease; increase <71.5% and 
decrease ≤58.5% stable disease and a decrease >58.5% 
treatment response. Uni and multivariate analysis was 
performed for tumor outcome. ROC analysis of rCBV, 
rCBF, rK2trans identified cut-off values with optimal 
sensitivity and specificity for outcome.

Results: rK2trans distinguished progressive disease from 
treatment response at one week (P = 0.03) with optimal 
threshold value, sensitivity, specificity and AUC of 12.8, 
69.2%, 63.6% and 67.4%. rCBF and rCBV at one month 
discriminated progressive from non-progressive disease 
(P <0.05 each) with optimal threshold values, sensitivity, 
specificity and AUC of 2.09, 87.5%, 66,7%, 74.2% 
and 3.08, 82.8%, 81.8%, 84.3%, respectively. Logistic 
regression at one week identified elevated rK2trans , 
absence of prior radiation and steroid administration 
at one week, and elevated rCBV at one month and no 
previous radiation therapy as early predictors of tumor 
non-progression. At one month only rCBV was predictive.

Conclusion: Early rK2trans and rCBV measures predict 
tumor response following high dose radiation therapy. 

Disclosure: No significant relationships.
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General endotracheal anesthesis 
improves accuracy of frameless 
radiosurgery for pediaric AVM

J. Howe, S. Lapin, W. Gump, T.L. Yao, S. Dashti,  
A.C. Spalding 

Brain Tumor Center, Norton Healthcare, Louisville/KY/UNITED 

STATES OF AMERICA

Purpose: Compared to single day frame-based SRS, 
frameless SRS allows for more complicated radiation 

delivery with intensity modulated radiation (IMRT) by 
allowing for patient-independent quality assurance. 
Real-time imaging during frameless SRS must correct 
for differences in patient positioning between the day of 
planning and treatment in order to safely deliver IMRT. 
Pediatric patients may have increased position variabilty 
compared with adults, and increased variation prolongs 
treatment time and may result in less accurate SRS 
delivery. We tested the hypothesis that increased levels 
of sedation result in reduced inter- and intra-fraction 
setup uncertainty for pediatric patients undergoing SRS.

Methods: Six pediatric patients with arteriovenous 
malformation (AVM) treated with frameless SRSS 
were classified by their degree of sedation as either 
oral benzodiazepene or general endotracheal (GET) 
administered by a pediatric anesthesiologist. We 
measured the translational and rotational differences 
and calculated the three dimensional vector defining 
the position offset for each set of images taken during 
frameless SRS.

Results: The four patients undergoing oral sedation 
had a similar interfraction offset (2.0mm, range 0.28-
3.28mm) compared with the two GET patients (2.62mm, 
2.31 and 2.93mm each). However oral sedation patients 
had an increased mean table time of 75 minutes (range 
43-111 minutes) compared with 40 minutes (20 and 
59 minutes each) for patients who received GET. The 
mean intrafraction variability was increased for oral 
sedation patients at 0.91mm (0.42-1.37mm) versus GET 
patients at 0.42mm (0.35 and 0.50mm). The maximum 
intrafraction variation was also higher for oral sedation 
patients at 2.37mm (1.18-4.58mm) compared with GET 
patients (0.87 and 0.99mm respectively).

Conclusions: GET anesthesia allows for reduced 
treatment times and improved patient localization 
during frameless SRS. For pediatric patients with deep 
inoperable AVM, GET anesthesia may result in improved 
sparing of critical normal structures such as brainstem, 
chiasm, or hippocampus to reduce late occurring toxicity 
by improving accuracy.

Disclosure: No significant relationships.
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Delayed contrast extravasation mri 
for differentiating metastatic tumor 
progression from radiation necrosis after 
stereotactic radiosurgery
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Purpose: Radio-necrosis (RN) occurs in up to 10% of 
lesions treated with stereotactic radiosurgery (SRS). 
Currently there are no reliable tools to distinguish 
between RN and viable tumor progression, a distinction 
that has important clinical consequences. We aimed to 
assess a novel technique, based on delayed contrast 
extravasation MRI, for differentiating metastatic tumor 
progression from RN after SRS.

Methods: Thirty six patients with brain metastases: 
15 with non small cell lung cancer (NSCLC), 14 with 
breast cancer, 5 with malignant melanoma, one with 
adenoid cystic carcinoma and one with clolon cancer, 
were recruited. Their scheduled follow-up MRI, 
performed 1.6-41 months post LINAC SRS, had features 
suggestive of either tumor progression or RN. All 
patients were scanned by delayed contrast extravasation 
MRI. Enhancement subtraction maps were calculated 
by subtracting high resolution MR images acquired 
shortly after contrast injection from images acquired 75 
minutes later. Patients were followed by conventional 
and delayed contrast extravasation MRI unless their 
medical condition necessitated surgical intervention. 
Ten patients (4 NSCLC, 4 breast cancer, one malignant 
melanoma and one with adenoid cystic carcinoma) 
underwent surgery for 12 metastases. Their mean age 
when receiving SRS was 50.2 (30-67) years. They were 
treated with a single dose of 18-20 Gy, delivered to the 
80% isodose line, 13.1±2.9 months prior to resection.

Results: The subtraction maps revealed two distinct 
enhancement patterns– regions with contrast clearence 
from tissue at the 75 minute scan (fast) and regions where 
contrast accumulated with time (slow). Stereotactic 
biopsies from four patients (12 specimens) were taken 
according to the generated pre-surgical subtraction 
maps. The histological characteristics of each sample 
were compared with the corresponding regions in the 

maps. One metastasis was removed en block and the 
macro histological features were compared with the 
corresponding subtraction maps. In 7 additional brain 
metastases (resected from 6 patients) the histological 
existence/absence of tumor was compared with the 
maps as well. In all cases histological data confirmed 
that fast regions in our maps represent active tumor and 
slow regions represent non-tumoral tissue, consistent 
with RN. Additionally, blood vessel morphology was 
different in these two regions, possibly explaining the 
different appearance of tumor vs RN in the subtraction 
maps. Thus the subtraction maps seem to reflect vascular 
integrity- a surrogate marker of tissue characterization. 

Conclusion: These results demonstrate the feasibility 
of applying delayed contrast extravasation MRI as a 
valuable clinical tool for distinguishing radiation induced 
changes from metastatic tumor progression.

Disclosure: No significant relationships.
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Stereotactic radiosurgery in intraocular 
malignant melanoma
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Objectives: One day session LINAC based stereotactic 
radiosurgery of intraocular malignant melanoma is 
a method of “conservative” attitude to treat uveal 
melanoma in T2, T3 stage. Multidisciplinary approach is 
necessary for patients selection, follow up and treatment.

Methods: Retrospective clinic-based study - clinical 
findings of patients with posterior uveal melanoma in 
stage T2/T3 who underwent stereotactic radiosurgery 
(SRS) at LINAC in period 2001- 2011. Patients were 
not randomized either to radical or to “conservative” 
procedure, but the treatment was determined exclusively 
on a case-by-case basis. Tumor stage, volume, 
maximum elevation, localization presence of secondary 
retinal detachment, general status, age, gender, the 
functional tests (visual acuity, perimeter) were taken 
into consideration. Immobilization of the affected eye 
was achieved by mechanical fixation to the stereotactic 
Leibinger frame. Sutures were placed under 4 direct 
extraocular muscles through conjunctiva and through 
the lids. This step of surgery was by ophthalmologist 
the day before SRS. The stereotactic frame was fixed to 
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the head and the sutures were tied to the stereotactic 
frame. We used model Clinac 600 C/D Varian (system 
Aria, planning system Corvus version 6.2 verification 
IMRT OmniPro) with 6 MeV X by rigid immobilization of 
the eye to the Leibinger frame. The patient underwent CT 
and MRI examination with the fixed eye to the frame. The 
stereotactic treatment planning after fusion of CT and 
MRI was optimized according to the critical structures 
(lens, optic nerve, also lens and optic nerve at the 
contralateral side, chiasm). The best plan was applied for 
therapy at C LINAC accelerator. The planned therapeutic 
dose was 35.0 Gy by 99 % of DVH. After irradiation the 
sutures and frame were removed. Next morning the 
patient underwent ophthalmological examination. First 
MRI control was planned in 3 months after the therapy.

Results: In group of 96 patients with posterior uveal 
melanoma treated with SRS, patient age ranged from 25 
to 80 years with a median of 54 years. Median tumor 
volume at baseline was 0.6 cm3 (with range from 0.2 to 
1.3 cm3). Median of maximal dose applied was 49.0 Gy 
(range from 37.0 to 52.0 Gy). Secondary enucleation was 
necessary in 11 patients (11.5 %) due to complications 
like secondary glaucoma.

Conclusion: One step LINAC based stereotactic 
radiosurgery with a single dose 35.0 Gy is one of 
treatment options to treat T2 or T3 stage posterior uveal 
melanoma and to preserve the eye globe.

Disclosure: No significant relationships.
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Tumor-volume assessment and 
neurological outcome after linac-based 
radiosurgery for vestibular schwanoma  

I. Tamir1, M. Wygoda2, A. Wygoda2, N. Adika1,  
S. Spektor1, Y. Shoshan1 
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Background: The outcome of Stereotactic Radiosurgery 
(SRS) treatment for Vestibular Schwanoma (VS) is 
measured by modification of tumor size and neurological 
function. While most outcome studies use maximal 
diameter for evaluating tumor size, new MR imaging 
techniques and software are now available, enabling 
more precise volume definition. Minimizing neurological 
adverse effects, mainly hearing deterioration, grips 
more attention these days, with SRS becoming standard 
treatment for VS. This study aims to evaluate tumor 

volumetric changes, hearing preservation rate and 
functional neurological outcome, in patients underwent 
SRS for VS.

Methods: Eighty two non-NF2 patients with either 
primary (n=62; 75%) or residual/recurrent (n=20; 
25%) VS underwent LINAC-Based SRS in Hadassah 
Hebrew university hospital in June 2004 - October 2012. 
Average age was 60.8 ± 1.6 years, male: emale ratio 
1: .3. Mean tumor volume was 1.6 ± 0.2 cm3, mean 
marginal dose was 12.5 Gy (range 12-13.5 Gy). Follow-
up (f/u) volumetric assessment was performed on T1-
weighted gadolinium-enhanced high resolution 3D MRI 
examination identical to the pretreatment MRI, using the 
iPlan5.0 (BrainLab). Audiometric f/u was assessed using 
Gardner – Robertson (GR) classification. SRS-related 
complications and neurological outcome were recorded 
throughout f/u time.

Results: 39 (48%) patients completed ≥24 month of 
radiological f/u (averaging 45.4 ± 3 months). The average 
clinical f/u time was 37.4 ± 3.1 months. No patient 
required microsurgery following SRS. There was no new 
permanent facial or trigeminal neuropathy. Transient 
facial and trigeminal neuropathy were recorded in 7 (8%) 
and 3 (3.7%) patients, respectively. Overall radiological 
control was 100%. Tumor volume decreased in average 
by 13.8 ± 0.03%. Four patients had tumor volume 
increase (42%, 57%, 119% and 139%) which stabilized 
during f/u. Twenty (24%) patients had serviceable 
hearing prior to SRS treatment and completed f/u 
audiometry at least one year post treatment. The hearing 
preservation rate (GR I or II) in average f/u period of 
36.6 ± 4.8 months was 70%. Functional and radiological 
outcome for patients with primary vs. residual/recurrent 
VS were comparable.

Conclusions: Tumor-volume measurements by 
standardized T1-weighted gadolinium-enhanced 
High resolution 3D MRI f/u protocols reveal excellent 
radiological control. LINAC-radiosurgery for VS is safe 
with current dose used. Despite satisfactory hearing 
preservation rate, further efforts should be directed to 
adjust cochlear radiation dose. 

Disclosure: No significant relationships.
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Necessity of heterogeneity correction 
for intensity-modulated frameless srs for 
pituitary  tumors

C. Bond, A. Odom, L. Shields, D.A. Sun,  
A.C. Spalding 

Brain Tumor Center, Norton Healthcare, Louisville/KY/UNITED 

STATES OF AMERICA

Purpose: Frameless immobilization allows for planning 
and quality assurance of complicated intensity-
modulated radiosurgery (IM-SRS) plans. Lesions near 
the pituitary fossa and cavernous sinus benefit from 
IM-SRS because the generated steep gradient allows 
tumoricidal doses while sparing the optic nerves and 
chiasm. Treatment of this location, however, poses IM-
SRS planning difficulties due to the variation of electron 
density ranging from bone to tissue to air. Failure to 
account for the tissue heterogeneity could result in dose 
inaccuracies and clinically either increased toxicity or 
failure to control the tumor. We tested the hypothesis 
that IM-SRS planning with uniform tissue density results 
in dose inaccuracy compared to algorithms accounting 
for tissue heterogeneity.

Methods: Six patients with tumors of the pituitary 
or cavernous sinus underwent frameless IM-SRS. 
Treatment planning CT (0.6mm slices) and MRI (1mm 
slices) scans were obtained and fused in order to 
delineate the tumor as well as the optic nerves, chiasm, 
and brainstem by the treating radiation oncologist and 
neurosurgeon. The initial plan was developed with 
static gantry IM-SRS fields using a pencil beam (PB) 
algorithm assuming uniform tissue density. These fields 
were then recalculated with identical monitor units and 
MLC movement patterns with a analytical anisotropic 
algorithm (AAA) algorithm utilizing tissue hetereogeneity 
corrections. We compared the amount of target covered 
by the prescription dose (% Planning target volume) and 
maximum dose to the optic apparatus and brainstem for 
each of the algorithms.

Results: Failure to account for heterogeneity led to 
underestimation of target coverage. The minimum dose 
to the PTV for the PB algorithm was 72% vs 80% for the 
AAA algorithm (p <0.05), and the dose covering 95% of 
the PTV was lower with PB (93%) compared with AAA 
(98%, p <0.05). Conversely, PB overestimated doses 
compared with AAA to the optic appartatus with AAA: 
right optic nerve 651 vs 500cGy, p <0.05; left optic nerve 
665 vs 549cGy, p <0.05; chiasm 851 vs 713cGy, p<0.05. 
Brainstem dose was not affected by heterogeneity 
correction.

Conclusions: Patients undergoing frameless srs benefit 
from heterogeneity corrected dose plans when the lesion 
lies in areas of widely varying tissue density and near 
critical normal structures.

Disclosure: No significant relationships.
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Radiosurgical third ventriculostomy: a 
cases serie
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Purpose: We describe a cases serie with mild 
obstructive hydrocephalus secondary to malignant 
pathology in which we performed a minimally invasive 
third ventriculostomy with LINAC based stereotactic 
radiosurgery.

Methods: The first case was a 42 years old woman with 
diagnosis of clear cells renal carcinoma and with right 
nefrectomy from last year. She presented a five months 
history of: dizziness, vomiting, diplopia in the horizontal 
gaze, cuadriparesis predominantly in the inferior limbs, 
headache, disphagia and disarthria. Cranial Magnetic 
Resonance Imaging (MRI) showed two brain metastasis: 
one right temporal, and other in the pons.

The second case was a 43 years old woman with 
breast cancer diagnosticated 6 years ago, treated 
with quimio and radiotherapy. Three months before 
treatment presented with weber syndrome. Cranial 
Magnetic Resonance Imaging (MRI) showed one brain 
metastasis: in the tegmentum mesencephalic. The third 
case was a 30 years old man with a cerebellar malignant 
astrocytoma. He was operated in two occasions: the 
first one, two years before with pathological report of 
microcystic astrocytoma; the second one was perform 
eight months before for recurrence, in this time the 
report was anaplastic astrocytoma.

In the three cases imaging studies showed aqueduct 
obliteration and mild obstructive hydrocephalus, 
secondary to tumoral compression. We offered surgical 
procedure; however they refuse it. In all the cases we 
first performed the radiosurgical third ventriculostomy 
procedure. The target was defined on the floor of the 
third ventricle, in the midpoint between the mamillary 
bodies and the infundibular recess.
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The prescribed dose to the isocenter was 100 
Gy, delivered by an isocentric multiple noncoplanar 
arcs technique, with a 6 MV Novalis dedicated LINAC 
(BrainLab). A series of 21 arcs was arranged with a 
radiation field generated by a 4 mm tertiary circular 
collimator. In a second time we treated the tumor (s). 

Results: We found disruption in the third ventricular 
floor in the first 48 hours post-radiosurgery. During the 
follow-up the patients never presented complications 
secondary to the procedure.

Conclusion: This report demonstrates, the ability 
of a dedicated LINAC to perform a precise third 
ventriculostomy without associate morbility in short 
term.

The radiosurgical third ventriculostomy is a 
minimally invasive technique, which could be an option 
for very selected cases of noncommunicating subacute 
hydrocephalus.

Disclosure: No significant relationships.
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The impact of treating multiple 
consecutive vertebrae as a single volume 
with spine stereotactic body radiotherapy 
(SBRT) on positional accuracy
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Purpose: We report on the positional accuracy for 
single vs. complex cases which are defined as multiple 
consecutive vertebrae when treated as a single volume. 
All patients were treated using the Elekta Axesse® 
equipped with a robotic couch top (Hexapod), which 
corrects setup error in six-degrees of freedom (6-DOF), 
and immobilized in the BodyFIX system.

Methods: This analysis is based on 415 verification cone-
beam CT (CBCT) images taken during the treatment of 
67 consecutive spine SBRT patients. All treatment sites 
were either thoracic or lumbar. 25 treatments were for 
single thoracic vertebrae (T-Single) while 16 treatments 
were for multiple thoracic vertebrae (T-Multiple), 
and 20 treatments were for single lumbar vertebrae 

(L-Single) while 6 were for multiple lumbar vertebrae 
(L-Multiple).The median number of vertebrae treated as 
a multiple thoracic and lumbar target were each 2.5. Our 
treatment and image-guidance procedure consisted of 
a verification CBCT following initial setup, and a strict 
re-positioning threshold of 1 mm and 1 degree before 
treatment could start. Intra-fraction and post-treatment 
CBCT were acquired to ensure the position remained 
stable during treatment and that the treatment was 
delivered as intended, respectively.

Results: The absolute intra-fraction translational motion 
averaged over all directions (±std dev.) for the T-single, 
T-multiple, L-Single and L-Multiple were 0.54 (±0.73) 
mm, 0.54 (±0.88) mm, 0.36 (±0.57) mm, and 0.47 
(±0.63) mm, respectively. The absolute intra-fraction 
rotational motion averaged over all directions (±std dev.) 
for the T-single, T-multiple, L-Single and L-Multiple were 
0.31 (±0.64) deg , 0.26 (±0.69) deg, 0.23 (±0.51) deg, 
0.27 (±0.55) deg. The percentage that exceeded our 1.5 
mm planning target volume (PTV) margin were 3.8%, 
4.0%, 1.0% and 0.85% respectively. T-spine treatments 
tended to be out-of-tolerance more frequently than 
L-spine treatments, with a statistically significant 
difference (unpaired t-test, p<0.001). For the single vs. 
multiple vertebrae analysis, a statistically significant 
difference was only observed between the L-Single and 
L-Multiple treatments (unpaired t-test, p<0.01) where 
the L-Single is more stable.

Conclusions: Although thoracic tumours were more 
likely to shift during treatment, no significant differences 
were observed in intra-fraction motion when treating 
single vs. multiple consecutive targets. However, greater 
care must be taken when treating multiple lumbar 
tumours in a single volume. This analysis also supports 
our practice of applying a 1.5 mm PTV margin.

Disclosure: No significant relationships.
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Objectives: To understand if fractal dimension (FD) is a 
useful predictor of the presentation brain arteriovenous 
malformations (bAVMs) and outcome of gamma knife 
(GK) treatment for bAVMs.

Methods: The researchers conducted a retrospective 
review and analysis of neuroradiological images 
including MRI, CT, angiography and ROI (region of 
interest) of 50 patients who have undergone stereotactic 
radiosurgery by 4C Gamma Knife at the University of 
Toronto Gamma Knife Unit. The images were used for 
3-dimensional rendering of the nidus. The quantification 
of the geometric complexity of the vessels forming 
the nidus was assessed by means of the box-counting 
method to obtain the fractal dimension. Correlation 
analysis was used to assess the relationships amongst 
angioarchitectural variables in this study.

Results: Preliminary results suggest that there is a 
correlation between the FD of the nidus and clinical 
presentation and FD and clinical outcomes of GK. The 
FD of the nidus seems to decrease over time after GK in 
successfully treated bAVMs.

Conclusions: Our preliminary data show that the fractal 
dimension might be a useful image biomarker of bAVMs 
in patients undergoing to GK radiosurgery.

Disclosure: No significant relationships.
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Assessment of spinal cord motion  
in spine stereotactic body  
radiotherapy (SBRT)
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Purpose: Safe spine stereotactic body radiotherapy 
(SBRT) planning is dependent on accurate delineation of 
the spinal cord. An accurate assessment of spinal cord 
motion is therefore an important consideration when 
evaluating the appropriateness of a spinal cord planning 
organ at risk margin (PRV).

Methods: We analyzed spinal cord motion in 33 patients 
(17 males, 16 females, median age 58) treated with spine 
SBRT for metastatic tumours using dynamic axial and 
sagittal magnetic resonance imaging (MRI) sequences 

(3T Verio, Siemens). Separate scan sequences, each 
performed over a 137-second interval, were obtained for 
each treated vertebral level: 3 cervical, 20 thoracic, 13 
lumbar vertebrae. Patients were not in an immobilization 
device during the MRI. We considered cord motion as 
a composite of independent components: oscillatory 
motion and random bulk motion. Oscillatory motion 
was defined as periodic displacements associated with 
physiologic cardiorespiratory cycles, and its magnitude 
assessed by computing the standard deviation of 
displacements over time. Random bulk shifts were 
defined as those associated with gross patient motion, 
and determined by calculating the magnitude between 
the largest displacements in opposing directions. Using 
a correlation coefficient template matching algorithm, 
we evaluated displacement in the anteroposterior (AP), 
lateral (LR), and superoinferior (SI) directions. For each 
patient, we executed the motion tracking algorithm 
over 3 separate trials, each with the template placed at 
a slightly different location around the cord, to quantify 
the random motion measure error, and to provide an 
estimate of true displacement at each time point.

Results: The median oscillatory spinal cord motion in 
the AP, LR, and SI directions were 0.17mm, 0.20mm, 
and 0.24mm, respectively, and maximal statistically 
significant oscillatory motion were 0.92mm, 0.93mm, 
and 0.83mm, respectively. In the AP, LR, and SI directions, 
oscillatory motion was statistically significant in 75.0%, 
86.1%, and 41.7%, respectively, of the vertebral levels 
analyzed. The median bulk displacements in the AP, LR, 
and SI directions were 0.44mm, 0.52mm and 0.59mm, 
and maximal displacements were 1.77mm, 2.87mm, and 
3.90mm, respectively. In the AP, LR, and SI directions, 
bulk displacements were greater than 1.5mm in 5.6%, 
11.1%, and 16.7%, respectively, of the vertebral levels 
assessed.

Conclusions: Spinal cord motion is present; however, 
physiologic oscillatory motion is generally minor 
compared to random bulk motion, which reinforces 
the role of near-rigid body immobilization during spine 
SBRT.

Disclosure: No significant relationships.
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Abstract: 203

Volumetric modulated arc therapy  
for stereotactic body radiotherapy  
of the spine

K. Unicomb, K. Small, S. White, J. Barber, K. Van 
Tilburg, K. Tiver, F. Hegi-Johnson 

Nepean Cancer Care Centre, Nepean Hospital, Sydney/

AUSTRALIA

Purpose: Stereotactic body radiotherapy (SBRT) has 
been demonstrated to provide durable local control, and 
palliation in patients with vertebral metastases1. SBRT 
spine requires highly conformal dose distributions and 
the complexity of plans may lead to long treatment 
times. Prior to the implementation of SBRT spine we 
assessed whether volumetric modulated arc therapy 
(VMAT) could deliver satisfactory dosimetric outcomes, 
as it may potentially result in shorter treatment times.

Methods: Pinnacle VMAT plans were generated on a 
volume created on the imaging dataset of a patient 
previously treated for vertebral metastatic disease. 
All plans were dosed to deliver 24 Gy in 3 fractions to 
the planning target volume (PTV), with the dose to the 
thecal sac to receive 17.5 Gy point maximum dose. PTV 
coverage was such that at least 90% of the PTV received 
90% of the prescribed dose (21.6 Gy).Constraints for 
other organs at risk (OAR) were as for RTOG 0618. 5mm 
MLC leaves with a minimum gap of 3mm were used. 
Negative margins, double arcs and 2 degree gantry 
spacing were implemented in a stepwise manner. Plans 
were assessed for PTV coverage, dose to the thecal sac, 
and other OAR.

Results: The technical characteristics and dosimetric 
outcomes of each planning trial are listed below. For 
each plan new technical approaches were trialled to 
improve dosimetry. Technical Characteristics Plan 
1: Single arc plan with 4 degree spacing. Plan 2: PTV 
adjusted with negative margin around thecal sac, double 
arc plan with 4 degree spacing. Plan 3: PTV adjusted 
with negative margin around thecal sac. Double arc 
plan with 2 degree spacing. Plan 4: PTV adjusted with 
negative margin around thecal sac and superior and 
inferior edges. Double arc plan with2 degree spacing. 
Dosimetric outcomes: Coverage of the PTV by the 90% 
isodose was 98%, 92.2%, 90.7% and 90.4% for plans 
1, 2,3 and 4 respectively. Point maximum dose to the 
thecal sac was 23.4 Gy for plan 1, which exceeded our 
planning requirements. Point maximum dose for plans 2, 
3 and 4 were 16.9, 16.1 and 15.0 Gy. Conclusion VMAT 
planning for spine SBRT patients is feasible. Double arc 
rather than single arc planning, reducing gantry spacing 
to 2 degrees, and the use of negative margins appears 

to successfully reduce dose to the thecal sac, and permit 
adequate coverage. 1.Gerszten, P. C. et al. Spine 32, 
193–9 (2007).

Disclosure: No significant relationships.
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Volumetric arc therapy for stereotactic 
body radiotherapy in early lung cancer

F. Hegi-Johnson, K. Unicomb, K. West,  
K. Small, S. White, J. Barber, K. Van Tilburg,  
R. Yeghiaian-Alvandi 

Nepean Cancer Care Centre, Nepean Hospital, Sydney/

AUSTRALIA

Introduction: Stereotactic body radiotherapy(SBRT) for 
early lung cancer results in excellent local control and 
potentially improved survival, but demands high levels 
of dose conformality. To achieve this with 3D-conformal 
radiotherapy(3D-CRT) and intensity modulated 
radiotherapy (IMRT) large numbers of beams, and non-
coplanar techniques are often required. Hence treatment 
times are long, increasing the risk of patient motion. 
Volumetric arc therapy(VMAT) may result in improved 
dosimetric outcomes, and reduce treatment time. We 
report on a planning study comparing VMAT to coplanar 
(CP) and non-coplanar (NCP) 3D-CRT and IMRT, and 
our initial clinical results.

Methods: Pinnacle VMAT, and CP and NCP 3D-CRT and 
IMRT plans for delivery on Elekta Linacs of 5 patients 
were compared. All plans were single arc, with 4 degree 
spacing and 1 cm MLC. The following dosimetric 
characteristics were assessed: target coverage 
(coverage with the prescribed dose), dose conformality 
(100% conformity indices, D2cm and volume of tissue 
outside PTV receiving high dose, defined as >105%  
of prescription dose) and V20 (volume of lung receiving 
20 Gy).

Results: Dosimetric Outcomes VMAT achieved 
equivalent radiotherapy target coverage to 3D-CRT and 
IMRT (>98.2%). However, 3D-CRT plans had a large 
volume of surrounding normal tissue receiving a high 
dose (24.0% and 21.3% of the PTV volume for CP and 
NCP respectively) when compared to VMAT and IMRT 
plans (3.9% and 4-5% respectively). 100% conformity 
indices were lowest for VMAT and NCP IMRT (1.1 for 
both) and highest for 3D-CRT (1.5 and 1.4 for CP and 
NCP respectively). D2cm was also lowest for VMAT and 
NCP IMRT (26.1 Gy and 25.3 Gy) and highest for 3D-CRT 
plans (29.4 Gy and 28.7 Gy for CP and NCP respectively). 
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V20 was between 4.4 and 6.1% for all plans. Clinical 
outcomes VMAT treatment time takes 35 minutes, and 
beam-on time is 8 minutes. With short follow-up (range 
4 weeks to 6 months), 1 patient has developed worsening 
dyspnoea and grade 3 pneumonitis. No other Grade 2 or 
greater toxicity was seen in the other 4 patients.

Conclusions: Clinical implementation of VMAT was 
successfully demonstrated, and has resulted in fast 
treatment times for our SBRT lung patients. VMAT plans 
are similar in quality to NCP IMRT, but are much faster 
to deliver due to reduced gantry and couch movements. 
3D-CRT plans were unable to deliver equivalent dose 
conformality, and a much larger region of normal tissue 
was exposed to a high dose when equivalent PTV 
coverage was achieved. 

Disclosure: No significant relationships.
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Quantifying intrafraction motion for 
frameless radiosurgery using the  
Brainlab mask system

J. Howe, A.C. Spalding 

Brain Tumor Center, Norton Healthcare, Louisville/KY/UNITED 

STATES OF AMERICA

Objectives: Frameless radiosurgery implements the 
precise localization of image guided radiation therapy to 
ensure the treatment target is aligned before initiating 
treatment and accurate positioning is maintained 
throughout treatment delivery. The objective of the study 
was to determine the mean intra-fraction deviation for all 
patients and report correlation with treatment time.

Methods: Image fusion results of one hundred patients 
treated with frameless stereotactic radiosurgery (SRS) 
were reviewed to determine the mean intrafraction shift. 
All patients were immobilized with Brainlab frameless 
mask system and localization was performed using 
Brainlab ExacTrac X-ray system. Following initial 
alignment, repeat stereoscopic X-rays were acquired 
at each treatment couch angle. These images were 
compared with the initial image pair to provide a 3D 
vector of the intrafraction motion. Routine quality 
assurance tests were performed on a phantom to 
measure the deviation of the couch position with rotation 
angle (couch walkout) and compared with patient 
intrafraction deviations.

Results: The mean intrafraction motion for all one 
hundred patients was 0.69mm. The mean treatment 

time was 38 minutes. There was no correlation between 
treatment time and mean intrafraction motion. The couch 
deviation measurements determined from phantom 
studies provides a mean of 0.41mm and a maximum of 
0.70mm.

Conclusion: Frameless SRS provides excellent 
immobilization with a high quality mask system. 
Intrafraction motion and couch walkout contribute to a 
mean 0.69mm deviation which should be considered 
when creating clinical target volume to planning target 
volume margins.

Disclosure: No significant relationships.
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The role of radiosurgery in the 
multimodality management of residual  
or recurrent craniopharyngiomas: a multi-
institutional study

A. Niranjan1, F. Laghari1, J. Sheehan2, S. Tanaka3, 
B.E. Pollock3, B. Young4, H. Mcbride5, D. Mathieu6,  
H. Kano1, D. Kondziolka7, L.D. Lunsford7 

1Neurological Surgery, University of Pittsburgh, Pittsburgh/

UNITED STATES OF AMERICA, 2Neurosurgery, university 

of virginia, charlottesville/UNITED STATES OF AMERICA, 

3Neurological Surgery And Radiation Oncology, Mayo Clinic 

and Foundation, Rochester/UNITED STATES OF AMERICA, 
4Neurological Surgery, University of Kentucky, Lexingto/KY/

UNITED STATES OF AMERICA, 5Neurosurgery, Barrow 

Neurological Institute, Phoenix/AZ/UNITED STATES OF 

AMERICA, 6Neurosurgery, Centre Hospitalier Universitaire 

de Sherbrooke, Sherbrooke/QC/CANADA, 7Neurological 

Surgery, University of Pittsburgh Medical Center, Pittsburgh/

PA/UNITED STATES OF AMERICA

Purpose: The management of craniopharyngiomas 
remains a challenge due to its intimate relationship 
to the optic apparatus, the hypothalamus, and the 
pituitary gland. Often multimodal management is 
needed. We analyzed the outcomes of gamma knife 
stereotactic radiosurgery (SRS) for residual or recurrent 
craniopharyngiomas and evaluated the factors that 
optimized the tumor control rates. 

Methods: Six participating centers of the North American 
Gamma Knife Consortium retrospectively identified 143 
patients who underwent SRS during the management of 
patients with craniopharyngiomas. The median patient 
age was 30 years (range, 4-85 years). Prior procedures 
included resection (n=104), cyst aspiration (n=21), 
intracavitary P-32 (n=22), and fractionated radiation 
therapy (n=15). Prior to SRS, 111 patients had at least 
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one pituitary hormone deficiency. The median SRS target 
volume was 0.9cc (range, 0.02-37), and the median 
margin dose was 12.5 Gy (range, 6-25 Gy). 

Results: At a median follow-up of 45 months (range, 
12-272) after SRS overall tumor control (stable or 
regressed) rate was 79%. The actuarial progression free 
survivals (solid tumor and cyst control) at 1-year, 2-year, 
and 5-year were 96%, 93.5% and 79.8% respectively. 
Complete radiosurgical coverage was a significantly 
favorable prognostic factor. Additional procedures after 
SRS included resection (n=28), cyst aspiration (n=13), 
intracavitary irradiation with P-32 (n=13), fractionated 
radiation therapy (n=7) and repeat SRS (n=27). A new 
hormone deficiency was noted in 15 (10%) patients. 
Nineteen patients had died as of last follow-up. The 
overall survival rate after SRS was 87.7%.

Conclusion: Gamma Knife SRS is an important part 
of multimodal management of residual or recurrent 
craniopharyngiomas.

