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NASA Particle Research Programs
Adam Rusek
Brookhaven National Lab
Abstract not provided
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NASA Particle Research Programs
Michael Comforth
UT Medical Branch Galveston
Abstract not provided

Particle
Therapy
CoOperative
Group

PTCOG 45

3
Radiation tracks and initial damage
Hooshang Nikjoo PhD
NASA Johnson Space Center

Energy deposition by ionizing radiation of all types, photons, electrons, heavy ions, and exotic particles,
result in the production of fast ions and electrons interacting in the biologic tissue of interest. The spatial
and temporal patterns of these events and their chemical and biological consequences distinguish their
biologically damaging effects from endogenous metabolic processes and define the relative biological
response between the different types of radiations. In radiation therapy and radiation protection essentials
are accurate determination of the absorbed dose and the relative biological effectiveness. To get a better
understanding of effectiveness and risks associated with different radiation types, for example low- and
high-energy, low- and high-atomic number particles, low- and high dose and dose rate, one must be able
to accurately compare local patterns of energy deposition events with those where human health risks are
well documented, i.e., gamma rays. This presentation reviews recent progress on particle track simulation,
microdosimetric characterization of radiation track and initial damage induced in cells by light and heavy
ions.

Particle
Therapy
CoOperative
Group

PTCOG 45

4
Objectives of Space Radiation Research
Francis A. Cucinotta

NASA, Lyndon B. Johnson Space Center, Houston TX
We present an overview of space radiation research at NASA. The NASA program combines basic
research on the mechanisms of radiobiological action relevant for improving knowledge of the risks of
cancer, central nervous system and other possible degenerative tissue effects, and acute radiation
syndromes from space radiation. We discuss concepts that distinguish space radiation effects from
terresterial radiation protection and radiation therapy. The keystones of the NASA Program are five NASA
Specialize Center’s of Research (NSCOR) investigating space radiation risks. Other research is carried
out through peer-reviewed individual investigations and in collaboration with the US Department of
Energies Low-Dose Research Program. The Space Radiation Research Program has established the
Risk Assessment Project to integrate data from the NSCOR’s and other peer-reviewed research into
quantitative projection models with the goals of steering research into data and scientific breakthroughs
that will reduce the uncertainties in current risk projections and developing the scientific knowledge
needed for future individual risk assessment approaches and biological countermeasure assessments or
design. The NASA Space Radiation Laboratory (NSRL) at Brookhaven National Laboratory was created
by the Program to simulate space radiation on the ground in support of the above research programs.
New results from NSRL will be described.

Particle
Therapy
CoOperative
Group

PTCOG 45

5

Clinically-Relevant Particle Biophysics Research
Hadron Therapy: Biological Promise and Clinical Perspective
Eleanor A. Blakely, Ph.D.
Lawrence Berkeley National Laboratory, Berkeley, CA
The goal of this presentation is to review biophysical principles underlying interest in hadron therapy for
the treatment of cancer. Significant differences exist in the energy deposition patterns of these radiation
modalities leading to differences in molecular, cellular and tissue effects. The early goal of hadron therapy
was to identify the best modality based on the response of biological models in the laboratory. Relative
biological effectiveness (RBE) and the oxygen enhancement ratio (OER) were measured as indicators of
particle effects at various tissue depths compared to photons using simple treatment plans.
Measurements of particle-dependent effects on repair of radiation damage and on cell cycle progression
were noted. The considerable literature on pre-clinical radiobiology and treatment planning physics with
proton and carbon beams that supported the initiation of clinical trials with these radiation modalities will
be reviewed in this presentation, and the merits and limitations of each will be compared. Current criteria
for evaluating hadron therapies are based on a comparison with a new physical dose gold standard,
intensity modulated radiotherapy (IMRT). Biologists now have a broader understanding of biological
models, and new molecular tools to probe mechanisms of action will be discussed. Clinical examples of
successful tumor treatment sites for each radiation type will be reviewed. Late radiation effects are
associated with irradiated normal tissue volumes that can be reduced with hadron therapy, and dictate
which hadron beam may be optimal for a specific patient and tumor site. Examples of some of the current
areas of proton and carbon ion research needing further study will be given, including low-dose tissue
effects at tumor margins, studies of individual genetic susceptibilities and dose delivery regimes, more
acute molecular studies underlying late effects, and an evaluation of the risk of secondary cancers.
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Clinically-Relevant Particle Biophysics Research
An Assessment of the RBE of SOBP Protons—Where Do We Stand?
Leo E. Gerweck, Ph.D.
Massachusetts General Hospital, Dept. of Radiation Oncology, Boston, MA
In clinical proton beam therapy, an RBE of 1.1 relative to megavoltage X-rays is currently being employed
in most treatment centers. This RBE pertains to “spread out Bragg-peak protons” (SOBP), for all tissue
systems, all dose levels per fraction and all SOBP beam energies. As the number of centers and
treatment sites for which proton beam therapy continues to increase, an assessment of the justification
for a generic RBE is warranted. This discussion addresses: (1) the constancy of the RBE along the
central axis from the plateau entrance to the distal SOBP (upstream of the distal edge), (2) RBE as a
function of dose (or cell survival level), and (3), the target cell or tissue (alpha/beta) dependency of the
RBE. Of the numerous experimental RBE analyses performed to date, few have been specifically
designed to address these questions.
With exceptions, the available experimental data indicate that the RBE increases with depth in the SOBP.
There is a paucity of data pertaining to the RBE of low alpha/beta ratio cells and tissues, i.e., dose limiting
late reacting tissues, and whether the RBE is dependent on the dose per fraction. In vitro data suggests
that the RBE may increase with decreasing dose level in cells or tissues exhibiting low alpha/beta ratios.
The use of a generic RBE of 1.1 for all tissues, especially those exhibiting low alpha/beta values such as
CNS, may be too low, especially at dose levels of ? 2 Gy/fraction. Systematic determination of the RBE
values dependent upon the interdependent variables of beam depth, dose per fracion, and target tissue,
will provide an enhanced data base for detailed treatment planning and institutional trial comparisons,
thereby maximizing the therapeutic benefit of proton beams.
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Clinical Research with Proton Therapy for
Cancer of the Prostate
William U. Shipley
Massachusetts General Hospital
Boston, MA
Abstract not provided
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Clinical Trial Potential for Protons
Jerry Slater
Loma Linda Medical Center
Loma Linda, CA
Abstract not provided
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PARTICLE TREATMENT FOR PEDIATRIC MALIGNANCIES: RATIONALE
SHIAO Y. WOO, MD, FACR

