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and after the MRS scans to assess potential motion-induced errors in
positioning. No tissue segmentation was performed; a user-independent
analysis routine (LCModel) was used to analyze all spectra. The coefficient
of variation (CV) for each metabolite was determined voxel-to-voxel accross
successive scans and the overall reproducibility calculated.

Results: Reproducibility of NAA, choline (Cho) and creatine (Cr)
concentrations with respect to slice-averaged Cr was determined for both
TEs, and myo-inositol (Ins) for TE=30ms. The average CVs(%) for in
vivo measurements, all voxels and all subjects, are: TE=144ms; NAA:
12.14+9.2, Cho: 17.84+7.5, Cr: 204+12. The CVs (%) for TE=30ms are
NAA: 21412, Cho: 24411, Cr: 21.049.3, Ins: 484+13. A typical example
of a PRESS-VOI and the CVs obtained is shown in the accompanying
Figures (NAA; central slice of one volunteer; TE 144 ms).
Discussion/Conclusion: The reproducibility of 3D 'H-MRS in human
brain, with inter-session anatomic variation removed, was established in
a cohort of ten normal volunteers, for TE 30 and 144 ms. Such results are
crucially important in determining a threshold of significance for MRSI time
course studies of disease extent, progression and response to therapy.
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Stereotactic radiotherapy for orbital malt lymphoma

H. Sato, M. Toshima, A. Yukawa, J. Ebi, F. Shishido. Fukushima Medical
University, Radiology, Fukushima, Japan

Background: MALT lymphoma is a common tumor in the orbital region.
In some reports, almost 100% local control rate is able to be achieved
by radiotherapy alone. Using conventional radiotherapy, there is some risk
of causing a radiation cataract because we can’t reduce the dosage of
lens. So we started Stereotactic Radiotherapy(SRT) to reduce the risk of
a radiation cataract for this tumor treatment in 1999. We will review our
experiences with SRT in the treatment of orbital MALT lymphoma.
Methods and Materials: Seven patients with MALT lymphoma positioned
next to the eye ball were treated with SRT from September 1999 to
September 2003 at Fukushima Medical University Hospital. All patients’
heads were fixed with a thermoplastic material (Brain LAB) and 6MV X-ray
(CLINAC 2100C/D; Varian) was delivered with a micromultileaf collimator
(m3; Brain Lab) and the planning system was Brain SCAN(Brain Lab). Total
dose to the tumor was 30 Gy in 15 fractions.and the prescribed dose to the
iso center of the tumor and the peripheral region was 2.5 Gy and 2 Gy,
respectively.

Results: We treated seven cases of orbital MALT lymphoma with SRT,
and were able to successfully control the tumors in all cases. After a mean
follow-up of 40 months (66-20 months), all patients showed CR with no
radiation cataract. There were some radiation conjunctivitis in all cases.
Conclusions: SRT is one possible treatment for orbital MALT lymphoma.
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Preliminary evaluation of tolerance and local effectiveness of
extracranial stereotactic radiosurgery and radioablation in patients
with lung tumors

A. Idasiak!, E. Wolny', R. Rutkowski’, A. Grzadziel’, R. Suwinski'.
"MSC Memorial Cancer Center, Radiotherapy Department, Gliwice,

Poland; 2MSC Memorial Cancer Center, Department of Radiotherapy
and Brachyterapy Treatment Planning, Gliwice, Poland

Purpose: To evaluate treatment tolerance and tumor response in
extracranial stereotactic radiosurgery and radioablation in patients with lung
tumors.

Materials and methods: 35 patients (30 male and 5 female) median age
61 years, with lung tumors (primary lung cancer n =13, local recurrences
of lung cancer n =9, lung metastases n = 13) were treated with extracranial
stereotactic radiation (ESR). VAC-LOK cushion system was used for
immobilization. Total doses applied by ESR ranged from 8-20 Gy, and were
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delivered using 3-10 beams. Patients were treated with radical (n=22)
and palliative intention (n = 13). Treatment toxicity was evaluated according
to RTOG/EORTC system. Tumor response was evaluated using RECIST
scale. Survival of the patients was analyzed using Kaplan-Meier method.