Disclosure: No significant relationships.
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The impact of immobilization on delivery 
precision for image-guided spine 
stereotactic body radiotherapy (SBRT)

R. Korol1, F. Lochray2, D. Hyde3, L. Ma4, A. Sahgal5 

1Medical Physics, Sunnybrook Health Sciences Centre, 

Toronto/ON/CANADA, 2Radiation Therapy, Odette Cancer 

Centre, Toronto/CANADA, 3Medical Physics, British Columbia 

Cancer Agency, Kelowna/CANADA, 4Radiation Oncology, 

University of California San Francisco, San Francisco/CA/

UNITED STATES OF AMERICA, 5Department Of Radiation 

Oncology, University Of Toronto, Odette Cancer Centre, 

Sunnybrook Health Sciences Centre, Toronto/CANADA

Purpose: To evaluate intra-fraction motion during spine 
stereotactic body radiation therapy (SBRT) for patients 
immobilized in a thermoplastic mask or a dual vacuum 
body cushion system (BodyFIX). All patients were 
treated using the Elekta Axesse which is equipped with 
a 4 mm multi-leaf collimator, a kilovoltage cone-beam 
computed tomography (CBCT) image-guidance system, 
and a robotic couch that allows the patient’s position to 
be corrected for in all 6 degrees of freedom (6-DoF).

Methods: 120 consecutive patients with 17 cervical 
(C), 57 thoracic (T), 36 lumbar (L) and 10 sacral (S) 
metastases were evaluated. In total, 281 fractions and 
814 CBCT image registrations were analyzed. For C 
and a subset of the upper T tumors (T4- and above) 

the Orfit head and shoulder mask was used, and for all 
other sites patients were immobilized in the BodyFIX. 
Our threshold for repositioning was 1 mm and 1°. Our 
typical practice was to perform a mid-treatment CBCT, 
however, for single fraction treatments (40 treatments) 
two intra-fraction CBCT were acquired. All patients had a 
post-treatment CBCT.

Results: Targets were localized to within 1.3 mm and 
0.8° for C, 1.7 mm and 0.7° for T, 1.1 mm and 0.5° for 
L and 1.3 mm and 0.5° for S tumors 95% of the time. 
In comparing the residual error specific to each spinal 
location using analysis of variance (p<0.0001, Power=1) 
a significant difference (p<0.05) was observed between 
all spine regions using a post-hoc pairwise analysis 
except between L and S tumors. The T region was 
subdivided into upper T and lower T (T5- and below) and 
there is a significant difference (p<0.001) between these 
regions with increased motion in the lower T region. 
There is a significant difference (p<0.001) between Orfit 
and BodyFIX immobilization across all spine regions as 
well as specific to upper T tumors.

Conclusions: The most stable sites using the BodyFIX 
are S and L followed by T tumors. There is increased 
tumor motion with Orfit when compared to BodyFIX for 
tumors from the same location. This study stresses the 
importance of evaluating residual patient setup errors 
for highly conformal hypofractionated treatment.

Disclosure: No significant relationships.
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Clinical result of stereotactic radiosurgery 
for spinal metastasis from hepatocellular 
carcinoma

U. Chang1, D.H. Lee2, C.H. Rhee1, M.S. Kim3 

1Neurosurgery, Korea Institute of Radiological and Medical 

Science, Seoul/KOREA, 2Cyberknife Center, Korea Institute 

of Radiological and Medical Sciences, Seoul/KOREA, 

3Department Of Radiation Oncology, Korea Institute of 

Radiological and Medical Sciences, Seoul/KOREA

Objectives: Spinal metastasis of hepatocellular 
carcinoma (HCC) is a highly malignant disease, showing 
short expected survival. We analyzed clinical and 
radiological outcome after stereotactic body radiosurgery 
(SBRT) to spinal metastasis from HCC.

Methods: SBRT using Cyberknife was performed in 39 
spinal lesions of 27 patients. Retrospective analysis 
was done using medical record and radiological data. 
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Mean age of patients was 52.9. Lesions were 7 cervical, 
12 thoracic, 11 lumbar, and 9 sacral ones. SBRT was 
used as an initial treatment modality in 22 lesions and 
as treatment for progression in 17 lesions. The interval 
from HCC diagnosis to spinal metastasis diagnosis 
was a mean of 25.3 months. Median value of tumor 
volume was 49.7 cc (range, 3.2 – 320.7). Mean value 
of marginal dose was 28.7±7.1Gy. Fractionation ranged 
from one to five. When radiation doses were converted 
to single equivalent dose, they ranged from 12 to 28.5 
Gy (median, 20.0 Gy). Overall survival, Progression 
free survival (PFS) and pain control rate were analyzed. 
And Prognostic factors affecting outcome were 
investigated; age, sex, location of lesions, synchronous 
or metachronous metastasis, pre-SBRT irradiation, pre-
SBRT operation, tumor volume, radiation dose.

Result: Follow up period following SBRT ranged from 
3 to 46 months (mean, 11.1 months) Median value of 
overall survival was 8 months. The only significant factor 
affecting overall survival was age (P=0.005). Respective 
values were 19 months in young age group (≤52) and 
7 months in old age group (≥53). Local recurrence 
was noted in nine lesions (23.1%). Median of PFS was 
7 months. Prognostic factor relating to PFS was pre-
SRS irradiation (P=0.043). Pain control was achieved 
in 84.6% after treatment and pain relapse developed 
in 21.2%. Duration of pain control ranged from 0 to 46 
months (median, 6 months). No factor was found to 
be significant relating to pain control. No neurological 
complications were found in associated with SBRT. 

Conclusion: SBRT proved to be an effective method in 
treating spinal metastasis from HCC.

Disclosure: No significant relationships.
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Hippocampal dose during treatment of 
multiple intracranial targets with gamma 
knife radiosurgery
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P.K. Sneed1, M.W. Mcdermott2 
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STATES OF AMERICA

Purpose: Although stereotactic radiosurgery can provide 
highly conformal treatment of individual intracranial 
lesions, when multiple lesions are treated, critical 
structures such as the hippocampi may receive increased 

dose. We therefore asked what the hippocampal dose 
would be for a sample patient with multiple intracranial 
targets and how the dose would change if the hippocampi 
were designated as avoidance structures to eliminate 
direct beam irradiation during planning for Gamma Knife 
radiosurgery of multiple cerebral lesions (n>2). 

Methods: Using a patient with 12 intracranical lesions 
from metastatic lung cancer, we contoured all lesions 
and the hippocampi. We created a Gamma Knife plan 
for the 20 Gy isodose lines to conformally cover at least 
99% volume of each lesion in one fraction, first without 
any avoidance structures specified. We then re-planned 
using the dynamic shaping tool in the Leksell Gamma 
Plan (version 10.1) to maximally avoid direct beam 
irradiation of the bilateral hippocampi. We calculated the 
dose to the hippocampi for each plan. To determine the 
effect when fewer lesions are treated, we repeated the 
procedure using a random subset of 9, 6, and 3 lesions.

Results: The twelve lesions ranged from 40 to 974mm3 
in size and were between 8.3 and 77.4mm in closest 
distance from the hippocampal surface. When all twelve 
lesions were designated as targets, the maximum 
hippocampal dose was 4.6Gy (mean 2.3 + 0.5Gy) for 
the left and 4.5Gy (mean 2.9 + 0.6Gy) for the right. 
Planning with hippocampal avoidance led to a 2-3-fold 
decrease in maxiumum dose to 1.5Gy (mean 0.4 + 
0.1Gy) for the left and 2.2Gy (mean 1.1 + 0.3Gy) for the 
right hippocampus. Even when a random subset of three 
lesions were treated, with all of them >20mm from the 
hippocampus, hippocampal avoidance led to a decrease 
in dose from 1.0Gy (mean 0.5 + 0.1Gy) to 0.2Gy (mean 
0.1 + 0.0Gy) for the left hippocampus and from 1.5Gy 
(mean 1.0 + 0.2) to 0.9Gy (mean 0.5 + 0.1Gy) for the 
right. The decreased dose came at the expense of a 
longer treatment time, increased from 158.3 to 234.4 
minutes with twelve lesions and 54.4 to 66.5 minutes 
with three lesions.

Conclusions: With radiosurgery of multiple intracranial 
targets, designation of the hippocampi as beam avoidance 
structures during planning can decrease hippocampal 
dose by 2-3-fold compared to the standard planning 
practice, raising the prospect for further decreased risk 
of neurocognitive functions with this approach.

Disclosure: No significant relationships.
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Abstract: 210

Stereotactic irradiation of glomus 
jugulare tumors: does the previous 
embolization matter ?

S. Zolotova1, M. Galkin2, E. Vetlova2, N. Filchenkova2, 
N. Antipina2, I. Schurova3, E. Shelesko4,  
D. Zinkevich4, A. Golanov2 
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Institute, Moscow/RUSSIAN FEDERATION, 

2Department Of Radiology And Radiosurgery, Burdenko 
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3Neuroroentgenology, Burdenko Neurosurgery Institute, 

Moscow/RUSSIAN FEDERATION, 4Otoneurology, Burdenko 

Neurosurgery Institute, Moscow/RUSSIAN FEDERATION

Object: Glomus tumors account for 0.6% of head and 
neck tumors and 80% of jugular foramen tumors. 
Because of the highly vascular nature and relatively 
inaccessible anatomical location of glomus jugulare 
tumors, their excision is often problematic and stays 
very challenging for neurosurgeons. The goal of this 
work is to analyze clinical outcomes and tumor control 
rates after stereotactic irradiation of glomus jugulare 
tumors.

Methods: Between May 2005 and April 2012, 128 
patients (105 female and 23 male) with glomus jugulare 
tumors were treated at Burdenko Neurosurgical Institute. 
Their mean age was 48 years (range 12-75). The mean 
follow-up was 23 months (range 6-83). Stereotactic 
radiosurgery (SRS) was performed in 37 cases. 91 
patients were treated with stereotactic radiotherapy (SRT) 
with different regimes (3-33 fractions). Stereotactic 
irradiation was performed as primary treatment in 79 
patients. Residual tumors were treated with SRS and 
SRT after previous embolization in 16 patients, after 
partial removal - in 24 patients, or both - 9 patients. The 
median tumor volume was 16.7 cm3 (range 0.4-134).

Results: In 102 patients out of 128 (in whom radiographic 
follow up was obtained) tumor size decreased in 41 
cases, remained stable - in 58 and was slightly (≤ 
20%) increased in 3 patients. The difference in clinical 
outcomes and tumor control rates was not statistically 
significant in both groups of patients: after embolization 
and those with stereotactic irradiation as primary 
treatment. During the follow-up period 90 patients 
demonstrated neurological stability (70%) while clinical 
improvement was achieved in 12 cases (9%). Hearing 
deterioration was observed in 6 patients. Tinnitus 
developed in 2 cases. Five patients experienced transient 
episodes of facial twitching on the side of tumor after 
irradiation. Dizziness and vertigo temporary increased 
in 4 cases. Trigeminal neuropathy was observed in 2 

patients. 3 patients developed transient partial VII nerve 
palsy. Because of mild side effects steroid therapy was 
prescribed in 4 patients

Conclusions: Stereotactic radiosurgery and radiotherapy 
are effective modalities for glomus jugulare tumors 
treatment. These procedures can be safely used as a 
primary management tool or after embolization or/and 
microsurgery.

Disclosure: No significant relationships.
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Gamma knife micro-radiosurgery for 
acoustic schwannomas : the advantage  
of use microanatomy in the internal  
auditory canal

A. Horiba1, M. Hayashi2, N. Tamura1, M. Tamura1,  
Y. Okada1 

1Neurosurgery, Neurological Institute, Tokyo Women’s Medical 

University, Tokyo/JAPAN, 2Faculty Of Advanced Techno-

surgery, Institute of Advanced Biomedical Engineering and 

Science, Tokyo Women’s Medical University, Tokyo/JAPAN

Objective: Now, Gamma knife surgery (GKS) for Acoustic 
schwannomas (AS) was one of the well acceptable 
treatment option, and was reported as good clinical 
outcomes. Moreover, to get more excellent results with 
less complication, we have to much more sophisticated 
dose planning itself with confirmation of the relationship 
between the tumor and the surrounding vital structures 
based on microanaotomy. In this article, we reviewed 
our institutional 132 patients with AS treated by GKS, 
and will report the advantage of use in microanatomy 
based on our clinical treatment experience. 

Materials and Methods: A retrospective study was 
performed of 141 patients with AS who received GKRS 
from 2005 to 2010. 132 patients (94%) could be 
followed up at least 24 months. Median prescription 
dose was 12Gy at 50% isodose line. We preferred to 
use gadolinium enhanced 3D heavily T2 WI for MR 
imaging and fusion images with bone CT, which enabled 
us to clear visualization of the vital structures such as 
the fundus of the internal acoustic meatus , vestibule, 
cochlea, or semicircular canals.

Results: The length follow-up ranged from 24 to 94 
months (mean 52.7 months). Overall, tumor control rate 
was 91.6%, and tumors which had shrank after GKS 
was 79.5%. The rate of cases with auditory disturbance 
progression after treatment was 1.06%. As for 
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complication, there was no facial nerve palsy in all cases. 
And this technique provide AS can be classified into 3 
types (superior vestibular schwannoma (VS), inferior 
VS, cochlea schwannoma) on Gamma plan. In addition, 
3 cochlea schwannomas which we experienced, were 
clearly detected extend to labyrinth system with fusion 
images.

Conclusions: Clearly, our follow-up period is not enough 
to evaluate and further prospective studies are required 
for demonstration of association with surrounding 
nerve function after GKS. However, even our short-term 
follow-up resulted in early-phase tumor shrinkage and 
less radiation-induced complications. We convinced that 
the treatment concept based on microanatomy will have 
a potential of better treatment of AS in the future.

Disclosure: No significant relationships.
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Proposed mechanism for cyst formation 
and enlargement following gamma knife 
surgery for arteriovenous malformation

T. Shuto 
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Object: We retrospectively studied the mechanism of 
cyst formation and enlargement after Gamma Knife 
surgery (GKS) for arteriovenous malformation (AVM).

Methods: Twenty-five patients who developed cyst 
formation following GKS for AVM, 15 male and 10 
female patients aged 14 to 48 years, were retrospectively 
identified among 775 patients who underwent GKS for 
AVM at our institution.

Results: So-called expanding hematoma was associated 
with the cyst in 9 patients. The nidus volume at GKS 
was 0.1-36 ml, and the prescription dose was 18-28 
Gy. Complete obliteration of the nidus was obtained in 
18 patients, and partial obliteration in 7. Cyst formation 
was detected from 1.1 to 15 years after GKS. Thirteen 
patients underwent craniotomy, including two patients in 
whom the incompletely obliterated nidus was removed 
simultaneously, and two received placement of Ommaya 
reservoir. Spontaneous regression of cyst was observed 
in one patient. Serial magnetic resonance imaging was 
performed in the other patients because the cyst size 
was stable or asymptomatic. Histological examination of 
the cyst wall revealed linear hemosiderin deposits with 
gliosis, and the nodular lesion, enhanced on magnetic 

resonance imaging, contained granulation tissue with 
chronic hemorrhage from newly developed capillary 
vessels.

Conclusions: Cysts developing after GKS for AVM 
enlarge mainly due to repeated minor hemorrhage from 
a reddish nodular angiomatous lesion developing within 
the adjacent brain, suggesting that the optimal treatment 
is wide opening of the cyst with removal of the associated 
angiomatous lesion by craniotomy.

Disclosure: No significant relationships.
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Clinical benefit of pet metabolic image 
for the second gamma knife radiosurgery 
against focally recurred metastatic brain 
tumor after the initial treatment
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Objectives: Gamma knife (GK) radiosurgery against 
metastatic brain tumor generally enables the focal 
control of tumor leading to the better prognosis of 
patients. In some cases, however, we need to plan 
additional treatment against focally recurred tumor 
at the site of initial GK treatment. In such cases, as 
differential diagnosis between radiation injury and active 
tumor is often difficult using Gd enhanced MRI, we have 
come to apply 11C methionine images with positron 
emission tomography (MET-PET) for the treatment of 
focally recurred tumor after initial GK. We retrospectively 
compared the prognosis of patients between PET based 
treatment and MR based treatment.

Methods: 2502 patients with brain metastases 
underwent GK at Katsuta hospital Mito Gamma House. 
134 of them (5.4%) revealed to have focal recurrence 
at the site of the initial treatment. 87 of them underwent 
the second GK based on MR information (N=53, MR 
group)or on MET-PET information (N=34, PET group). 
Characteristics of patients and the overall survival of two 
groups of patients were statistically compared.

Results: 1) Sex, age, the site of initial organ, KPS, 
RPA class, control status of initial cancer, metastates 
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to the other organs, rate of multilple brain metastases 
were the factors compaired among groups. Sex and 
age distribution was significantly different between MR 
group and PET group, but there was no difference in the 
other factors between groups. 2) When we compaired 
the GK treatment protocol, total irradiation volume 
was significantly smaller, and the minimal irradiation 
dose was significantly higher in PET group than in MR 
group. 3) Overall survival period after the second GK 
was significantly longer in PET group (median survival 
time, 18.1 months) than in MR group (median survival 
time, 8.6 months)(p=0.007). 4)Multifactorial statistical 
analysis using proportional hazard model was conducted 
to analyze the contribution of the use of MET-PET on 
the post-treatment survival period by adding the other 
factors mentioned above. Of all factors, use of MET-
PET (p=0.018, OR=0.55, 95%CI 0.33-0.90) and KPS 
(p=0.0015) significantly correlated to the post-treatment 
survival period, but the other factors did not.

Conclusions: Our retrospective analysis revealed that, 
when we perform the additional GK treatment against 
focally recurred tumor at the site of the initial treatment, 
use of PET metabolic image significantly contribute to 
the better prognosis of patients.

Disclosure: No significant relationships.

Abstract: 214

Efficacy of gamma knife radiosurgery 
for endocrine control in hormone 
secreting  pituitary adenomas

M.S. Gaur 

Gamma Knife Center, Goodwill Hospital & Research Center 

Limited, Delhi/INDIA

Purpose: 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. 
Efficacy of Gamma knife radiosurgery for hormone 
secreting pituitary tumor as primary treatment and as 
adjuvant to surgery is evaluated.

Method: We treated 297 pituitary adenomas between 
April 1998 and June 2012. Of these 245 were followed 
for more than 2 years and analyzed. Of these 113 were 
hormone-secreting tumors. Primary treatment was 
offered in 88 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. Seventy two 

patients with Acromegaly were treated with an average 
prescription dose of 18.57Gy (9-25Gy). Twenty Three 
had high prolactin levels treated at average prescription 
dose of 17.1Gy (7-30Gy). Eighteen patients with Cushing 
disease were treated with an average prescription dose 
of 28.28Gy.

Results: Tumor volume control rate among hormone 
secreting tumors was 100% . There was 83% 
normalization at 2 Years follow-up amongst Acromegaly 
cases, 79% among Prolactin secreting adenomas and 
97% among Cushing disease patients.

Conclusion: Gamma Knife radiosurgery is effective 
and safe for treatment for hormone secreting pituitary 
adenomas . Acromegaly and Cushing patients respond 
better than those with Prolactin secreting tumors. 
Incidence of complications like hypopituitarism and 
visual deficit is very low . Recurence of hypersecretion 
of hormones was low.

Disclosure: No significant relationships.
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Long-term outcome after fractionated 
stereotactic radiotherapy and 
radiosurgery for symptomatic cavernous 
sinnus meningioma: a 15 years 
experience 

S.F. Correa 

Radiotherapy, Sírio-Libanês Hospital, São Paulo/BRAZIL

Long-term outcome after fractionated stereotactic 
radiotherapy and radiosurgery for symptomatic 
cavernous sinus meningioma: a 15-year experience 
Short title: Symptomatic cavernous sinus meningioma 
and radiotherapy 

Objective: To evaluate clinical and radiological results 
of treatment using fractionated stereotactic radiotherapy 
(FSRT) and stereotactic radiosurgery (SRS) in 
symptomatic cavernous sinus meningioma patients 
as Amblyopia, Dysthymia, Diplopia, Eyelid Ptosis, 
Proptoses, Mydriasis, and also local contole.

Patients and Methods: This was a retrospective cohort 
study including all patients with symptomatic cavernous 
sinus meningiomas, treated with SRS or FSRS between 
January 1994 and March 2007. Patients that remained 
symptomatic after undergoing surgical resection were 
also included. The dose used for SRS was 14 Gy. For 
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cases treated with FSRT, the prescription dose was 50.4 
- 54 Gy with a dose per fraction of 1.8-2 Gy.

Results: A total of 89 patients were evaluated, with a 
median follow-up time of 73 months (range 36-129 
months). Sixty-four percent of patients were given FSRT 
and 29.2% had surgical treatment before radiotherapy. 
Improvement in individual symptoms was the same 
regardless of treatment given, and no statistically 
significant association was evident between treatment 
approach and symptom improvement (p > 0.05). 
Clinical improvement was seen in 41.6% of patients 
and radiological in 48.3%. Approximately 43% of all 
patients had radiologically-stable disease. For the overall 
group, recurrence-free survival in 5, 10, and 15 years 
was 98.8%, 92.3%, and 92.3 %, respectively. Disease 
progression occurred in four patients (4.49%).

Conclusions: FSRT and SRS are safe and effective 
techniques for the management of symptomatic 
cavernous sinus meningioma patients. We found clinical 
improvement in 41.6% of our patients. Radiological 
response in terms of stabilization or disease regression 
was seen in 92.1% of cases treated. Fifteen-year 
progression-free survival was 92.3% in this group.

We observed at FSRS/SRS treatments no linking of 
radiation-induced malignancies at 15 years follow-up 

Keywords: Meningioma, radiosurgery, fractionated 
stereotactic radiotherapy.

Disclosure: No significant relationships.
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Gamma pallidotomy for parkinson’s 
disease

M.S. Gaur 

Gamma Knife Center, Goodwill Hospital & Research Center 

Limited, NOIDA/INDIA

Purpose: Posteroventral Pallidotomy using Leksell 
Gamma Knife for Parkinson’s disease in rigidity dominant 
patients and those suffering with levodopa-induced 
dyskinesia were reviewed. Efficacy for control of disease 
and dyskinesias was evaluated. 
Method: We treated 8 patients with rigidity dominant 
Parkinson’s disease and levodopa-induced dyskinesia by 
unilateral posteroventral pallidotomy between 1998 and 
2011 using Leksell Gamma Knife Model B and Perfexion. 
Patients were evaluated by multiple clinical evaluations 
in outpatient by neurologist for medicinal efficacy using 
multiple changes of drugs. Target used was basically 

Laitinen’s target and modified as per personal experience 
with micro-recording based lesioning. AC PC line on 
MRI and Schaltenbrand and Wahren stereotactic atlas 
were used to locate target in internal globus pallidus. 
Shielding was used to protect optic tracts. A margin 
dose of 75 Gy was delivered at 50% isodose. Patients 
were followed closely and evaluated in out patient clinic 
for clinical changes using Schwab & England’s, Hoehn 
and Yahr’s score and UPDRS scale. MRI scans and 
visual field charts were taken every 6 months to see the 
progress of lesion.

Results: All patients showed initial improvement in 
Rigidity, bradykinesia and dyskinesia. Two patient 
with diffuse severe cortical atrophy and associated 
features like incontinence of urine improved initially 
but deteriorated with in one year. Good results were 
observed in 4 patients with rigidity dominant disease 
with dyskinesias and normal brain features. No side 
effects were observed.

Conclusion: Gamma Knife Posteroventral pallidotomy 
is effective in controlling disabling levodopa induced 
dyskinesia and improving rigidity and other features. 
Also patients with good response had neither associated 
atypical features and nor prominent brain atrophy. It 
is a safe and simple method for helping these patients 
improve & maintains better quality of life.

Disclosure: No significant relationships.
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Fractionated stereotactic radiotherapy 
(3.6Gy x 10fr) for unresectable brain 
metastases more than 4-cm diameter or 
aggregated tumors

K. Mitsuya1, H. Harada2, N. Hayashi1, Y. Nakasu1,  
T. Nishimura2 

1Neurosurgery, Shizuoka Cancer Center, Shizuoka/JAPAN, 

2Radiation Oncology, Shizuoka Cancer Center, Shizuoka/

JAPAN

Purpose: To evaluate the efficacy and toxicity of 
10-session stereotactic radiotherapy (SRT) for 
unresectable brain metastases more than 4cm diameter 
or aggregated tumors. METHODS: Subjects included 5 
patients (4 men and 1 women), ranging in age from 59 
to 80 years, who had large brain metastases (> 4cm in 
one tumor diameter or aggregated tumors). Four of them 
had been receiving best supportive care with progressive 
systemic disease. Primary tumors were the lung in 2 
patients, colon in 1, thyroid in 1, and uterus sarcoma 
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in 1. All patients underwent 36 Gy in ten fractions. The 
mean tumor diameter was 45.8 mm before treatment. 
Two patients underwent insertion of Ommaya reservoir 
large cystic tumors before SRT. Mean follow-up interval 
was 5.2 months. The local tumor control, neurological 
control, and overall survival were evaluated.

Results: The median overall survival period was 5 
months. Two patients died of systemic progression 2 
months. Neurological and survivals control rate at 2 
months were 40 and 60%, respectively. Local tumor 
control rate was 80% at 2 months. No acute toxicity was 
observed. One patient with large tumor (a 10-mm cystic 
and a 40-mm solid mass) from colon cancer treated with 
SRT and aspiration from Ommaya reservoir achieved 
complete response at 1 month. CONCLUSIONS: 
Stereotactic radiotherapy using our protocol may be 
effective for palliative treatment large brain metastases 
more than 4cm diameter with short period.

Disclosure: No significant relationships.
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Linac based stereotactic radiosurgery  of 
benign intracranial meningiomas and  its 
influence on patient’s quality of life

M. Sramka1, M. Chorvath1, A. Galbavy2, G. Králik3 

1Clinic Of Stereotactic Radiosurgery, St.Elisabeth Cancer 

Institute, Bratislava/SLOVAK REPUBLIC, 2Dept. Of 

Radioprotection, Public health authority, Bratislava/SLOVAK 

REPUBLIC, 3Dept. Of Medical Physics, St.Elisabeth Cancer 

Institute, Bratislava/SLOVAK REPUBLIC

Introduction: Stereotactic radiosurgery is considered 
as an effective method in the treatment of benign 
intracranial meningiomas in well-selected patients.

Objective of this study: To analyze retrospectively 
the sample of 98 patients who underwent linac based 
stereotactic radiosurgery between 2004 - 2008 with 
benign intracranial meningiomas with focus on the risk 
factors related to tumour progression and peritumoral 
oedema based on magnetic resonance imaging.

All the patients have been followed-up for at least 4 
years after stereotactic radiosurgery. Quality of life of the 
patient was evaluated by the means of a questionnaire.

Methods: We analysed retrospectively 98 patients: 67 
women (32-84 years) median age 58. 85 years, 31 men 
(38-79 years ) median age 57. 42 years.

Patients with multiple meningiomas, 
neurofibromatosis type 2, patients with previous 

external beam radiotherapy and with radiation induced 
tumours have been excluded from this analysis. The 
majority of the meningiomas were located on the cranial 
base 84, on convexity 14. The treatment was performed 
on LINAC (CLINAC 600C/D Varian) with collimators or 
micromultileaf collimator depending on the shape of the 
lesion with the use of planning sytem Leibinger Fisher Stp 
3.4 or Corvus version 6.2. The median tumour volume 
was 6. 65 cm³ (0.9-25.18 cm³), the median tumour 
margin dose was 14.0Gy Gy (8.0-17.0Gy). Maximal dose 
was 16.69 (10.5 - 30.67 Gy) median 19.1. The clinical 
evaluations and magnetic resonance imaging has been 
done at 6, 12 months and then yearly after stereotactic 
radiosurgery.

The tumour size and post-treatment related effects 
(eodema if present) were evaluated and compared with 
magnetic resonance imaging done on the day of the 
stereotactic radiosurgery. These results were correlated 
with actual clinical and neurological status of the patients.

Results: In our study we achieved 94% tumour control, 
with acceptable quality of life of treated patients. This 
results are comparable with data published by another 
centers. 

Disclosure: No significant relationships.
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Surgery + WBRT vs Surgery + SRS in 
solitary brain  metastasis: early results of 
a randomized multicenter trial.

L. Fariselli1, I. Milanesi1, S. Dall’Oglio2, M. Longhi3,  
V. Pinzi1, M. Gerosa4, A. La Camera5, F. Di Meco6,  
A. Nicolato4 

1Radiotherapy Unit, Neurosurgery, Fondazione IRCCS Istituto 

Neurologico C Besta, Milano/ITALY, 2Department Of Oncology 

And Surgery, Verona Hospital, Verona/ITALY, 3Department Of 

Neurosurgery, Verona Hospital, Verona/ITALY, 4Neurosurgery, 

AOUI Verona, Verona/ITALY, 5Neurosurgery, Niguarda 

CaGranda Hspital, milan/ITALY, 6Neurosurgery, Fondazione 

IRCCS Istituto Neurologico C Besta, Milano/ITALY

Purpose: This multicenter randomized trial would assess 
whether surgery plus radiosurgery on surgical cavity in 
solitary brain metastasis give better results in term of 
local control respect to surgery plus WBRT. 

Methods: Patients with solitary brain metastasis of solid 
tumors (small-cell lung cancer excluded) with stable 
systemic disease or asymptomatic primary tumors and 
WHO performance status (PS) of 0 to 2 were treated with 
complete surgery and randomly assigned to adjuvant 
WBRT (30 Gy in 10 fractions) or SRS (17-20 Gy single 
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fraction) on surgical cavity (max diameter 3.5 cm). The 
primary end point is local control, secondary end points 
survival, quality of life and toxicity.

Results: From December 2009 to September 2012, sixty-
five patients have been treated with adjuvant radiotherapy 
after radical surgery: 42 were randomised to receive SRS 
treatment and 23 WBRT treatment. Twenty-seven patients 
are alive at last follow-up, 27 died. Eleven patients were 
lost to the follow-up. Median overall survival was 19.0 
months: 17.7 months in WBRT arm and 20.1 months 
in SRS arm. Local tumor control rate at 1 year is not 
statistically significant: 93,9% for SRS group and 82,4% 
for WBRT group (p = 0.7750). Only 2 patients developed 
intracranial progression. This patients were located in 
WBRT group and intracranial progression caused death. 
Salvage therapies were used more frequently after SRS 
than after WBRT. On multivariate analysis, KPS, age at 
diagnosis and RPA classes was not statistically significant 
in survival from diagnosis.

Conclusions: In our study WBRT and SRS treatment 
post-surgical resection in solitary brain metastases are 
equivalent in terms of local control, survival and toxicity. 
Radiosurgery can substitute whole brain radiotherapy in 
solitary brain metastases.

Disclosure: No significant relationships.
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Investigation of accuracy management of 
gamma knife using flat panel detector

Y. Konishi1, M. Usukura2, M. Hayashi3, M. Tamura4,  
N. Tamura3, A. Horiba3, Y. Muragaki3,  
H. Iseki1 

1Technology And Surgery, Tokyo Women’s Medical University, 

Tokyo/JAPAN, 2Radiology, Tokyo Women’s Medical University, 

Tokyo/JAPAN, 3Neurosurgery, Neurological Institute, Tokyo 

Women’s Medical University, Tokyo/JAPAN, 4Neurosurgery, 

Neurological Institute,Tokyo Woman’s Medial University, 

Tokyo/JAPAN

Background: Stereotactic Gamma Knife is one of the 
leading methods used for the stereotactic radiosurgical 
treatment of intracranial leasions. Stereotactic irradiation 
allows a very precise delivery of high-dose radiation into 
the target volume while sparing surrounding normal 
tissue. In addition, Gamma Knife Perfexion can create 
complex shapes irradiation field using secter. Therefore, 
quality control of the machine is increasingly more 
important. To date, the study on irradiation accuracy 
has been done using a variety of methods. Although 
the film, the dosimeter, and the gel phantom is a tool 

which is used as a method of quality control, advantages 
and disadvantages exist for each. We focused on the 
flat panel detector Therefore, we examined the quality 
control of gamma knife using a flat panel detector. In 
this study, we compared the quality control study using 
a variety of methods and quality control study using Flat 
panel detector.

Methods: The Flat Panel Detector was positioned parallel 
to the front of collimator helmet of Gamma Knife and 
was irradiated by gamma ray for a few minutes while 
moving it axially at intervals of 2mm. Comparing the 
results obtained in the quality control method of the 
image analysis results and other.

Result: Each source of 192 cobalt-60 gamma ray 
was clearly confirmed on image. Using the images 
obtained by this method enabled us to visually evaluate 
irradiation by Gamma Knife. Although similar results can 
be obtained in other ways, this approach results were 
obtained more easily in real time.

Conclusion: In this study, using a Flat Panel detector was 
able to find it easy to check the gamma-ray irradiation 
of each Sector. Further, by combining this method and 
other methods, it can be more easily quality control has 
been suggested

Disclosure: No significant relationships.
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Gamma knife efficacy and safety on renal 
cell carcinoma brain metastasis: 130 
patients followed for at least 12 months

A. Nicolato1, S. Medaglia2, M. Longhi2, R. Foroni1,  
T. Sava3, A. De Simone2, G.K. Ricciardi4, A. Sini2,  
S. Dall’Oglio3, A. Beltramello4, M. Gerosa2 
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2Department Of Neurosurgery, Verona Hospital, Verona/ITALY, 

3Department Of Oncology And Surgery, Verona Hospital, 

Verona/ITALY, 4Department Of Diagnostic And Pathology, 

Verona Hospital, Verona/ITALY

Purpose: To evaluate efficacy and safety of Gamma Knife 
(GK) radiosurgery on a large series of radioresistant renal 
cell carcinoma (RCC) brain metastasis; to assess if the 
introduction of “targeted agents” since 2005 influences 
local tumor control (LTC), post-GK bleedings and GK-
related permanent complication rates.