The cure rate of pediatric cancer has improved in the past four decades. The possible reasons
for the improvement will be discussed.
The importance of local tumor control in the cure of pediatric solid tumors will be discussed. The
late effects of local therapy such as surgery and radiation therapy will be presented. The
potential for proton therapy to decrease late effects or improve local control will be discussed.
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Preliminary Report of Proton Radiotherapy for Pediatric Low-grade Gliomas
Yock Torunn I, MD, MCH1; Bolle Stephanie, MD1; Johnson Jarred1; Oberg Jennifer1;
Yeap Beow2; Tarbell Nancy J, MD1.
1. Radiation Oncology, Massachusetts General Hospital, Boston, MA, USA.
2. Department of Medicine, Massachusetts General Hospital, Boston, MA, USA.
Purpose/Objective: Radiotherapy is the definitive treatment for pediatric low-grade glioma when a gross total
resection is not possible or the tumor recurs and causes symptoms. Since radiotherapy is associated with effects on
neurocognitive function in children, highly conformal proton radiotherapy better spares normal tissues than any
external beam photon treatment. We report our preliminary experience and disease outcome in a cohort of low-grade
glioma patients treated at either the Harvard Cyclotron Laboratory (HCL) or the Francis H Burr Proton Therapy Center
(BPTC) using smaller CTVs and PTVs than has been previously reported.
Methods: Between 1995 and 2005, 28 patients with low-grade (WHO grade I or II) gliomas were treated with
predominantly proton radiation therapy at the HCL, a 160 MeV fixed beam unit, or at the BPTC, a 240 MeV gantry
system. Fifteen patients received chemotherapy and either progressed or recurred prior to definitive radiation therapy.
Ten (36%) patients were treated with a combination of photon and proton treatments with 10-30% of the dose given
with conformal 3-D photon radiation due to scheduling constraints on the HCL. Eighteen (64%) patients were treated
with proton therapy alone. Before radiotherapy, 5 patients (18%) had known endocrine abnormalities. Baseline
neurocognitive studies were not obtained routinely until 2004. Tight margins with good imaging (MRI fused to CT scan)
and daily diagnostic quality digital confirmation of set up allowed for minimal CTV and PTVs to be used.
Results: There were 16 (57%) male and 12 (43%) female patients analyzed with a median age of 10.5 years at
treatment (range: 2 to 21 years). Tissue was reviewed and confirmed by the neuropathology service at MGH. In four
cases (3 optic gliomas, and one longstanding midbrain lesion), diagnoses were made based on imaging findings only
(including 2 with NF-1). The pathology was WHO grade 1 (pilocytic astrocytoma) in 18 (64%) patients and WHO grade
2 in 6 (21%) patients. There were 18 (61%) supratentorial gliomas, 8 (29%) cerebellar/brainstem gliomas, and 3 (11%)
spinal gliomas. The median radiation dose delivered to the tumor was 52.2 CGE in 1.8 CGE fractions (range, 48.6-54
CGE). A margin of 1.0 cm to aperture edge was added around the defined MRI/CT derived target volume to account
for CTV, PTV and penumbra. The median follow-up for this cohort is 26.7 months (range, 6.5 months- 10.5 years).
Fifteen patients (54%) have been followed beyond 2 years. Disease has progressed in two patients who failed at 3.3
and 4.1 years after radiotherapy. There were no marginal failures. After treatment, hypothalamic-pituitary dysfunction
was found in 10 patients (36%) and new endocrine deficits were diagnosed in 7 patients (25%).
Conclusions: Proton radiotherapy can deliver highly conformal radiation dose to the tumor while sparing the normal
brain as much incidental radiation as possible. Tight margins with good imaging localization (MRI) and daily set up
allow for minimal CTVs and PTVs to be used. The disease outcome in this preliminary report appears comparable to
photon radiotherapy. These results are promising in terms of endocrine late effects. Further follow-up and more
patients will be needed to measure the benefit of protons in sparing normal brain parenchyma.
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Initial Experience at M. D. Anderson Cancer Center Proton Therapy Institute
Nancy P. Mendenhall
Professor, Department of Radiation Oncology
University of Florida College of Medicine
The University of Florida Proton Therapy Institute is a 92,000 square feet facility which includes a proton
therapy suite, a conventional radiation therapy suite, a treatment simulation suite, two clinic spaces,
faculty and staff offices, and research space. The design was optimized for maximum patient throughput.
The first patient was treated on August 14, 2006. Initial experience with patient treatments over the first
two months of operation will be discussed. Factors that need to incorporated into ramp-up plans will be
identified.
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Clinical Outcomes and Late Effects after Proton Radiotherapy for
Children with Parameningeal Rhabdomyosarcoma
Stephanie C. Krejcarek, B.Sc., Nancy J. Tarbell, M.D., Torunn I Yock, M.D., M.C.H.
Department of Radiation Oncology
Massachusetts General Hospital30, Boston, MA

Purpose: Radiation therapy is critical for the curative treatment of pediatric patients with parameningeal
rhabdomyosarcoma. However, previous reports indicate that many children who receive conventional radiotherapy
experience late toxicities, including failure to maintain growth velocity (48-60%) requiring growth hormone replacement
(19-40%), facial asymmetry (35-65%) leading to surgical reconstruction (18%), decreased vision (17-53%), cataract
formation (7-10%), decreased hearing (17%), poor school performance (16%), and second malignancies (4-7%). The goal
of the present study was to report the survival, local control, and late effects of proton radiotherapy in children with
parameningeal rhabdomyosarcoma.
Methods: Sixteen children with parameningeal rhabdomyosarcoma were treated with proton radiotherapy at the Harvard
Cyclotron Laboratory and the Massachusetts General Hospital between 1996 and 2005. Median age at diagnosis was 41
[range 18-212] months. Two patients had metastatic disease at presentation, 8 patients had intracranial extension.
Pathology was embryonal in 11 patients, alveolar in 3 patients, and undifferentiated in 2 patients. Patients’ tumors were
located in the infratemporal fossa (n=8), middle ear (n=2), paranasal sinus (n=2), nasal cavity (n=1), nasopharynx (n=3).
We delivered proton radiotherapy to the tumor volume with a median dose of 50.4 [range 50.4-55.8] CGE in 1.8 CGE
fractions. One patient had a subtotal resection of his tumor at the time of diagnosis. All patients received multiple-agent
chemotherapy.
Results: Eleven of the sixteen children (69%) were alive at the end of the study with a median of 24 [range 10-112]
months of follow-up. One patient was receiving salvage therapy at the study closure. Two patients (13%) had a local
recurrence, 1 patient (6%) recurred in a regional lymph node, 1 patient (6%) recurred locally and with distant metastases,
and two patients (13%) had distant metastases with local control. Seventy-five percent (6/8) of patients with intracranial
extension had no evidence of disease while 25% (2/8) had a local-regional recurrence. Late effects related to treatment
and tumor location were: failure to maintain height velocity (n=2), endocrinopathies (n=3) requiring replacement (growth
hormone, n=2; thyroid hormone, n=1; sex hormones, n=1); mild facial hypoplasia (n=6) none of which required surgery,
and failure of permanent tooth eruption (n=3). Deficits present prior to proton radiotherapy that persisted after treatment
included: deficits in vision (ipsilateral blindness and corneal erosion, n=2), ipsilateral hearing loss requiring hearing aids
(n=3), speech delay due to conductive hearing loss (n=1), cranioneuropathies (n=3), and trismus (n=2).
Conclusions: Patients with parameningeal rhabdomyosarcoma appear to benefit from the normal tissue sparing
properties of proton radiotherapy through a reduction in late effects compared to children treated with conventional
radiotherapy while tumor control remains comparable.
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Modern High Precision Radiotherapy using Photons, Protons and
Carbon Ions for Paediatric Malignancies
Stephanie E. Combs MD 1, Simeon Nill PhD2, Oliver Jaekel PhD2, Uwe Oelfke PhD2,
Jürgen Debus MD PhD1 and Daniela Schulz-Ertner MD 1
1. University of Heidelberg, Department of Radiation Oncology
Im Neuenheimer Feld 400, Heidelberg, Germany
2. German Cancer Research Center (dkfz), Department of Medical Physics,
Im Neuenheimer Feld 280, Heidelberg, Germany