Results: The therapy was performed with no significant adverse symptoms.
The most frequently observed acute reaction was fever which lasted
1-2 days after therapy. Seventeen pts (48%) responded to therapy in 15 pts
(43%) the disease progressed, 3 pts (9%) were not evaluated for tumor
response. One year actuarial progression-free survival was 36% and 1-year
overall survival was 46%. Irradiated volume, radiation dose and dose per
fraction did not significantly influenced survival.

Conclusion: Stereotactic irradiation of targets in the lung is an new
attractive treatment modality with acceptable acute toxicity and local
effectiveness. Based upon our initial experience the role of extracranial
stereotactic radiotherapy in the curative and palliative management for lung
tumor should be further investigated.
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Intracranial arteries as organs at risk in fractionated stereotactic and
intensity-modulated radiotherapy for skull base tumors
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Background: The purpose of this study was to examine the dose
distribution in conformal fractionated stereotactic radiotherapy (FSRT) and
intensity-modulated radiotherapy (IMRT) of skull base tumors with regard
to the large skull base/intracranial arteries. Irradiation of these blood
vessels might contribute to arteriosclerosis and therefore brain perfusion
disturbances.

Material and Methods: Retrospective review of all patient charts for the
treatment period September 2002 — November 2004. Overall, 56 patients
with skull base tumors adjacent to at least one major artery (which therefore
had to be included into the clinical target volume) were identified. Thirty-
two of these patients had meningiomas. The strategy for all patients was
to perform FSRT by use of a modified linear accelerator and the BrainLAB
system. The dose per fraction was 1.8 Gy. The planning target volume
(PTV) was to be enclosed by the 95% isodose, i.e. minimum PTV dose
was 1.71 Gy. The maximum dose was 107% (1.93 Gy) and dose limits were
applied to established organs at risk such as brain stem, optic nerves and
chiasm, and hypothalamus. The maximum dose to these structures was
1.85Gy. No dose limits were defined for the intracranial arteries. If FSRT
planning failed to meet any of these criteria, IMRT was planned with the
same system and objectives. The maximum dose to both internal carotid
arteries and the basilar artery was determined retrospectively.

Results: The median PTV was 31 ccm, the median minimum dose to the
PTV 96%. In 31 patients (55%, median PTV 23 cm®) the FSRT plan fulfilled
all evaluation criteria. None of these patients had a dose >105% in one of
the large skull base/intracranial arteries. Twenty-five patients (45%, median
PTV 39cm®) had unsatisfactory FSRT plans and thus IMRT planning
performed. This resulted in satisfactory plans in 14/25 (66%, median PTV
35cm?), However, in 11/25 patients (44%, median PTV 85cm?®) no plan
satisfying all our criteria could be calculated. Only in this group of 11
patients, high maximum doses to the blood vessels were observed. One
patient had >110% to one carotid artery and 6 others had 106—110% to a
large artery. The median PTV of these 7 patients was 121 cm?, the median
dose gradient within the PTV 29% (p = 0.04 and <0.001, respectively, when
compared to the 14 patients with satisfactory IMRT plans). Three out of 4
paranasal sinus tumors belonged to this challenging group.

Conclusions: The large skull base/intracranial arteries should be con-
sidered as organs at risk in IMRT planning of skull base tumors if a
homogenous dose distribution of 95-107% within the PTV can not be
obtained because the PTV is challenging with regard to size or inclusion
of large air cavities.
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Stereotactic body radiotherapy of limited stage non-small cell lung
cancer: results of a Danish phase-ll study.
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H. Nellemanna, AK. Berthelsenz, C. Grau1, SA. Engelholmz, H. von
der Maase'. ? Aarhus University Hospital, Department of Oncology,
Aarhus C, Denmark; °Copenhagen University Hospital, Department of
Radiation Oncology, Copenhagen, Denmark; 3 Aarhus University Hospital,
Department of Diagnostic Radiology, Aarhus C, Denmark

Background: A large number of patients with technical operable limited
stage non-small cell lung cancer (NSCLC) are considered inoperable due
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to severe co-morbidity. Stereotactic body radiotherapy (SBRT) has been
used for treatment of patients with limited stage NSCLC who are unfit for
surgery.

Methods and materials: Forty patients with stage | NSCLC were included
into a phase Il trial. The patients were immobilized by the Elekta stereotactic
body frame (SBF) or a custom made body frame. SBRT was given on
standard LINAC with standard multi-leaf collimator. Central dose was
15 Gy x 3 within 5-8 days.