Methods: We selected 130 cases with 177 RCC brain 
metastases and followed up for at least 12 months. Male 
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to female was 92: 8; mean age was 59.8 years (29-79). 
GK model C was used in 149 lesions and GK Perfexion 
in 28. In 77 patients (102 metastasis, group A), GK was 
performed before 2005 and in 53 (75 targets, group B) 
after. On GK day, the MR contrast enhancement (CE) was 
homogeneous in 114 lesions and non-homogeneous in 
63. The mean tumor volume (TV) was 2.85 cc (0,03-16.6 
cc) and the mean prescription dose (PD) was 20.54 Gy 
(13-26 Gy). Uni-multivariate logistic regression analysis 
was performed to evaluate which of the following 
independent variables – age, RPA classification, TV, PD, 
model C vs. Perfexion, time of treatment, homogeneous 
CE on GK day vs. non-homogeneous – could potentially 
influence overall survival (OS), LTC, post-GK bleeding 
and GK-related permanent conplications (end points).

Results: At last follow-up, 77/130 patients (59.5%) were 
still alive. Median OS was 2.12 years (1.03-10.8) with 
an actuarial survival rate at 18 and 24 months of 64% 
and 56.6%, respectively. LTC was achieved in 155/177 
metastases (87.6%) with an overall actuarial progression 
free survival at 18 and 24 months of 90.1% and 86.1%, 
respectively. Length of survival was significantly 
influenced by time of treatment (2.0 years in group A vs. 
2.2 years in group B, p=0.035) and by RPA classification 
(2.24, 1.9 and 1.46 years in RPA I, RPA II and RPA III, 
respectively) (p=0,041). Time of treatment showed to be 
a significant prognosticators for LTC (85.2% in group A 
vs. 91.4% in group B (p=0.025). GK-related permanent 
complications were observed on 6/177 (3.4%) treated 
lesions: 2 due to MRI-documented perilesional edema 
and 4 to post-radiosurgical imaging changes. In group 
A, 1 lesion bled before GK and 2 after radiosurgery; in 
group B, only 2 post-GK hemorrhages were observed 
(p NS).

Conclusions: Our study on a large series of cases 
confirms that GK radiosurgery is an effective and 
safe tool for the treatment of RCC brain metastases. 
Our analysis shows that radiosurgical outcome is 
significantly influenced by time of treatment and by RPA 
classification.

Disclosure: No significant relationships.
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Gamma knife radiosurgery in cavernous 
sinus meningiomas: results on  
170 patients with at least 10-year-follow 
up period
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Purpose: To asses the long-term outcome of Gamma 
Knife (GK) radiosurgery on a large series of patients 
treated for cavernous sinus meningiomas (CSMs). To 
identify some prognosticators significantly influencing 
local tumor control (LTC).

Methods: Between February 1993 and November 
2002, 170 patients affected with CSMs underwent GK 
radiosurgery at our Department. All the selected patients 
were followed up for at least 10 years. Males were 36 
males and 134 females; mean age was 55.6 years (25-
86). As concern the site, meningiomas were classified as 
limited to cavernous sinus (CS) or involving the nearby 
skull base. Mean and range dose planning parameters 
were as follows: tumor volume (TV: 9.4 cc, 1.22-39.6), 
prescription dose (PD: 14.6 Gy, 10-22.5), prescription 
isodose (PI: 47.6 %, 30-60), maximal dose (MD: 31.2 
Gy, 16.9-66.7) and shot number (11.5, 1-31). On GK 
day, stereo-CT scan was used in 59 patients and MRI 
stereotactic localization in 111 CSMs. Uni-multivariate 
logistic regression analysis was performed to evaluate 
which of the following independent variables – age, 
sex, TV, PD, stereo-CT scan vs. MRI, CS only vs. 
nearby diffusion, primary vs. adjuvant radiosurgery, 
WHO classification grade I vs. II/III – could potentially 
influence the LTC (end point).

Results: The median survival was 160.9 mos (130.0-
205.0). LTC was achieved in 145/170 patients (85.4%). 
Neurological status was stable or improved in 147 patients 
(86.5%), independently by tumor shrinkage. Among 
the 23/170 patients with neurological deterioration, 
21 worsened due to tumor progression. A slight GK-
associated permanent 5th and 6th cranial nerve deficit 
was observed in 2 cases. At statistical abalysis, the only 
independent variables which significantly influence the 
LTC were primary vs. adjuvant radiosurgery (p=0.037) 
and histology (p=0.019).

Conclusions: GK reveals to be an effective and safe 
treatment for CSMs after long-term follow-up, also. 
Primary vs. adjuvant treatment and WHO grading affect 
GK outcome in such patients.

Disclosure: No significant relationships.
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Stereotactic radiosurgery for intracranial 
hemangioblastomas: an international 
multicenter study
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Introduction: To evaluate outcomes as well as 
risks of new tumor development after stereotactic 
radiosurgery (SRS) for recurrent or residual intracranial 
hemangioblastomas.

Methods: Six participating centers of the North American 
Gamma Knife Consortium and 13 participating Japanese 
Gamma Knife centers identified 186 patients with 517 
hemangioblastomas who underwent SRS. There were 
80 patients with 335 hemangioblastomas associated 
with von Hippel-Lindau disease (VHL) and 106 patients 
with 182 sporadic hemangioblastomas. The median 
tumor volume was 0.2 cc in VHL patients and 0.7 cc in 
patients with sporadic hemangioblastomas. The median 
margin dose was 18 Gy in VHL patients and 15 Gy in 
sporadic hemangioblastomas.

Results: At a median follow-up of 5 years (0.5-18 years), 
20 patients had died from disease progression and nine 
patients had died from other causes. The overall survival 
from initial diagnosis was 95% at 5 years and 87% at 
10 years. The overall survival after SRS was 94% at 3 
years, 90% at 5 years, and 74% at 10 years. Factors 
associated with longer survival after SRS included 
younger age, no neurological symptoms, fewer tumors, 
and higher KPS. Thirty (38%) of 80 VHL patients and 
15 (14%) of 106 sporadic hemangioblastoma patients 
developed new tumors. The 5-year rate of developing 
a new tumor was 39% for VHL patients and 21% for 
sporadic hemangioblastoma patients. Factors associated 
with a reduced risk of developing a new tumor included 
younger age, fewer tumors, and sporadic rather than 
VHL-associated hemangioblastomas. The progression-
free survival of the treated tumors was 92% at 3 years, 
89% at 5 years, and 79% at 10 years. Factors associated 

with an improved progression-free survival included 
VHL-associated hemangioblastoma, solid tumor, smaller 
tumor volume and higher marginal dose. In VHL patients, 
progression-free survival was 99% at 1 year, 95% at 3 
years, 93% at 5 years, and 82% at 10 years. Only solid 
tumor was associated with improved progression-
free survival. In sporadic hemangioblastoma patients, 
progression-free survival was 94% at 1 year, 87% at 
3 years, 81% at 5 years, and 75% at 10 years. Factors 
associated with an improved progression-free survival 
included solid tumor, smaller tumor volume and higher 
marginal dose. Twelve patients (6%) developed adverse 
radiation effects (ARE) after SRS and one patient died 
due to ARE.

Conclusion: SRS is an important tool in selected patients 
with hemangioblastomas, and it is associated with a 
satisfactory tumor control rate as well as risk of adverse 
radiation effects.

Disclosure: No significant relationships.
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Diffusion tensor imaging corticospinal 
tractography in gamma knife radiosurgery 
for arterio-venous malformations
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Purpose: To assess motor pathway radiation exposure 
by means of integration of tractography into the Gamma 
Knife (GK) treatment planning and to correlate the dose 
delivery incorporating the corticospinal tract (CST) with 
clinical outcome.

Methods: A Diffusion Tensor Imaging (DTI) study was 
performed using a 3 Tesla Magnetic Resonance unit in 
28 patients with cerebral arterio-venous malformations 
(cAVMs) in proximity to the CST before undergoing 
GK radiosurgery. After three-dimensional tracking 
of the motor pathway, fiber tracts were matched on 
T1 volumetric data set, then embedded into DICOM 
sequences and loaded on the GK treatment planning 
workstation for co-registration with stereotactic 
imaging data. In 11 patients the evaluation of CST 
radiation exposure was retrospectively performed after 



ISRS 2013

132   Journal of Radiosurgery and SBRT Vol. 2 Suppl. 1 2013

the radiosurgical procedure (Group A); in 17 patients, 
the integration of corticospinal tractography was 
applied during the realization of the treatment planning 
(Group B).

Results: During a median follow-up period of 38 
months (range, 12-64 months), four post-radiosurgical 
complications occurred: three patients experienced 
a motor deficit still present at last observation (two in 
the Group A, one in the Group B) and one patient in 
the Group A had a transient side effect. After univariate 
logistic regression analysis, motor complications 
were correlated to the volume of the CST receiving ≥ 
20 Gy (P = 0.022). The volume of the CST receiving ≥ 
12 Gy was significantly related to the development of 
overall complications (P = 0.025). In the whole series, 
the location of the cAVMs in the basal ganglia was 
correlated with higher volumes of the CST receiving ≥ 
12 Gy (P = 0.012). The rate of complications resulted 
lower when applying integration of tractography during 
treatment planning (5,9% vs. 27,3%). Considering a 
follow-up period of at least 36 months for the not yet 
obliterated cAVMs, the cure rate was similar in the two 
groups of patients (72,7% Group A vs. 70,0 % Group B). 
Conclusion. The integration of corticospinal tractography 
based on 3 Tesla DTI into the GK treatment planning is a 
reliable technique. Our results show that the volume of 
the CST receiving ≥ 20 Gy and ≥ 12 Gy are predictors of 
developing post-radiosurgical complications. Although 
longer follow-up period and wider series are needed 
to better define the radiation tolerance of the CST, the 
visualization of the motor fibers allows to optimize the 
radiosurgical planning.

Disclosure: No significant relationships.

Abstract: 225

Implementation of volumetric 
modulated arc therapy with flattening-
filter-free beams for steriotactic body 
radiotherapy (SBRT) of spinal/paraspinal 
tumours

N. Becker1, A. Sahgal1, M. Sharpe1, D. Moseley1,  
B. Norrlinger2, T. Tadic1, A. Nurul1, D. Letourneau1 

1Radiation Oncology, Princess Margaret Cancer Centre, 

Toronto/ON/CANADA, 2Radiation Physics, Princess Margaret 

Cancer Center, UHN, Toronto/ON/CANADA

Purpose: Hypofractionated SBRT planned with 
volumetric modulated arc therapy (VMAT) is an effective 
treatment modality for metastatic spinal tumors. It 
allows the radiation dose to be delivered continuously 

in a single gantry rotation to shorten delivery time. 
The addition of flattening-filter-free (FFF) beams could 
potentially reduce treatment times due to the increased 
maximum dose rate that is available.

Methods: This study compares original clinical 6 MV 
VMAT treatment plans to retrospectively generated 
FFF-VMAT plans for spinal SBRT in terms of dosimetric 
characteristics, planned-to-delivered dose agreement, 
and delivery efficiency. Both 6 and 10 MV FFF-VMAT 
plans were generated for 14 patients previously treated 
for spinal metastases with 6 MV VMAT delivering 24-
30 Gy in 1-3 fractions. The following parameters 
were compared between FFF-VMAT and VMAT plans: 
maximum dose (Dmax) to the spinal cord, volume of PTV 
receiving 90% of prescribed dose (V90), and prescribed 
monitor units (MU). All VMAT plans were delivered to a 
hollow cylindrical 3D detector array, and the number of 
measurement points (pass rate) satisfying 3% of dose 
difference and 2 mm of distance-to-agreement tolerance 
were measured.

Results: All FFF-VMAT plans matched or exceeded the 
original treatment plan for target coverage (V90) and 
Dmax to the spinal cord. Both 6 and 10 MV FFF-VMAT 
plans increased in MU per plan by 12 ± 26% (± SD) and 
13 ± 18% compared to the original plan. The average 
delivery time for FFF-6 and FFF-10 MV plans were 4.4 
± 1.4 min and 2.8 ± 0.9 min. The delivery times were 
not available for the clinical plans, but were estimated 
by computing the ratio of the total MU per plan and the 
maximum dose rate (550 MU/min). This resulted in an 
overall reduction in delivery time of 57% (FFF-6 MV) and 
75% (FFF-10 MV) as compared to the estimated best-
case scenario for 6 MV VMAT. The mean detector pass 
rate for the 6 and 10 MV FFF-VMAT plans were 89.1% 
± 1.9% and 81.6% ± 4.7%, respectively, while for the 
original 6 MV VMAT plans the pass rate was 88.7% ± 
2.3%.

Conclusions: Clinically acceptable treatment plans could 
be generated with FFF-VMAT with significantly reduced 
treatment delivery times. FFF-6 MV and 6 MV VMAT 
plans were equivalent in terms of planned-to-delivered 
dose agreement, and investigation is ongoing to address 
the decreased pass rates for FFF-10 MV.

Disclosure: No significant relationships.
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Abstract: 226

Visual field defects after radiosurgery for 
mesial temporal lobe epilepsy

H. Hensley-Judge1, M. Quigg2, N.M. Barbaro3 

1Neurology, University of Virginia, Charlottesville/UNITED 

STATES OF AMERICA, 2Neurology, University of Virginia, 

Charlottesville/VA/UNITED STATES OF AMERICA, 

3Neurosurgery, Indiana University, Indianapolis/IN/UNITED 

STATES OF AMERICA

Purpose: Gamma Knife radiosurgery (RS) may be an 
alternative to open surgery for mesial temporal lobe 
epilepsy (MTLE), but the anticonvulsant mechanisms 
of RS are unclear. Examination of visual field defects 
(VFD) after RS may provide evidence of the extent of a 
postoperative fixed lesion. VFD occur in ~50% of patients 
following open surgery for MTLE.

Methods: This multicenter prospective trial of RS 
enrolled patients with unilateral hippocampal sclerosis 
and concordant video-EEG findings. Patients were 
randomized to low (20Gy) or high (24Gy) volumes 
delivered to the amygdala, hippocampal head, and 
parahippocampal gyrus. Postoperative perimetry were 
obtained at 24m after RS.

Results: were contrasted with RS dose, 50% isodose 
volume, seizure remission, volume of radiation-induced 
change at the surgical target and side of RS.

Results: 17 of 26 patients (65%) had postoperative VFD, 
all homonymous superior quadrantanopias. VFD were 
more severe in the high dose [10/12 (83%] than the 
low dose arm [7/14 (50%)], though the difference was 
not statistically significant (Fisher’s exact test p=0.08). 
Volumes of T2-weighted radiation-induced change 
at 12m were higher in those with VFD (403±350ml 
vs 182±250, p=0.11 t-test). The side of RS, isodose 
volumes, and seizure remission were not associated 
with presence of or severity of VFD.

Conclusions: VFD appeared after RS in proportions 
similar to those from open surgery for MTLE. The nature 
of VFD was consistent with lesions of the optic radiations. 
These findings support the hypothesis that the anti-
epileptic effects of RS have a destructive mechanism. 

Disclosure: No significant relationships.

Abstract: 227

Preliminary results of cyberknife 
radiosurgical and hypofractionated 
irradiation for meningiomas

M. Galkin1, A. Golanov1, S. Zolotova1, E. Vetlova1,  
N. Antipina1, G. Gorlachev1, I. Pronin2,  
A. Kadasheva3 

1Department Of Radiation Oncology And Radiosurgery, 

Burdenko Neurosurgery Institute, Moscow/RUSSIAN 

FEDERATION, 2Radiology, Burdenko Neurosurgical Institute, 

Moscow/RUSSIAN FEDERATION, 36th Neurooncological 

Department, Burdenko Neurosurgery Institute, Moscow/

RUSSIAN FEDERATION

Purpose: Meningiomas are frequently diagnosed primary 
intracranial lesions. Irradiation is applied in unresectable 
and partially resected meningiomas and is less traumatic 
comparing with surgery. CyberKnife system allows to 
perform radiosurgical and hypofractionated irradiation 
of these tumors and efficiently copes with complex 
shaped targets.

Methods: The study included 221 patients irradiated 
for meningiomas of different localization from 04.2009 
to 12.2011. All patients were treated with CyberKnife 
system (Accuray Inc., USA) in Department of Radiation 
Oncology and Radiosurgery of Burdenko Neurosurgical 
Institute. Mean patient age was 53,6 years. Male to female 
ratio composed 1 to 2,9. Mean tumor volume reached 
15.8 ccm. Hypofractionation was used in 185 cases 
(84%), radiosurgery – in 36 cases (16%). Prescription 
and mean doses composed 13,6 Gy and 15,0 Gy for 1 
fraction, 19,0 Gy and 21,0 Gy for 3 fractions, 25,8 Gy 
and 28,8 Gy for 5 fractions and 31,4 Gy and 34,8 Gy for 7 
fractions. Prescription isodoses from 72% to 85% were 
used (mean - 80,5%). 1 to 12 tumors were irradiated in 
a patient (mean 1,5).

Results: Follow-up data were available for 144 patients. 
Mean follow-up period was 15 months. Tumor growth 
control was achieved in 100% of WHO grade I tumors and 
in 56.7% of WHO grade II-III tumors. Clinical improvement 
was registered in 15% of patients and tumor shrinkage in 
24% of cases. Adverse reactions in follow-up MRI scans 
were seen in 27% of patients. For the most part these 
reactions were asymptomatic and reversible.

Conclusions: Radiosurgical and hypofractionated 
treatment of meningiomas using CyberKnife is safe 
and highly-effective technique. Further investigations 
are required to determine optimal regimen of 
hypofractionation in meningiomas.

Disclosure: No significant relationships.
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Abstract: 228

Stereotactic body radiotherapy for 
malignant liver lesions

W. Chu1, R. Korol2, A. Karotki3, M. Davidson3,  
D. Erler4, H. Chu1 

1Radiation Oncology, Sunnybrook Health Sciences Centre, 

Toronto/CANADA, 2Medical Physics, Sunnybrook Odette Cancer 

Centre, Toronto/ON/CANADA, 3Medical Physics, Sunnybrook 

Health Sciences Centre, Toronto/CANADA, 4Radiation Therapy, 

Sunnybrook Health Sciences Centre, Toronto/CANADA

Objective: Liver stereotactic body radiotherapy (SBRT) 
has emerged as a precise and safe method of delivering 
high dose, conformal radiation to ablate unresectable 
lesions, or lesions in inoperable patients. Our aim is to 
present our clinical experience with liver SBRT.

Methods: Following multidisciplinary discussion, eligible 
patients were treated with our SBRT protocol. Patients 
underwent 4D-CT simulation with full body vacuum 
immobilization. Targets were delineated on the CT 
simulation images fused with either the diagnostic CT or 
MRI. Treatment was delivered with daily image-guided, 
intensity modulated radiotherapy utilizing three to ten 
non-coplanar linear accelerator beams. The prescription 
dose was 60 Gy in 6 fractions (10 Gy/day delivered every 
other day), and modified to respect normal tissue dose 
constraints according to our institutional criteria.

Results: From March 2010 to May 2012, 26 consecutive 
patients (10 females; 16 males) with a total of 28 primary 
or oligometastatic lesions (hepatocellular carcinoma: 5, 
colorectal: 10, non-small cell lung: 3, breast: 2, prostate: 
1, renal cell: 1, other GI: 6) were treated with SBRT. The 
median prescribed dose was 54 Gy (range 30–60 Gy). 
With a median follow-up of 264 days, the crude local 
control for the entire cohort is 77%. The estimated 
one year local control for the oligometastatic lesions is 
67%. For the colorectal metastases, the average lesion 
(3.1 cm [range 1.8–5.5 cm]) received a median dose of 
54 Gy (range 36–60 Gy). The estimated one year local 
control for these lesions is 73%. There have been no 
toxicity-related treatment interruptions and no reports of 
radiation-induced liver disease. 

Conclusion: The clinical outcomes from our early 
experience with liver SBRT are concordant with 
the existing literature. Data continues to emerge 
demonstrating the efficacy of liver SBRT as a non-invasive 
method of ablation and metastectomy. Multidisciplinary 
collaboration will foster future combined-modality 
studies examining the role of liver SBRT for the treatment 
of primary and oligometastatic liver lesions.

Disclosure: No significant relationships.
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The role of radiosurgery physics indexes 
in predicting outcomes in cerebral AVM 
patients

E.M. Marchan1, T. Dai2, J. Hanfelt2, N.M. Oyesiku3, 
W.J. Curran1, H.K. Shu1, I.R. Crocker1 

1Radiation Oncology, Emory University, Atlanta/GA/UNITED 

STATES OF AMERICA, 2Biostatistics Dpt., Emory University-
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OF AMERICA, 3Neurosurgery, Emory University, Atlanta/GA/
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Purpose: tereotactic radiosurgery (SRS) is a treatment 
modality for cerebral arteriovenous malformations 
(cAVMs). Success of SRS in causing obliteration (OBL) 
and minimizing radionecrosis (RN) is dependent on 
maximizing prescribed dose (PD) to the cAVM and 
minimizing PD to brain. We analyzed whether SRS 
indexes predict OBL or RN.

Methods: 155 cAVMs patients underwent MLC-based 
SRS between 2000-2010 and had follow-up MRI and/or 
DSA at least 4 months (mos) after SRS. Time to a) OBL 
and b) RN was measured. Logistic regression analysis 
(LRA) was performed to study whether RN predicts 
OBL. In 93 patients, V12, homogeneity index (HI), 
gradient index (GI), conformity index (CI), and energy 
index (EI) were calculated. A statistical model using Cox 
regression was designed comparing RN and non-RN 
patients to determine RN risk at 24 mos. All 93 subjects 
had predictive analysis of time to OBL.

Results: Median dose was 17.5 Gy (range: 12-22.5). 
LRA showed that RN at 2 years correlates with OBL 
(Odds Ratio: 4.21, p=0.01, CI= 1.41-12.62). Statistical 
Modeling showed that V12, CI, and EI >=0.092 
independently predicted time to RN (p = 0.042, 0.025 
and 0.017, respectively). Each unit increase in V12 and 
CI had a 1.8% (95% CI: 0.1% - 3.6%) increase and 0.372 
fold decrease (95%CI: 0.157-0.882) respectively in RN 
risk. Patients with EI>=0.092 were 0.31 times (95% CI: 
0.119 -0.808) likely to develop RN. No index predicted 
time to OBL.

Conclusions: Our results suggest that presence of RN at 
2 years predicts OBL. Moreover, optimization of the EI 
and CI and/or minimizing V12 may decrease RN.

Disclosure: No significant relationships.
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Abstract: 230

Single isocenter approach to multiple 
brain metastases using radiobiologically 
based image guided volumetric 
modulated radiosurgery

G. Pastore, F. Casamassima, C. Menichelli,  
A. Fanelli, G.M. Contessa, S. Tubin 

Radiotherapy, Istitute of Clinical Research Ecomedica, 

Empoli/ITALY

Purpose: The radiosurgery as treatment of few, multiple 
brain metastases particularly when these rapresents 
the only site of the disease dissemination is increasing 
because the more used WBI can leads to the onset of 
neurocognitive damage.

The use of different radiosurgery plans for different 
metastases raises the problem of the overall distribution 
of low doses outside the target, which are less easily 
controllable, togheter with the need of multiple 
verifications of the position of each isocenter.

This study is aimed to verify the possibility of using 
a single VMAT plan with a single isocenter to delivery 
radiosurgical treatment to different tumor “islands”, 
evaluating the dose received by the whole brain.

Materials and Methods: 10 patients with multiple brain 
metastases (nmin=2, nmax=6) were selected for the 
study.The mean volume of treated lesions was 6.1 cc  
(range 0.25-28.3 cc) The contours of OAR and metastases 
were delineated on the fused contrast-enhanced CT and 
magnetic resonance data set. VMAT treatment plans 
were generated: typically, five non coplanar arcs were 
used to create a sharp dose gradient between the CTVs 
and the OARs and to reduce the mean dose to healthy 
brain. Dose calculation for VMAT optimization were 
performed using a Montecarlo algorithm. Treatments 
were delivered using 6MV photons on Elekta SynergyS 
linear accelerator (Elekta, Crawly) equipped of 40 leaf 
pairs of 4 mm width at isocenter and allows unrestricted 
leaf interdigitation.

Plans were evaluated on homogeneity index (HI), 
target coverage (TC), conformity number (CN), 
maximum dose to prescription dose ratio (MDPD) and 
prescription isodose to target volume ratio (PITV).

The treatment was delivered in a single fraction and 
the average dose, prescribed to the 60% isodose, was 
18 Gy to each lesion.

Set-up and isocenter position where evaluated by 
Cone-Beam CT before the tratment delivery.One-patient 
plastic mask was used for immobilization.

Results: Mean values for brain metastases were as 
follows: HI=0.11±0.02, CN=0.85±0.01, MDPD=1.06±0.05 
and PITV=1.32±0.18. The mean healthy brain dose was 

3.85±0.59 Gy. The mean treatment delivery time was 
23.6 min.

Conclusions: In our experience, VMAT with a single 
isocenter, appears as useful and safe radiosurgery 
technique to delivery eradicative doses to multiple brain 
metastates, minimizing the dose received by the healty 
brain and respecting the dose constraints for OAR. These 
useful dose distributions offer a good and easy technical 
solution for radiosurgery in patients with limited number 
of multiple brain metastases.

But this technique involves long treatment time.
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Cyberknife lung SBRT: from semi-
homogeneous to monte carlo dose 
calculation
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Purpose: To re-evaluate planning target volume (PTV) 
and organ at risk (OAR) dosimetry using Monte Carlo 
recalculation of treatment plans initially calculated using 
the Ray-Trace algorithm (effective path length method, 
EPL). Any differences would be correlated with known 
clinical outcome in terms of local failure (LF) and toxicity.

Methods: Lung CK SBRT treatment plans initially 
calculated using an EPL algorithm (without correction 
for tissue inhomogeneity) were re-calculated with MC 
algorithm. PTV coverage and doses to OARs were 
compared. We reviewed PTV coverage of patients with 
LF, volume of the chest wall receiving ≥ 30 Gy (V30) 
of patients with costal tenderness or rib fracture and 
percentage total lung volume receiving 5 Gy (V5) and 20 
Gy (V20) for patients with grade ≥ 3 pneumonitis.

Results: Twenty four plans were recalculated. Median 
clinical follow-up on these patients was 19 months. 
Median prescription dose was 60 Gy (range, 48-60 
Gy) in 3 fractions (range, 3-5). With EPL and MC 
respectively, median PTV coverage was 95 % and 91%. 
Thirteen patients (54%) had a 5% or greater drop in PTV 
coverage after recalculation (median 9%, range (+6 to 
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-64%). However, in 2 of the 3 cases of LF PTV coverage 
was actually better than expected (95% PTV coverage for 
EPL vs. 99% by MC). The chest wall V30 increased by a 
median of 1.4 cc following re-calculation. Unsurprisingly, 
the median V30 was greater in the 12 cases of chest wall 
toxicity (27cc by EPL vs. 28cc by MC) that for the other 
patients (10 cc using either EPL or MC). Of the patients 
with chest wall toxicity, 3 had ≥ 5cc (range, 8.4-16cc) 
V30 increase on MC re-calculation. EPL and MC lung V5 
and V20 differences were not significant. Two patients 
with pulmonary fibrosis developed grade 5 pneumonitis. 
Whereas median V20 was 5% (EPL and MC) (range, 
2-10%) for the other patients, V20 for these 2 patients 
was 19% (MC).

Conclusion: MC recalculation predicted worse PTV 
coverage than EPL, however EPL inaccuracies do not 
appear to be implicated in LF. No significant differences 
were found in either chest wall V30, lung V5 or lung V20. 
Our work confirms that chest wall toxicity correlates 
with higher V30 and suggested that more severe lung 
constraints should be used for patients with pulmonary 
fibrosis. Despite improving the accuracy of patient 
dosimetry, the clinical benefits of MC dose calculation 
remain to be demonstrated.
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Management of cerebral metastases: a 
survey of practice patterns in canada

J. Bourque1, D. Roberge2, E. Monsalves3,  
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Brain metastases are seen in a large, heterogeneous 
group of patients. Brain directed therapy involves 
varied combinations of local treatments. Our objective 
was to determine the current opinions and the practice 
of radiation oncologists (RO) and neurosurgeons 
(NSx) in Canada with an emphasis on the utilization 
of Stereotactic Radiosurgery (SRS). A review of the 
literature was conducted. Questions were formulated 
based on recent guidelines published in Neurosurgery 
and Radiation Oncology peer-reviewed journals and 
were distributed to RO and NSx nation-wide. Clinical 
scenarios were presented and demographic data was 
solicited. The response rate was 30% (n=108) for 

Radiation Oncology and 80% (n=111) for neurosurgery. 
Despite most physicians not having a neuro-oncology 
focus (65%), most saw patients with brain metastases 
(67%). More RO than NSx (97% vs. 87%, p=0.01) 
felt that brain metastasis treatment had become more 
aggressive over the past decade. A clinical scenario 
was presented: patient with non-small cell lung cancer, 
controlled systemic disease, good performance status, 
and a single surgically accessible 3 cm brain metastasis 
in non-eloquent cortex on MRI. While available practice 
guidelines identify surgery or radiosurgery followed 
by whole brain radiotherapy (WBRT) as the strongest 
(level I) evidence base option, only 45% of RO vs. 
15% of NSx (p<0.001) would suggest surgery followed 
by WBRT. 8% of RO vs. 34% of NSx (p<0.001) would 
favor surgery followed by tumor bed SRS. Fifty-nine 
percent of physicians involved with SRS would elect 
for a treatment including SRS vs. 41% (p<0.001) in 
those who did not have an SRS practice. Reporting a 
neuro-oncology focus, the number of brain metastases 
treated per year, having a formal SRS training or length 
of time in practice were independently not found to 
predict treatment decision. Regarding clinical trials, 
identified priority questions were SRS boost to the 
surgical bed for treatment of single brain metastases 
(74%), and the role of surgery vs. SRS in local control 
(64%). In the setting of 4-10 lesions, NSx emphasized 
a greater need for clinical trials vs. RO (57% vs 35%, 
p=0.001). Most respondents (93%) support the need 
for Canadian guidelines for brain metastases treatment. 
There is significant variability in practice patterns in 
how Canadian physicians approach patients with brain 
metastases even in the setting with established guideline 
recommendations. Both neurosurgeons and radiation 
oncologists are more likely to favor treatments in which 
they have a direct participation. Our survey highlights 
opportunities for research and further refinement of 
practice guidelines.
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Results of SBRT for 217 consecutive 
patients treated with curative intent

F. Casamassima, C. Menichelli, A. Fanelli,  
G. Pastore, S. Tubin, G.M. Contessa 

Radiotherapy, Istitute of Clinical Research Ecomedica, 

Empoli/ITALY

Purpose: It has been hypothesized that the 
oligometastatic state can represent a phase of neoplastic 
disease in which ablative therapies may lead to good 
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local control and offer a cure in some patients (pts). We 
analyzed the SBRT results in terms of local control (LC), 
OS and toxicity for oligometastatic patients. 

Material and Methods: In this study, 216 patients (70 
female, 146 male) were enrolled and 383 lesions were 
treated. The number of metastatic sites (in no more 
than two organs) was 1 and 2 in respectively 127 and 
66 patients, between 3 and 5 in 23 patients. All lesions 
were contemporary treated with curative intent by SBRT. 
Primary tumor was lung cancer in 77 cases, CRC in 52, 
breast in 16, others in 71. Primary tumor was controlled 
in all patients. SBRT was delivered by 6MV LINAC with 
multiple arcs in one up to 3 fractions. Before each 
fraction, isocenter position was verified by CBCT. Dose 
was prescribed to coverage or to 70% isodose. BED10 
was generally equal to or greater than 100Gy for liver, 
lung and adrenal metastases, and however, never down 
60Gy for other sites. PTV volume ranged between 1.3cc 
and 130cc (median 27.6cc). For 152 patients, Active 
Breathing Coordinator was used for taking in account 
respiratory organ motion and for 57 patients internal 
gold markers were inserted as target surrogate. Results 
were evaluated by multiphasic CT scan every three 
months during the first year and then every six months. 
Moreover for some patients and always in suspect 
recurrences, Pet FdgF18 was performed. Toxicity was 
evaluated by CTCAE score v4.

Results: With median follow up of 18 months (range 
2-84 months), 163 patients (75%) are still alive (median 
not reached) and out of these, 30 pts are NED. OS and 
DSS (Kaplan-Meier) are respectively 37% and 42% at 5 
years (yr). LC is 72% at 5yr. 12 recurrences in field out 
of a total of 33, were retreated by SBRT. Gastrointestinal 
G2 toxicity was observed in 12 pts, while in two cases 
gastrointestinal ulceration medically recovered was 
occurred. Conclusion: In our experience, with careful 
selection of patients in true oligometastatic state, SBRT 
appears as useful and safe treatment modality, that can 
lead not only to high rate of LC (72% at 5yr), but also to 
high rate of disease specific survival (42% at 5yr) with 
mild and transitory toxicity. 
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Risk-adapted cyberknife stereotactic 
body radiotherapy for centrally located 
early stage lung tumors
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Introduction: Stereotactic body radiotherapy (SBRT) 
for inoperable early stage non small cell lung cancer 
(NSCLC) has been shown to be a safe treatment option 
with excellent local control. However, higher toxicities 
have been reported with standard SBRT fractionation 
for centrally located tumors. The safety and optimal 
fractionation of SBRT remain under investigation. 

Purpose: To determine initial local control, survival and 
toxicity rates in patients with centrally located tumors 
treated with SBRT at our institution using the Cyberknife® 
(CK) robotic radiosurgery system. Method: Thirty-nine 
patients with centrally located early stage NSCLC tumors 
were treated from 2009 to 2011. Central lesions were 
defined as tumors within 2 cm of the tracheobronchial 
tree or adjacent to the mediastinum (as per RTOG 0813 
guidelines). Direct soft tissue tracking (Xsight Lung) 
was used in 20 (51%) patients, fiducials in 10 (26%) 
and tracking of adjacent vertebral bodies (Xsight Spine) 
in 9 (23%). Treatment doses were adjusted according 
to strict dose constraints to organs at risk. One patient 
received 48Gy in 4 fractions, 30 (77%) received 50Gy 
in 4-5 fractions and 8 (21%) received 60Gy in 3 
fractions. Kaplan Meier curves were used for estimation 
of local control, overall survival and disease-specific 
survival. Toxicity data were graded as per the Common 
Terminology Criteria for Adverse Events version 3.0.