Major improvement in the management of pediatric patients with tumors, especially in the head-and-neck
region, could be achieved with modern high-precision radiotherapy techniques, such as fractionated
stereotactic radiotherapy (FSRT) or intensity modulated radiotherapy (IMRT). With these modern
techniques it is possible to reduce the radiation dose to structures at risk, such as optic nerves, chiasm,
brain stem, spinal chord and others; however, to the defined target volumes, the required high doses can
be applied. Recently, excellent results have been achieved in children with a number of different tumor
entities, such as rhabdomysarcomas, Ewing sarcomas and optic gliomas.
Particle therapy using protons and carbon ions is characteristic for a distinct physical dose profile, offering
precise dose deposition to the tumor or target volume.
It has been shown that within the high-dose regions, dose distributions using protons and high-precision
photons are often comparable. However, in the low to medium-dose regions, protons could offer further
sparing or normal tissue and thus minimize the risk for late toxicity and secondary malignancies. This is of
paramount importance in children.
Carbon ion radiotherapy offers increased relative biological effectiveness (RBE) as compared to
conventional photon radiotherapy and protons in selected tumor entities such as chordomas and lowgrade chondrosarcomas of the skull base.
Possible improvements in treatment of paediatric patients with protons and high-precision photons, will be
discussed with respect to treatment planning, dose distribution and clinical results.
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Pencil Beam Scanning at the Proton Therapy Center in Houston
Martin Bues, PhD
MD Anderson Cancer Center
The Proton Therapy Center in Houston (PTC-H) is treating patients on the passive scattering proton
beam lines of the Hitachi PROBEAT system, since May, 2006. Beginning some time in the first half of
2007, PTC-H will begin treating patients on its pencil beam scanning beam line, on the third gantry. We
describe the various technologies assembled for this purpose.
The discussion focuses on accelerator and nozzle hardware and treatment control systems.
Measurement equipment assembled for the purpose of commissioning are explained. Some early
measurement data is shown and compared to Monte Carlo calculations.
In order to gain experience with the proton pencil beam scanning module of the Varian Eclipse treatment
planning system, commissioning data was generated, based on Monte Carlo and analytical codes.
Results of early treatment planning exercises are discussed.
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Proton Therapy of Uveal Melanomas: Thirty Years Experience
Evangelos S. Gragoudas
Director, Retina Service, Massachusetts Eye and Ear Infirmary
Professor of Ophthalmology, Harvard Medical School
INTRODUCTION: Uveal melanoma is a rare intraocular malignancy (1500 cases diagnosed per year in
the US). Enucleation, once the standard therapy, has now been replaced by heavy charged particle
irradiation or plaque radiotherapy. In 1975, the first proton treatment for a patient with uveal melanoma
was performed at the Harvard Cyclotron/Massachusetts Eye and Ear Infirmary. The number of patients
with eye tumors treated at this facility now exceeds 3000. The outcomes achieved after proton therapy in
this large series will be presented here.
METHODS: Patients are treated with 70 CGE in five equal fractions over 5-7 days. These patients are
enrolled in a uveal melanoma registry and monitored for the following outcomes: tumor recurrence,
melanoma-related mortality, vision loss, eye loss, and radiation-induced complications. Regression and
survival analyses of outcomes in 2069 patients treated through 1997 and followed through June 1999
(median follow-up: 9 years) has been completed.
RESULTS: An equal number of males and females were treated and mean age at treatment was 59
years. The majority of patients (72%) presented with symptoms including recent vision loss and
photopsia, and 68% had tumors that were located within 2 DD of the macula or optic disc.
Tumor recurrence: Few tumor recurrences (N=60; 3%) occurred after irradiation, with rates of 3%, 4%,
and 5% at 5, 10 and 15 years post therapy respectively. Among the 45 documented recurrences, only 9
tumors were uncontrolled by irradiation.
Mortality: Annual death rates peaked at 4% 3 to 6 years after treatment. The probability of death due to
metastasis was 23% by 10 years after radiation. The best odds of surviving without metastasis (97% at
10 years) was observed in patients with low risk characteristics, i.e., younger patients with a darker iris,
and a small, posterior, lightly pigmented tumor detected during routine exam.
Visual Acuity: The overall proportion of patients retaining 20/200 or better vision (of those with a starting
vision of 20/100 or better) at 10 years after treatment was 35%, and this increased to 84% in patients with
low risk characteristics. Poor visual results were associated with close proximity of the tumor to the optic
disc and macula, larger tumors (height and diameter), poor baseline vision, larger retinal detachment, and
a positive history of diabetes.
Eye Loss: Twelve percent of patients required enucleation by 10 years after irradiation, and the majority
of these (60%) were performed during the first three years after treatment (range: 2 months-14 years).
The majority of enucleations were associated with ocular complications; less than one-quarter of patients
underwent enucleation due to regrowth of the tumor.
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Complications: Both vision and eye loss were associated with sequelae of intraocular irradiation. Ten year
rates of maculopathy and papillopathy, 48% and 27% respectively, were often associated with vision loss.
Neovascular glaucoma occurred in 18% of patients by 10 years after irradiation and was the leading
cause of enucleation.
SUMMARY: These long-term results provide convincing evidence of the efficacy of proton irradiation for
patients with ocular melanoma. High local control and eye preservation rates are achieved, and many
patients maintain useful vision. Strategies to reduce the cytotoxic effects of radiation merit further
attention, and include hyperfractionation and combination therapy (e.g., anti-VEGF compounds and
radiation).
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Management of Uveal Melanoma: Plaques Versus Proton Bean Radiotherapy
Dan S Gombos MD FACS
The University of Texas M. D. Anderson Cancer Center

Among the options available in the management of uveal melanomas, radiotherapy remains the most
common globe sparing modality. The Collaborative Ocular Melanoma Study (COMS) helped standardize
ocular brachytherapy with Iodine-125 plaques among centers in North America. Today Iodine and
Ruthenium plaques are the most common sources used to manage most intraocular tumors. Despite its
efficacy, ophthalmic proton beam radiotherapy remains limited to a handful of centers in the United
States. The critical differences between these modalities will be presented including dosimetric, anatomic
and surgical considerations. Clinical cases will be used to highlight advantages and disadvantages of
each modality with an emphasis on clinical response and secondary complications.

Particle
Therapy
CoOperative
Group

17

PTCOG 45
Scientific Session: Clinical Studies 1
Stella Kim
M. D. Anderson Cancer Center
Abstract not provided
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Advances in Spot Scanning Proton Therapy at PSI
Gudrun Goitein, Hans Peter Rutz, Beate Timmermann, Carmen Ares,
Eros Pedroni, Antony Lomax, Adolf Coray, Martin Jermann,
and Team Radiation Medicine
Division of Radiation Medicine, Proton Therapy Program,
Paul Scherrer Institut, CH – 5232 Villigen PSI, Switzerland

When PSI decided to develop spot scanning proton technology for clinical use, we were relying on the
experience with dynamic beam application using negative pi-mesons (pions). We had learned from the pimeson project that substantial gains had come from technology which allowed for 3-d conformation of the
high dose volume to a given target. The medical program for proton radiation therapy of deep-seated
lesions was, from the beginning, designed to take advantage of the geometrical properties of protons for
those tumors which could (and can) not be sufficiently irradiated using conventional beams. This
philosophy was accepted by the radiation oncologists of Switzerland and neighboring countries. We
created an informal Swiss Proton Users Group to give referrals as much structure as possible.
Chordomas and chondrosarcomas of the base of skull were already then undoubtedly accepted as “the”
indications for proton therapy. In addition, meningiomas were proposed as well as low grade gliomas, soft
tissue and bone sarcomas in general and also prostate cancer. However, during the first 3 – 4 years we
saw a large variety of other lesions, all considered to be untreatable, or sub-optimally treatable, by
conventional beams and techniques.
Switzerland’s Public Health System requires submission of a formal application for obligatory
reimbursement for “new” services. Once such an application has been accepted, the service undergoes a
five year evaluation period, during which the provider of the service has to report annually about the
progress. After five years, a final report has to be submitted, upon which the Federal Office for Public
Health (FOPH) decides about definitive obligatory coverage by all Swiss Health Insurance Companies.
Depending on the number of patients, statistical analysis of outcomes are done, and immediate
treatment-related costs as well as possible subsequent costs for the public are investigated. The FOPH
had given approval for 5 years of evaluation for: a) tumors close to or invading the base of skull; b) low
grade gliomas; c) meningiomas; d) sarcomas of the soft tissues and bones; e) pediatric tumors, where
protection of the growing organism is required.
We submitted the summary report in June 2006 to the FOPH. Out of 262 patients, 216 were eligible for
the report. Local control, complication rates and survival at three and five years were statistically analyzed
by a member of the Department of Biostatistics at the University of Zurich. Chordomas and
chondrosarcomas contributed the largest numbers with 86 and 34, respectively, with complication free 5year survival (KME) of 0.98 and 1.0 respectively (as of Feb. 2006). The other tumor groups were
analyzed accordingly. The summary report contains however more than statistics. Rationale and
performance must be described as well, and single cases if they are of particular importance, be it in
terms of success or of failure. The safety of the service is addressed as well, and the economical