Results: Median follow-up time of the patients was 2.4 years. Eight (20%)
patients obtained a complete response, 15 (38%) had a partial response
and 12 (30%) had no change or could not be evaluated. Only 3 patients had
a local recurrence and local control rate two years after SBRT was 85%.
Two years after treatment, 54% were without local or distant progression
and overall survival was 47%. Within 6 months after treatment, one or
more grade 2 reactions such as chest pain, skin reaction, increased used
of analgesics, dyspnoea and deterioration in WHO performance status to 2
or higher was observed in 48% of the patients. Sixty-two percent and 63%
of the patients experienced transient or permanent deterioration in lung
function (grade > 1) or performance status (WHO > 1) during follow-up.
Conclusions: SBRT in patients with limited stage NSCLC results in high
probability of local control and promising survival rate. The toxicity after
SBRT of lung tumours is moderate. However, deterioration in performance
status and respiratory insufficiency are observed.
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Patterns of failure: following intraoperative radiation therapy and
stereotactic radiosurgery for glioblastoma multiforme on magnetic
resonance appearance

M. Matsuo1, S. Hayashi1, S. Maeda1, 0. Tanaka1, H. Hoshi1, H. Yanoz,
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Purpose: The purpose of our study was to evaluate the Magnetic
Resonance (MR) appearance of the patterns of failure following Intraop-
erative Radiation Therapy (IORT) and Stereotactic Radiosurgery (SRS) for
Glioblastoma Multiforme (GBM).

Method/Materials: From January 1982 to June 2003, 137 GBM patients
underwent radiotherapy. From January 1982 to August 2000, 53 patients
were selected for IORT. Of those patients, 22 patients were excluded
from the study because enhanced MR imaging examinations were not
performed before or after IORT. The remaining 31 patients were included
the study population. All 31 patients had undergone tumor debulking
confirming the diagnosis of GBM and received conventional external
beam radiotherapy (30-57 Gy, mean 53.4 Gy) excluding 3 patients. From
September 2000 to June 2003, 25 consecutive patients underwent SRS.
All patients underwent enhanced MR imaging examinations before and
after SRS, and had undergone tumor debulking confirming the diagnosis of
GBM and received conventional external beam radiotherapy (38.4-60 Gy,
mean 44 Gy) excluding 2 patients. Finally, 31 patients of IORT and 25
patients of SRS formed the study population. The radiation field of IORT
was determined to affect a level of 2-6 cm deeper than the tumor-resected
surface. The energy of the beams ranged 7 to 22 MeV (mean 11 MeV)
depending on the estimated tumor depth. Irradiation in IORT was 10-50 Gy
(mean 26.7 Gy). SRS was performed using a 10-MV linear accelerator.
The planning target volume was the gross tumor (enhanced area on
MR imaging) with 2mm margin. The central dose was 20-30Gy (mean
26.4 Gy) and marginal dose was 15-25 Gy (mean 20.8 Gy). After IORT or
SRS, follow up gadolinium-enhanced MR images were obtained every 1-3
month. Recurrent patterns were classified into six patterns on MR images
(local area within edema [1: focal, 2: semicircle, 3: circle, 4: no continuity
to initial tumor], distant area [5: without edema, 6: local area + without
edema)). As to the direction of the recurrence, recurrent patterns were
classified into two patterns on MR images (1: including the direction to the
cerebral ventricle, 2: the other).

Results: The progression free period of IORT was 6.1 months and that of
SRS was 7.1 months. The progression free period of gross tumor resection
was significantly (P < 0.05) longer than that of subtotal resection and partial
resection in IORT, and was significantly (P < 0.05) longer than that of partial
resection in SRS. As to recurrent patterns of MR images, local area within
edema pattern was significantly (P < 0.05) seen both in IORT (84%) and in
SRS (76%) than distant area pattern. Of local area within edema pattern,
circle pattern was more predominantly seen 10 patients (38%) in IORT and
10 patients (53%) in SRS. As to the direction of the recurrence, all patients
were including the direction to the cerebral ventricle both IORT and SRS.
Conclusions: The recurrence pattern of failure seems similar to
the recurrence pattern of the conventional radiation therapy on MR
appearance. Irradiated field in IORT and SRS should be included the
cerebral ventricle neighboring the GBM.
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Fractionated stereotactic radiation therapy using cyberknife for
primary liver cancer