Results: The median follow-up was 16 months (range, 
9-35). Median age was 78 (range, 62-93). With a median 
tumor size of 3.2 cm (r= 2-5 cm), 24 patients (62%) 
were staged T1N0M0 and 15 patients (38%) had a stage 
T2aN0M0. Twenty-one (54%) tumors were adjacent to 
the mediastinum and 18 (46%) were within 2 cm of the 
tracheobronchial tree. At a median follow-up of 16 months, 
actuarial local control was 90%. The 4 patients with local 
recurrences received 48-50 Gy in 4-5 fractions (median 
biological equivalent dose of 105 Gy vs 180 Gy for patients 
without failure, α/β = 10). Estimated actuarial overall 
survival and disease-specific survival at 2 years were 75% 
and 79%, respectively. Three patients experienced grade 2 
rib tenderness. There was no grade ≥ 3 toxicity. 

Conclusion: In our initial experience we have seen 
minimal toxicity with CK SBRT for centrally located 
lung tumors. Doses ≤ 50 Gy in 4-5 fractions (biological 
equivalent dose of 105 Gy) might be associated with 
higher local failure rates. 

Disclosure: No significant relationships.



ISRS 2013

138   Journal of Radiosurgery and SBRT Vol. 2 Suppl. 1 2013

Abstract: 235

Gamma knife evolution: how have 
technical developments enhanced the 
quality of treatment plans?

I. Paddick 

Gamma Knife Centre, Cromwell Hospital, London/UNITED 

KINGDOM

Purpose: Advances in both software and hardware over 
the last decade have improved the speed and efficiency 
of dose planning for the Gamma Knife, yielding plans 
of higher complexity and conformity. The pinnacle of 
these advances is LGP 10.1, where a real-time isodose 
display is combined with the instant calculation of 
coverage, selectivity, gradient index and beam on 
time. This is a great contrast to the old style ‘move 
and calculate’ method of previous versions. While 
gross changes in target coverage and selectivity are 
apparent from observing isodoses, subtle differences 
in conformity and gradient indices can require detailed 
numerical analysis using dose volume histograms. 
Previously, this was impractical to repeat after every 
plan iteration. The real-time calculation of conformity 
parameters appears to enable a faster fine-tuning of 
treatment plans. This may yield better treatment plans 
as a result.

Methods: Five retrospective sets of consecutively 
produced treatment plans for single, solid tumours 
greater than 0.3cc were selected. These were all 
planned by the same dose planner: 200 patients 
planned with LGP 5.32 (Model B), 155 with LGP 5.35 
(Model 4C), 109 with LGP version 7.0 (Perfexion), 
106 with LGP v 8.31 (Perfexion) and 69 patients with 
LGP 10.1 (Perfexion). The five groups were compared 
with respect to coverage, selectivity, Paddick/New 
conformity index (PCI), Gradient Index (GI), number 
of isocenters and treatment time, which included set 
up time.

Results: Each successive hardware or software version 
generally showed an improvement to the treatment plan 
in terms of coverage, selectivity and PCI. PCI improved 
as follows: Model B; 0.822, Model 4C; 0.825, Perfexion 
v7.0; 0.836, Perfexion v8.31; 0.844, Perfexion v10.1; 
0.861. When comparing LGP 10.1 and 8.31, treatment 
plans created with 10.1 had better coverage (96.5% vs 
96.0%, p=0.038), selectivity (0.893 vs 0.874, p=0.059), 
conformity (0.861 vs 0.842, p=0.042), Gradient Index 
(2.72 vs 2.77, p=0.091), and treatment time (67.8 vs 
55.8, p=0.005) Conclusion Plans produced with LGP 
10.1 were better with regard to all planning parameters. 
Interestingly, the most significant improvement in 
treatment plan quality and beam-on time reduction is 

due to the most simple change in software; the real-
time calculation of planning parameters featured in LGP 
version 10.1.

Disclosure: No significant relationships.

Abstract: 236

Initial experience with stereotactic 
ablative radiotherapy using vero

T. Solberg, E. Ramirez, C. Ding, P.M. Medin,  
J. Yordy, L. Nedzi 

Radiation Oncology, UT Southwestern Medical Center, Dallas/

TX/UNITED STATES OF AMERICA

Introduction: End-to-end system evaluation was 
performed to assess dosimetric and targeting 
characteristics of a novel system dedicated to Stereotactic 
Ablative Radiotherapy (SAbR). Clinical SAbR capabilities 
were evaluated in several disease sites. Materials an.

Methods: Recently a Vero system (BrainLAB AG, 
Feldkirchen, Germany) was installed at UT Southwestern. 
The Vero, optimally designed for SAbR, uses a ring 
gantry to integrate a beam delivery platform with image 
guidance systems. The ring is capable of rotating ± 
60 degrees about the vertical axis to facilitate the non-
coplanar beam arrangements ideal for SAbR delivery. 
The beam delivery platform consists of a 6 MV C-band 
linac with a gimbal-mounted MLC that allows the linac 
and MLC to pivot in two dimensions for tumor tracking. 
Two orthogonal kV imaging subsystems facilitate both 
stereoscopic and volumetric (CBCT) image guidance. 
Specialized head and torso phantoms were constructed 
(Integrated Medical Technologies, Troy, NY) to assess 
both localization and dosimetric characteristics. End-
to-end evaluation was performed for brain, lung and 
spine targets. Tissue density targets embedded in 
lung allowed direct verification of Monte Carlo dose 
calculations in heterogeneous media. Commissioning 
was further verified through the use of the Radiological 
Physics Center thorax and head and neck phantoms. 
SAbR treatments have subsequently been performed in 
a number of disease sites.

Results: The unique design results in a measured gantry 
and ring isocenter radius of 0.12 mm and 0.02 mm 
respectively. 46 independent hidden target evaluations in 
anthropomorphic phantoms demonstrate excellent end-
to-end IGRT localization capabilities, with an average 
offset of -0.02±0.35 mm, -0.26±0.28 mm and 0.23±0.28 
mm in the anterior-posterior, lateral, and superior-
inferior directions, respectively. 2D/2D and volumetric 
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(CBCT) localization accuracy are statistically equivalent. 
Monte Carlo dose calculations demonstrate excellent 
agreement with dosimetry measurements in lung, 
while those performed using a pencil beam algorithm 
overestimate measurement by up to 20%. The Vero non-
coplanar beam capabilities provide both compact dose 
distributions and conformal avoidance.

Discussion: The Vero system is ideally suited to the 
demands for high localization and dosimetric accuracy 
required of SAbR treatments.

Disclosure: No significant relationships.

Abstract: 237

Neurocognitive status as qol index in single 
metastasis patients: BRT vs SRS. Results of 
randomized study

L. Fariselli1, F. Berrini2, I. Milanesi1, V. Pinzi1,  
A. Nicolato3 

1Radiotherapy Unit, Neurosurgery, Fondazione IRCCS Istituto 

Neurologico C Besta, Milano/ITALY, 2Division Radiotherapy, 

Neurologicalinstitute C. Besta Foundation, AITC, ONLUS 

association, milan/ITALY, 3Neurosurgery, AOUI Verona, 

Verona/ITALY

Purpose: patient-(age, performance status, 
psychological distress), disease-(type, localization) and 
treatment (neurosurgery, radiotherapy, chemotherapy)-
related factors may impact on cognitive functioning of 
metastasis patients. Neuropsychological involvement 
may be an important factor, reducing quality of daily life 
(QoL). This study aimed to evaluate difference between 
whole brain radiotherapy (WBRT) and radiosurgery 
(SRS) on neurocognitive functioning accordingly on 
QoL of brain metastasis patients.We did a randomized 
controlled trial to test our prediction.

Methods and Materials: Patients with solitary brain 
metastasis of solid tumors with stable systemic disease 
tumors and KPS >/= 70 were treated with complete 
surgery and randomly assigned to adjuvant WBRT (30 
Gy in 10 fractions) or SRS (17-20 Gy single fraction) on 
surgical cavity (max diameter 3.5 cm). The primary end 
point was local control, secondary end points survival, 
quality of life and toxicity. 65 patients, fulfilling the study 
inclusion criteria, were treated since December 2009 to 
September 2012. After randomization 42 subjects were 
assigned to SRS group, 23 to WBRT. All subjects were 
tested to assessed global cognitive functioning using the 
Mini Mental State Examination (MMSE): at baseline (T1) 
before radiotherapy treatment, after one year (T2) and 

after 2 years (T3). Preliminary results were available for 
55 subjects at T1, for 25 subjects at T2, for 6 at T3.

Results: The pretreatment MMSE was available for 37 
patients randomized for SRS, and 18 for WBRT. The 
sample did not present cognitive deficit post surgery and 
no statistically significant difference were found between 
the baseline MMSE of two groups (P = 0,064). Of the 25 
patients underwent the follow–up MMSE at one year, 10 
(40%) had improved their scores and 5 (20%) worsened 
in SRS group; all subjects (100%) obtained lower scores 
in WBRT group. From preliminary evaluations it was 
found a statistically significant difference between the 
neurocognitive performance of WBRT group and the 
SRS one (P = 0,039). Currently, there’s no sufficient data 
at 2 years. 

Conclusion: The results of this study have revealed that 
the long – term adverse effect of WBRT on neurocognitive 
functioning might not be negligible also for the quality of 
life of brain metastases patients.

Disclosure: No significant relationships.

Abstract: 238

Preliminary results of linac-based 
stereotactic radiotherapy in 3 sessions 
for brain metastases: gunma university’s 
experience

S. Noda, J. Saitoh, Y. Suzuki, N. Okonogi, K. Shirai, 
T. Tamaki, T. Nakano 

Radiation Oncology, Gunma University Graduate School of 

Medicine, Maebashi, Gunma/JAPAN

Purpose: The report of preliminary results of linac-
based stereotactic radiotherapy in 3 sessions for brain 
metastases in our institution. 

Method: Eighteen patients with 27 metastases were 
treated with linac-based stereotactic radiotherapy using 
Trilogy (Varian) in 3 sessions for in our institution from 
April 2010 to March 2011. The dose was priscripted as 
maximum dose was 36Gy and marginal dose was 80% 
basically. 2 patients with 2 lesions and 1patients with 2 
patients who have bulky tumors, were treated with SRT 
with the doses of 33Gy and 30Gy, respectively. iPlan RT 
TPS (BrainLab) was used as treatment planning machine. 
The primary site was lung in 10 patients and other was 
in 8 patients. Median tumor volume was 790mm3 (32-
5800). Median KPS and RPA class 1/2/3 was 90% (40-
100) and 3/14/1.
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Result: The median follow-up period was 4.5 months. 
Six-month and 1-year overall survival rates and local 
recurrence rate were 54% & 46% and 15%, respectively. 
The median V95 and V90 of GTV was 98.0% (84.1-100) 
and 100% (98.3-100), respectively. No severe toxicity 
was found.

Conclusion: The linac-based stereotactic radiotherapy in 
3 sessions for brain metastases can be performed safely 
and accurately without severe adverse events, however, 
it needs more follow-up period.

Disclosure: No significant relationships.

Abstract: 239

Clinical analysis of spinal stereotactic 
radiosurgery for benign intradural 
extramedullary tumors

M. Sohn1, D.J. Lee1, Y.J. Hwang2 

1Neurosurgery, Inje University Ilsan Paik Hospital, Goyang/

KOREA, 2Radiology, Inje University Ilsan Paik Hospital, 

Goyang/KOREA

Purpose: Although the role of radiosurgery has been 
well documented in the treatment of malignant spinal 
tumours, more substantial clinical results are expected 
for the benign spinal tumours to provide its role as an 
treatment option. This study is to analyze the clinical 
results of spinal radiosurgery for benign intradural 
extramedullary spinal tumours.

Methods: Between Feb. 2001 and Feb. 2010, sixty-two 
patients with neurogenic tumours and meningiomas 
who underwent image-guided stereotactic radiosurgery 
were reviewed retrospectively. According to radiological 
classification, 41 patients with schwannomas, 11 
patients with neurofibromatosis and 10 patients of 
meningioma were classified. The dose prescriptions 
were determined and selected either single fraction or 
hypo-fraction schedules on the basis of tumour volume, 
locations and proximity to spinal cord. The clinical and 
radiological outcomes were analysed.

Results: 80% of patients underwent radiosurgery 
as a primary treatment. Twelve patients were treated 
postoperative residual or recurrent spinal tumours using 
radiosurgery. Mean follow-up period was over 2 years. 
Median prescribed dose was 13Gy and 15Gy at 80 % 
isodose line in the treatment of neurogenic tumours and 
meningiomas respectively. Only 8 patients with giant 
presacral and intraosseous schannoma, enplaque type 
and atypically infiltrative growth of spinal meningioma 

were treated in hypofractionated schedules (ranged from 
two to five fractions). During follow-up, four patients 
are required to undergo repeated radiosurgery for the 
newly developed neurogenic tumours and/or recurrent 
meningiomas. Two patients of neurofibromatosis with 
advanced systemic diseases showed rapid malignant 
tumour progression after treatment. One patient with 
atypically infiltrative growth pattern of meningioma 
showed radiation related toxicity during the follow-up 
periods. Pain was significantly relieved in whom their 
predominant presenting symptoms were pain (three 
patients of giant intraosseous schwannoma).

Conclusions: Spinal stereotactic radiosurgery provides 
an effective alternative treatment option for benign 
spinal tumors in order to achieve safe, effective local 
tumor control and pain relief. Combined surgery and 
radiosurgical treatment option can eliminate second 
operations for residual or recurrent tumours and 
modify the needs of instrumentation and the extent of 
surgical decompression. It is recommended to take a 
special care for the patients with advanced stages of 
neurofibromatosis and atypical feature of meningioma.

Disclosure: No significant relationships.

Abstract: 240

Developing the NCIC-CTG SC 24 
randomized phase ii spine SBRT 
(Stereotactic Body Radiation Therapy) 
study for complex spinal metastases: 
what should the control group be?

G.L. Masucci1, R. Wong2, M. Brundage3, R. Meyer3, 
A. Sahgal4 

1Radio-oncologie, Centre Hospitalier de l Universite de 

Montreal, Montreal/CANADA, 2Department Of Radiation 

Oncology, University of Toronto-Princess Margaret Hospital, 

Toronto/CANADA, 3Department Of Radiation Oncology, 

Queen s University, Kingston/CANADA, 4Radiation Oncology, 

University of Toronto, Toronto/ON/CANADA

Purpose: To determine the preferred conventional 
radiation therapy (CRT) practice, and willingness to 
randomize to high dose spine SBRT, in a group of 
patients with complex spinal metastases.

Methods and Material: The survey was based on four 
complex spinal metastases cases, considered candidates 
for the proposed Phase 2 randomized controlled trial 
(RCT) comparing 24 Gy in 2 fractions delivered with 
SBRT to either 20 Gy in 5 fraction (frx) or 30 Gy in 10 frx 
CRT. Participants were asked to determine their preferred 
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CRT practice, whether they would treat the same patient 
with SBRT, and if they would participate in the RCT. Two 
cases were of radioresistant histologies (renal cell and 
hepatocellular carcinoma), one had epidural disease, 
two were oligometastatic, and one consisted of a C2 
level metastases with paraspinal extension.

Results: 51 radiation oncologists from across the 
country participated. For each of the clinical scenarios, 
20 Gy in 5 frx was the favored CRT practice. However, 
equivalence was noted for the one renal cell case. All 
respondents were comfortable with delivering the 
intended SBRT dose, and most would participate on the 
proposed RCT . With respect to the primary treatment 
intent, both local control (LC) and symptom relief were 
of primary importance; however, local control was more 
important than symptom relief for the two patients with 
oligometastatic disease and an expected long-term 
survival. 51% of respondents would be able to randomize 
one patient per month and 35% could randomize 2 to 5 
patients per month.

Conclusion: 20Gy /5fx was the preferred CRT practice for 
the treatment of complex spinal metastases described in 
the survey. Most radiation oncologists surveyed would 
be willing to participate in the proposed Phase 2 RCT. 

Disclosure: No significant relationships.

Abstract: 241

Implementation of real-time gantry-based 
image guidance for lung SBRT

R.B. Taylor1, M..C. Dobelbower1, J.B. Fiveash1,  
S. Spencer1, D. Minnich2, B. Prendergast1,  
R. Popple1 

1Radiation Oncology, University of Alabama Birmingham, 

Birmingham/AL/UNITED STATES OF AMERICA, 

2Cardiothoracic Surgery, University of Alabama Birmingham, 

Birmingham/AL/UNITED STATES OF AMERICA

Purpose: Stereotactic body radiation therapy (SBRT) has 
gained importance for treatment of early lung cancers 
in non-surgical candidates. The high fractional dose 
and tight margins require accurate target localization. 
We report clinical experience using intrafraction 2-D 
kilovoltage (kV) X-ray gantry mounted imaging during 
respiratory gated SBRT with intrafraction intervention 
based on real-time target localization.

Methods: A total of 3105 localization images were 
analyzed from 51 fractions delivered to 17 patients with 
lung cancer. The patients underwent bronchoscopic 

implantation of fiducial markers in the tumor. Four-
dimensional-CT-simulation was performed and 
treatment delivered by volumetric modulated arcs on a 
Varian TrueBeam system. Pre-treatment image guidance 
consisted of orthogonal kV images followed by cone 
beam CT. During treatment, kV images were acquired at 
the start of beam delivery for each respiratory cycle. Each 
image was displayed in real-time with a superimposed 1 
cm diameter circle around the expected fiducial position 
to enable visualization of the target misalignment. The 
operator was able to suspend treatment if the fiducials 
were observed to move beyond an acceptable range 
and restart treatment if real-time imaging demonstrated 
acceptable positioning or reposition the patient. 
Additional treatment time due to patient repositioning 
was recorded. All intrafraction kV images were reviewed 
and real-time fiducial positions were compared to 
expected positions.

Results: Fiducial motion was successfully tracked in 
real-time and real-time intervention was performed 
during treatment. The mean vector displacement was 
2.45 mm (median 2.11 mm) and the root-mean-square 
cranial-caudal displacement was 2.06 mm. The vector 
displacement was within 5 mm (PTV expansion) of 
the expected position 93% of the time. However, we 
identified several large discrete shifts of up to 1 cm 
corresponding to intrafraction patient movement. Real 
time identification of these events allowed a halt to 
beam delivery, patient repositioning, and avoidance of a 
geographic miss. Median treatment time was 7 minutes 
and 58 seconds. Intrafraction patient repositioning 
was required 19 times with median additional time of 
3 minutes and 5 seconds (minimum = 2 minutes 18 
seconds and maximum = 8 minutes and 53 seconds).

Conclusions: Real-time fiducial tracking with intrafraction 
kV imaging during lung SBRT is feasible and identifies 
infrequent but significant translational error in target 
localization due to intrafraction patient movement. Use of 
real-time imaging allows for treatment interruption and 
target realignment, which may improve the quality of the 
radiation therapy with minimal additional treatment time.

Disclosure: No significant relationships.
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Abstract: 242

Validation of T1/T2 mismatch for accurate 
differentiation between radiation injury 
and recurrence of metastatic brain tumor 
after gamma knife surgery. -Comparison 
with methionine pet-

M. Inaji1, T. Nariai1, Y. Tanaka1, K. Ishiwata2, K. Ishii2, 
T. Maehara1, M. Yamamoto3 

1Neurosurgery, Tokyo Medical and Dental University School 

of Medicine, Tokyo/JAPAN, 2Positron Medical Center, Tokyo 

Metropolitan institute of Gerontology, Tokyo/JAPAN, 3Mito 

Gammahouse, Katsuta Hospital, Hitachinaka/JAPAN

Purpose: Stereotactic radiosurgery (SRS) is an effective 
primary treatment for small volume metastatic brain 
tumors. Radiation induced necrosis is major complication 
of SRS, early diagnosis and adequate treatment is 
important to avoid neurological deterioration . However, 
it is sometimes difficult to distinguish radiation necrosis 
from tumor recurrence after SRS. Methionine (Met) PET 
can directly evaluate tumor viability, it can distinguish 
radiation necrosis and tumor recurrence with high 
specificity and sensitivity. However, Met PET is not 
routinely available in clinical practice. Recently, MRI 
T1/T2 mismatch method was reported (Kano, 2010, 
Neurosurgery). We tried to validate the accuracy of this 
T1/T2 mismatch method using methionine(Met)-PET as 
gold standard.

Methods: 144 lesions of 84 patients , who underwent 
gamma knife surgery for metastatic brain tumors, 
were evaluated by MRI T1/T2 mismatch method and 
Met-PET. Judgement of MRI T1/T2 match or mismatch 
was decided by two neurosurgeons, who are blind to 
clinical information and results of Met-PETS. In Met PET 
studies, T/N ratio above 1.4 is judged tumor recurrence 
based on the former article of others with validation in 
our institute.

Results: 57 lesions were judged match (40%), 87 lesion 
mismatch (60%) by MRI T1/T2 mismatch method. On 
the other hand, 57 matched lesions were judged as 38 
recurrence (T/N ratio>1.4; 67%) and 19 necrosis (T/N 
ratio < 1.4; 33%) with Met PET. 87 mismatched lesions 
included 46 recurrence (53%) and 41 necrosis (47%). 
Sensitivity of T1/T2 mismatch method for accurate 
diagnosis of tumor recurrence was 48%, and specificity 
was 67%.

Conclusions: MRI T1/T2 mismatch method tends to 
judge tumor recurrence as mismatch, when tumor 
recurrence and radiation necrosis are mixed in the 
same lesion. In such cases, as Met PET can survey 
the uptake of tracer among whole lesions, it could 

provide more accurate diagnosis than MRI. MRI T1/T2 
mismatch method has great advantage that relatively 
reliable assessment is made in routine surveillance MRI. 
However, we need such caution to use MRI for differential 
diagnosis between tumor recurrence and radiation injury 
for SRS treated patients.

Disclosure: No significant relationships.

Abstract: 243

Stereotactic radiosurgery for cerebral 
cavernous malformations

J.H. Han1, D.G. Kim2, H. Chung2, S.H. Paek2,  
C.Y. Kim1, Y. Kim1, H. Jung2 

1Neurosurgery, Seoul National University Bundang Hospital, 

Gyeonggi-do/KOREA, 2Neurosurgery, Seoul National 

University Hospital, Seoul/KOREA

Purpose: We analyzed the clinical outcome of cerebral 
cavernous malformations (CCMs) after stereotactic 
radiosurgery (SRS).

Methods: A total of 185 patients with CCMs were 
treated with SRS as a primary treatment between 
1998 and 2010 in Seoul National University Hospital. 
Ninety-eight patients (53%) were female, and the mean 
age of the patients was 41±16 years (range, 3-79). 
The mean follow-up duration was 55.7±42.1 months 
(range, 3.80–169) and a total of 859.1 person-years 
were followed up. The mean imaging follow-up was 
50.1±40.1 months (1.6-169). One-hundred-sixty-five 
patients (89.2%) had single lesion, and 112 (60.5%) had 
lesions in the brainstem, thalamus, basal ganglia and/or 
deep cerebellum. Fifty-nine (31.9%) had developmental 
venous anomaly related with CCMs. Ninety-eight (53.0%) 
had experienced one hemorrhagic event, defined by the 
presence of symptoms or signs referable to CCMs with 
radiologic evidence, and 43 (23.2%) patients had two or 
more hemorrhagic events before SRS. The mean target 
volume was 1.46±1.70 cm3 (range, 0.02–13.5). The 
mean dose prescribed was 15.6±3.33 Gy (range, 9.00-
23.0).

Results: Until the distant follow-up, a total of 32 (17.3%) 
patients experienced 43 times of hemorrhagic events 
from treated CCMs. The overall bleeding rate was 5.0%/
person-year. Within the first 2 years after SRS, the 
bleeding rate was 7.5%/person-year (95% CI, 3.7-11.2). 
After that period, the bleeding rate decreased to 3.4%/
person-year (95% CI, 1.5-5.4). In the subgroup analysis 
for patients with brainstem CCMs, the bleeding rate was 
13.9%/person-year (95% CI, 5.4-22.3) within the first 2 



Abstracts

Journal of Radiosurgery and SBRT Vol. 2 Suppl. 1 2013    143

years after SRS, and decreased to 6.0% (95% CI, 2.4-
9.5) thereafter. In the multivariate analysis, the previous 
number of hemorrhagic events was positively-related 
(OR=1.866; 95% CI, 1.115-3.124; p=0.018) with the 
first-bleeding after SRS, and the higher marginal dose 
had a protective effect on the first-bleeding after SRS 
(OR=0.820; 95% CI, 0.697-0.963; p=0.016). During 
the follow-up period, a total of 41 (22.2%) patients 
experienced new neurological deficits. Among 15 
(8.1%) patients with radiation-induced new neurological 
deficits, only 2 (1.1%) patients had permanent deficits. 

Conclusion: After post-SRS 2 years, the bleeding rates 
significantly decreased. However, this phenomenon 
was not differentiated from the temporal clustering of 
hemorrhages from untreated CCMs because of the 
limitation of this study. Nonetheless, the marginal dose 
prescribed and the number of bleeding before SRS 
seems to be significant risk factors of the first-bleeding 
of CCMs after SRS. A properly well-designed clinical trial 
comparing the outcomes of conservative management, 
surgery, and SRS is mandatory.

Disclosure: No significant relationships.

Abstract: 244

Dose changes following re-planning  
with the convolution algorithm for the 
gamma knife

I. Paddick 

Gamma Knife Centre, National Hospital for Neurology and 

Neurosurgery, London/UNITED KINGDOM

Purpose: Dose planning for the Leksell Gamma Knife, 
when using the TMR algorithm, relies on a number of 
approximations to enable fast isodose computation 
during treatment planning. One of the most significant 
compromises is the approximation of the head to water-
equivalent density. The increased electron density of brain 
and bone (relative to water) and the near-zero density of 
air cavities in the skull can make significant perturbations 
to isodose and monitor unit/beam-on time calculations. 
With the advent of faster workstations, the effect of these 
inhomogeneities can finally be calculated in reasonable 
time during the treatment planning process. However, 
the effect of this improved calculation technique requires 
investigation. Inter- and intra-indication differences need 
to be understood before this method can be confidently 
employed in a clinical setting.

Methods: A series of patients previously treated with 
Gamma Knife radiosurgery were replanned using the new 

convolution algorithm in LGP version 10.1.1, taking into 
account inhomogeneities in the head. The recalculated 
plans were then compared with their original counterparts, 
in terms of beam-on time, target coverage, the Paddick/
New Conformity Index (PCI), and Gradient Index.

Results: Significant increases of between 7 and 9% 
in the calculated beam-on time were found. If these 
absolute dose differences are ignored and the plans are 
evaluated using relative isodoses, target coverage varied 
by a maximum of 1% for all cases. The PCI increased 
from between 0.3 to 0.6% for convolution plans, while 
the gradient index varied between -0.6 and +2.6%. 

Conclusion: The convolution algorithm suggests that 
patients treated with the Gamma Knife are actually given 
a much lower dose than that reported, by as much as 
9%. As all Gamma Knife treatments worldwide have 
this same bias in dose, there is little consequence for 
the Gamma Knife community. However, for other groups 
using different technologies, but using empirically 
derived Gamma Knife prescription doses, this dose 
difference may be significant. Those using density 
compensating planning algorithms should be aware that 
doses cannot be simply transposed from one treatment 
modality to another.

Disclosure: No significant relationships.

Abstract: 245

The integration of metabolic imaging 
in use of gamma knife stereotactic 
radiosurgery planning for multiple brain 
metastases

R. Juh1, Y.H. Kim1, J.H. Han1, C.Y. Kim1,  
C.W. Oh1, D.G. Kim2 

1Gamma Knife Center, Seoul National University Bundang 

Hospital, Gyeonggi do/KOREA, 2Neurosurgery, Seoul National 

University Hospital, Seoul/KOREA

Objects: Radiosurgery is a stereotactic treatment 
defined as the delivery of a single, high dose of radiation 
allowing safe and complete destruction of precise 
target structures. It is proposed in the multimodality 
management of brain metastasis. CT and MRI, the 
commonly used imaging modalities in radiosurgery, 
have limitations for target delineation in infiltrative 
tumors. We have proposed to integrate positron 
emission tomography (PET) images in the planning for 
Leksell Gamma Knife stereotactic radiosurgery (GKS) to 
improve targeting. We here report on GKS guided by the 
combination of MRI and PET stereotactic images.
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Methods: Multiple brain metastases patients had 
stereotactic MRI and 18F-FDG PET as part of their image 
acquisition for the GKS planning in patients with brain 
metastasis of non small cell lung cancer and the target 
volume was defined using the combined information of 
PET and MRI. To analyze the specific contribution of the 
PET findings, we propose a classification that reflects 
the strategy used to define the target volume. We 
propose a classification describing the relative role of the 
information provided by PET in this multimodality image-
guided approach. To evaluate the PET contribution, 
we propose a classification describing the relative role 
of PET and MRI in this multimodality image-guided 
approach.

Results: The patients were offered radiosurgery with 
PET guidance when their lesion was ill-defined and 
we anticipated some limitation of target definition on 
MRI alone. Data obtained with PET scanning can be 
integrated with GKS treatment planning, enabling access 
to metabolic information with high spatial accuracy. 
PET data can be successfully combined with MRI data 
to provide specific information for defining the target 
volume for the radiosurgical treatment. This approach 
is particularly useful for optimizing target selection 
for infiltrating or ill-defined brain lesions. The use of 
PET scanning contributed data in 13 cases (86%) and 
information that was specifically utilized to adapt the 
target volume. 

Conclusion: PET data are combined with MRI for 
defining the target volume of the radiosurgical treatment 
of patients with ill-defined or infiltrative brain tumors. 
A classification is proposed that is used to assess the 
benefit of PET information during the target volume 
definition and the radiosurgical planning. The integration 
of PET in GKS represents a crucial step toward further 
developments in radiosurgery, as this approach provides 
additional information that may open new perspectives 
for the optimization of the treatment of multiple brain 
metastases.

Disclosure: No significant relationships.

Abstract: 246

Evaluation of  ABS plastic 
spherical  phantom for dosimetry and 
calibration of gamma knife perfexion

S. Thomas 

Gamma Knife Center Indonesia, Siloam International 

Hospitals, Tangerang/INDONESIA

Purpose: The purpose of the study is to verify the 
dosimetrical accuracy of ABS plastic phantom in 
measurement of sector dose and output calibration in 
Gamma Knife perfexion.

Materials and Methods: Measurements are performed 
with 0.125 cc ion chamber and Unidose-E(PTW-
Freiburg, Freiburg,Germany) in ABS plastic phantom 
(Elekta Instrument AB, Stockholm,Sweden) positioned 
at unit centre point of Gamma Knife Perfexion unit 
using Aluminium adapter. Treatment plan was designed 
for measuring individual out put of each sectors using 
16 mm collimator by blocking remaining sectors. 
Measurements are performed after giving radiation bath 
and leakages were estimated before and after performing 
the measurements. Sector out put measurements were 
performed in two positions with respect to the entry of ion 
chamber and repeated for multiple times on the same day. 
The measured charges were converted in to dose using 
TRS-398 protocol. Dose rate calibration was performed 
using the same phantom and dosimeter assembly with 16 
mm collimator. The above measurements were repeated 
on the same day using semisolid water phantom and 
dosimeters on same day. These measurements were 
performed in Gamma Knife Perfexion unit with no adapter 
for semisolid phantom as it can be directly attached to 
the table of the unit. Measurements were performed 
for each sector keeping all other sectors blocked and 
repeated for consistancy. Dose rate calibration of the unit 
was performed using the same phantom and dosimeter 
assembly and measured charges are converted to dose 
using Technical Report Series -398.Leakage from the 
collimator was estimated by keeping all sectors blocked 
and substracted from individual sector values.

Results: Mean sector dose rate for measurements 
performed using semisolid water phantom was 0.416 Gy/
min. Mean dose rate for sector dose rate measurements 
performed using plastic spherical phantom with different 
ion chamber entry positions were 0.411 Gy/Min and 
0.412 Gy/Min. Dose rate calibration performed on the 
same dates was 3.338 Gy/Min and 3.317 Gy/Min using 
semi solid and plastic phantoms respectively. 

Conclusion: Measurement of Gamma Knife Perfexion 
Sector dose rate using plastic phantom showed an 
underestimation of 1.2 % and 0.96 % in comparison with 
solid water phantom measurements for right and left 
entry positions with respect to the position of ion chamber 
inside ABS phantom. Output Calibration Measurement 
using ABS plastic phantoms were underestimated by 
0.63 % compared to semi solid water phantom. This 
study showed dosimetrical accuracy of ABS plastic 
phantom using the adapter is within acceptable limits for 
stereotactic radiosurgery procedures. 

Disclosure: No significant relationships.
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Abstract: 247

The increase of the iac pressure after 
stereotactic radiosurgery and hearing 
outcome of patients with vestibular 
schwannoma treated with stereotactic 
radiosurgery: the implication of auditory 
brainstem response

J.H. Han1, D.G. Kim2, H. Chung2, S.H. Paek2,  
C.Y. Kim1, C.W. Oh3, Y. Kim1 

1Neurosurgery, Seoul National University Bundang Hospital, 

Gyeonggi-do/KOREA, 2Neurosurgery, Seoul National 

University Hospital, Seoul/KOREA, 3Gamma Knife Center, 

Seoul National University Bundang Hospital, Gyeonggi do/

KOREA

Purpose: To find out the audiologic and neuro-physiologic 
evidence that the increase of the internal auditory canal 
(IAC) pressure is one of the major causes of hearing loss 
in patients with vestibular schwannoma (VS) treated 
with stereotactic radiosurgery (SRS) especially using 
auditory brainstem response (ABR). This study was 
based on the recent reports that IAC pressure correlates 
well with interlatency of waves of ABR test, which was 
proved by direct measurement of the IAC pressure in 
patients with VS.