18
evaluation has to be updated in as much detail as possible. The final decision about definitive
reimbursement is still pending; the procedure usually takes several months.
In speaking of advances of proton therapy at PSI, in addition to the steady accumulation of clinical data,
there have been significant ongoing improvements of the detailed procedures for patient treatments, and
new developments in hardware and software. One must appreciate that advances come out of a
continuous learning curve which takes place in every area of the work, in medicine, technology and
physics. The goal of our efforts was and still is the integration of proton therapy into modern concepts of
cancer treatment. This is increasingly more often the case, particularly also in pediatric oncology. We will
pursue this goal with our technically advances facility, with integration of proton radiation therapy into
academic teaching, and with increasing efforts to strengthen the network of the users on national and
international basis.
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Skull Base Tumors
Norbert J. Liebsch
Massachusetts General Hospital
Boston, MA
Abstract not provided
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Progress at the Midwest Proton Radiotherapy Institute
A. F. Thornton
Midwest Proton Radiotherapy Institute, Bloomington, Indiana
Purpose:
The Midwest Proton Radiotherapy Institute (MPRI) serves as one of five currently operating high energy
proton treatment facilities in America. With one treatment room currently in operation, a second
undergoing commissioning, and a third under construction, the MPRI operations are expanding.
Method and Materials:
The MPRI uses a nominal 208 MeV proton beam to treat a variety of disease sites using a passive beam
spreading system in a fixed horizontal beam geometry. The current facility expansion provides two
rotating gantries with a uniform scanning active beam delivery system with binary range shifting.
Results:
Since patient treatments commenced in early 2004, over 220 patients have been treated and a total of
over 600 different fields have been delivered at the MPRI. The disease sites and percentages of total
include prostate, brain, head and neck with 33%, 29%, and 16%, respectively. The proton beam uptime
has been better than 92% over the entire operating period. The longest period of downtime was one
week. At 33% of total downtime, the new radio frequency quadrupole was the primary contributor to
downtime. Secondary rf problems and power failures each account for 11% of total downtime.
The commissioning of the first gantry with uniform scanning is nearing completion with field flatness within
+/-2.5% for up to and including a 28 cm physical field aperture. The binary range shifter is capable of
producing clinically acceptable spread out Bragg peaks of better than +/-2.5% flatness with adjustable
skewness. In addition the active delivery system has the potential of increased range and lower integral
dose in comparison to passive beam spreading.
Conclusion:
Patient treatments at the MPRI are continuing in one operational treatment room. The advent of uniform
scanning in the gantries of the expanded facility represents an increase in patient capacity while also
offering a slight increase in range with potentially lower integral dose in comparison to passive spreading
techniques.
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Craniopharyngioma in childhood: Proton Radiotherapy and Treatment Planning
with special attention to the cyst size
C Linsenmeier MD*, NJ Tarbell MD*, E Grant MD^, WE Butler MD#, TI Yock MD*
Department of Radiation Oncology*, Department of Radiology^, Department of Neurosurgery#,
Massachusetts General Hospital, Boston, MA
Purpose: Pediatric Craniopharyngiomas are often associated with large cystic lesions and mass effect on
adjacent structures. Even after gross total resection cysts can regrow and influence the radiotherapy
treatment planning. The aim of this study is to show our experience with treatment planning for patients
with craniopharyngioma undergoing proton therapy.
Material and Methods: Between 2001 and March 2006 17 children, 6 female and 11 male, with
craniopharyngioma were treated with proton radiotherapy. 5 patients received a gross total resection, 9
were subtotally resected and 3 patients had a cyst drainage and biopsy. The median age at diagnosis
was 9 years (range 3-15) and the median age at radiotherapy was 11 years (range 3-15). 5 patients had
an operation for recurrent disease before the radiotherapy started. One of them had radiotherapy after
three subtotal resections. After radiotherapy one patient had cyst drainage and one had an operation for
chronical subdural hematoma.
All 17 patients received proton radiotherapy with median 4 (range 3-4) fields.
The mean dose was 52.8 Gy. (52.2 Gy - 54 Gy). The tumor size was measured with MRI and/or CT scan
before and after intervention and as follow up. Only one patient had a multicystic lesion. During the
radiotherapy 11 patients received CT or MRI repeat studies. The average number of scans during RT
was 2 (range 1-5). The scans were done mostly in week 1 and week 3 or week 4.
Results: The mean cyst dimension in 12 patients at diagnosis before the initial resection was 63.8ccm
(range 6.2 - 326.6). After the first operation the cysts decreased. The mean dimension postoperative was
17.3ccm (0.4 – 85.9). In the first week of treatment 8 patients were re-imaged and the mean cyst
dimension increased. Nine patients in weeks 3 or 4 and four patients in week 6 were re-imaged. 3
patients out of 17 (18%) were replanned because of cyst growth or cyst aspiration during treatment.
16 patients are still alive. One boy with three previous operations followed by radiotherapy died one year
after radiotherapy. The maximum follow up is 3 months to 4 years.
Conclusion: Cyst growth in craniopharyngiomas under radiotherapy is not uncommon. Routine imaging
for patients under treatment is recommended to adapt the field size and to avoid marginal miss,
especially in proton beam therapy.
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Workshop – Late Effects Studies
Thomas F. Delaney & Yoshio Hishikawa
Massachusetts General Hospital
National Institute of Radiological Sciences
Abstracts not provided
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Increase in proton RBE in the last few millimeters of the SOBP
as observed in intestine (preliminary data).
John Gueulette, Ph.D.1, Joël Martinez, M.Sc.1, Blanche-Marie De Coster, B.Sc.1,
Julyan Symons, B.Sc.2 ,and Jacobus Slabbert, Ph.D.2
1

Université catholique de Louvain, Brussels, Belgium
2
iThemba LABS, Somerset-West, South Africa