1.B. Choi, B.O. Choi, H.S. Jang, Y.N. Kang, J.S. Jang. Catholic University
Medical school, Radiation Oncology, Seoul, Korea

Purpose: There currently is not a standard treatment for inoperable small
and advanced hepatoma. Conventional radiotherapy is playing the limited
role of the application against hepatoma, which shows one of the cancers
with high incidence in Korea. There is a few report to evaluate the response
of the fractionated stereotactic radiotherapy (FSRT) or radiosurgery(FSRS)
to primary hepatoma. The purpose of the study was taken the preliminary
result on the clinical trial of primary hepatoma(small and advanced) by the
CyberKnife, as a new FSRT(or Hypofractionated Radiosurgery)-system.
Materials and Methods: From March 2004 to March 2005, 114 patients
were hospitalized in the CyberKnife Center of Catholic University Medical
College, and treated with CyberKnife for extracranial tumors. Among them,
32 patients were diagnosed to primary hepatoma and then 33 lesions
applied by the CyberKnife. There were 20 male and 12 female patients.
They had the age of 47-78 year old (median: 567) and the tumor size of
5.4-156 cc (median 27.5 cc). The total doses administered were 30-39 Gy
(median 36 Gy) to the 70-83% (median 75%) isodose curve for 3 fractions.
To relive gastrointestinal trouble after treatment, we used Bermkain and
Buscopan during cyberknife.

Results: Follow-up ranged from 1 month to 5 months with median of 3
months. After treating CyberKnife to 33 lesions of 32 patients with primary
hepatoma, the response of the tumor was examined by abdominal CT: they
are classified by ten complete regression (31.3%), 13 partial regression
(40.6%), 6 minimal regression (18.7 %), 3 progression disease (9.4%). The
positive responses more than partial remission were 23 patients (71.9%)
after the treatment. In advanced hepatoma with portal vein or inferior
vena cava thrombosis, 2 patients of total nine patients showed complete
regression (22.2%) and two patients minimal regression (22.2%). The level
of serum alpha-fetoprotein (AFP) after the treatment as compared with
pretreatment had been 55% (17/32) decreased. There was no severe
treatment-related complication except dyspepsia (1), mild nauseas (6),
abdominal discomfort (3) and transient changes of hepatic function(6). Two
patients were died during the follow up due to hepatic failure with sepsis
and progression of pre-existing lung metastasis.

Conclusion: CyberKnife to the patients with primary hepatoma was
potentially suggested to become the safe and more effective tool than
the conventional radiotherapy even though there were relatively short
duration of follow-up and small numbers to be tested. And We expect
CyberKnife become a new effective method for the management of
advanced hepatoma with portal vein tumor thromboses(PVTT), inoperable
and ineffective to transarterial chemoembolization(TACE).
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Experimental model of radiation sequelae induced with single
stereotactic irradiation to normal rabbit lung. Computed
tomographical analysis
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Background: Hypofractionated stereotactic irradiation (HSTI) to treat early
non-small cell lung cancer in Japan may be a possible alternative to surgical
treatment. To examine the sequelae of HSTI treatment, we tried to establish
an HSTI technique by irradiating normal rabbit lung and examining the
radiation sequelae using computed tomography (CT) images.

Material and methods: Guidelines of the Keio University School of
Medicine for the care and use of laboratory animals were followed in
all experiments, and the use of rabbits was approved. Seven Japanese
White Rabbits were anesthetized and partial spherical volume of each
left lung was stereotactically irradiated with 4 MV of X-ray energy with
a narrow beam of size 11 mm x 11 mm. Three non-coplanar arcs (couch
rotation: 0 deg+45 deg) were employed for arc rotation. Each gantry
rotation arc was 160 deg. The dose monitor units of irradiation were
calculated by the standard inverse square law algorithm using the Batho
Power Law as an inhomogeneity correction on the radiotherapy planning
system (Eclipse®). Total irradiated dose of each rabbit varied and was
21, 30, 39, 48, 60, 60, 60 Gy, respectively. The doses of irradiation were
estimated using two different dose calculation algorithms, Convolution and
fast superposition. After the irradiation, each rabbit (while under general
anesthesia) was scanned with a CT scanner approximately biweekly and
the image data were collected as Digital Imaging and Communications in
Medicine (DICOM) Standard files. All rabbits were examined for 24 weeks