Methods: A total of 119 (74.8%) with sporadic 
unilateral VS and serviceable hearing were treated with 
radiosurgery as a primary treatment and enrolled in this 
study. The interaural ratio (IAR) and interaural difference 
(ID) of each IL I-III and IL I-V were calculated. The 
larger difference was coded as IAR and ID of between 
the baseline and the follow-up examination when the 
patients performed two or more ABR examinations 
within 12 months after SRS.

Results: The mean age of the patients was 48±11 years. 
The mean follow-up duration was 55.2±35.7 months 
(range, 12.3–158). The patients were classified according 
to the Gardner-Robertson classification as class (G-R 
class) 1 in 79 (66.4%) cases. The mean tumor volume 
was 1.95±2.24 cm3. The median marginal dose was 12.0 
Gy (range, 11-14). The mean dose to the cochlea was 
4.3±1.5 Gy (range, 1.4-8.3). The mean baseline values 
of IL I-III and IL I-V were 2.58±0.60 mS and 4.80±0.61 
mS, respectively. The mean ID-IL I-III and ID-IL I-V were 
0.31±0.77 mS and 0.24±0.70 mS, respectively. The 
mean IAR-IL I-III and IAR-IL I-V were 0.15±0.38 mS and 
0.06±0.18 mS, respectively. In the multivariate analysis 
using the backward stepwise model, the G-R class 2 
(p<0.001; HR=4.554; 95% CI, 2.534-8.184), the baseline 
IL I-V (p=0.007; HR=1.865; 95% CI, 1.187-2.930), and 
IAR-IL I-V (p=0.006; HR=1.847; 95% CI, 1.847-38.13) 
had independently significant relation with hearing 

preservation, respectively. The mean dose to the cochlea 
failed to show any association with hearing preservation 
(p=0.775).

Conclusion: The increase of the IAC pressure may be the 
major cause of hearing loss in patients with VS treated 
with SRS.

Disclosure: No significant relationships.
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Stereotactic radiosurgery for vestibular 
schwannomas: the recursive partitioning 
analysis for symptomatic communication 
hydrocephalus

J.H. Han1, D.G. Kim2, H. Chung2, S.H. Paek2,  
C.Y. Kim1, Y. Kim1, H. Jung2 

1Neurosurgery, Seoul National University Bundang Hospital, 

Gyeonggi-do/KOREA, 2Neurosurgery, Seoul National 

University Hospital, Seoul/KOREA

Purpose: We analyzed the risk factors of symptomatic 
communicating hydrocephalus (SCHCP) after 
stereotactic radiosurgery (SRS) for sporadic unilateral 
vestibular schwannomas (VSs) using recursive 
partitioning analysis.

Methods: A total of 444 patients with VS were treated 
with SRS as a primary treatment. One hundred eighty-
one patients (40.8%) were male, and the mean age 
of the patients was 53±13 years (range, 11–81). The 
mean follow-up duration was 56.8±35.8 months (range, 
12–160). The mean tumor volume was 2.78±3.33 
cm3 (range, 0.03–23.30). The cross-sectional area of 
the lateral ventricle (CALV), defined as the area of the 
lateral ventricle at the level of the mammillary body, was 
measured on coronal T1-weighted MR images as an 
indicator of brain atrophy.

Results: At the distant follow-up, a total of 25 (5.6%) 
patients had SCHCP. The median time to symptom 
development was 7 months (range, 1–48). The mean 
CALV was 335.0±193.8 mm2 (range, 44.65–1171). The 
intraclass correlation coefficient was 0.988 (95% CI, 
0.976–0.994; p<0.001). In the multivariate analysis, the 
CALV had a significant relationship with the development 
of SCHCP (p<0.001; OR=1.005; 95% CI, 1.002–1.007). 
Tumor volume and female gender also had a significant 
association (p<0.001; OR=1.246; 95% CI, 1.103–1.409; 
p<0.009; OR=7.256; 95% CI, 1.656–31.797). However, 
age failed to show any relationship with the development 
of SCHCP (p=0.364). Using the aforementioned 
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significant prognostic variables to reduce tree complexity, 
a CART comprising 444 patients was created. We found 
three nodes (i.e., branching point). The tree was split by 
a CALV of 621.3 mm2 and then by sex. Finally, a tumor 
volume of 6.45 cm3 split the tree (Figure 3). Based on 
the terminal nodes, we were able to categorize patients 
into three groups (Table 3). Patients with CALV ≥ 621.3 
mm2, female gender, and tumor volume ≥ 6.45 cm3 may 
be at highest risk of SCHCP after SRS for VS (OR=92.63; 
95% CI, 29.18–294.0; p<0.001). 

Conclusion: Brain atrophy may provoke SCHCP 
after SRS, especially in female patients with a large 
VS. Follow-up surveillance should be individualized, 
considering the risk factors involved for each patient, for 
prompt diagnosis of SCHCP.

Disclosure: No significant relationships.

Abstract: 249

Staged gamma knife radiosurgery for 
relatively large metastatic brain tumors

A. Akabane1, A. Morita2, I. Kanazawa1, C. Ochiai2 

1Gamma Knife Center, NTT Medical Center Tokyo, Tokyo/

JAPAN, 2Department Of Neurosurgery, NTT Medical Center 

Tokyo, Tokyo/JAPAN

Purpose: In gamma knife radiosurgery (GKS) for 
metastatic brain tumors (METs), as the tumor volume 
increases, the expected local tumor control rate 
decreases. Surgical resection, if feasible, is generally 
recommended for patients with large METs. However, it 
is a burden to an advanced cancer patient with a limited 
survival period. Therefore, we performed staged GKS 
for relatively large METs that are difficult to manage by 
conventional GKS. Here, we report preliminary results of 
the staged GKS.

Methods: We retrospectively analyzed 26 patients who 
underwent staged GKS at our hospital since 2007 for 
METs with a tumor volume of more than 8ml. The median 
age of the patients was 66 years (range, 41-86 years) 
and the median tumor volume at initial GKS was 10.6 
ml (range, 8.9-28.3 ml). The primary lesions were lung 
cancer in 11 patients, cancer of the gastrointestinal tract 
in 11 patients, and other cancers in 5 patients. According 
to the method reported by Higuchi et al., staged GKS 
was principally performed 3 times every 2 weeks 
(3-staged group). The median prescription and central 
dose in each treatment were 10 Gy (range, 8-10 Gy) and 
15 Gy (range, 11-18 Gy), respectively. In 9 patients with 
a survival period of 6 months or less, staged GKS was 

performed 2 times in a 2-week interval to shorten the 
treatment period (2-staged group). In these patients, the 
median prescription and central dose in each treatment 
were 13 Gy (range, 12-14 Gy) and 21 Gy (range, 19-
26 Gy), respectively. The median follow-up period was 6 
months (range, 1-29 months).

Results: The tumor volume at the final treatment in 
the 3-staged group and the 2-staged group showed 
an average reduction of 34% and 19%, respectively, 
compared to that at the initial treatment. Of the 17 
symptomatic patients, 11 (65%) showed a rapid 
improvement in the Karnofsky performance score and 
reduction in tumor volume within the treatment period 
(2-4 weeks). The median survival time was 10.5 months, 
and local tumor control was achieved in 18 patients 
(70%). The cases, in which the tumor volume at the 2nd 
and 3rd GKS did not decrease by comparing with that 
at the initial GKS, were finally more likely to fail in local 
tumor control. Symptomatic radiation-induced adverse 
effect was not observed.

Conclusions: Although our results are preliminary, they 
suggest that staged GKS may be effective for relatively 
large METs even in the case of advanced cancer patients.

Disclosure: No significant relationships.

Abstract: 250

Frameless radiosurgery: less invasive, 
more accurate?

T. Gevaert, D. Verellen, M. De Ridder 

Radiotherapy, UZ Brussel, Brussels/BELGIUM

Purpose: Stereotactic radiosurgery using frame-
based positioning is a well-established technique for 
the treatment of benign and malignant lesions. By 
contrast, a new trend towards frameless systems 
using image-guided positioning techniques is gaining 
mainstream acceptance. This study was designed to 
compare the overall accuracy of the frameless with the 
frame-based radiosurgery technique and to evaluate 
the immobilization characteristics of the Brainlab 
frameless mask, more specifically, the setup errors and 
the intrafraction motion, to the invasive fixation of the 
frame-based technique.

Methods: Multiple hidden target tests (HTT) were 
performed to measure the overall accuracy of the two 
positioning techniques for radiosurgery (i.e. frameless 
using Brainlab ExacTrac stereoscopic x-ray imaging 
and 6DOF registration/positioning and frame-based 
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using invasive ring and localizer box). We enrolled 40 
patients with 66 brain metastases treated with frameless 
stereotactic radiosurgery and a 6DOF robotic couch to 
analyze the Brainlab frameless mask characteristics. 
Patient positioning was performed with the Brainlab 
ExacTrac stereoscopic x-ray system. Positioning 
results were collected before and after treatment to 
assess patient setup error and intrafraction motion and 
compared to literature for the frame-based technique.

Results: The results of the HTT showed an overall three 
dimensional accuracy of 0.76 mm (SD0.46 mm) for the 
frameless technique, 0.87 mm (SD0.44 mm) for the 
frame-based technique. The mean 3D setup error of the 
Brainlab frameless mask before 6DOF correction was 
1.91 mm (SD1.25mm). The rotational errors were larger 
in the longitudinal (0.23° SD0.82°) direction compared 
to the lateral (-0.09° SD0.72°) and vertical (-0.10° 
SD1.03°) ones (p<0.05). The mean 3D intrafraction shift 
was 0.58 (SD0.42mm) and comparable to frame-based 
technique. The intrafractional rotational errors were 
comparable,0.01° (SD0.35°), 0.03° (SD0.31°), -0.03° 
(SD0.33°), for the vertical, longitudinal and lateral, 
respectivel.

Conclusions: On the basis of phantom studies, the 
frameless technique showed comparable overall accuracy 
to the frame-based approach. The immobilization 
characteristics of the Brainlab frameless mask are 
comparable to the invasive head ring used during frame-
based positioning. With proper immobilization and 
x-ray verification images, frameless radiosurgery can 
be delivered very accurately while avoiding the minimal 
invasiveness of frame-based technique, and can become 
a reliable alternative for SRS treatments

Disclosure: No significant relationships.
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Investigation of the optimal prescription 
isodose for stereotactic radiosurgery

T. Gevaert1, M. Levivier2, B. Engels1, C. Tuleasca2,  
D. Verellen1, M. De Ridder1 

1Radiotherapy, UZ Brussel, Brussels/BELGIUM, 

2Neurosurgery Service And Gamma Knife Center, 

Centre Hospitalier Universitaire Vaudois, LAUSANNE/

SWITZERLAND

Objectives: Stereotactic radiosurgery is a well-
established treatment technique for intracranial benign 
and malignant lesions. However, a controversy remains 
about the best prescription isodose to use for treatment. 

The Gamma Knife approach generally uses the 50% 
prescription isodose while the Linac-based approach 
proposes higher isodose, usually the 80% isodose. A 
treatment plan is considered acceptable when a Paddick 
conformity index close to 1 is achieved, while the 
gradient index is kept below 3. The aim of this study was 
to investigate if the prescription isodose can be adjusted 
to achieve a better conformity and gradient.

Methods: We enrolled 40 patients with vestibular 
schwannoma (Koos I-III) treated with Gamma Knife 
Perfexion (Elekta AB, Sweden) and replanned them 
with different prescription isodoses, both on Gamma 
Knife Perfexion system and a dedicated Linac-based 
system, the Novalis (Brainlab AG, Germany). The ideal 
prescription isodose for each case and treatment machine 
were analyzed with the use of the Paddick conformity 
index and gradient index. Prescription isodoses between 
30 % and 80 % were explored. 

Preliminary Results: The original Gamma Knife 
Perfexion patient plans achieved a conformity index of 
0.77 (SD 0.04) with a gradient index of 2.59 (SD 0.10) 
at the 50% prescription isodose line. For the Novalis 
system, a mean value of 67% prescription isodose, not 
80 % as might be anticipated for Linac-based systems, 
was calculated to be relevant for a good conformity 
and gradient outside the target, reflected by a mean 
conformity index of 0.68 (SD 0.05) and a gradient index 
of 3.1 (SD 0.4) were found. Gamma Knife Perfexion 
treatment plans with different prescription isodoses will 
further be investigated. 

Conclusion: In a retrospective series of 40 dose plans 
for the treatment of vestibular schwannoma, the optimal 
prescription isodose was assessed. For Linac-based 
systems, the adaptation of the prescription isodose for 
each patient will lead to more optimal treatment plans 
with regard to conformity and dose fall-off

Disclosure: No significant relationships.
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Predicting overall survival in patients 
with brain metastases treated with image-
guided stereotactic radiosurgery: a single 
institution’s experience

T. Barkdoll1, Z. Wang1, J.H. Sampson2, F. Yin1,  
K.J. Allen1, S. Green1, A. Cabrera1, J.P. Kirkpatrick1 

1Radiation Oncology, Duke University, Durham/NC/UNITED 

STATES OF AMERICA, 2Surgery, Duke University, Durham/

NC/UNITED STATES OF AMERICA
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Purpose: To assess the accuracy of different prognostic 
indices in predicting overall survival after image-guided 
stereotactic radiosurgery (SRS) for one to five brain 
metastases (BM) in a single institutio.

Methods and Materials: The records of all patients with 
brain metastases treated with SRS at our institution on a 
Novalis TX (Varian, BrainLAB) from the start of treatment 
(March 2008) through September 2012 were reviewed. 
Overall survival (OS) was measured from the date of SRS 
and survival curves generated using the Kaplan-Meier 
method. OS for each patient was also estimated based 
on the Graded Prognostic Assessment (GPA), Disease-
Specific GPA (DS-GPA), Recursive Partitioning Analysis 
(RPA) and Breast Cancer Tumor Subtype GPA (Breast-
GPA) and the mean OS for groups of patients estimated 
from these methods compared against measured OS. 
Note that data from this group of patients had not been 
used in the construction of these indices.

Results: 422 consecutive patients underwent a total of 
494 SRS treatments. The median age, KPS and number 
of brain metastases of the entire cohort at the time of 
each SRS were 60.2 years old, 80 and one, respectively. 
Overall, 22.0% of patients had pre-SRS resection an 
average of 4.2 months prior to SRS, 50.5% had pre-SRS 
WBRT an average of 6.6 months prior to SRS, 10.6% 
had post-SRS WBRT an average of 6.1 months after 
SRS, 32.9% of patients had SRS as an initial component 
of their treatment for BM, and 19.0% had multiple 
SRS treatments. Median OS from the time of any SRS 
and first SRS were 8.2 and 7.8 months, respectively. 
GPA and RPA predicted substantially lower median 
OS compared to the observed median OS, 3.8 and 4.2 
months, respectively. DS-GPA predicted median survival 
times which were much closer to the OS observed in 
this study. Specific disease median OS times were: non-
small-cell lung cancer (n=219) observed 8.9 months 
versus predicted 6.5 months; breast (n=89) 12.0 
versus 6.1 months; GI (n=28) 4.8 versus 4.4 months; 
melanoma (n=78) 7.7 versus 8.8 months; and renal cell 
carcinoma (n=34) 13.1 versus 11.3 months. The Breast-
GPA predicted a median OS of 15.1 months, which was 
closer to the observed value than that predicted by the 
DS-GPA.

Conclusion: DS-GPA appeared to be a reasonable 
predictor of OS for our cohort of BM patients treated 
with LINAC-based SRS, with the exception of BM from 
breast cancer which appeared to be better estimated by 
the Breast-GPA.

Disclosure: No significant relationships.

Abstract: 253

Safety and efficacy in gamma knife 
radiosurgery for trigeminal neuralgia 
due to megadolichobasilar artery 
compression: a prospective series of  
29 consecutive patients
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(INSERM-IRD-Université Aix-Marseille), Marseille/FRANCE, 
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Centre Hospitalier Universitaire La Timone, Assistance 

Publique-Hopitaux de Marseille, Marseille, France, Marseille/

FRANCE, 6Functional And Stereotactic Neurosurgery Service 

And Gamma Knife Unit, Centre Hospitalier Universitaire La 

Timone, Assistance Publique-Hopitaux de Marseille/Université 

Aix-Marseille, INSERM U 751, Marseille/FRANCE

Purpose: To analyse prospectively the long-term 
results of Gamma Knife surgery (GKS) in patients with 
trigeminal neuralgia secondary to megadolichobasilar 
artery (MBA).

Methods: Between December 1992 and November 2010, 
33 consecutive patients presenting with ITN secondary to 
MBA were operated by GKS and followed prospectively 
in Timone University Hospital. The follow up is at least of 
1 year in 29 patients. The median age was 74.90 years 
(range 51 to 90). The GKS typically was performed 
using MR and CT imaging guidance and a single 4 mm 
isocenter. The median of the prescription dose (at the 
100%) was 90 Gy (range 80 to 90). The target was 
placed on the cisternal portion of the Vth nerve. Clinical 
and dosimetric parameters were analyzed. GKS was the 
first surgical procedure in 23 patients (79.31%).

Results: The median follow- up period was 46.12 months 
(range 12.95 to 157.93). All the 29 patients (100%) were 
initially pain free in a median time of 13.5 days (range 
0 to 240). The probability of remaining pain free at 0.5, 
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1, 2 years was 93.1%, 79.3% and 75.7% respectively, 
reaching at this time the flat part of the curve. Seven 
patients (24.13%) experienced a recurrence with a 
median delay of 10.75 months (range 3.77 to 12.62). The 
actuarial rate of recurrence was not higher than in our 
population with essential TN although atypical pain was 
associated with a much higher risk of recurrence (HR= 
6.92, p= 0.0117). The hypoesthesia actuarial rates at 0.5 
years was 4.3% and at 1 year reach 13% and remains 
stable till 12 years with a median delay of onset of 7 
(5, 12) months. Female patients had a statistically much 
lower probability of developing a facial numbness (p of 
0.03). No patient reported a bothersome hypoesthesia. 

Conclusion: Retrogaserian, high dose GKS, turned out 
to be very safe with only 13.04% hypoesthesia, which 
was never disabling (0%), while achieving high quality 
pain control. The majority of the patients demonstrated 
a prolonged effect of radiosurgery in absence of any 
trigeminal nerve disturbance.

Disclosure: No significant relationships.

Abstract: 254

Salvage stereotactic radiosurgery 
treatment for glioblastoma: retrospective 
review of a single institution experience 
from 1997-2012

J.L. Schroeder, R.J. Weil, M.A. Vogelbaum,  
G.H. Barnett, S.T. Chao, J.H. Suh, L. Angelov 

Neurological Institute/burkhardt Brain Tumor Center, 

Cleveland Clinic Foundation, Cleveland/OH/UNITED STATES 

OF AMERICA

Purpose: Glioblastoma (GBM) is the most malignant and 
most common form of astrocytoma. Despite advances 
in treatment, with resection followed by radiation and 
chemotherapy the average survival for GBM remains 
poor at just under 15 months and 5 year survival is 5% 
or less. The principle cause of death in nearly all patients 
is recurrent or progressive disease. Currently there is 
no standard of care for salvage treatment of patients 
with recurrent disease. In this study we evaluated the 
role of stereotactic radiosurgery in the management of 
recurrent or progressive GBM.

Materials and Methods: A retrospective review of the 
Cleveland Clinic (CCF) brain tumor database and patient 
charts to obtain demographic, treatment and patient 
outcome data was completed under an IRB approved 
protocol. Statistical analysis was completed with SPSS 
software.

Results: Thirty-four patients had salvage gamma knife 
radiosurgery (GK) for GBM at CCF between the years 
1997-2012. These patients had a total of forty-one tumor 
sites treated in either one session (33 patients, one of 
which had four tumor sites and three of which had two 
distinct tumor foci) or two sessions (1 patient with two 
distinct lesions treated two months apart). The median 
patient age at diagnosis was 58.8 years (range 40.7 
to 82.7) and the median age at salvage GK treatment 
was 59.9 years. Mean and median KPS at the time of 
GK were both 80. Median overall survival after GK 
was 11.2 months (range 1.4 months to 45.7 months). 
Six patients remain alive from the cohort. The treated 
lesions were characterized by a median maximal tumor 
diameter of 3.07 cm and a median volume of 7.35 cc. 
The median treatment dose was 15 Gy (range 12-24 Gy). 
The median index of conformality (prescription isodose 
volume/target volume) was 1.87 and median index  
of inhomogeneity (maximum dose/prescription dose) 
was 1.96.

Conclusions: In this retrospective analysis of patients 
receiving multiple coordinated therapies for GBM gamma 
knife appears to be at least one reasonable component 
of multi-modality salvage therapy for recurrent or 
progressive glioblastoma.

Disclosure: No significant relationships.
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Phase i dose-escalation study of 
stereotactic body radiotherapy (SBRT)  
for organ confined prostate cancer

M. Ghaly, L. Vijeh, E. Montchal, M. Marrero,  
L. Potters 

Radiation Oncology, Hofstra North Shore-LIJ School of 

Medicine, Manhasset/NY/UNITED STATES OF AMERICA

Purpose: To evaluate patient’s tolerability of the initial 
dose levels in a dose-escalation study for localized 
prostate cancer, using linear accelerator–delivered SBRT. 

Patients and Methods: Patients included those with 
Gleason score < 7 with prostate-specific antigen (PSA) 
≤ 10, Gleason score 7 with PSA ≤ 15, ≤ T2b, prostate 
size ≤ 60 cm3, and (AUA) score ≤ 15. Patients were 
enrolled in a prospective single-institution, institutional 
review board-approved study. Pretreatment preparation 
required intraprostatic fiducial placement and MRI 
acquired and fused with the simulation CT of each 
patient. Starting at 40 Gy in 5 fractions (delivered 
twice a week), the dose was safely escalated to 45 Gy 
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in 5 fractions. All treatments were prescribed to the 
90% isodose surface and were given with a dedicated 
linac-integrated stereotactic delivery system . An X-ray 
verification accuracy threshold of 1.0 mm and intra-
fraction verification was performed every 60 seconds 
during treatment to ensure accurate targeting without 
treatment interruption. Dose-limiting toxicity (DLT) was 
defined as G 3 or worse GI/GU toxicity by CTCAEv3. 
Patients completed Expanded Prostate Cancer Index 
Composite (EPIC) prostate quality of life questionnaires 
starting at 3 weeks post treatment and every three-
months thereafter.

Results: 12 patients completed the initial dose level 
(40Gy in 5 fractions over 2 weeks) and 10 were treated 
in the second dose level of 45 Gy in 5 fractions biweekly. 
Mean baseline AUA score was 5.5. The worst GU toxicity 
reported during treatments was G 1 in 67% in both 
dose levels, and G 2 in 42% and 50% respectively; 
without a single G 3 toxicity. 2 patients experienced G 1 
rectal bleeding. After a median follow-up of 12 months 
(range 11- 20 month) for patients in dose level one and 
7 months in dose level two (range, 3 -12 months) no 
delayed GI toxicity was reported. 6 patients reported 
G1 erectile dysfunction with a decreased libido in 3. 
Transient G 1 increased urinary frequency was noticed in 
4 patients, two in each level. Rectal quality-of-life scores 
remained at the baseline levels at both dose levels. In all 
patients, PSA control is 100% by the nadir + 2 ng/mL 
failure definition.

Conclusion: Prostate SBRT using our approach and with 
dose level of 45 Gy in 5 fractions is well tolerated. Longer 
follow up is warranted to assess long-term toxicity and 
tumor control rates. The results of this study allow for 
treating patients to 50 Gy in five fractions.
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A comprehensive review of MR imaging 
changes following adjuvant focal 
radiation therapy after surgical resection 
of intracranial metastases
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1Radiation Oncology, Hofstra North Shore-LIJ School of 

Medicine, Manhasset/NY/UNITED STATES OF AMERICA, 

2Neurosurgery, Hofstra North Shore-LIJ School of Medicine, 

Manhasset/NY/UNITED STATES OF AMERICA

Purpose: To retrospectively evaluate the effectiveness 
of adjuvant focal stereotactic radiotherapy (SRT) and 
stereotactic radiosurgery (SRS) after brain metastasis 
resection.

Materials and Methods: MR images of patients from our 
institution who were treated with adjuvant focal radiation 
following resection of intracranial metastases between 
01/2010 and 09/2012 were reviewed and analyzed. The 
volume of the surgical bed at initial treatment and for each 
follow-up was computed using the following formula: 
(4π/3)*A*B*C (with A, B, & C defined as the largest 
diameter in all three orthogonal planes). Volume changes 
were correlated with radiation treatment variables and 
histopathology. RECIST guidelines version 1.1 was 
used to assess treatment response. Imaging responses 
after adjuvant multiple or single fraction focal radiation 
were compared using chi-square. Lesions meeting the 
criteria of progressive disease were evaluated for tumor 
progression versus radiation effect with FDG- PET, MR 
spectroscopy, T1/T2 mismatch, and with surgical biopsy 
when appropriate.

Results: 53 patients with 54 lesions were available for 
follow-up with serial MRI from 0.2 –24.5 months (5.00 
± 6.73 months--mean ± SD) after treatment. Resection 
beds in 34 lesions (63 %) were > 3 cc. 26 surgical beds 
(48%) with a median volume of 8.1 cm3 were treated 
with 3-fraction SRT with a median dose of 24 Gy (range 
19.5-27 Gy). The remaining 28 target volumes (52%) 
with a median volume of 5.3 cm3 were treated with 
SRS with a median dose of 18 Gy (range 16-20 Gy). 
Lung, GU, and GI primaries constituted approximately 
50%, 17%, and 13% of metastases in both groups. 
Local control was achieved in 47 lesions (87%). Local 
control was significantly better for lesions treated 
with adjuvant SRT (96%) than for lesions treated with 
SRS (79%) respectively (P = 0.01). The resection bed 
volume was increased in 7 patients on at least 1 follow-
up MRI—1 in the SRT group (biopsy proven necrosis) 
and 6 in the SRS cohort. Of these, 2 had surgically 
documented progression and T1/T2 match was present 
in 3 (consistent with a high probability of progressive 
tumor), and T1/T2 mismatch (i.e. likely necrosis) was 
seen in 1. Six patients in each group suffered intracranial 
distant failure.

Conclusions: Adjuvant SRT can be an advantageous 
course of treatment following resection of intracranial 
brain metastases. Higher focal radiation doses than 
those typically used in palliative regimens, offer excellent 
tumor control. Frameless stereotactic approaches 
facilitate fractionation when medically appropriate and 
may exploit well-studied radiobiological principles to 
clinical advantage.

Disclosure: No significant relationships.
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Abstract: 257

Salvage single-fraction stereotactic 
body radiotherapy for patients with prior 
radiation of spinal metastases

M. Ghaly1, M. Kushnirsky2, M. Marrero1, A. Latefi2,  
M. Schulder2, J. Knisely1 

1Radiation Oncology, Hofstra North Shore-LIJ School of 

Medicine, Manhasset/NY/UNITED STATES OF AMERICA, 

2Neurosurgery, Hofstra North Shore-LIJ School of Medicine, 

Manhasset/NY/UNITED STATES OF AMERICA

Purpose: As spinal cord tolerance often precludes 
reirradiation with conventional techniques, local 
recurrence of spinal bony metastases within a previously 
irradiated field presents a treatment challenge.

Methods and Materials: We reviewed the treatment 
plans of 10 patients with spine metastases (24 spinal 
segments) who initially received conventional external 
beam radiation (EBRT). All were reirradiated with single-
fraction SBRT (16 Gy) at or above the L2 vertebral body 
with the spinal cord itself verified and contoured by MRI 
or post operative CT myelogram imaging at the treatment 
level. Gross tumor was contoured as the planning 
target volume; no additional margins were used. Spinal 
cord dose–volume histogram (DVH) endpoints were 
constructed, keeping D0.35 (dose to 0.35cc of spinal 
cord volume) < 10 Gy, D1.2 < 8 Gy and any cord point 
max dose (Pmax) <12 Gy. The biologically effective doses 
(BED) using α/β = 2 Gy for late spinal cord toxicity were 
calculated and normalized to a 2-Gy equivalent dose 
(nBED = Gy2/2).

Results: SBRT was given at median 7 months (range, 
2-36) after conventional palliative radiotherapy. Median 
distance from the tumor to spinal cord surface was 
3.4 mm (range, 1.3-9.0). Tumor encased ≥ 180° of 
the spinal canal circumference in 42 % of lesions. 
The median prescription isodose was 86% (range 65-
90%) and targeted a median tumor volume of 7.3 cc 
(range, 3-–74-cc). The initial conventional radiotherapy 
nBED ranged from 30 to 45 Gy2/2 (median 37.5 Gy2/2). 
The SBRT reirradiation cord point dose (mean Pmax) in 
BED was 33.9 Gy2/2. The mean total (Pmax) nBED was 
approximately 71.5 Gy2/2.

The average percentage of the total (Pmax) nBED 
accounted for by the SBRT (Pmax) nBED was 47%. After a 
median post-SBRT follow-up of 10 months, no radiation-
induced myelopathy or radiculopathy has occurred.

Conclusions: SBRT given at least 7 months after 
conventional palliative radiotherapy with a reirradiation 
spinal cord (Pmax) nBED = 34 Gy2/2 appears to be 
safe provided the total (Pmax) nBED does not exceed 

approximately 72 Gy2/2, and the SBRT cord (Pmax) nBED 
comprises no more than approximately 50% of the total 
nBED.
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A multicentre intercomparison of 
dosimetric caractherization of a dynamic 
multi-leaf collimator for radiosurgery 
applications

M. Casale1, M. Italiani1, V. Magaddino2, N. Franza3,  
F. Vittorini4, M. Muti5, A.A. Russo6 
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Universitaire Vaudois, Lausanne/SWITZERLAND, 
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Purpose: To compare experimental results from 
different sites in small fields dosimetry for linac based 
radiosurgery by means of an Apex® Dynamic Multileaf 
Collimator (DMLC).

Method and Materials: The dynamic mini-MLC Apex® 
from Elekta (Stockholm, Sweden) is add-on MLC 
consisting of 112 leaves (56 pairs) with a physical leaf 
width of 1.5 mm giving a nominal width of 2.5 mm at the 
isocentre. The minimum nominal field at the isocentre 
is 0.5 cm × 0.5 cm. A dosimetric intercomparison has 
been carried out for 3 radiotherapy centers equipped 
with Apex® DMLC. The dosimetric features investigated 
in this study are percentage depth dose (PDD) and 
total scatter factors (Scp) acquired with the add-on 
Apex® DMLC on Elekta® linacs. All measurements were 
performed with beam energy of 6MV and similar linear 
accelerators. Different kinds of detectors were used to 
measure the radiation characteristics: Scanditronix-
Wellh”ofer CC13, CC01, IC 04 and stereotactic 
diode (IBA Dosimetry, Schwarzenbruck, Germany), 
Gafchromic EBT2 film (ISP, NJ, USA), PTW PinPoint 
and diode detectors.

Results: Results from different sites with several 
dosimetric equipments will be shown. For all fields sizes 
greater than 2.0 cm the difference between the measured 
Scps of the 3 centers were within 0.5%. Same results 
were observed for PDD curves. For fields sizes less than 
2.0 cm the differences in Scp values were within 3%. 
Analysis of PDD for such a small field sizes has been 
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more cumbersome due probably to the critical alignment 
of the detectors inside the water phantom.

Conclusion: In the dosimetry of small beams is important 
the choice of the right detectors and the experimental 
set up due to the dimension of the detectors compared 
to the small field. Data comparison between different 
centers has been considered of a great importance 
in order to minimize possible systematic errors and 
improve algorithm parameters’ optimization. 

Disclosure: No significant relationships.
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Hypofractionated gamma knife 
radiosurgery for cerebral metastasis: 
a novel method of imaging & frame 
application

E. Úlfarsson1, A. Nordell2, B. Nordell3, G. Sinclair4 

1Neurosurgery, Landspítali University Hospital, REykjavík/

ICELAND, 2Karolinska Innovation Ab, Karolinska Innovation, 

Stockholm/SWEDEN, 3Neuroradiology, Karolinska University 

Hospital, Stockholm/SWEDEN, 4Neursurgery, Karolinska 

University Hospital, Stockholm/SWEDEN

Purpose: The goal of Hypofractionated Radiosurgery 
for brain metastasis is to merry the benefits of highly 
concentrated radiation delivery to the tumor and radiation 
survivability of the healthy tissue. Brain metastasis 
have been treated with Hypofractionated Radiosurgery, 
most commonly delivered in 3 - 5 daily fractions using 
stereotactic LINAC. The aim of this study was to test 
a new system that enables fractionated Gamma Knife 
Radiosurgery (GKRS) using a relocatable frame and 
frameless imaging.

Methods: Four plastic fiducial screws were mounted in 
the outer surface of the skull using local anesthesia prior 
to MRI imaging. The fiducial screws were mounted to 
work both as fiducial marks and fixation devices for a 
stereotactic frame. During the MRI, fiducial markers were 
attached on the fiducial screw, producing a stereotactic 
image without merging or co-registration. After MRI 
the fiducial markers were removed and a relocatable 
frame, based on the Leksell G frame, was attached to 
the fiducial screws. As part of the study protocol, a 
standard stereotactic MR and doseplanning and GKRS 
was carried out. Before the Gamma Knife treatment the 
position of the fiducial screws and the stereotactic frame 
was mesured with a accurate mechanical mesuring 
device (Faro arm) using a fixed relation to the patient. 
After the external measure, using an in-house sofware, 

stereotactic images from the frameless image data 
synthesized the fiducial markers of the standard fiducial 
box (Elekta) used for framebased imaging. The standard 
frame based images were compared to the frameless 
image data. Two patients with large metastases were 
treated uneventfully with 6 and 6.5 Gy respectively, in 
five fractions. Before and after each fraction the stabillity 
of the skull screw and the relative position of the frame 
and the patient was measured.