Purpose: To obtain in vivo measurements that reflect the clinical importance of RBE variations in the last
millimeters of a clinical proton beam. Method: Due to the physical size of mice, the RBE for intestinal
crypt regeneration in the last few millimeters of the SOBP cannot be determined using the classical
method of whole-body irradiation. A relative large variation in proton RBE is however expected for this
part of the SOBP as measurements with cells in vitro have shown a significant increase in proton RBE
close to the distal edge. Therefore, a modified irradiation technique was developed that allows selective
irradiation of a segment of the mouse intestine. This after a part of the jejunum is externalized under
anaesthesia. The segment is positioned perpendicularly to the beam axis with the center of the lumen at
the required depth. This makes it possible to accurately irradiate a well-marked portion of intestine in the
very end of the SOBP. Results: Experiments were performed with the 200 MeV clinical proton beam
produced at iThemba LABS (South Africa). Dose-effect relations were determined in the middle of a 7-cm
SOBP and 2 mm upstream of the fall-off region. For comparison, whole-body irradiations according to the
classical technique (no aneasthesia, no surgery) have also been performed in the middle of the SOBP. A
total of 84 mice were irradiated (3 dose-effect relations with 7 increasing doses and 4 mice per dosepoint). Surgery procedure (aneasthesia, opening the abdomen, positioning the segment in a special jig
and closing) did take less than 10 minutes per mice. All of them survived up to the time of their sacrifice
th
(3.5 day), exhibiting no sign of distress or discomfort. Conclusion: The type of experimental procedure
used in this investigation proved to be most workable and suitable to study the response of tissue in a
restricted area. Preliminary results will be shown and compared with previous data using crypt cell
regeneration.
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The protection of the small intestine and colon from carbon ion particle irradiation by means of
Gore-Tex soft tissue patches for patients with pelvic tumors
Shigeru.Yamada MD, Tadashi Kamada MD, Ryusuke Hara MD, Hirotoshi Kato MD, ShigeoYasuda MD,
Masayuki Kano MD, Shingo Kato MD, Tatsuya 0000 MD, Reiko Ima MDi and HirohikoTsujii MD
Division of Radiation Medicine, Research Center for Charged Particle Therapy, National Institute of
Radiological Sciences, Chiba, Japan
ABSTRACTS: BACKGROUND: Carbon ion radiotherapy is effective and safe in the management of
patients with pelvic tumors. Intestines are critical organs for this treatment. To exclude the small
intestine and colon from the clinical target volume (CTV) and reduce the exposure of them, we use
expanded polytetrafluoroethylene (Gore- Tex soft-tissue patch, W. L. Gore & Assoc Inc, Flagstaff,
Ariz) which is a strong and easy-to -use material and dose not need to be removed after the
conclusion of radiotherapy.
METHODS: Between December 2004 and February 2006, Gore-Tex soft-tissue patches were used in
13 patients: 8 recurrent rectal cancers, 1 recurrent colon cancer, 2 pelvic sarcomas and 2 ovarian
cancers. Eight tumors originated in the pelvic side wall, 3 in the presacral region and 2 in the colorectal
anastomosis. Gore- Tex soft-tissue patches are placed between pelvic tumors and intestines. The total
dose ranged from 52.8 to 73.6 gray equivalent (GyE) .
RESULTS: The tolerance of the intestines to radiation therapy has been satisfactory in each case, with a
mean follow-up of 7.2 months (range 2 to 20). All patients underwent carbon ion radiotherapy after a
mean delay of 14.5 days (range 10-39) and 11 patients (85%) could enter carbon ion radiotherapy within
14 days. Two patients had adhesive ileuses after operation, and they were given the conservative
treatments. All patients completed the scheduled treatment course. No grade 3 and 5 acute toxicity was
observed. There were relatively few and mild toxicities in these patients. The overall local control rates at
one year were 100%All patients are surviving.
CONCLUSIONS: Gore-Tex is a safe and effective implant material to prevent intestinal damages from
carbon ion radiation in successful treatment of pelvic tumors.
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Sparing the heart reduces early function loss of the rat lung most for small irradiated volumes:
potential benefit for proton therapy compared to photon therapy
H. Meertens1, P. van Luijk1, H. Faber1, J.M. Schippers2, J.A. Langendijk1, R.P. Coppes1
1. Department of Radiation Oncology, University Medical Center Groningen,
University of Groningen, Groningen, The Netherlands
2. Accelerator Department, Paul Scherrer Institute, Villigen, Switzerland
Purpose: In previous work we showed that co-irradiation of the heart reduces the tolerance dose of the lung of the rat [1] in the
early phase after irradiation. In the present study we investigated the dependency of this effect on the irradiated lung-volume.
Methods: Lungs of Wistar rats were irradiated in anterior-posterior direction with 150 MeV protons, using the shoot-through
technique. Four different collimators (ports) for irradiation of 50% and 25% lung-volumes, both including and excluding the heart,
were designed using 3D CT scans of animals of the same age and weight. The first port contained 50% volume of both lungs,
laterally located. The second port contained the heart with 25% lung-volume in front and at the back of the heart combined with
25% laterally located lung tissue. The third port contained 25% of the volume at the right base of the lungs. Finally, the forth field
contained the heart with 25% lung-volume. Groups of 5-7 animals received a single dose ranging from 16 to 36 Gy. After the
irradiations, breathing rate (BR) measurements were performed bi-weekly. In a previous study we found an early (week 6-12
after irradiation) increase in breathing rate. The increase of the mean BR in this period, relative to the mean BR in week 0-4 after
irradiation, was used as an indicator of the functional status of the lung. Symptomatic loss of lung function (SLLF) is defined to be
an increase in BR to the mean plus two standard deviations, both measured in unirradiated control animals.
For each dose group the fraction of animals with SLLF was determined. This fraction equals the normal tissue complication
probability (NTCP). For each dose-distribution probit curves were fitted to these NTCP data and the dose for which 50% of the
animals responded is derived (ED50).
Results: Irradiation of a 50% volume of lateral lung tissue alone resulted in a ED50 of 19.0 Gy. If, however, the heart is irradiated
as well, the ED50 drops to 17.3 Gy.
Irradiation of a 25% volume of right base of the lung tissue alone resulted in a ED50 of 37.0 Gy. Remarkably, when the heart is
co-irradiated an even more pronounced drop in ED50 of 13 Gy to 24.0 Gy is seen.
Conclusion: The effect of dose to the heart on the tolerance dose for early symptomatic loss of lung function depends strongly
on the irradiated lung volume. For small irradiated lung volumes this effect is significantly larger than on larger irradiated
volumes. This might have a clinical relevance especially for dose escalations performed at small lung volumes like for instance in
proton therapy.
References:
[1] van Luijk P, Novakova-Jiresova A, Faber H, Schippers JM, Kampinga HH, Meertens H, Coppes RP. Radiation damage to the
heart enhances early radiation-induced lung function loss. Cancer Res. 2005 Aug 1;65(15):6509-11.

Particle
Therapy
CoOperative
Group

27

PTCOG 45
Preliminary results of proton beam therapy for esophageal carcinoma
Jiamin Li, MD, Suwen Liu, MD, Jianguang Zhang£¬MD
Wanjie Proton Therapy Center, Zibo Wanjie Hospital,
Zibo, Shandong Province, China