Results: Our results indicate that the skull screw is 
stable and the relation between the frame and the patient 
likewise (Avgerage vector displacement comparing 
skull and frame position before and after fraction was 
0.22mm). The method showed that the there is no loss 
in spatial and stereotactic accuracy comparing framless 
stereotactic MRI to framebased stereotactic MRI.

Conclusions: his feasibility study has shown a new way 
of performing hypofractionated GKRS. Scull screws, that 
serves both as fiducal markers and a stable fixation point 
for a stereotactic frame, enables frameless stereotactic 
MRI and relocation of the frame for multiple GKRS 
treatment sessions.

Disclosure: No significant relationships.
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Neurosurgery / radiosurgery of incidental 
meningiomas

E.D. Motti 

Neurosurgery-gamma Knife, Maria Cecilia Hospital, Cotignola/

ITALY

Purpose: Trouvaille, incidental findings: they received 
different denominations that in time have started to 
represent a distinct tumor entity. The increasingly 
frequent encounter with unexpected lesions is doubtless 
due to progress in availability and quality of digital 
imaging techniques. in Unexpected lesions pose to the 
practitioner new choices and decisions.

Methods: In our series of more than 1000 meningioma 
patients (exceeding 1300 lesions) we have encountered 
152 incidental meningiomas. We have retrospectively 
examined the features of this sub-group of patients and 
the medical decisional process that ensued. Apart from 
trauma, the most common “non-correlated” symptoms 
that prompted the imaging investigations were: 
headache, tinnitus, balance disorders, neuralgia. The 
most common medical conditions that, in the course of 
correlated investigations, led to the unexpected discovery 
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of a meningioma were: vascular lesions (stroke, 
subarachnoid hemorrage, cavernoma), infectious 
disease (meningitis), tumoral lesions (vestibular 
schwannoma, pituitary adenoma), degenerative disease 
(MS, muscular dystrophy) and oncological staging/
screening for secondary lesions.

Results: A preliminary result of our analysis has 
been the recognition that “incidental” meningioma 
patients who have been referred to our service after an 
“occasional” diagnosis belong to 5 presentation groups: 
small size and non-eloquent locationfemale patient aged 
54 yrs or youngernewly formed in multiple meningioma 
patients located in the vicinity of optic/oculomotor 
pathwayswrongly considered “incidental” (unrecognized 
correlation with symptoms) A conservative approach 
with periodical imaging was considered safe essentially 
only in group 1. Radiosurgery was recommended in 96 
patients who presented with: headache (19), neurological 
deficits (38), other conditions (31), infections (3), trauma 
(5). Surgical removal was recommended in 22 patients 
who presented with: headache (11), neurological deficits 
(3), other conditions (5), trauma (3).

Conclusions: The discovery of incidental meningiomas 
may only grow in the future and the neurosurgical – 
radiosurgical community will have to provide consistent 
guidelines.

Disclosure: No significant relationships.
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MCO guided imrt versus VMAT for spinal 
radiosurgery

B. Winey1, H. Chen1, J. Daartz1, D. Gierga1, J. Shin2, 
K. Oh1 
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Obejective: To evaluate Volumetric Modulated Arc 
Therapy (VMAT) versus a Multi-Criteria Optimization 
guided Intensity Modulated Radiation Therapy (MCO-
IMRT) for the treatment of spinal metastases.

Methods: 10 patients were selected from a clinical set of 
spinal radiosurgery cases treated in the Massachusetts 
General Hospital Center for Spinal Metastases. MCO 
guided step and shoot IMRT plans using 7-9 posterior 
beams were developed in Raystation for clinical delivery 

on an Elekta Synergy S, and patients were replanned 
using the VMAT modality (Raystation) and posterior 
partial arcs. PTVs were prescribed 18 Gy, and coverage 
was maximized such that the maximum dose to the cord 
PRV was 10 or 12 Gy, with the lower dose given in the 
context of prior radiation therapy. DVH constraints for 
the PTV and relevant PRVs from the clinically acceptable 
IMRT plans were utilized for the VMAT optimization. Plan 
quality was compared based upon DVH points and total 
MU’s.

Results: For the MCO-IMRT plans, PTV coverage ranged 
between 70- 90% at 18 Gy depending upon the geometric 
complexity of the target/PRVs and the maximum dose 
limit of the spinal cord. VMAT plans were capable of 
matching most DVH constraints from the IMRT plans, 
but some had more heterogeneous doses within the PTV. 
MUs for the MCO-IMRT plans were in the range of 6000-
7000 begin_of_the_skype_highlighting  FREE  6000-
7000 end_of_the_skype_highlighting. MUs for the VMAT 
plans were similar or slightly higher on average than 
the IMRT plans but also had a large range depending 
upon the complexity of the target and PRV geometries. 
Plan quality was always better using multiple partial 
arcs compared to one posterior arc. MCO-IMRT always 
delivered lower integral dose below 5 Gy, but VMAT was 
generally more conformal above 10 Gy.

Conclusions: MCO-IMRT can create clinically acceptable 
plans. VMAT can generally match the DVHs of IMRT 
plans, but we did not observe a dosimetric benefit from 
VMAT plans. Contrary to previous reports, the VMAT 
plans generally required more MUs than MCO-IMRT 
plans, reflecting a difference in optimization algorithms 
rather than a difference in plan or dosimetric quality. 
IMRT plans delivered lower integral dose, and VMAT 
plans were more conformal at higher doses.
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Gamma knife radiosurgery for central 
neurocytoma: long-term outcome and 
failure pattern

J.W. Kim, D.G. Kim, H. Chung, J.H. Han, Y. Kim,  
C. Kim, S.H. Paek 

Department Of Neurosurgery, Seoul National University 

College of Medicine, Seoul/KOREA

Recently, radiosurgery has highlighted it important 
as a primary or a secondary treatment for central 
neurocytoma (CN). Owing to the scarcity of CN, 
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most clinical studies have been based on case series 
with limited number of patients as well as relatively 
short follow-up periods. Therefore, it needs long-
term follow-up outcomes to establish the role of 
radiosurgery for CN. Between 1998 and 2011, 25 
consecutive patients with CN were treated with Gamma 
Knife radiosurgery (GKRS). Among them, 18 patients 
as a primary treatment (10 patients) and secondary 
treatment (8 patients) with a radiological follow-up 
period of ≥ 40 months were included in this study. The 
mean radiological follow-up period was 93 months 
(range, 43–149 months). The mean tumor volume was 
11.7cm3 (range, 3.5–36.4cm3). The mean radiation 
dose prescribed to the tumor margin was 15.4Gy 
(range, 9–20Gy). Tumor shrinkage was found in 14 
(78%) patients at the last radiological follow-up. In the 
primary GKRS group, there were 2 GKRS failure with 
one cyst enlargement and one local recurrence. In the 
secondary GKRS group, two new lesions developed 
out of previous radiation field. The others kept going 
on marked tumor shrinkage at the last follow-up. Two 
recurrent lesions were treated with repeated GKRS. 
There were no adverse radiation effects or radiation-
related toxicity in any of the cases. GKRS could be useful 
as a primary or a secondary postoperative modality for 
the treatment of CN. However, long-term radiological 
follow-up is mandatory, especially postoperative cases, 
it needs careful planning for avoid missing small lesion. 
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CT cisternography for localisation of  
the trigeminal nerve prior to gamma  
knife radiosurgery
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Introduction: A 69 year old female patient with cardiac 
pacemaker in-situ was referred to the unit suffering 
from intractable right sided Trigeminal Neuralgia. As this 
patient had exhausted all medical treatment options the 
decision was made to perform Gamma Knife radiosurgery 
using CT Cisternography to localise the trigeminal nerve.

Method: CT Cisternography was performed on the day 
of treatment, prior to the application of the stereotactic 

frame. The patient was laid prone and contrast was 
injected into the CSF using a fluoroscopy-guided high 
cervical puncture. To ensure as much contrast as 
possible remained in the cisterns, the patient remained 
lying flat throughout the subsequent procedures 
although they had been rolled to a supine position after 
the initial injection. A helical CT head scan (0.625mm 
slice thickness) was performed immediately post 
Fluoroscopic Cisternography to ensure the highest 
levels of contrast in the cisterns. The Leksell stereotactic 
frame was then attached to the patient in a 20 minute 
procedure and a further stereotactic CT scan of the head 
acquired. Had there been a marked loss of contrast in 
the stereotactic study after the delay caused by framing, 
then the immediate post-cisternogram CT was available 
for co-registration to the stereotactic scan.

Results: The stereotactic CT scan demonstrated very 
good contrast residue in the cisterns and co-registration 
of the non-stereotactic images was not required. The 
trigeminal nerves were well visualised on the imaging 
and the dose planning and treatment delivery proceeded 
according to conventional protocols.

Conclusion: CT Cisternography has been shown to be an 
effective technique for the localisation of the Trigeminal 
Nerves prior to Gamma Knife radiosurgery. In this 
reported instance, MRI localisation was precluded by the 
presence of a cardiac pacemaker. This technique gave 
excellent definition of the Trigeminal nerves, enabling 
treatment to be offered where normally it would have 
been refused. Localisation and treatment were tolerated 
well by the patient.
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Abstract: 264

First results in linac intensity modulated 
radiosurgery in the national cancer 
institute chile

G.A. Zomosa 

Radiotherapy, INSTITUTO NACIONAL DEL CANCER CHILE, 

Santiago de Chile/CHILE

FIRST RESULTS IN LINAC INTENSITY MODULATED 
RADIOSURGERY IN THE NATIONAL CANCER 
INSTITUTE- CHILE.
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(2)Neurosurgical-Neurological Department, 
HoispitalClínico Universidad de Chile, Santiago, Chile.

Introduction: In 2009, the INC purchased a VARIAN 
LINAC radiosurgical facility with a Fast Plan/Eclipse 
planification system and an OGP navigation system 
to monitorizeinframilimetric movements during the 
therapy.

Objectives: To relate our experience with Intensity 
modulated radiosurgery (IMSRS) ,some fractionated for 
selected benign and malignant tumors.

Material and Methods: 11 patients were treated with 
IMSRS , 3 of them because of the relative big size for 
SRS and of their proximity to the organs at risk (OAR) 
were treated by frameless fraccionated IMSRS : ! skull 
base meningioma, other breast cancer brain metastasis 
and a pituitary GH tumor. All patients were followed 24 
to 6 months for the last cases.

Results: uring the therapy there were no severe 
complication only mild in two and in the later followup 
only mild ataxia and headache were noticed in skull base 
tumors. Control with MRI showed tumor control in all 
cases and regression in metastatic tumors.

Discussion & Conclusions: IMSRS is a good therapy in 
selected patients with irregular tumors and in particular 
when they are close to OAR and there are rather big 
for SRS to perform fractionated IMSRS but this need 
a navigation system like OGP and a very sophisticated 
calibration team.

Keywords: Radiosurgery (SRS), intensity modulated 
radiosurgery (IMSRS). Fractionated radiosurgery 
(F-SRS), frameless. 
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Gamma knife radiosurgery after previous 
microvascular decompression decreases 
the chances of pain free in classical 
trigeminal neuralgia!
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Purpose: To evaluate the safety-efficacy of Gamma 
Knife surgery (GKS) as a second treatment for classical 
trigeminal neuralgia (CTN), and the influence of prior 
microvascular decompression (MVD).

Methods: Between July 1992 and November 2010, 737 
patients have been operated with GKRS for ITN and 
prospectively evaluated in Timone University Hospital 
in Marseille, France. Among these, 54 patients had a 
previous history of MVD. Radiosurgery using a Gamma 
Knife (model B or C or Perfexion) was performed on the 
basis of on both MR and CT targeting. A single 4 mm 
isocenter was positioned in the cisternal portion of the 
trigeminal nerve at a median distance of 7.6 mm (range 
3.9-11.9) anteriorly to the emergence of the nerve 
(retrogasserian target). A median maximum dose of 85 
Gy (range 70-90) was delivered. Here, the 45 patients with 
previous MVD and a follow-up longer than one year are 
evaluated (the patients with megadolichobasilar artery 
compression and multiple sclerosis were excluded).

Results: The median age in this series was 56.75 years 
(range 28.09-82.39). The median follow-up period was 
39.48 months (range 14.10-144.65). All the patients had 
a past history of surgery, with at least one previous failed 
MVD, but also radiofrequency lesion (RFL) in 16 patients 
(35.6%), balloon microcompression in 7 (15.6%) and 
glycerol rhizotomy in 1 (2.2%). Thirty-five patients 
(77.8%) were initially pain free after GKS within a median 
time of 14 days (range 0, 180). Patients from this group 
had less probability of being pain free compared to 
our global population of essential trigeminal neuralgia 
without previous MVD history (p=0.010, hazard ratio 
of 0.64). Their probability of remaining pain free at 3, 5, 
7 and 10 years was 66.5%, 59.1%, 59.1% and 44.3%, 
respectively. Twelve patients (34.3%) initially pain free 
experienced a recurrence with a median delay of 31.21 
months (range 3.40-89.93). The hypoesthesia actuarial 
rate at 1 year was 9.1% and remained stable till 12 years 
with a median delay of onset of 8 months (range 8-8).
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Conclusions: Retrogasserian GKS proofed to be safe 
and effective on the long-term basis even after failed 
previous MVD. Even if the initial result of pain free 
was only 77.8%, the toxicity was low with only 9.1% 
hypoesthesia. No patient reported a bothersome 
hypoesthesia. The probability of maintaining pain relief 
in the long-term was of 44.3% at 10 years.
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Patterns of pain freedom response in 497 
cases with classical trigeminal neuralgia 
and at least one year of follow-up treated 
by gamma knife radiosurgery
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Purpose: To identify patterns of initially pain freedom 
response in patients with classical trigeminal neuralgia 
(CTN) with Gamma Knife surgery (GKS) and compare 
their associated hypoesthesia and recurrence rates.

Methods: In this study we analysed only 497 patients 
treated between July 1992 and November 2010, 
with a follow-up longer than 1 year, after excluding 
megadolichobasilar artery and multiple sclerosis 
related trigeminal neuralgia, as well as the second GKS 
treatments so as to have only cases with CTN and single 
radiosurgical treatment. GKS using a Gamma Knife 
(model B or C or Perfexion) was performed, based on 

both MRI and computer tomography (CT) targeting. A 
single 4-mm isocenter was positioned in the cisternal 
portion of the trigeminal nerve at a median distance of 
7.8 mm (range 4.5-14) anteriorly to the emergence of 
the nerve. A median maximum dose of 85 Gy (range 
70-90) was delivered. After empiric methods but also 
by using a chart with clear cut-off periods of pain free 
distribution, we were able to divide the initially pain free 
patients into 3 separate groups: within the first 48 hours, 
after 48 hours till 30 days and after 30 days, respectively.

Results: The median follow- up period was 43.75 
months (range 12-174.41). Four hundred and fifty-four 
patients (91.75%) were initially pain free in a median 
time of 10 days (range 1-459): 169 (37.2%) became 
pain free within the first 48 hours (pf<=48 h), compared 
to 194 (42.8%) between the 3-rd day and the day 30  
(pf(>48 h, <=30 d)), inclusively and 91 (20%) patients after 
30 days (pf>30d). Differences in terms of postoperative 
hypoesthesia were found with a p value of 0.014 as 
follows: the group pf<=48 h had 18 (13.7%) compared to 
pf(>48 h, <=30 d) with 30 (19%) and pf>30d with 22 (30.5%) 
patients developing a postoperative GKS hypoesthesia. 
One hundred and fifty seven (34.4%) patients initially 
pain free experienced a recurrence with a median delay 
of 24 months (range 0.62-150.06). There were no 
statistically significant differences between the three 
groups concerning recurrence (p value of 0.515).

Conclusions: An important number of patients (169 
cases, 37.2%) became pain free in the first 48 hours. 
Hypoesthesia rate was higher within the group becoming 
pain free after 30 days with a statistically significant 
difference between the three populations (p= 0.014). 
Further analysis will eventually help elucidating the 
differences observed among groups.

Disclosure: No significant relationships.
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of a case
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Purpose: Biphasic response of tumors has not been 
reported in their postoperative course, neither after 
microsurgery, nor after Gamma Knife surgery (GKS). 
We present the case of a pilocytic astrocytoma (PA) 
centered on the mesencephalic tectum. The tumor had 
biphasic response after GKS.

Methods: This 49 year-old man, diagnosed by an 
ophthalmologist with a dorsal midbrain (Parinaud’s) 
syndrome, has been initially managed conservatively with 
brain MRI, regular ophtalmological and neurosurgical 
clinical exams during a three-years period since 
discovery of a lesion centered on the mesencephalic 
tectum, with cranial extension to the III-rd ventricle and 
the thalamus. Initial thoraco-abdominal scanner and 
inflammatory tests were negative.

Results: The initial radiological differential diagnosis 
was PA, germinoma, lymphoma, pinealocytoma or 
metastasis (despite of the absence of a primary lesion). 
Eventually, a stereotactic biopsy was performed, as 
the lesion was growing, so as to obtain an histological 
diagnosis; this did not produce any change in size, or 
an involution, as previously reported in some case-
reports. Secondly, a ventriculocisternostomy was 
performed for obstructive hydrocephalus. Finally, GKS 
was performed aiming at controlling the continuous 
growth. At the moment of GKS, the PA was measuring 
23 millimeters (lateral), 17.5 millimeters (antero-
posterior) and 17 millimeters (height). The marginal 
dose prescribed was 12 Gy at the 50% isodose. The 
target volume was of 3.5 cc and the prescription 
isodose volume was of 3.9 cc. The conformity, 
selectivity, Paddick and gradient index were 0.971, 
0.872, 0.847 and 2.564, respectively. The dosimetry 
was performed with 22 shots, including composite 
ones. After GKS, the lesion had biphasic response, 
with an important shrinkage at 3 months, regrowth 
within the target volume at 6 and 9 months, and again 
important shrinkage at 12 months, which persisted 
over time.

Conclusions: Spontaneous involution of tumors has 
been already described for both PA and vestibular 
schwannomas in conservative (“wait-and-scan”) series. 
This type of biphasic pattern response after GKS has 
never been documented in the literature. Possible 
mechanisms include surgical trauma, decelerating 
growth kinetic, induction of apoptosis within the tumor 
cells, development of host immune reaction, hormone 
imbalance, thrombosis or occlusion of the tumor 
vasculature and subsequent necrosis. This case report 
enhances the necessity of differentiating the radiobiology 

before and after the GKS, depending also on the cellular 
type lines of origin.
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Purpose: The management of vestibular schwanommas 
(VS) is challenging, with microsurgery remaining the 
main treatment option. Planned subtotal resection is 
now being increasingly considered to reduce the risk 
of neurological deficits following complete resection. 
The residual part of the tumor can then be treated 
with Gamma Knife surgery (GKS) to achieve long-term 
growth control.

Methods: This case series of 11 patients documents 
early results with planned subtotal resection followed 
by GKS in Lausanne University Hospital, between July 
2010 and March 2012. We analyzed clinical symptoms 
and signs for all cases, as well as MRI and audiograms.

Results: Mean age in this series was 50.3 years (range 
24.1- 73.4). Two patients (18.2%) had a stereotactic 
fractionated radiotherapy, which had failed to ensure 
tumor control, before the microsurgical intervention. 
The lesions were solid in 9 cases (81.8%), and mixed 
(solid and cystic) in 2 patients (18.2%). Presurgical 
tumor volume was of a mean of 18.5 cm3 (range 9.7- 
34.9 cm3). The mean duration between microsurgery 
and GKS was 10.5 months (range 4- 22.8). The mean 
tumor volume at the time of GKS treatment was 4.9 cm3 
(range 0.5- 12.8). A mean number of 20.7 isocenters 
was used (range 8-31). Nine patients received 12 Gy 
and 2 patients with 11 Gy at the periphery (at the 50% 
prescription isodose). We did not have any major 
complications in our series. Postoperative status 
showed no facial nerve deficits. Four patients with 
useful pre-operative hearing underwent surgery aiming 
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to preserve the cochlear nerve function. Of these 
patients, the patient who had Gardner-Robertson (GR) 
class 1 before surgery, remained in GR class 1. Two 
patients improved after surgery, one changing from 
GR 5 to GR 3 and the other with slight improvement, 
remaining in the same GR 3 class. Mean follow-up after 
surgery was 15.4 months (range 4- 31.2). One patient, 
who presented with secondary trigeminal neuralgia 
before surgery, had transitory facial hypoesthesia 
following surgery. No other neurological deficits 
were encountered. Following GKS, the patients had a 
mean follow-up of 5.33 months (range 1-13). No new 
neurological deficits were encountered.

Conclusions: Our data suggest that planned subtotal 
resection followed by GKS has an excellent clinical outcome 
with respect to preservation of cranial nerves, and other 
neurological functions, and a good possibility of recovery 
of many of the pre-operative cranial nerve dysfunctions.

Disclosure: No significant relationships.
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Purpose: Radiosurgery (RS) is gaining increasing 
acceptance in the upfront management of brain 
metastases (BM). We present our single institution 
experience focusing on criteria that led to the selection 
of RS treatment with Gamma Knife (GK) in lieu of Linac.

Methods: Leksell Gamma Knife Perfexion (Elekta, 
Sweden) was installed in our center in July 2010. 
Currently, the Swiss Federal Health Care supports 
the costs of RS for BM with Linac but not with GK. 
Therefore, we always consider first the possibility to 
use Linac for this indication, and only select patients for 
GK in specific situations. All cases of BM treated with 
GK were retrospectively reviewed for criteria yielding to 
GK indication, clinical information, and treatment data. 
Further work in progress includes a posteriori dosimetry 

comparison with our Linac planning system (Brainscan 
V.5.3, Brainlab, Germany).

Results: From July 2010 to July 2012, 31 patients had 
RS for BM with GK (11 single BM, and 20 multiple BM). 
During the same period, 35 had Linac-based RS (24 
single BM, and 11 multiple BM). In single BM, the reason 
for choosing GK was the anatomical location close to, or 
in highly functional areas, especially since most of these 
tumors were intended to be treated with high-dose RS (24 
Gy at margin) because of their histology (3 melanomas, 
1 renal cell). In multiple BM, the reason for choosing 
GK in relation with the anatomical location of the lesions 
was either technical (limitations of Linac movements, 
especially in lower posterior fossa locations) or close 
distance of multiple lesions to functional areas (typically, 
multiple posterior fossa BM close to the brainstem), 
precluding optimal dosimetry with Linac. Again, this was 
made more critical for multiple BM needing high dose RS 
(6 melanoma, 2 hypernephroma). There were statistically 
significant differences (t-student test, p < 0.01) between 
GK and Linac patients, for the mean number of lesions/
patient (2.7 compared to 1.3) and for the mean dose 
prescription at the specific mean isodose prescription 
(21.5 Gy at the 52% compared to 19.6 Gy at the 81%).

Conclusion: Radiosurgery for BM may represent some 
technical challenge in relation with the anatomical location 
and multiplicity of the lesions. These considerations 
may be accentuated for so-called radioresistant BM, 
when higher dose RS in needed. In our experience, 
Leksell Gamma Knife Perfexion proves to be useful in 
addressing these challenges for the treatment of BM.

Disclosure: No significant relationships.
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Purpose: The percentage isodose line to prescribe 
(RxIDL) in stereotactic radiosurgery (SRS) varies 
widely among institutions, possibly due to inconsistent 
evaluation parameters. Gradient index (GI), defined as 
the ratio of total volume receiving 50% of prescription 
dose (V0.5Rx) and target volume receiving prescription 
dose, is an important parameter to characterize a plan’s 
dose falloff. It can be used as the criteria to determine 
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optimal RxIDL, because clinically normal brain volume 
receiving 8-12Gy has been found to correlate to brain 
necrosis. This study aims to explore the optimal RxIDL 
for linac-based SRS using GI criteria. 

Methods: 17 patients with brain tumors were 
retrospectively studied using iPlan system (BrainLAB, 
Feldkirchen, Germany). MLC-based dynamic conformal 
arc technique was used for planning. For each patient, 
6-8 plans with different RxIDLs were performed. All plans 
were normalized so that 95% of target volume receives 
prescription dose (typically 18Gy). The prescription 
isodose was calculated as the ratio of the prescription 
dose and the maximum dose in target volume. Different 
RxIDLs were achieved by changing MLC margin from 
-2mm to +2mm. GI was calculated for each plan and the 
one with minimal GI was considered as the optimal plan. 

Results: The optimal RxIDL appears to be between 50% 
and 75% for most cases. Generally as target volumes 
increases (from 0.15cm3 to 50.09cm3), GI decreases 
(from 6.3 to 2.4) and the optimal RxIDL shifts to higher 
values. Median optimal RxIDL is 53.1+/-7.6% for target 
volumes less than 5cm3 and 74.0+/-1.9% for those 
larger than 5cm3. There is a relatively wide basin where 
GI is close to its minimum for target volumes greater 
than 2cm3. For target volumes smaller than 2cm3, large 
variation of optimal RxIDL (34.3%-64.4%) is observed. 
This is because target volume is small and GI is very 
sensitive to target’s shape and location. However, because 
of the smaller volume, choosing a sub-optimal RxIDL will 
not change V0.5Rx much in absolute measurement. So if 
the minimal GI is at 50%, prescribing to 70% line might 
be still acceptable. The optimal MLC margin yielding the 
minimal GI is -0.5mm or -1mm for most cases. 

Conclusions: The optimal RxIDL appears to be between 
50% and 75% for the cases evaluated. Larger target 
volume tends to have a higher optimal RxIDL. The 
conclusion is based on the assumption that the minimal 
GI corresponds to the optimal RxIDL.
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Purpose: Radiation therapy of moving target is very 
challenging due to uncertainties in internal-target–
volume (ITV) estimation, target localization and dose 
calculation. A 4D treatment simulation system based on 
a digital Extended Cardio Torso (XCAT) phantom is to be 
developed as a tool for quality assurance of 4D SBRT 
treatment.

Methods: A virtual 4D treatment simulation system is 
being developed based on a digital Extended Cardio Torso 
(XCAT) phantom and two patient specific control curves: 
the diaphragm and chest curves to provide a virtual 
model of patient anatomy and physiology. The system 
is capable of performing simulation imaging (3-4D-CTs), 
planning and dose calculation, localization imaging 
before, during and after treatment (3-4D-CBCTs). A 
computer program was developed to facilitate the 
characterization and implementation of this system for 
4D radiation therapy applications. To verify that patient-
specific motion trajectories are reproducible with the 
XCAT phantom, motion trajectories of the diaphragm 
and chest were extracted from previously acquired MRI 
scans of five subjects and were imported into the XCAT 
phantom. The input versus the measured trajectories 
was compared. 4D-CT and 4D-CBCT images simulated 
based on the XCAT phantom were validated using regular 
respiratory patterns and tested for irregular respiratory 
patterns. Simulation of 4D dose delivery was illustrated 
in a simulated lung SBRT case based on the XCAT 
phantom. Dosimetric uncertainties using this patient 
specific digital phantom are estimated by comparing the 
differences between planned and delivered doses.

Results: The overall mean (±standard deviation) 
difference in motion amplitude between the input and 
measured trajectories was 1.19 (±0.79) mm for the 
XCAT phantoms with voxel size of 2 mm. Comparison 
between simulated 4D dose delivery and planned dose 
for the lung SBRT case showed comparable results in all 
dosimetric matrices: the relative differences were 0.3%, 
4.0%, 0%, and 2.8%, respectively, for max cord dose, 
max esophagus dose, mean heart dose, and V20Gy 
of the lungs. 97.5% of planning target volume (PTV) 
received prescription dose in the simulated 4D delivery, 
as compared to 95% of PTV receives prescription dose 
in the plan.

Conclusions: An integrated simulation system based on 
the XCAT digital phantom is developed for SBRT QA of 
moving target. The system could be potentially used for 
designing treatment plans, motion management strategy, 
localization techniques, and treatment verification. The 
digital system may also be used for development of 
new imaging and treatment techniques in the 4D era of 
radiation therapy.
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Frameless linac-based stereotactic 
radiosurgery for trigeminal neuralgia –our 
initial experience with 8 patients using the 
novalis radiosurgery system

D.Y. Tan1, E.T. Chua1, J. Thomas2, D.B. Tan1 

1Radiation Oncology, National Cancer Centre Singapore, 

Singapore/SINGAPORE, 2Neurosurgery, National 

Neuroscience Institute, Singapore/SINGAPORE

Introduction and Objectives: We have treated Trigeminal 
Neuralgia with fixed frame techniques using the Radionics 
system (1993), Gamma knife (1994) and Novalis (2007). 
However, we embarked on a frameless technique (2011) 
in order to be entirely non invasive and to allow better 
work flow management. The frameless method has not 
been reported widely in the literature. We report our 
initial experience using the Novalis treatment system of 8 
patients followed for more than a year. We found that with 
sufficient experience, converting from the fixed frame to a 
frameless technique was seamless. Materials an.

Methods: The patients were all treated with a 4mm 
collimator using 8 arcs with a range of 120 degrees with 
avoidance of sensitive structures like the eye, optic nerve 
and chiasm. 90 Gy was prescribed to the isocentre which 
was placed over the Root Entry Zone (REZ) with the 50% 
isodose touching the pons. The DVH to the pons was 
variable with a range of doses including a case with a 
1% of the Pons receiving 17Gy. The ExacTrac system 
was used to position the patient and this was repeated 
with each table angle.

Results: The response as measured by the visual 
analogue scale showed improvement of 3 or more points 
on the scale in 5 patients (62.5%). In one patient there 
was no pain on medication before treatment and no pain 
without medication after treatment. The medication had 
caused undue sleepiness. The other two patients had 
pain scores of 4 and 5 and were reduced by two points. 
On the Barrows Neurological Institute pain scale all had 
improvement to the level of IIIb or better. There were no 
reports of facial numbness or palsies. Conclusion Having 
used three systems with fixed frames and now without 
the fixed frame, it would appear that the technique is just 
as effective and more flexible in terms of work flow.
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Introduction: Cavernous sinus hemangiomas are rare 
complex vascular tumors which are a challenge to 
manage. Large tumors are often incompletely removed 
and require surveillance or adjuvant radiotherapy. We 
report a case of a large cavernous sinus hemangioma 
with orbital apex involvement treated solely with SRT 
with rapid reversal of visual symptoms within 2 weeks 
of treatment with opthamologist documentation pre, 
during and post treatment.

Material and Methods: A 74 year-old lady presented with 
a 1-year history of gradually worsening left eye vision, 
2-month history of left partial ptosis and occasional left 
cheek numbness. Ophthalmic examination revealed only 
perception of hand motion in the left eye, left relative 
afferent papillary defect and an obvious left eye ptosis. 
MRI showed a lobulated 3.4x2.6x1.9cm mass in the left 
cavernous sinus with extension into the right cavernous 
sinus, left orbital apex and was associated with left optic 
nerve compression. The lesion was hypo-intense on 
T1 imaging, with homogenous T2W hyperintensity and 
gadolinium enhancement. Neuroradiological conference 
reported these to be consistent with a cavernous sinus 
haemangioma. Patient was immobilsed and simulated 
according to protocol. The lesion was contoured on 
1mm gadolinuim-enhanced T1W MRI images and 1mm 
margin was given to form the PTV. The plan was designed 
using 11 non-co-planar beams, 45Gy in 25 fractions of 
1.8Gy over 5 weeks was prescribed to the 95% isodose 
line. The PTV was 28.337cc and the treated volume was 
36.184cc giving a conformity index of 1.32. All critical 
structures were well within their tolerance.

Results: At her 2nd week review, the patient reported 
dramatic left eye vision improvement. Formal ophthalmic 
examination showed improvement of left-sided visual 
acuity to 6/12 (pinhole) along with a left-sided grade 2 
relative afferent pupillary defect (RAPD). Visual fields 
were normal by red dot testing. She completed her SRT 
uneventfully and at 1 month post-treatment, her ptosis 
had resolved and visual symptoms remained stable.

Repeat opthamologic examination at 3 and 6 months 
post-treatment remained stable. MRI at 6 months post-
treatment showed a volume reduction of 30%. 
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Conclusion: Visual improvement has been reported in 
the literature following SRS/FSRT for cavernous-orbital 
hemangiomas at 3-6 months. To the best of our knowledge, 
this is the first case that showed rapid intra-treatment 
reversal that was confirmed by specialist ophthalmologic 
assessment. SRT is an effective and safe therapeutic 
option for large cavernous sinus hemangiomas, which 
shows great potential. Larger series and longer term 
follow-up is required to confirm this.
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Purpose: The role of prophylactic whole brain radiotherapy 
(pWBRT) following Gamma Knife Radiosurgery (GKRS) 
for brain metastases in patients with non small cell lung 
cancer (NSCLC) has been extensively discussed. The 
benefit of pWBRT in prolonged survival and decreased 
risk for brain metastases has been shown in prospective 
randomized studies for patients with small cell lung 
cancer. No conclusive studies exist, however, for patients 
with NSCLC in whom all visible lesions have been 
treated with GKRS. We therefore decided to perform a 
retrospective study on the prospectively collected data in 
the 764 patients treated with GKRS for brain metastases 
from NSCLC. 

Material and Methods: There were 764 patients treated 
in the Gamma Knife Center Tilburg between June 2002 
and July 1, 2011 for brain metastases from NSCLC. 319 
had a single, 351 had 2-4 and 94 had more than 4 brain 
metastases at the time of GKRS. A minority, 74 patients 
has been treated with WBRT before GKRS: 30 more than 
one year before GKS, 27 six to 12 months before and 
17 within 6 months before GKRS. Thirty-three patients 
were treated with WBRT after GKRS for other reasons 
than DR.