Purpose: To evaluate the feasibility of proton beam therapy for esophageal carcinoma.
Methods and materials: Between December 2004 and January 2006, 4 patients with esophageal
carcinoma, aged 50 to 82 years, were treated at Wanjie Proton Therapy Center. The tumor length was
determined from the barium swallow studies, esophagoscopic findings and PET-CT scanning. Pathology
proved that 3 cases were squamous and 1 cases was adenocarcinoma. Patient No.1 suffered from
middle third esophageal carcinoma with 8cm tumor length and PET-CT revealed regional mediastinal
lymph node metastasis. Tumor was located in the the lower third thoracic for patient No.2, the length of
the tumor was 5 cm, no regional lymph node was found. Patient No.3 suffered from upper third thoracic
esophageal carcinoma with 4 cm length tumor. As for the patient No. 4, a 82-yr-old man suffered from
abdominal advanced carcinoma of the esophagus with severe mutiple nodi lymphatici gastrici sinistri
metastasis received definitive proton therapy. Of the four patients, two patients were treated with a
combination of X-ray and proton, the other two patients with proton beams alone. The initial radiation
fields were 3 to 4 cm beyond the primary tumor for the cephalic and caudal borders. The lateral borders
were 1.0 to 1.5 cm beyond the primary tumor. The daily fraction dose was 1.8 or 2.0 Gy for photon as well
as for proton , and the total dose ranged from 60.0 to 66.0 Gy
Results: All of the 4 patients completed the treatment planning without any interruption. Esophageal
obstruction was relieved and quality of life greatly improved. No radiation-induced esophageal ulcer was
observed for12 months follow up. Grade 1 radiation-induced esophagitis was found in 3 patients and
Grade 2 radiation-induced esophagitis in 1 patient. 3 of the 4 patients got a complete response within 3month after the treatment. Patient No. 4 died of multiple distant metastasis 13 months later. Patient No. 3
had developed disease relapse 12 months later and the other two were free of disease progression at last
follow up for more than one year. The overall 1-year actuarial survival rate for all four patients was 100%.
For investigation on longer term survival rate follow-up is needed.
Conclusions: Proton beam radiation therapy was feasible, well tolerable and effective for patients with
esophageal carcinoma. Proton beam therapy can spare more surrounding tissues such as lung, heart
and spinal cord. Local control rates are comparable to those treated with conventional radiation therapy.
Acute toxicity is lower than that of conventional therapy and follow-up is needed for late effect.
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CARBON ION THERAPY FOR UNRESECTABLE RETROPERITONEAL SARCOMAS
KENJI KAGEl M.D., TADASHI KAMADA M.D., REIKO lMAI M.D., HIROHIKO TSUJII M.D.
National Institute of Radiological Sciences
Research Center Hospital of Charged Particle Therapy
Chiba, Japan

Purpose: Surgery is the mainstay of treatment for retroperitoneal soft tissue sarcomas (STS), and
macroscopic total resection is possible in 50-70% of patients. The 5-year local control and overall
survival rates obtained by surgery with/without adjuvant radiotherapy are reported to be approximately
50% and 50%, irrespectively. Due to the high energy transfer (LET) and the Bragg peak, carbon ion
therapy have been expected to be more effective and safe in the treatment for sarcomas than low. LET
radiation like photons. We evaluated the effectiveness and safety of carbon ion therapy in patients with
unresectable retroperitoneal STS.
Methods: From 1996 to 2004, 17 (male/female:lO/7) patients with retroperitoneal STS, not suited for
resection, received carbon ion therapy. Ages ranged from 16 to 64 (median 53 years). Eight patients had
primary disease and nine recurrent diseases. Histologic diagnoses were as follows: MFH (Malignant
fibrous histiocytoma) in 5, liposarcoma in 3, MPNST (Malignant peripheral nerve sheath tumor) in 3, and
other in 6 patients. Carbon ion therapy was delivered in 16 fractions over 4 weeks. Four patients were
entered onto a phase 1111 dose escalation study of carbon ion therapy and the remaining 13 patients a
phase II study with fixed doses. Total doses: 52.8 GyE (3.3 GyE / Fr) in 1, 64.0 GyE (4.0 GyE / Fr) in 2,
70.4 GyE (4.4 GyE / Fr) in 12, and.73.6 GyE (4.6 GyE / Fr) in 2 patients. Clinical target volumes ranged
between 57 and 1034 cm3 (median 416 cm3).
Results: Median survival time was 30 (range: 6-74) months for all patients and all living patients were
followed more than 1 year. At 3 and 5 years, actuarial overall survival rates were 73% and 63%. Four
patients experienced local recurrence, with time from carbon ion therapy to local recurrence ranging
between 3 to 35 months. At 3 years, actuarial local control rate 1 was 63%. No severe acute and late
reactions (grade 3-5 according to the RTOG criteria) were observed.
Conclusions: Local control and overall survival at 3 yeas in patients with retroperitoneal STS treated by
carbon ion therapy are similar to those in reported data on patients treated by surgical resection
with/without adjuvant radiotherapy. Despite the higher doses delivered to the tumors and the locally
more advanced nature of the patients in this series, no severe toxicities were seen. Carbon ion therapy
is suggested to be an effective and safe treatment for retroperitoneal STS, but further experience and
longer follow up are needed.
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The RBE Trap: Lesions from the Fast Neutron Radiotherapy Experience
George E. Laramore, PhD, MD
Department of Radiation Oncology, University of Washington Medical Center, Seattle, WA
Purpose: Both fast neutron and carbon ion beams are high linear energy transfer (LET) forms of
radiotherapy which have quite different forms to cell survival curves compared to those for low-LET forms
of radiotherapy such as photons and protons. In the early days of neutron radiotherapy investigators
tended to utilize a single relative biological effectiveness (RBE) factor in setting doses and tried to map
safe critical structure doses from photons to neutrons with this factor. This ignored the fact that there is
not a single RBE scaling factor but rather a family of RBEs that are both organ system and dose schedule
dependent. This led to a significant number of patient complications. Working directly in terms of neutron
doses and partial organ tolerances has eliminated much of this difficulty. The investigators utilizing carbon
ion beams appear to be taking the same path as the early neutron investigators in using a single RBE =
3.0 to set radiation doses. The purpose of this paper is to present normal tissue tolerance doses for
clinical neutron radiotherapy beam and to describe the use of a partial tolerance approach in setting does
for combined high and low LET treatment regimens.
Methods: The reported complications for neutron radiotherapy complications are reviewed and classified
according to the particular organ system involved. Results from a survey of investigators at the various
neutron radiotherapy centers conducted in the early 1990s are presented with beam inter-comparison
data used to convert doses to those appropriate for the University of Washington beam. The combined
institutional experience at the time of the survey was approximately 10,000 patients treated.
Results: There is a wide range of tolerance doses depending on the particular organ system. For
example, for the brain and spinal cord, the safe neutron dose is in the range of 12 Gyn while for late
effects in the head and neck the safe dose is in the range of 20 Gyn and for the rectum the safe dose is in
the range of 15 Gyn . These translate into “effective RBEs” of 4.5, 3.5, and, 4.0, respectively. Data is
presented for the survey tolerance dose showing the mean acceptable dose + one standard deviation as
well as the dose response curves obtained by Schultheiss et al for complications for tumors treated in the
thorax, pelvis, and head and neck regions.
Conclusions: Establishing direct tolerance doses for organ systems treated with carbon ions is a more
appropriate procedure than attempting to scale proton and photon doses using a single RBE factor and
the neutron radiotherapy data will provide approximate starting points for clinical trial dose searching
studies.
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Rectal balloons reduce rectal dose in proton radiotherapy for prostate cancer
Ryan S. Grover, M.D.
Loma Linda University Medical Center
Department of Radiation Medicine
Purpose: To compare the rectal dosimetry, with and without a water-filled rectal balloon, during definitive proton radiotherapy for
prostate cancer,
Methods: 29 patients with early-stage (T1-2 N0 M0), histologically-proven, adenocarcinoma of the prostate, were enrolled in this
institutional-review-board-approved protocol. Patients first received a computed tomography (CT) scan in a full-body
immobilization “pod” without, and then with, a water-filled rectal balloon in place. Proton treatment plans using right and left
lateral portals were generated for 27 patients using the OptiRad© treatment planning system. Prescribed isocenter dose was 50.4
cobalt-gray-equivalent (CGE) to the clinical target volume (CTV: prostate + seminal vesicles), plus 28.8 CGE to the gross tumor
volume (GTV: prostate gland alone), for a total of 79.2 CGE. All plans were drawn by a single physician so as to eliminate interphysician planning volume variability. Treatment plans were generated for scans with and without the rectal balloon in place. For
these plans, cumulative dose-volume histograms (DVHs) for the whole rectal volume, inclusive of contents, were analyzed. The
volume of whole rectum above 70 CGE (wrV70) and 78 CGE (wrV78) and maximum dose delivered to any point in the rectum
were analyzed using Student’s t-test for repeated measures. In order remove the effect of between-patient variability in rectal
volume outside of the high-dose region, an abbreviated rectal volume referred to as the “GTV-level rectum” was derived which
extended from the superior- to the inferior-most CT slices containing GTV. Additional treatment plans were generated for 7
patients with GTV-level rectum volumes < 40 cc. For these plans, 79.2 CGE was prescribed to the GTV alone. The volumes of
this GTV-level rectum receiving greater than 70 CGE (glrV70) and 78 CGE (glrV78), with and without the balloon were also
evaluated using Wilcoxon signed ranks test.
Results: Mean whole-rectum V70 (wrV70) without the balloon was 8.71%, and with the water-filled rectal balloon was 6.53%.
The mean decrease in wrV70 with addition of the balloon was 2.19% (p=0.0002), a 25% reduction. Mean whole-rectum V78
(wrV78) without the balloon was 2.8% and with the balloon was 1.6%. The mean decrease in wrV78 with addition of the balloon
was 1.2% (p=0.033), a 43% reduction. The maximum dose delivered to any point in the rectum did not differ among groups
(mean difference = 0.28 CGE, p=0.315). The mean GTV-level rectum V70 (glrV70) without the balloon was 16.2% and with the
balloon was 9.73%. Placement of a water-filled balloon resulted in a mean decrease in glrV70 of 6.5% (p=0.018). Mean GTVlevel rectum V78 (glrV78) without the balloon was 2.2%, and with the balloon was 1.8%. There was not a statistically significant
difference in glrV78 with addition of the balloon (mean decrease in glrV78 was 0.04% [p=0.498]).
Conclusions: This analysis shows that when using protons for definitive treatment of prostate cancer, even to high doses, very
little rectal volume receives the high doses of radiation that have been previously shown to correlate with late toxicity. But even in
this favorable setting, the rectal balloon further reduces the volume receiving high doses. Prior studies have demonstrated that
rectal balloons are well-tolerated, they immobilize the prostate, and reduce rectal dose when used in 3D-conformal and intensitymodulated radiotherapy plans. This study confirms they accomplish the latter when used with protons as well, and quantifies the
extent to which they do so.
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Proton Therapy for Left Sided Breast Conserving Cancer Therapy
Robert L. Foote, MD, Janelle M. Miller, CMD, Michael G. Herman, PhD, Ivy A. Petersen, MD, Michael
G. Haddock, MD and Robert C. Miller, MD
Mayo Clinic College of Medicine, Rochester, MN
Purpose: This study was performed to explore the degree of dose reduction to the lung, heart and contralateral breast when
comparing proton therapy to conventional photon-electron therapy in left sided early stage breast cancer.
Methods: A patient currently receiving conventional photon-electron radiotherapy to the left breast for stage I (T1b, N0, M0)
breast cancer was randomly selected. A three dimensional photon-electron and proton treatment plan was developed using the
planning system developed by Varian (Eclipse, Varian Medical Systems, Inc., Palo Alto, CA). The lungs, heart, breasts and
lumpectomy cavity were contoured on CT images. The PTV50 (50 Gy) for the photon-electron plan was defined as the left
breast based on clinical palpation and a 1.5 cm margin. The PTV50 (50 Gy) for the proton plan was the 50 Gy isodose contour
of the photon-electron plan minus the lung and ribs. The PTV60 (60 Gy) was defined as the lumpectomy cavity (CTV60) with a
20 mm expansion to field edge. The treatment planning goal was 100% CTV and 95% PTV coverage. The photon plan
consisted of opposed tangential 6 MV beams to treat the entire left breast PTV and an en face 16 MeV electron beam to treat the
lumpectomy cavity PTV. Plans with and without tissue heterogeneity corrections were generated. The proton plan consisted of
two en face beams, one treating the entire left breast PTV and the second treating the lumpectomy cavity PTV. The passive
scattering method was employed. The proton beam used in this study was modeled to have a maximum energy of 210 MeV.
The relative biologic effectiveness was assumed to be 1.0 for proton doses and was considered to be equivalent to that of a
photon and electron beam. Dose volume histograms were generated and evaluated to compare PTV coverage and lung, heart,
contralateral breast and integral dose.
Results: The tables below summarize the photon-electron and proton treatment plan comparison.