Results: 245/731 (34%) of the patients developed DR 
following GKRS, 16/74 (22%) of the patients receiving 
WBRT before GKRS and 229/657 (35%) of the others, 
a significant difference using both Fisher’s exact test 
(P=0.027) and Kaplan-Meier analysis (P=0.004). There 

was, however, no difference in survival (P=0.69). There 
was a significant difference in risk for DR between the 
patients who received WBRT after GKS for another 
reason than a DR and those who did not, calculated from 
the day from WBRT and GKRS, respectively, P=0.01. 
There was, however, no difference in survival, P=0.82.

Conclusions: Due to the retrospective study design and 
the risk for selection bias, conclusions should be drawn 
carefully. It seems that WBRT does decrease the risk for 
DR, but that does not translate into a survival benefit and 
hence the use of pWBRT should be selected with care for 
those patients with an increased risk for DR following 
GKRS.
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Purspose: Radiotherapy is a well-established treatment 
option for bone metastases. One of the commonly 
associated toxicities is pain flare, which can be broadly 
defined as a transient increase in pain during or 
immediately post-treatment. Previously published data 
indicates that incidence rates can be as high as 40% 
with conventional radiotherapy. With the emergence 
of stereotactic body radiotherapy (SBRT) as a high-
dose alternative for spinal metastases, there is a need 
to define the pain flare phenomenon within this setting. 
The purpose of this prospective toxicity study was to 
determine the incidence rate of pain flare for SBRT of 
spinal metastases. 

Methods: From February 2010 to April 2012, 41 patients 
were enrolled in this study. Pain scores were evaluated 
using the Brief Pain Inventory (BPI) before, during 
and 10 days after radiotherapy. Both analgesic and 
corticosteroid use was also documented. Pain flare was 
defined as per published criteria (i.e. two-point increase 
in worst pain on an 11-point numeric scale compared 
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to baseline with no decrease in analgesic use, or 25% 
increase in analgesic intake with no decrease in worst 
pain score). The definition was slightly modified such 
that pain flare was also recorded if corticosteroids 
were initiated. Predictive factors were evaluated using 
univariate and multivariate logistic regression analysis.

Results: Within this cohort, the mean (SD) age was 
57.5 (12.4) years old with a median (range) KPS score 
of 80 (50-100). The most common primary sites were 
renal (36.6%), lung (24.4%) and breast (17.1%). The 
incidence of pain flare was 68.3% (28/41). The most 
common day of occurrence was day 1 post-radiotherapy 
(28.6%; 8/28). On multivariate logistic regression 
analysis, higher KPS (p=0.0174) and cervical (p=0.0498) 
or lumbar (p=0.0176) spine involvement were the factors 
significantly associated with pain flare. No association 
was noted for baseline pain scores, dose-fractionation 
schedule used or subsequent dosimetric data.

Conclusions: With SBRT for spinal metastases, the 
incidence of pain flare was much higher than what would 
be expected for conventional radiotherapy. Our practice 
now is to offer prophylactic dexamethasone to all patients 
undergoing spine treatment. If validated with a larger 
cohort though, it may be possible to identify a high-risk 
subgroup that would allow for further individualization of 
care. At this time, this study represents the first attempt 
at characterizing pain flare secondary to spinal SBRT, 
the importance of which will only be underscored as its 
utility increases.

Disclosure: No significant relationships.
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Transarterial ethiodol-based 
hepatocellular carcinoma (HCC) 
embolization (TACE): impact on 
volumetric image-guidance for  
SBRT and hypofractionated radiation  
therapy (HFXRT)

M. Fuss1, K. Kolbeck2, S. Naugler3, K. Ingram3,  
A. Zaman3, J. Tanyi1, J. Kaufman2 
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Purpose: Image-guidance for HCC suffers from a lack 
of contrast between tumor and liver parenchyma. 

Transarterial chemoembolization (TACE) is a level 3 
evidence treatment for HCC. If iodine-rich Ethiodol is 
used as embolizing agent, the treated HCC is stained 
by this radio-opaque oil. We assessed the quality and 
durability of Ethiodol tumor stains and their suitability 
for daily volumetric image-guidance. 

Materials/Methods: 51 patients underwent staged 
TACE prior to SBRT (50 Gy/5 fx; n=37) or HFxRT (45 
Gy/18 fx; n=14). We assessed quality of HCC Ethiodol 
stains in simulation CT and image-guidance cone-beam 
CTs. Quality in simulation CT were graded as excellent 
(dense stain with mean HU of >350 and diameter >10 
mm), good (mean HU of 200-350 or dense stain with 
diameter <9 mm), fair (mean HU <200 without dense 
focal retention), and poor (faint or no stain). All CBCT 
(n=437) were reviewed and suitability of the tumor stain 
for image-guidance was graded. A stain excellently suited 
for image-guidance was readily visible on CBCT and 
did not change in shape during the course of radiation 
delivery. Good stains provided sufficient information 
for image-guidance, but required careful windowing of 
the CBCT scan. Poor quality was assessed when only 
punctuate densities were seen, or stains barely provided 
any imaging-information or were not seen.

Results: Simulation CTs showed excellent and good 
tumor stains in 29, and 11 cases (78%). Fair stains 
were recorded in 5 CTs, and no Ethiodol was retained in 
6 tumors. Mean lesion size was 23 mm (range 6 to 56 
mm), and corresponding mean tumor stain was 23 mm 
(range 4 to 56 mm). Mean HU in excellent tumor stains 
was 698, with densities up to 1276 HU. Suitability of the 
stain for CBCT image-guidance was graded as excellent 
and good in 26 and 13 cases (76%). Poor quality was 
assessed in the remaining cases. Four cases showed 
some loss in Ethiodol stain during treatment. One case 
each was graded as good, fair and poor in simulation CT 
and upgraded to excellent (n=1) and good (n=2) in CBCT 
review. There was no variability between treatment days 
in the grading of the CBCT.

Conclusions: TACE based Ethiodol tumor stain facilitates 
volumetric image-guidance for SBRT and HFxRT of 
HCC. All tumors that showed staining in simulation CT 
retained that stain for the course of radiation therapy; a 
minor change in stain density was observed in less than 
10% of cases.

Disclosure: No significant relationships.
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Changes in respiratory-induced motion 
patterns of primary liver tumors using an 
abdominal compression device

K. Barton, S. Sekaran, H. Lu, J. Tanyi, M. Fuss 

Radiation Medicine, Oregon Health & Science University, 

Portland, OR/UNITED STATES OF AMERICA

Purpose: This study presents a comparison of 
tumor motion suppression afforded by an abdominal 
compression plate added to a whole-body immobilization 
system (BodyFix) in patients undergoing respiratory-
correlated computed tomography (4DCT) simulation 
for stereotactic body radiation therapy (SBRT) of 
hepatocellular carcinoma (HCC). Materials and methods: 
Twenty-three HCC patients underwent SBRT simulation 
4DCTs with and without abdominal compression. All 
patients had previously undergone Ethiodol-based 
transarterial chemoembolization (TACE), which resulted 
in a radio-opaque stain of the HCC. Target volumes 
were automatically delineated using a threshold based 
segmentation routine (Mirada Medical Ltd.; threshold 
150 HU) on all 10 respiratory phases of the respective 
4DCT data sets. The range of tumor motion, GTV volumes 
in all 10 4DCT phases, and resulting ITV volumes were 
compared.

Results: Motion patterns were patient-specific (mostly 
approximating a plane) with overall average maximum 
range of the GTV center of mass measuring 7.8±3.6 
mm (range 2.6–24.8 mm) and 10.3±5.0 mm (range 
1.8–17.9 mm) with and without abdominal compression 
(p=0.001). As expected tumor respiratory motion was 
predominant observed in the craniocaudal direction 
(with and without abdominal compression: 6.9±3.1 mm 
vs. 8.8±3.6 mm; p=0.002). However, respiratory motion 
also significantly varied for anterior/posterior direction 
(with and without abdominal compression: 2.8±2.1 
mm vs. 4.3±3.9 mm; p=0.002). Furthermore, ITVs 
derived from 4DCTs suing abdominal compression were 
generally smaller (average reduction 11.4%±17.0%; 
p=0.001). With abdominal compression, a paradoxical 
increase in motion amplitude and ITV was observed in 4 
out of 26 (15.4%) cases.

Conclusions: While abdominal compression resulted 
in smaller motion amplitude and ITV reduction in the 
majority of patients, the induction of a paradox effect is 
a possibility in up to 15% of cases, and should prompt 
systematic evaluation on an individual basis.

Disclosure: No significant relationships.
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Cyber knife radiosurgery (CKRS) 
treatment for benign spinal and 
paraspinal lesions

N. Martínez Moreno, M.E. Kusak Lambea,  
J. Gutiérrez Sárraga, G. Rey Portoles,  
R. Martínez Álvarez 
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Introduction: In patients with spinal and/or paraspinal 
lesions, especially if benign, the first treatment option 
is generally surgery. In certain cases local recurrences 
occur or residual tumor growth follows subtotal 
resections. In these cases CKRS may be an alternative 
to repeat surgery. On the other hand, when high-risk 
surgery is expected, CKRS can be used as a first line 
treatment. We here analyze our five year experience with 
this radiosurgical treatment.

Methods: Between 2006 and 2012, 31 patients were 
treated at our Unit for spinal or paraspinal lesions. In 
21cases the lesions were purely spinal, mainly cervical. 
Most were schwannomas (8), paragangliomas (7) and 
meningiomas (6). The mean age was 48 years and the 
mean lesion volume was 21.8 cc (0.21-160). In seven 
cases multiple lesions were treated, and the clinical 
presentation was predominantly pain (55%). Nineteen 
patients had been operated on, three had received 
previous radiotherapy and in two embolization of the 
lesion had been performed.

Radiosurgery was delivered using Cyber Knife with 
an X-sight tracking system. The marginal dose varied 
according to the fractionation schedule used (1-5 
fractions) and the nature of the tumor. In most cases 
three 7Gy fractions (total delivered dose 21 Gy) were 
used.

Results: Ninety per cent of patients were followed, with 
a mean follow-up of 43.8 months (4-72.5). Local control 
was obtained in 96% (stabilization in 65% and decrease 
in size in 31%), and only one case of tumor progression. 
Thirty-six% of patients reported a clinical benefit, with 
a good response in 100% of patients complaining of 
pain, with its disappearance in 55% of them. One patient 
with multiple paragangliomas had progression of the 
systemic disease and pain relapsed in one patient with 
an ependymoma after 13 months of good response. The 
rest remained stable. To date there has been no toxicity 
or new neurological symptoms. The two patients treated 
for arteriovenous malformations have not experienced 
new bleeding.

Conclusions: CKRS appears to be an adequate 
therapeutic alternative for spinal and other extracranial 
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sites lesions when incomplete surgery was performed 
or resection was not possible.CKRS is a simple and fast 
procedure, with good results in terms of local control 
and toxicity. Our preliminary results are supported by the 
wider experience of other centers using this technology. 

Disclosure: No significant relationships.
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Frameless srs for medically and surgically 
refractory trigeminal neuralgia

T.S. Shanks, J.M. Coons, J. Howe, B. Plato,  
A.C. Spalding 

Brain Tumor Center, Norton Healthcare, Louisville/KY/UNITED 

STATES OF AMERICA

Purpose: Trigeminal neuralgia (TN) management 
involves multispecialty diagnosis and management 
across. Traditional SRS treatment of TN uses a rigid 
invasive headframe to deliver between 80-90Gy to 
a point within millimeters of the brainstem. Image-
guidance during radiation allows frameless SRS by 
ensuring submillimeter accuracy. Frameless SRS 
potentially allows more complicated SRS planning over 
several days time. We describe our initial experience of 
treatment of medically and surgically refractory TN using 
frameless SRS by treating the entire dorsal root entry 
zone (DRE) to the Gasserian ganglion.

Methods: 8 patients with TN were evaluated by a 
neurologist, neurosurgeon, and radiation oncologist and 
underwent a total of 9 frameless SRS treatments for TN. 
All had a 4 or 5 on the Barrow Neurological Pain Index 
(BNI); 4 had prior invasive surgical procedures including 
balloon rhizotomy, microvascular decompression, or 
percutaneous injection. Three had prior SRS. Patients 
underwent a 1.0mm axial slice CT scan with a custom 
thermoplastic mask and carbon-fiber localization 
array as well as a 0.6mm CISS T2 MRI sequence. The 
affected side DRE was contoured by the neurosurgeon 
and radiation oncologist to create a planning target 
volume (PTV). The SRS plan was prescribed to the 
center of the PTV, and all plans used between seven and 
nine arcs with fixed diameter cones ranging from 4 to 
7.5mm aperature. Three patients received 80Gy, and five 
recevied 85Gy. We measured the intial setup uncertainty 
from simulation and planning to treatment (interfraction 
uncertainty) and the patient position variability between 
each arc of radiation (intrafraction uncertainty). Follow 
up ranged between three and eleven months, with a 
median of 8.5 months. Patients were reassessed with 
BNI.

Results: The mean setup uncertainty from simulation to 
treatment was The mean intrafraction uncertainty was 
0.45mm (range 0.33-0.59mm), with a maximum ranging 
from 0.71 to 1.47mm. Treatment times ranged from 44 
to 88min. Longer treatment times were associated with 
higher maximum intrafraction uncertainty (R^2 = 0.52, 
p<0.05 by Pearson correlation). The mean maximum 
brainstem dose was 35Gy (range 14-51Gy), the mean 
dose to 1cc of brainstem was 3.6Gy (range 2.5-5.6Gy), 
and the mean dose to 0.1cc of brainstem was 9.9Gy 
(range 6-15Gy). At the time of last follow up, all patients 
had BNI of 1 or 2.

Conclusions: With short term follow up, our patients 
experienced relief of TN comparable with frame-based 
SRS. Frameless SRS provides a comparable dosimetric 
and clinical outcomes in a non-invasive fashion for 
patients with refractory TN.

Disclosure: No significant relationships.
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Long term control an improvement of 
quality of life with rtef in large MAVS  
with RTEF

J.E. Suarez, C. Miguel A, S. Moreno, G.A. Gutierrez, 
A. Gomez Aviña, P. Ballesteros, M. Rodriguez Velez, 
D. Urbina 

Radioneurosurgery, NATIONAL INSTITUTE OF NEUROLOGY 

AND NAUEROSURGERY, MEXICO CITY/MEXICO

Purpose: Large arteriovenous malformations (MAVs)  
are sometimes a clinical challenge. Some clinicians 
are advocated for a surgical approach or embolization 
sequential , or a combination and even others opt for 
observation, but t annual mortality in this last modality 
is not low.

Stereotactic fractionated radiotherapy (RTEF) is a 
controversial modality , but is an option in the treatment 
of large AVMs not suitable for surgery.In order to expore 
posible benefit of this modality in those MAVs not 
susceptible for surgery we designed this protocol.

Matherials and Methods: We studied retrospectively 69 
patients treated with RTEF and the same prococo at the 
radiolsurgery Unit, installed since 2003 at The National 
Institute Of Neurology and Neurosurgery ,mexico City. 
The protocol consist in clinical evaluation, a .RMN 3 
tesla,, conventional angiography , presentation of each 
case at the multidisciplinary panel, and those large 
AVMs considered not suitable for surgery then we 
evaluated the case for RTEFif possible some patients 
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were managed with embolization., or RTEF alone The 
patients The patients suitable for RTEFl consisted in 
stereotactic locaqlization with a thermoplastic mask ,, 
CT helicoidal localization , fusion of images with angio 
and RMN, at the planning station, y evaluation of the 
best conformal plan, and finally irradiation at the linac 
facility. With a microcolimator All patients completed the 
same protraction modality,5 fractions 7 Gy daily. Clinical 
evaluation were porformerd every months and RMN 
were obtained every six months and after two years 
annually.

Results: The vast majorty of the patients completed al 
least 5 years of follow up. 8 patients were lost of ,Head 
ache were the most prominent complaint, 60 % were 
female, medianage 40 years old. Clkinical stabilization 
and amelioratiosn of the symtoms and radiological 
positive response were observed in 85% of the patients, 
complete occlusion in 15 % of the cases. Only two cases 
presented rebleeding after RTEF and two cases with 
important edema.

Conclussions: RTEF in large inoperable MAVS I 
represents a feasible option,n in an outpatient procedure 
thatcan represent and important impact on the clinical 
features and institutional oparations costs.

Disclosure: No significant relationships.
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Long-term outcome of radiosurgery 
for classical trigeminal neuralgia: a 
prospective series of 130 patients with 
more than 7 years of follow-up.
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Background: Although acceptable short/mid-term 
outcomes have been reported, with radiosurgery in 
trigeminal neuralgia (TN), long-term outcomes have not 
been well-documented.

Methods: We report the long-term results in 130 
consecutive patients who underwent radiosurgery for 
drug-resistant essential TN between 1992 and 2001, 
and that were evaluated prospectively by means of 
clinical testing and a survey for at least 7 years after the 
procedure (up to 15 years). Pain attack frequency and 
severity, trigeminal nerve functions were evaluated before 
radiosurgery and regularly after. Radiosurgery using a 
Gamma Knife was performed relying on both MR and 
CT targeting. A single 4 mm isocenter was positioned 
at the cisternal portion of the trigeminal nerve with a 
median distance of 8 mm (range 4.9-14) anteriorly to the 
emergence of the nerve (retrogasserian target). A median 
maximum dose of 85 Gy (range 70-90) was delivered.

Results: The median age was 66.5 years (range 28.76-
88.98). At the time of radiosurgery, 68 of the patients 
[ML1] were presenting with side effects of drug therapy, 
48 [ML2] were previously treated by other surgical 
techniques and 29 [ML3] were presenting hypesthesia 
due to a previous surgery. The median follow-up period 
was 118.4 months (range 84.16-174.1). The median 
time between onset of the symptoms and radiosurgery 
was 72.25 months (range 1-387.5). One hundred and 
twenty-two patients (93.84%) were initially pain free in a 
median time of 15 days (range 0-180) after the procedure. 
Their probability of remaining pain free at 3, 5, 7 and 10 
years was 77.9%, 73.8%, 68% and 51.5%, respectively. 
Fifty-six patients (45.9%) that were initially pain free 
experienced at least one recurrence with a median delay 
of 73.06 months (range 0.91-150.06). However, the rate 
of patient free for any recurrence requiring a new surgery 
was 67.7% at 10 years. The hypoesthesia actuarial rate at 
7 years was 20.8% and remained stable untill 14 years, 
with a median delay of onset of 12 months (range 0.5-
65). A very bothersome facial hypoesthesia was reported 
in 1 patient [JR4] (0,8%).

Conclusions: Radiosurgery is a safe and effective 
treatment for TN, on a long-term basis and in a large 
population of patients. Although microvascular 
decompression remains the reference treatment in 
drug-resistant essential TN, the high probability of a 
long-lasting pain relief and the rarity of complications of 
radiosurgery suggest that this approach can be proposed 
as a first and/or second intention alternative.

Disclosure: No significant relationships.
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Safety and efficacy of retrogasserian 
gamma knife surgery for classical 
trigeminal neuralgia: a prospective series 
of 497 consecutive cases with more than 
one year of follow-up
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Purpose: Gamma Knife surgery (GKS) is one of the 
surgical alternatives for trigeminal neuralgia (TN). We 
describe the safety-efficacy of GKS in a large series of 
497 consecutive patients with more than one year of 
follow-up treated with a retrogasserian target.

Method: Between July 1992 and November 2010, 737 
patients presenting with classical trigeminal neuralgia 
(CTN) were treated with retrogasserian GKS and 
prospectively followed-up in the Timone University 
Hospital in Marseille, France. During the 18 years of 
the study various models of the Gamma Knife were 
successively used (models B, C, 4C or Perfexion; 
Elekta Instruments, AB, Sweeden). After application 
of the Leksell Model G stereotactic frame (Elekta 
Instruments AB, Sweden) under local anesthesia, all 
patients underwent stereotactic magnetic resonance 
imaging (MRI) and computer tomography (CT) for target 
definition. A single 4-mm isocenter was positioned in 
the cisternal portion of the trigeminal nerve at a median 

distance of 7.6 mm (range 4.5-14) anteriorly to the 
emergence of the nerve (retrogasserian target). The 
median maximal dose delivered in this series was 85 Gy 
(range 70- 90).

Results: he median age was 68.3 years (range 28.1-93.2). 
The median follow-up period was 43.8 months (range 12-
174.4). Four hundred and fifty-four patients (91.75%) 
were initially pain-free in a median time of 10 days (range 
1-459). Their probability of remaining pain-free at 3, 5, 
7 and 10 years was 71.8%, 64.9%, 59.7% and 45.3%, 
respectively. The hypoesthesia actuarial rate at 5 years 
was 20.4% and at 7 years reached 21.1% and remained 
stable till 14 years with a median delay of onset of 12 
months (range 1-65). A facial hypoesthesia somewhat 
(8 cases, 1.6%) or very (3 cases, 0.6%) bothersome was 
reported in a total of 11 patients (2.2%). One hundred and 
fifty seven (34.4%) patients initially pain free experienced 
a recurrence with a median delay of 24 months (range 
0.62-150.06). The rate of recurrence sufficiently severe to 
require a new surgery was 67.8% at 10 years. 

Conclusion: Retrogasserian GKS proofed to be a safe 
and effective treatment for CTN, on the basis of a large 
population of patients, with only 21.1% hypoesthesia 
and only 0.6% bothersome hypoesthesia. The rate of 
recurrence sufficiently severe to require a new surgery 
was 67.8% at 10 years. The high probability of a long-
lasting pain relief and the rarity of complications of GKS 
suggest that this approach can be proposed as a first 
and/or second intention alternative.

Disclosure: No significant relationships.
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Cyberknife stereotactic radiosurgery  
in the treatment of patients with 
trigeminal neuralgia
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C. Peck2 
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Object: Frame-based stereotactic radiosurgery (SRS) 
has been established as an effective treatment modality 
for trigeminal neuralgia (TN). The CyberKnife (Accuray, 
Inc., Sunnyvale, CA) is an image-guided radiosurgical 
system that uses a compact 6-MV linear accelerator 
mounted on a robotic arm to deliver radiosurgery dose 
with submillimeter accuracy. In 2003, Romanelli et al 
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reported their initial experience with 10 patients treated 
with CyberKnife for trigeminal neuralgia. This was the 
first report of stereotactic radiosurgery for this diagnosis 
using a non-frame based technology. Since that time, 
a number of centers have reported small series of 
CyberKnife radiosurgical treatments for TN, challenging 
the conventional wisdom that the target requirements for 
this treatment necessitates a fixed radiation source. This 
series adds to the available data on safety and efficacy of 
non-isocentric frameless SRS for TN.

Methods: Fifty consecutive patients were treated between 
November 2009 and October 2012 for idiopathic TN 
at CyberKnife Center of Chicago. Patients with atypical 
pain were excluded, but a small number of patients 
with multiple sclerosis, or prior procedures, including 
SRS, percutaneous rhizotomy or microvascular 
decompression were included. Patients were evaluated 
for level of pain control, response rate, time to pain relief, 
occurrence of hypesthesia and time to pain recurrence 
with respect to the length of the nerve treated and the 
maximum and minimum dose to the nerve margin.

Results: Forty-four patients (88%) experienced initial 
pain relief at a median of 7 days after treatment. Pain 
control was graded on the Barrow Neurologic Pain Scale 
and was ranked as excellent in 40 patients (80%). Two 
of the 44 patients (4.5%) with initial relief experienced a 
recurrence of pain at a median of 6 months. Long-term 
response after a mean follow-up time of 22 months was 
found in 36 of 46 patients (78%). Twenty-three patients 
(50%) experienced numbness after treatment, as judged 
by the BNI Facial Hypesthesia Scale.

Conclusions: In this series, the largest single center 
experience in the literature to date with CyberKnife 
radiosurgery for TN, the procedure has been demonstrated 
to provide high rates of initial pain control and short latency 
to pain relief. The doses and procedures for targeting 
currently used for treatment are both safe and effective. 

Disclosure: No significant relationships.
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Bioeffects of ultrasound-stimulated 
microbubbles on endothelial cells : gene 
expression changes associated with 
radiation enhancement in vitro
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Objectives: Ultrasound can be used to target endothelial 
cells in cancer therapy where the destruction of 
vasculature leads to tumour cell death. Here, we 
demonstrate ultrasound bioeffects in which the levels 
of genes in endothelial cells can be significantly altered 
by ultrasound-stimulated microbubble exposure. These 
were compared to established effects of radiation on 
endothelial cells at a gene level.

Methods: Human-endothelial cells were exposed to 
ultrasound and microbubbles, radiation, or combinations 
of ultrasound, microbubbles and radiation. The treatment 
outcome was investigated using microarray, real time 
RT-PCR, and immunohistochemistry.

Results: Gene expression analyses revealed an up-
regulation of genes known to be involved in apoptosis, 
and ceramide-induced apoptotic pathways, including 
SMPD2, UGT8, COX6B1, Caspase 9, and MAP2K1 with 
ultrasound-stimulated microbubble exposure but not 
SMPD1. This was supported by immunohistochemistry 
and morphological changes examined with cell 
microscopy which however showed changes in SMPD1 
gene product in cells with microbubble exposure.

Conclusion: This supports the hypothesis that 
ultrasound-stimulated microbubbles can induce 
significant bioeffect-related changes in gene expression, 
and can affect ceramide signaling pathways in endothelial 
cells leading to apoptosis.

Disclosure: No significant relationships.

Abstract: 285

Effects of biophysical parameters in 
radiosensitizing prostate tumours with 
ultrasound-stimulated microbubbles

H.C. Kim, A.A. Al-Mahrouki, G.J. Czarnota 

Radiation Oncology, Sunnybrook Health Sciences Centre, 

Toronto/CANADA

Objectives: Microbubbles have been shown to be 
effective vascular disrupting agents. Previous studies 
have demonstrated its efficacy as radioenhancement 
agents in pre-clinical models. The present study 
investigates the implications on radioenhancement and 
cell death in a prostate cancer xenograft model when 
varying concentrations of microbubbles and ultrasound 
parameters.

Methods: Prostate xenograft tumors (PC-3) in severe 
combined immunodeficiency SCID mice were subjected 
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to ultrasound treatment that involved various peak 
negative pressures (250 kPa, 570 kPa, and 750 kPa), 
microbubble concentrations (8 µL/kg, 80 µL/kg, and 
1000 µL/kg), and different radiation doses (0 Gy, 2 Gy, 
and 8 Gy). Twenty-four hours after treatment, tumors 
were excised and assessed for cell death. Standard 
Immunohistological analysis using in situ end labeling, 
hematoxylin/eosin and ceramide detection assessed 
cellular and biological characteristics after treatment. 

Results: Histological analyses demonstrated that 
increases in radiation dose, microbubble concentration, 
and ultrasound pressure promoted apoptotic cell death 
and cellular disruption within tumors by up to 21 %, 
30 %, and 43 %, respectively. Data indicated that with 
a low microbubble concentration only the cells treated 
with 750 kPa ultrasound pressure dramatically produced 
ceramide, whereas with the medium microbubble 
concentration cells treated with both 570 kPa and 
750 kPa ultrasound pressures generated relatively 
high amounts of ceramide. With the high ultrasound 
pressure samples treated with any bubble concentration 
demonstrated relatively significant amount of ceramide 
compared to the control.

Conclusion: The results of the study demonstrate that 
clinically utilized microbubble concentrations combined 
with ultrasound can induce an enhancement in cell death.

Disclosure: No significant relationships.

Abstract: 286

Characterization of the effects of 
ultrasound-activated micro-bubbles in 
sensitizing radiation; a potential new 
cancer therapy

A.A. Al-Mahrouki, A. Caissie, S. Iradji, G.J. Czarnota 

Radiation Oncology, Sunnybrook Health Sciences Centre, 

Toronto/CANADA

Objectives: There is a need to optimize radiation therapy 
to overcome tumor resistance to the therapy. Our 
laboratory have developed a novel therapeutic approach 
that combines radiation with ultrasound-activated 
micro-bubbles. To characterize the effect of this new 
treatment; we have used xenograft prostate tumours 
arising in mice.

Methods: We then evaluated the outcome using 
histopathology, In situ end labeling (ISEL), terminal 
deoxynucleotidyl transferase dUTP nick-end labeling 
(TUNEL), clonogenic and immunohistochemistry assays 

24 hours after treatments. The treatments included the 
use of radiation only (2Gy or 8Gy), or ultrasound (US)-
activated micro-bubbles (MB; 0.3% v/v ~ 7.2X10^7), or 
a combination of radiation and activated micro-bubbles.

Results: The histopathology, TUNEL and ISEL assays 
have revealed an increased damaged tumour core with the 
combined treatment, indicating more tumour cell death. 
The clonogenic assays supported these results, with a 
55%-64% cell death after treatments with 2Gy, 8Gy, or 
US/MB, and more cell death after the use of combined 
treatments that ranged between 74%-86% with P <0.018 
(US+MB+2Gy), and P <0.008 (US+MB+8Gy). Immuno-
labeling of a number of markers was also investigated 
to test the effect (s) on cell proliferation (Ki67), blood 
leakage (factor VIII), angiogenesis (CD31), angiogenesis 
signaling (VEGF), oxygen limitation (PHD2), and DNA 
damage/repair (Gamma H2AX). Ki 67 labeling has 
indicated a significantly less proliferating cells with the 
combined treatment of US+MB+8Gy (9.8±2.3 cells/mm2) 
when compared to the untreated (20±2.47 cells/mm2, P 
<0.024). Similarly, an alteration in the vasculature was 
also observed, with decreased level of blood vessels 
with the combined treatment. Additionally, oxygenation 
levels were decreased, where, an increase in the level of 
DNA damage was also observed.

Conclusion: These observations demonstrated an 
increased sensitization to radiotherapy in response to the 
combined treatment that included the activated micro-
bubbles. We envision this approach to be a promising 
new advance in cancer radiotherapy.

Disclosure: No significant relationships.

Abstract: 287

Udp glycosyltransferase 8 (UGT8) 
involvement in a novel cancer 
therapy that employs ultrasound and 
microbubbles; in vitro and in vivo study

A.A. Al-Mahrouki, A. Giles, A. Hashim, H.C. Kim,  
A. El-Falou, D. Rowe-Magnus, R. Karshafian,  
G.J. Czarnota 

Radiation Oncology, Sunnybrook Health Sciences Centre, 

Toronto/CANADA

Objectives: The use of ultrasound (US) activated 
microbubbles (MB) in cancer therapy is a new approach 
to sensitize cells to radiation. And the molecular 
determinants involved in regulating the pathways that 
control this process are yet to be identified. We have 
previously analyzed the genes of treated endothelial 
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cell line (HUVEC) and have found an up-regulation of a 
number of genes including UDP glycosyltransferase 8 
(UGT8) gene. UGT8 enzyme is known to catalyze the 
transfer of galactose to ceramide, which plays a role 
in inducing the apoptotic signal. In this study we have 
investigated the effect of down regulating UGT8 on the 
sensitization of prostate cancer cell line (PC3) to therapy.

Methods: We have stably transfected PC3 cells with a 
shRNA construct against UGT8, and then treated the 
cells with radiation, US/MB, or a combination of radiation 
and US/MB. We further used the stably transfected cells 
to induce xenograft tumors, which were also treated 
similarly to in vitro. Additionally, sonoporation using MB 
was also used in vivo to down-regulate UGT8 gene. The 
outcome was evaluated using clonogenic assays, TUNEL 
or immunohistochemistry.

Results: We have observed an increase in the immuno-
labeling of ceramide in the cells where UGT8 was down-
regulated as oppose to the cells where UGT8 was not 
regulated or was up-regulated. Clonogenic assays 
have revealed a decreased level of cellular survival 
with the down-regulation of UGT8. Xenograft tumors 
were treated with microbubbles and radiation, and the 
histopathology demonstrated more cellular damage in 
tumors with down-regulated UGT8 when compared to 
tumors with up-regulated UGT8. Additionally, the use 
of sonoporation to inhibit UGT8 in non-transfected 
xenograft PC3 tumors, was associated with the 
production of high levels of ceramide and tumour cells 
were less proliferating compare to the control.

Conclusion: The results indicate an added effect to the 
sensitization of cancer cells to therapy.

Disclosure: No significant relationships.

Abstract: 288

Microbubble and ultrasound 
radioenhancement of bladder cancer

W.T. Tran, S. Iradji, E. Sofroni, A. Giles, D. Eddy,  
G.J. Czarnota 

Radiation Oncology, Sunnybrook Health Sciences Centre, 

Toronto/CANADA

Objectives: Tumour vasculature is an important 
component of tumour growth and survival. There is 
a growing body of work suggesting that there can be 
synergistic anti-tumour effects when anti-vascular 
agents are combined with radiation. Recent reports 
propose radiation response as a function of the tumour 

vasculature. This is in addition to the classically accepted 
model that radiosensitivity and tumour control is a 
result of direct and indirect effects of ionizing radiation 
on tumour stem cells and undifferentiated progenitor 
clonogens. Vascular damage has been long reported 
as an inherent effect when tumours are exposed to 
ionizing radiation. Therefore, there is an opportunity 
to further investigate the impact of antivascular agents 
and radiation to the tumour microenvironment. In this 
study, we investigated ultrasound and microbubbles to 
enhance the effects of radiation in a xenotransplanted 
bladder cancer model.

Methods: Human bladder cancer HT-1376 xenografts 
in severe combined immuno-deficient mice were used. 
Treatments consisted of no, low and high concentrations 
of microbubbles and radiation doses of 0, 2 and 8Gy in 
short-term and longitudinal studies. Acute response was 
assessed 24 h after treatment and longitudinal studies 
monitored tumour response weekly up to 28 days 
using power Doppler ultrasound imaging for a total of 9 
conditions (n=90 animals).