Photon 60 Gy (no heterogeneity)
Photon 60 Gy (heterogeneity on)
Proton 60 CGE

Mean total lung dose
(Gy)
2.649 Gy
2.867 Gy
0.066 Gy

Photon 60 Gy (no heterogeneity)
Photon 60 Gy (heterogeneity on)
Proton 60 CGE

Mean total heart dose
(Gy)
3.858 Gy
4.097 Gy
0.003 Gy

V5

V10

V20

Contralateral lung MLD

6.7%
7.43%
0.286%

4.5%
4.72%
0.0472
%

3.5%
3.65%
0.00178
%

0.559 Gy
0.621 Gy
0.003 Gy

V5

V10

V20

16.1%
17.8%
0

5.28%
5.81%
0

2.27%
2.47%
0

Photon 60 Gy (no heterogeneity)
Photon 60 Gy (heterogeneity on)
Proton 60 CGE

PTV50 to 50 Gy
Photon 50 Gy (no
hetero.)
Photon 50 Gy
(hetero. on)
Proton 50 CGE

PTV 60 (PTV 60PTV50)
Photon 60 Gy (no
hetero.)
Photon 60 Gy
(hetero. on)
Proton 60 CGE

Mean contralateral breast dose
(Gy)
0.893 Gy
1.036 Gy
0.003 Gy

V5

V10

V20

0.0199%
0.1%
0

0
0
0

0
0
0

Mean dose
(Gy)
51.005 Gy

Max. dose
(Gy)
53.9 Gy

Min. dose
(Gy)
43.630 Gy

47.5 Gy
95% of RX

50 Gy
100% of RX

99.2%

52.061 Gy

56.823 Gy

44.092 Gy

52.026 Gy

60.564 Gy

39.821 Gy

Mean dose
(Gy)
60.941 Gy

Max. dose
(Gy)
62.974 Gy

Min. dose
(Gy)
54.791 Gy

62.084 Gy

63.962 Gy

62.666 Gy

67.779 Gy

Integral dose (Gy) External - PTV
Photon 60 Gy (no heterogeneity)
Photon 60 Gy (heterogeneity on)
Proton 60 CGE

78.4%

55 Gy
110% of
RX
0%

60 Gy
120% of RX
0%

99.8%

89.7%

1.77%

0%

98.7%

96.9%

0.446%

<.001%

57 Gy
95% of RX

60 Gy
100% of RX

72 Gy
120% of RX

99.9%

88.9%

66 Gy
110% of
RX
0%

0%

54.903 Gy

100%

96.6%

0%

0%

49.708 Gy

99.9%

99.5%

0.391%

0%

Mean dose
2.456 Gy
2.583 Gy
1.184 Gy

Conclusions: The proton plan reduced dose to the lung, heart and contralateral breast when compared to the conventional
photon-electron plan. The proton plan also improved PTV50 and PTV60 coverage without increasing dose heterogeneity. The
proton plan reduced the integral dose by approximately 50%.
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Degradation of the Distal Edge by Low Density Heterogeneities
Radhe Mohan, PhD, Uwe Titt, PhD, Narayan Sahoo, PhD, Yupeng Li, MS,
Xiaodong Zhang, PhD, and Michael Gillin, PhD
Department of Radiation Physics, MD Anderson Cancer Center, Houston, Texas