Results: Quantitative analysis of ultrasound data revealed 
reduced blood flow with ultrasound-microbubble 
treatments alone and further when combined with 
radiation. Tumours treated with microbubbles and 
radiation revealed enhanced cell death, vascular 
normalization and areas of fibrosis. Longitudinal data 
demonstrated a reduced normalized vascular index 
and increased tumour cell death in both low and high 
microbubble concentrations with radiation.

Conclusion: Our study demonstrated that ultrasound-
mediated microbubble exposure can enhance radiation 
effects in tumours and can lead to enhanced tumour cell 
death.

Disclosure: No significant relationships.

Abstract: 289

Microbubble and ultrasound 
enhancement of radiation-induced tumour 
cell death in vivo – asmase dependence

G.J. Czarnota, A. Hashim, A. El Kaffas,  
R. Karshafian, A. Giles, S. Iradji, A.A. Al-Mahrouki 

Radiation Oncology, Sunnybrook Health Sciences Centre, 

Toronto/CANADA

Objectives: It is now appreciated that radiation not only 
damages the DNA inside tumour cells in vivo but may 
act by damaging the endothelial cells of the vasculature. 
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In this study we tested the hypothesis that microbubble 
agents in vivo may be used a priori to cause endothelial cell 
perturbations thus causing “radiosensitization” of tumours.

Methods: Fibrosarcoma xenograft-bearing mice (n=200+) 
were exposed to combinations of ultrasound, activated-
microbubbles, and radiation (8 animals per group). For 
ultrasound treatments, animals were exposed to 500 
kHz center frequency 570kPa peak negative pressure 
for treatment. For treatments involving bubbles, Definity 
bubbles (Bristol Myers-Squibb) were administered and 
for radiation treatments160 kVp X-rays were used at 
doses of 2 and 8 Gy. Representative tumour sections 
were examined using immunohistochemistry. Clonogenic 
assays and growth delay studies were also carried out. 
Experiments were carried out in asmase +/+ and -/- mice 
to investigate endothelial cell apoptosis effects.

Results: Analyses indicated a synergistic increase 
in tumour cell kill due to vascular disruption that was 
asmase dependent caused by the combined therapies 
that increased when microbubbles were used in 
conjunction with radiation with increases of cell kill 
from 5% to over 50% with combined single treatments. 
Immunohistochemistry indicated endothelial cell 
apoptosis and activation of the ceramide cell-death 
pathway to be caused by microbubbles. Multiple 
treatments indicated better therapeutic outcome 
with multiple treatments combining both modalities 
compared to single modality treatments.

Conclusion: Radiation effects were synergistically 
enhanced by using microbubbles to perturb tumour 
vasculature prior to the administration of radiotherapy. 
Analyses indicated activation of ceramide-mediated 
apoptotic cell death in endothelial cells leading to 
vascular disruption in tumours. This lead to profoundly 
enhanced tumour cell death even after one combined 
treatment using a 2Gy radiation dose. This work forms 
the basis for ultrasound-induced spatial targeting of 
radiotherapy enhancement.

Disclosure: No significant relationships.

Abstract: 290

Microbubble and ultrasound 
enhancement of radiation-induced  
tumour cell death in vivo

G.J. Czarnota, R. Karshafian, A. Giles, S. Iradji,  
E. Wong, A.A. Al-Mahrouki 

Radiation Oncology, Sunnybrook Health Sciences Centre, 

Toronto/CANADA

Objective: It is now appreciated that radiation not only 
damages the DNA inside tumour cells in vivo but may 
act by damaging the endothelial cells of the vasculature. 
In this study we tested the hypothesis that microbubble 
agents in vivo may be used apriori to cause endothelial 
cell perturbations thus causing “radiosensitization” of 
tumours.

Methods: Human prostate cancer xenograft-bearing 
mice (315 animals) were exposed to combinations 
of ultrasound, activated-microbubbles, and radiation 
(8 animals per group). For ultrasound treatments, 
animals were exposed to 16 cycles tone burst at 500kHz 
center frequency 570kPa peak negative pressure with 
a 3kHz pulse repetition frequency for 5 minutes. For 
treatments involving bubbles, Definity bubbles (Bristol 
Myers-Squibb) were first administered and for radiation 
treatments160 kVp X-rays were used at doses of 2 
and 8 Gy and with multiple treatments over 3-4 weeks 
(60 animals). Representative tumour sections were 
examined using immunohistochemistry. Clonogenic 
assays and growth delay studies were also carried out.

Results: Analyses indicated a synergistic increase in 
tumour cell kill due to vascular disruption caused by the 
combined therapies that increased when microbubbles 
were used in conjunction with radiation with increases 
of cell kill from 5% to over 50% with combined 
single treatments. Immunohistochemistry indicated 
endothelial cell apoptosis and activation of the ceramide 
cell-death pathway to be caused by microbubbles. 
Multiple treatments indicated better therapeutic outcome 
with multiple treatments combining noth modalities 
compared to single modality treatments.

Conclusion: Radiation effects were synergistically 
enhanced by using microbubbles to perturb tumour 
vasculature prior to the administration of radiotherapy. 
Analyses indicated activation of ceramide-mediated 
apoptotic cell death in endothelial cells leading to 
vascular disruption in tumours. This lead to profoundly 
enhanced tumour cell death even after one combined 
treatment using a 2Gy radiation dose. This work forms 
the basis for ultrasound-induced spatial targeting of 
radiotherapy enhancement.

Disclosure: No significant relationships.
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Abstract: 291

Gamma knife radiosurgery thalamotomy 
for intractable tremors: a blinded 
assessment

J. Régis, R. Carron, J.P. Azulay, T. Witjas 

Functional And Stereotactic Neurosurgery Service And 

Gamma Knife Unit, Centre Hospitalier Universitaire La 

Timone, Assistance Publique-Hopitaux de Marseille, 

Université Aix-Marseille, INSERM U 751, Marseille/FRANCE

Objective: To assess the safety and efficacy of Gamma 
Knife thalamotomy for the treatment of severe tremors

Background: Thalamic DBS is a well-recognized treatment 
for intractable tremors. However, some patients are poor 
candidates for invasive neurosurgery, wether due to the 
use of anticoagulants, serious medical co-morbidities 
or advanced age. Gamma-knife radiosurgery could be a 
safe alternative.

Design/Methods: 50 patients (mean age: 72.4 yo) with 
severe refractory tremor (36 essential 14 Parkinsonian, 
32 men and18 women) and contraindication for DBS 
were treated with unilateral Gamma-knife thalamotomy. 
VIM targeting was achieved with Leksell Gamma unit 
with a single exposure through a 4mm collimator 
helmet. The GKS dose at the maximum was 130 Grays. 
Tremor severity assessment (Whiget tremor rating 
scale), impairment in activities of daily living and 
cognitive assessment (Mattis dementia rating scale, 
verbal fluency) were done before surgery and at 6 and 12 
months. MRIs follow-up is done at 3,6 and 12 months. 
A neurologist, specialised in movement disorders 
from another center (Grenoble France), did a blinded 
assessment of the tremor severity for each patient with a 
video done before and at 12 months after thalamotomy.

Results: 38 patients had a left thalamotomy and 12 
patients had a right. The blinded assessment showed 
an improvement by more than 50% (55.1 for the right 
hand tremor and 57.5 for the left). Every component 
of the tremor were improved (rest, postural and 
intention), writing was improved by 46%. The activities 
of daily living were improved by 72.6%. The cognitive 
assessment remained stable. The delay of improvement 
was variable from 1 to 12 months. The only side effect 
was a transient hemiparesis due to excessive edema 
around the thalamotomy. Follow-up MRI showed T2-
hyperintense signal changes with mild gadolinium 
enhancement. 12 patients had no effect on tremor. 
Analysis of MRI revealed a very limited lesion with 
no enhancement. These patients were considered as 
hyporesponsive to Gamma Knife.

Conclusions: Gamma-knife thalamotomy is a safe and 
efficient procedure for treating severe tremor with an 
improvement of 55%. Side effects are rare and transient. 
The absence of effect on tremor is probably due to a 
hyporesponse to Gamma Knife.

Disclosure: No significant relationships.

Abstract: 292

Prospective evaluation of gamma  
knife surgery in hypothalamic 
hamartomas: about a series of  
64 patients

J. Régis, M. Laghmari, G. Daquin, N. Villeneuve,  
F. Bartolomei, P. Chauvel 

Functional And Stereotactic Neurosurgery Service And 

Gamma Knife Unit, Centre Hospitalier Universitaire La 

Timone, Assistance Publique-Hopitaux de Marseille, 

Université Aix-Marseille, INSERM U 751, Marseille/FRANCE

Rational: Epilepsies associated to Hypothalamic 
Hamartomas are frequently drug-resistant with a 
severe psychiatric and cognitive comorbidity. We have 
organized a prospective trial in order to evaluate the 
safety and efficacy of radiosurgery using the Gamma 
Knife (GK).

Material and Method: Between January 1999 and 
December 2007, 64 patients were investigated, included 
and treated by GK in Timone University Hospital. 
Preoperative work-up and 3 years evaluation included: 
seizure diary, neuropsychological testing, psychiatric 
evaluation, endocrinological evaluation, visual field 
and acuity. Till now, follow up of more than 3 years 
is available for 40 patients. The hamartomas were of 
topological Type I (Regis et al ) in 8 patients, Type II in 
14 patients, Type III in 12 patients, Type IV in 1 patients, 
Type V in 1 patients and mixed Type in 3 patients. The 
median of the marginal dose was 17 Gy (Mean: 17,8+- 
1,6 ; min=14; max= 20). The median of the volume was 
419 mm3 (Mean 556,7 +- 394; min=31 ; max=1600). 
The median number of isocenters was 8 (Mean 9,4 +- 
5,5; min=1 ; max= 31). 25 patients (62,5%) have been 
treated twice due to partial result.

Results: The median follow up was 62 months (36-107). 
At last follow up the rate of Engel I was 47,5 %, Engel II 
17,5% (I+II 65%) & Engel III (20%). Global Psychiatric 
and Cognitive comorbidity was considered cured in 
28%, improved 56%, stable 8% and have continued to 
worsen in 8%. No permanent neurological (specially 
no mnesic nor visual deficit) side effect is reported. A 
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non-disabling transient poikilothermia was observed in 3 
patients (7,5%). A transient increase of seizure frequency 
is reported in 7 patients (17,5%). Microsurgery was 
proposed due to insufficient efficacy of GKS in 5 patients 
(Type II, Type III, type IV in one patient each, mixed type 
in 2 patients). The postoperative outcome (after GK and 
microsurgery) was Engel I (40%), Engel III (40%) and 
Engel IV (20%).

Conclusion: This prospective trial is demonstrating the 
very good safety efficacy of Gamma Knife radiosurgery 
in the long term. Beyond seizure reduction, the 
improvement of the psychiatric, cognitive condition and 
school and social insertion is turning out to be the major 
benefit of GKS in this frequently catastrophic epilepsy 
group.

Disclosure: No significant relationships.

Abstract: 293

Gamma-knife surgery for unilateral koos 
iv vestibular schwannomas: long-term 
outcomes.

J. Régis1, L. Da Roz1, C. Tancu1, C. Delsanti1,  
J.M. Thomassin1, P.H. Roche2 

1Functional And Stereotactic Neurosurgery Service And 

Gamma Knife Unit, Centre Hospitalier Universitaire La 

Timone, Assistance Publique-Hopitaux de Marseille, 

Université Aix-Marseille, INSERM U 751, Marseille/FRANCE, 

2Neurochirurgie, Hopital Nord, Marseille/FRANCE

Object: In large Vestibular Schwannomas (VS), 
microsurgery is the main treatment option, associated 
or not with Gamma Knife Surgery (GKS) to achieve long-
term growth control of residual VS after an incomplete 
resection. However, some patients do not present 
with symptomatic mass effect or may be old, suffer 
from severe comorbidities, or even refuse the surgical 
procedure. In these cases GKS may be a treatment 
option for large VS. In this study, we report the authors 
experience in GKS for large VS, evaluating the morbidity 
and tumor-rate control in our institution, only in these 
exceptional cases.

Methods: Out of our cohort 3332 VS treated by 
radiosurgery in the Stereotactic and Functional 
Neurosurgery Department of Timone University Hospital 
we analyzed retrospectively 109 consecutive patients who 
underwent GKS for small Koos IV VS between July 1992 
and November 2011. We excluded VS in NFII patients, 
1 triton tumor, and those treated less than 3 years ago. 
No patient had symptomatic brainstem compression at 

the time of GKS. Radiosurgery was performed using a 
Gamma Knife (model B, C, 4C and perfexion) based on 
both CT and MR high resolution stereotactic images. 
Serial imaging with volume measurements, audiometry 
and clinical follow-up were performed for at least 3 years 
from the moment of the GKS.

Results: Were included 95 VS patients with a median 
age of 54,5 years (23-84), with a median of the 
maximum dimension of 22,6mm (10-38) and a median 
marginal dose of 11Gy (8-13). Three patients have been 
subsequently operated microsurgically due to a failure. 
The tumor control rate at the last follow up was 96,4% 
which is significantly lower than our overall tumor 
control rate in VS (98%). Shunting have been performed 
for treatment of symptomatic hydrocephalus in 4 
patients. No facial palsy was observed at any time in this 
population. A functional hearing was preserved in 68,5% 
of the patients presenting with a functional hearing at the 
time of radiosurgery.

Conclusions: Gamma Knife Surgery in Koos IV vestibular 
Schwannomas, without major brainstem compression, 
is turning out to as safe as in smaller tumors. These 
results are comparing very favorably to the very best 
results of resection for the same kind of tumors. Tumor 
control is turning out to be slightly lower but still very 
satisfactory in this difficult group of patients.

Disclosure: No significant relationships.

Abstract: 294

Initial experience of hypofractionated 
stereotactic radiotherapy as treatment 
option for large cerebral arteriovenous 
malformations

R. Wurm 

Radiation Oncology, Stereotactic Radiosurgery And 

Radiotherapy Neurocompetence Center, Klinikum Frankfurt 

(Oder) Charité-Universitätsmedizin Berlin, Frankfurt(Oder)/

GERMANY

Purpose: To assess the initial clinical outcome after 
hypofractionated stereotactic radiotherapy (HSRT) in 
large cerebral arteriovenous malformations (AVMs).

Methods and Materials: We analyzed 61 patients with 
large cerebral AVMs predominately in eloquent areas 
following HSRT (55Gy in 11 fractions) between 01/2005-
06/2011, mean follow-up 23 months. The median volume 
was 21.7ccm (range 15-64.4ccm), Spetzler-Martin grade 
IV 35 (58%), >V 18 (29%), unknown 8 (13%). Prior to 
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HSRT 33 (54.1%) patients had bleed and 16 (29.1%) 
were initially partially embolized. All patients had at least 
one clinical neurological symptom prior to HSRT.

Results: Improvements on MRI at 6 months were noted 
in 51 out of 61 patients, and at 24 months in 36 out 
of 40 patients. The 2-year rate of obliteration on MRI 
was 50% and the 3-year rate 70%, respectively. At 4 
years the angiographically verified obliteration rate 
was 75%. Preexisting neurologic symptoms improved 
and remained stable in at least in 50% of patients. 
Symptomatic MRI changes were found at 6 months 
in 15 patients (25%), and at 24 months in 3 patients 
out of 40 patients (7%), respectively. In 2 patients with 
hemorrhages prior to HSRT new bleds were noted within 
the first year.

Conclusions: HSRT may be an option in patients with 
large AVMs with acceptable toxicity.

Disclosure: No significant relationships.

Abstract: 295

Outcomes for post-surgical 
hypofractionated stereotactic cavity 
radiotherapy (HSCRT) as salvage for 
patients with prior whole brain radiation 
(WBRT) as compared to upfront  
adjuvant HSCRT

H. Soliman1, A.S. Al-Omair1, W. Xu2, A. Karotki1,  
N. Phan3, S. Das4, J. Perry5, M. Tsao1, T. Mainprize3, 
A. Sahgal6 

1Department Of Radiation Oncology, Sunnybrook Health 

Sciences Centre, University of Toronto, Toronto/ON/CANADA, 

2Department Of Biostatistics, University Health Network, 

University of Toronto, Princess Margaret Hospital, Toronto/

ON/CANADA, 3Division Of Neurosurgery, Sunnybrook Health 

Sciences Centre, University of Toronto, Toronto/ON/CANADA, 

4Division Of Neurosurgery, St. Michaels Hospital, University 

of Toronto, Toronto/ON/CANADA, 5Division Of Neurology, 

Sunnybrook Health Sciences Centre, University of Toronto,, 

Toronto/ON/CANADA, 6Department Of Radiation Oncology, 

Princess Margaret Hospital, University Of Toronto, Department 

of Radiation Oncology, Sunnybrook Health Sciences Centre, 

University of Toronto, Toronto/ON/CANADA

Purpose: Whole brain radiation (WBRT) has been shown 
to reduce local recurrence and is considered the standard 
of care post surgical resection of brain metastases. 
However, surgical bed (cavity) radiation is emerging as 
an alternative especially in patients who have received 
previous WBRT. The purpose of this study is to report 
the efficacy and toxicity of hypofractionated stereotactic 

cavity radiotherapy (HSCRT) in patients with and without 
prior WBRT.

Method: Outcomes of 32 surgical cavities post-HSCRT 
in 30 patients were retrospectively reviewed. All patients 
were immobilized in a rigid thermoplastic mask and 
treated using a 4mm multi-leaf collimator, image-guided 
linac system, equipped with a robotic couch. The clinical 
target volume was the post-surgical cavity and a 2 mm 
planning target of volume was applied. The median 
total dose was 30 Gy (range 25-37.5Gy) and all patients 
treated were treated with 5 fractions.

Results: Twenty out of 30 patients (67%) had no-prior 
WBRT, while 10 patients (33%) had prior WBRT (6 
had prior surgery followed by WBRT who then locally 
relapsed and were salvaged with a second surgery and/
or HSCRT). The median follow-up was 9.7 months 
(range, 3 - 23.6) and 15.3 months (range, 2.9 - 39.7) in 
the no-prior WBRT and prior WBRT cohort, respectively. 
Seventy-two percent of surgical excisions were gross 
total and the remaining were subtotal. The most 
common primary site was non-small cell lung cancer. In 
the no prior WBRT and prior WBRT cohort, the median 
survival was 23.6 months and 39.7 months, the cavity 
progression-free survival (PFS) at 12 months was 79% 
and 100%, the median time to progression was not 
reached and 17.7 months, and the distant brain PFS 
at 12 months was 63% and 52%, respectively. Three 
patients out of the 10 patients in the prior WBRT cohort 
developed grade 3 radiation necrosis.

Conclusions: Favorable outcomes with HCSRT are 
reported for patients with and without prior WBRT, 
however, as a salvage therapy there is a moderate risk 
of radiation necrosis.

Disclosure: No significant relationships.
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Neurocognitive function of patients with 
brain metastases following gamma knife 
surgery: interim monitoring report of 
JLGK0901

Y. Higuchi1, T. Serizawa2, T. Shuto3, A. Akabane4,  
Y. Sato5, J. Kawagishi6, K. Yamanaka7, M. Yamamoto8 

1Department Of Neurological Surgery, Chiba University 

Graduate School of Medicine, Chiba/JAPAN, 2Tokyo Gamma 

Unit Center, Tsukiji Neurological Clinic, Tokyo/JAPAN, 

3Department Of Neurosurgery, Yokohama Rosai Hospital, 

Yokohama/JAPAN, 4Gamma Knife Center, Kanto Medical 

Center, NTT EC, Tokyo/JAPAN, 5Clinical Research Center, 

Chiba University Hospital, Chiba/JAPAN, 6Jiro Suzuki 
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Memorial Gamma House, Furukawa Seiryo Hospital, 

Furukawa/JAPAN, 7Department Of Neurosurgery, Osaka City 

General Hospital, Osaka/JAPAN, 8Mito Gammahouse, Katsuta 

Hospital, Hitachinaka/JAPAN

Purpose: To determine how the gamma knife surgery 
(GKS) affects the neurocognitive function of patients 
with brain metastases who included in prospective 
multi-institute study for brain metastases (JLGK0901).

Method: Until Dec 2010, 859 patients were eligible 
for JLGK0901. We monitored neurocognitive function 
using Mini-Mental State Examination (MMSE) before 
GKS and at 4 and 12 months after GKS. We evaluated 
MMSE change, effects of pre-treatment status to MMSE 
score. We also divided into following 2 groups regarding 
pre-treatment MMSE score: Group A, MMSE score ≥27; 
Group B, ≤27. Neurocognitive change was defined as 
3-point change in the MMSE score.

Results: We evaluated MMSE for 776 patients (90.3%) 
before GKS. The mean score of MMSE was 27.2 ± 3.1 
(mean ± standard deviation). Age >65, total tumor 
volume >3 cm3 and KPS£ 80 were significantly related 
to lower MMSE score. We obtained MMSE score of 350 
patients (45.1%) at 4 months after GKS and 111 patients 
(14.3%) at 12 months after GKS. The MMSE scores were 
28.1 ± 2.5 and 27.7 ± 3.6 at 4 months and 12 months 
after GKS, respectively. MMSE score significantly was 
increased at 4 months after GKS, respectively.

There was no significant difference in MMSE score 
between pre- and 12 months after GKS. In most of group A 
patients, MMSE scores were stable during follow-up. Half 
of group B patients experienced improvement of MMSE 
scores. In both groups, neurocognitive deterioration was 
detected in approximately 10% of the patients.

Conclusion: Minimum risk of deteriorating 
neurocognitive function was confirmed at least up to  
12 months after GKS. No major adverse effects due to 
GKS occurred in this cohort. Follow-up of the patients 
study will be completed in 2013. This result will be 
updated in final report of JLGK0901
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Geometric accuracy of high dose, 
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consequences of the use of mr imaging
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Background & Purpose: Stereotactic radiosurgery 
(SRS) is an increasingly important treatment modality 
for pain relief of spinal oligometastases. Considering the 
dose (16-24Gy) and proximity to the spinal cord, good 
governance of total geometric treatment accuracy is 
imperative. When using MRI for spinal cord delineation in 
SRS treatment planning, the cerebrospinal fluid (CSF) no 
longer serves as an implicit organ-at-risk margin. In this 
study, spinal cord motion within CSF was investigated 
with MRI to estimate its potential influence on geometric 
accuracy of SRS spine treatment.

Method: MRI series of 8 volunteers were collected 
at different spine locations (C7, T8 or L2). Data were 
acquired on a 1.5T scanner; resolutions 0.5x0.5x2mm3 
(T1, T2 weighted) and 0.6x0.6x10mm3 (cine MRI). 
To assess the influence of subject positioning, spine 
orientation was changed with cushions and subjects were 
repositioned. Analysis involved rigid, grey value, vertebral 
body registration, followed by translations-only spinal 
cord registration. The difference between translations of 
vertebral and spinal cord registrations was analyzed in 
three directions (LR, AP, CC) as a measure for spinal cord 
movement within CSF. In some scans, the water-fat shift 
(WFS) direction was altered to determine the impact on 
(perceived) spinal cord location. Respiration effects were 
evaluated on free breathing cine MRI.

Results: Evaluation of the registration procedure 
showed that, on average at T8, reproducibility of the 
differences was 0.03±0.1mm in LR, AP directions and 
-0.2±0.4mm in CC direction. Effects of spine orientation 
and repositioning could not be distinguished within 
that reproducibility for C7, T8 and L2 (figure 1). For 
L2 however (equina cauda), the reproducibility in CC 
direction (SD 1.5mm) was poorer. In two participants, 
this resulted in spurious larger registration differences in 
AP and CC directions. Opposing small WFS parameters 
(LR, AP; 2x0.3mm; T2) could not be detected, whereas 
larger parameters (LR, AP; 2x1.1mm; T1) translate into 
corresponding registration differences of 1.7±0.1mm. 
The cine MR images at T8 did not show spinal cord 
movement due to respiration.

Conclusion: MRI parameters (e.g. WFS) for sequences 
used in SRS treatment planning can be optimized to 
minimize geometric uncertainties. With respect to 
respiration and subject positioning, spinal cord position 
was found to be stable within a voxel. This implies that 
geometric accuracy in spine SRS with MRI for spinal 
cord delineation is uncompromised by spinal cord 
movement.

Disclosure: No significant relationships.
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Post- operative stereotactic body 
radiotherapy (SBRT) for patients with  
spinal metastasis: predictive and 
prognostic factors analysis
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Objectives: Spine SBRT is increasingly being applied 
to the post-operative patient, as an alternative to 
conventional palliative radiotherapy, with the aim to 
improve upon existing rates of local control. As an 
emerging indication, our aim was to identify clinical and 
dosimetric predictors of local control and survival.

Methods: 80 patients treated between October 2008 
to February 2012 with post-operative SBRT within 8 
weeks of surgery, were identified from our prospective 
database and retrospectively reviewed. The pre- and 
post-operative MR images were reviewed to characterize 
the disease extent within the spinal segment, and to 
grade epidural disease such that grade 0 is no epidural 
disease, grade 1 is dural compression without spinal 
cord displacement, grade 2 is cord compression with 
visible CSF and grade 3 is cord compression obliterating 
CSF. Other factors analyzed included type of surgery, use 
of systemic therapy post-SBRT, prior radiation exposure, 
total dose, dose per fraction and various dosimetric 
factors.

Results: The median follow-up was 8.3 months (range, 
0.2- 39.1). The most common primary histologies were 
breast (15%) and non-small cell lung cancer (15%), and 
56% of tumors were in the thoracic spine. 69 (86%) 
patients underwent a decompressive surgery while 11 
(14%) underwent a stabilization procedure alone. 35 
(44%) patients were treated with 1 or 2 fractions (total 
dose ranging from 18-26), and 45 (56%) with 3 to 5 
fractions (total dose ranging from 24-40). Pre- and post-
operative epidural grade 0, 1, 2, and 3 were observed in 

5%/7% , 35%/66%, 35%/10%, and 25%/0% of patients, 
respectively. 21 local failures (26%) were observed, and 
the 1-year local control (LC) and overall survival (OS) 
rates were 84% and 63%, respectively. The median 
time to local failure was 6.9 months (range, 0.2 - 37.4 
months). The most common site of failure was within 
the epidural space (15/21, 71%). We identified systemic 
therapy post-SBRT as the only significant predictor of 
OS (p=0.03). Multivariate proportional hazards analysis 
identified treatment with 1 or 2 fraction SBRT and a post-
operative epidural disease grade of 0/1 as significant 
predictors of LC. Subset analysis for only those patients 
with a pre-operative epidural disease grade of 2 or 3 
(n=48/80) indicated significantly greater LC rates when 
down-graded to 0/1 vs 2 (p=0.0009).

Conclusions: At one year, 80% of patients remained 
progression free. 1 or 2 fraction SBRT and a post-
operative epidural disease grade of 0 or 1 predicted for 
superior local control.

Disclosure: No significant relationships.

Abstract: 299

Long-term follow-up results of 
stereotactic radiosurgery for vestibular 
schwannomas: a study of 131 patients 
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Objectives: Stereotactic radiosurgery (SRS) is now 
established as either primary or post-operative treatment 
procedures for vestibular schwannomas (VSs) with 
a diameter smaller than 3.0 cm. However, post-SRS 
results accumulated for more than 10 years are as yet 
fully understood. We describe our personal experiences 
with SRS for VS patients receiving long-term follow-up.

Methods: This institutional review board-approved, 
retrospective cohort study used our prospectively 
accumulated database including 131 consecutive 
patients (77 females, 54 males, mean age; 56 [range; 
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24-79] years) who underwent SRS using a gamma 
knife for VSs during the 1990-2002 period. There 
were 11 neurofibomatosis II patients. Before SRS, 
surgical removal had been performed in 39 patients 
and ventricular-peritoneal (V-P) shunt placement in two. 
The median tumor volume was 2.0 (range; 0.05-16.9) 
cc. To avoid excess irradiation to the facial and cochlear 
nerves, the tumor was not totally covered with the 
selected peripheral doses. Instead, the anterior part of 
the tumor was covered with a 10 Gy isodose gradient; 
i.e., 78-100% (mean; 93%, median; 94%) of the entire 
tumor received the selected doses. Median dose at the 
tumor periphery was 12.0 (ranges; 10.0-15.0) Gy. 

Results: As of the end of December, 2012, one patient 
was lost to follow-up and 10 were confirmed to have 
died of un-related diseases with a median post-SRS 
interval of 40 (range; 5-104) months. Excluding the 
case lost-to-follow-up and four who died early (before 
the 36th post-SRS month), the mean and median post-
SRS observation periods were 99 and 96 (maximum; 
205) months. Among the 126 patients, follow-up 
magnetic resonance imaging data were available in 121 
(96%); tumor shrinkage was shown in 71 (56%), no 
change in 31 (25%) and enlargement in the other 19 
(15%). Among the 19 patients with enlarged tumors, 
further procedure (FP) was required in 10 (7.9%), i.e., 
surgery in seven, surgery followed by re-SRS in one 
and re-SRS alone in two. Actuarial FP-free incidences 
were 94.9% and 90.4% at the 60th and 120th post-
SRS month. The remaining nine patients have been 
carefully observed with no treatment thus far because 
no neurological deterioration has occurred. Post-SRS, 
one patient experienced facial pain while none had facial 
nerve disturbances. V-P shunt placement was required 
for symptomatic hydrocephalus in five patients (4.0%). 
Among 39 patients with serviceable hearing before SRS, 
hearing acuity was preserved in 15 (38%). 

Conclusion: In patients with VSs, SRS achieves good 
long-term results.
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Purpose Objective(s): This phase II component of 
a phase II/III randomized trial assessed the quality 
assurance (QA) of performing spine radiosurgery (SRS) 
in a cooperative group setting and the toxicity.

Materials and Methods: Patients with localized spine 
metastasis (1-3 sites) were treated with 16 Gy single 
fraction spine SRS. Rapid review and QA of tumor 
coverage and IGRT compliance were analyzed as 
follows: acceptable (per protocol) target coverage was 
≥90% of target volume receiving the prescribed dose. 
Partial spinal cord (sc) dose constraint was 10 Gy to 
≤10% of the sc volume defined from 5-6mm above to 
5-6mm below the target volume. Absolute sc dose was 
10 Gy to <0.35cc of sc. Exceeding any sc constraint 
was unacceptable. IGRT compliance was <2mm from 
planning to the end of SRS. Successful SRS delivery 
was defined as 70% of acceptable QA review to meet 
the feasibility criteria. Based on the one-sample exact 
binomial test with α=0.10 (1-sided), 41 pts were required 
to demonstrate the SRS feasibility/success rate with a 
statistical power of 0.85. SRS would be deemed feasible 
if at least 32 pts successfully met the planning directives.

Results: 41 pts from 15 institutions were accrued from 
8/7/09 to 2/24/11. Median age was 63 years; M: ratio 
1.6. On-study information was available for 36 pts - 
single spine lesion in 30 pts and 2 lesions in 6. There 
were 1 cervical, 17 thoracic and 18 lumbar sites. Median 
numerical pain score was 7 at presentation. All pts were 
treated successfully at the target coverage level - optimal 
in 26 (72%) and acceptable in 10 (28%). The sc dose 
constraints were optimal for all pts. All had appropriate 
IGRT compliance - optimal in 20 (91%) and acceptable 
in 2 (9%). Grade 1-2 SRS-related adverse events 
(CTCAE v3) were reported in 7 pts – 1 with headache, 
cough, palpitations; 1 with pruritus, bone pain; 1 with 
pharyngolaryngeal pain, neuropathy; 2 with back pain; 1 
with nausea, and 1 with dysphagia. No grade 3-5 related 
AEs. Grade 3-4 unrelated AEs included: 2 pts with back 
pain, 1 pt with GI, constitutional symptoms; 1 pt with 
bone pain, urinary retention.
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Conclusion: Despite the complexity of spine SRS, these 
phase II results demonstrate its successful delivery and 
feasibility in a cooperative group setting. Phase III study 
is ongoing to compare the efficacy in pain relief and 
quality of life of SRS vs. external beam radiotherapy.
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Management of lesions in the brainstem

M. Gorjian1, L. Steiner2 

1Neurosurgery, International Neuroscience Institute, 

Hannover/GERMANY, 2Dept, International Neuroscience 

Institute, Hannover/GERMANY

Background: The fact that the brainstem is packed with 
neural cell bodies and fiber tracts, any trial to extirpate 
lesions at this level may result in significant deficits.

Objective: In the present report the imaging and clinical 
outcome in low grade astrocytomas, metastatic tumors, 
as well AVMs following Gamma Surgery (GS) has been 
compared with the published results obtained after 
microsurgery or endovascular procedure.

Methods: Retrospective analysis of 21 astrocytomas, 53 
metastatic lesions as well 85 AVMs located in brainstem 
which has been treated with GS. Of 21 astrocytomas the 
tissue diagnosis was established only in 10 cases before 
GS. The tumors had been located in midbrain in 16 
patients, 4 were in the pons, and 1 in medulla oblongata. 
The mean tumor volume was 2.5 cm³ and the mean 
prescription dose was 15 Gy (range, 10-18). The mean 
volume of the metastatic lesions was 2.8 cm³ (range, 
0.5-21) and have been treated with a mean prescription 
dose of 17.6 Gy (range, 9-25). Mean volume was 1.9 
cm³ (range, 0.1- 8.9) in AVMs and the prescription dose 
was 19.9 Gy (range, 5-32). The mean follow up time with 
MRI was 83.3 months (range, 24-252).

Results: After treatment with GS, in patients with 
astrocytoma, tumor disappeared in 4 (20%), shrank in 
12 (60%), and progressed in 4 (20%). In metastatic 
cases the lesion disappeared in 7 shrank in 22, remained 
unchanged in 3, and grew in 5. The angiographically 
obliteration in brainstem AVMs was achieved in 50 
patients (59%) and radiation induced changes were 
observed within 34 patients (40%).

Conclusion: When the risks of surgery or embolization 
for lesions located in the brainstem are high or there are 

residuals left, GS can be a treatment option especially for 
nidi within the brainstem parenchyma.
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