Purpose: An important characteristic of protons is that they stop at a well-defined depth. However, in the
presence of complex heterogeneities, the distal edge of proton dose distributions may be significantly degraded. Urie, et al, in their 1986 paper demonstrated that, when a beam of protons passes through complex bony heterogeneities in the base of the skull, the spread-out Bragg peak distal edge (90 to 20%) is
degraded from the expected 6 mm to as much as 32 mm. The overall purpose of this work is to determine
whether low-density heterogeneities, such as those encountered in the proton therapy of thoracic cancers, also significantly degrade the distal edge, to examine what the clinical consequences of such degradation might be and to determine what measures might be taken to mitigate theses consequences. Another purpose is to determine the adequacy of conventional dose computation methods to accurately
predict the degradation.
Methods: In this on-going investigation, dose distributions in heterogeneous phantoms and patients, calculated with a conventional method and with Monte Carlo simulations, will be compared with each other
as well as with measurements where measurements are practical. The following phantom geometries will
be studied: (1) The proton beam passes through a lung equivalent slab of uniform density and enters a
target region and is backed by water-equivalent slab. (2) The proton beam enters a water-equivalent slab,
followed by a lung equivalent slab, a water equivalent slab representing the target, and another lung
equivalent slab backed by a water equivalent slab. (3) For comparison of calculations only, uniform density lung material will be replaced by a material that has the same average density as the lung material
but is a mixture of randomly distributed unit density voxels and air. In addition, calculations for lung and
esophagus patients with conventional and Monte Carlo methods will be compared.
Results: Preliminary measurements show that, for a 225 MeV beam and SOBP of 10 cm, a 10 cm slab of
commercial uniform lung equivalent material of density 0.3 gm/cc degrades the distal edge in water by
approximately 3 mm. Dose calculations with a conventional method for this case show no degradation.
Monte Carlo calculations for a 180 MeV proton beam through the phantom with 10 cm slabs of uniform
density and non-uniform density lung media (both average density of 0.2 gm/cc) show that the latter degrades the 90 to 20% distal edge more than the former by 8 mm. Detailed results will be presented.
Conclusions: Low density heterogeneities of the type encountered in thorax may degrade the distal edge
significantly. The degree of degradation depends on the “texture” of the heterogeneity and on its size and
location in the beam path. It may also depend on where the distal edge is located. For instance, the degraded distal edge may stretch many fold in lung compared to higher density tissues. The semi-empirical
dose calculation algorithms employed in typical treatment planning systems are unable to accurately predict such degradations. The potential consequences of the degradation of the distal edge for structures
distal to the target and the possibility of minimizing the impact of degradation using optimization of the
number and directions of beams will be discussed.
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Scintillating Plate, block bar, and CCD camera as a tool of
QC verification system in proton therapy at PMRC
Kiyoshi Yasuoka
University of Tsukuba
Abstract not provided
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Target dose coverage in the presence of alignment rotation
for proton therapy of prostate cancer
Richard Amos, MSc
M.D. Anderson Cancer Center
Abstract not provided
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Clinical Commissioning of the Eclipse Treatment Planning System for Protons

Narayan Sahoo a), PhD, X. Ronald Zhu, PhD, MingFwu Lii, MS, Xiaodong Zhang, PhD, Richard Amos,
MS, Richard Wu, MS, John R. Zullo, BS, Matthew Barfield, Bijan Arjomandy, PhD, Uwe Titt, PhD, Wayne
Newhauser, PhD, Radhe Mohan, PhD and Michael Gillin, PhD
Department of Radiation Physics, M. D. Anderson Cancer Center
Purpose: To review the initial experience in collecting the required measured proton beam input data for
Eclipse Treatment Planning System and to compare the measured versus calculated dose distributions in
a simple water phantom.
Methods: The Eclipse Treatment Planning System (TPS) requires a limited number of depth dose
measurements in water and profile measurements in air for modulated proton beam. These
measurements required that the range modulation wheel (RMW) be fixed (not-rotating) such that the
proton beam intercepts the thinnest part of the RMW and a thick portion of the RMW. The measurements
include: (1) pristine Bragg peaks, (2) open field longitudinal fluence profiles in air (z-fluence), and (3) open
field and half-blocked cross field fluence profiles in-air. Depth dose and z-fluence measurements were
made using a Markus chamber and the PTW scanning system, which was set to integrate the charge for
four seconds at each measurement point. Kodak ERD-2 films were used to measure the cross field
fluence profiles in air. These films were digitized using a Vidar scanner and were analyzed with
Scanditronix/Wellhofer OnmiPro software. A total of ten measurements were acquired for each option,
which were completed in approximately ten hours. Measured data were converted into the required
W2CAD format and were entered into the Eclipse TPS. After a complete set of data was entered for each
option, dose calculations were performed in a water phantom both to verify the accuracy of the data entry,
beam configuration process and the dose computation model in Eclipse, and to obtain comparison data
for the validation measurements.
Results: Good agreement was found between the distal portion of the measured and Eclipse calculated
Spread-out Bragg peaks. The agreement in the proximal portion was not as good as the distal portion.
This may be due the fact that Eclipse beam modeling was designed under the assumption that the beam
spot will intercept only one RMW step at a time, while in reality the beam spot can intercept multiple
steps. A forthcoming version of Eclipse will model multi-step illumination. Agreements with the profile
measurements were good within the edges of the beam. However, it is observed that Eclipse arbitrarily
terminated its calculation outside of the beam. Limited comparisons have been done between measured
and calculated dose involving heterogeneous slab phantoms. These comparisons did not reveal any
dosimetric discrepancies.
Conclusions: Input data for proton beam module of Eclipse TPS can be acquired within a reasonable
time period. Minor differences were found in the proximal part of the measured and Eclipse calculated
central axis dose distributions, which is attributed to a simplistic modeling of the beam spot hitting multiple
steps by the TPS.
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Abutment of Long Passively Modulated Proton Fields
Michael Gillin, PhD, Narayan Sahoo, PhD, Ronald Zhu, PhD, John Zullo, BS
Department of Radiation Physics, The University of Texas M. D. Anderson Cancer Center, Houston, TX
Purpose: To describe initial efforts in developing an approach to abutting spinal fields for a cranial-spinal
treatment.
Method: The abutment of two radiation fields with the goal of producing a ‘uniform’ dose at depth
requires careful measurements. Typical spinal apertures were made. Measurement parameters included
the 25 cm x 25 cm snout, 160 MeV protons (range 11.0 cm), SOBP 10 cm, 270 cm TAD, Gantry zero
degrees, and an arbitrary snout position of 20 cm. The beam profile was measured under identical
conditions using a pin point ion chamber and film at 270 cm TSD. The coincidence between the light field
and the radiation beam was studied under the above conditions. (There is no specification for this
coincidence.) Kodak EDR2 film was used to measure the dose in the gap region at a depth of 6 cm in
solid water with a 264 cm TSD, using different gaps on the surface. The couch was moved to the required
position input into the Hitachi hand pendent. The position of the phantom was verified using the light field
prior to each measurement.
Results: The ion chamber measurements and the film measurements agreed to within 2 mm at the 20%,
50%, and 80% dose levels at 6 cm depth, 270 cm TSD. The light field measures 27.4 cm at 270 cm,
snout at 20 cm. The radiation field, at the 50% level, has a width of 27.2 cm with both zero centimeters of
build-up and with 6 cm of build-up.
The dose distribution in the region of the abutment for gaps on the surface of 0 cm, 2.5 cm, 4 cm, and 5
cm is as follows:
Gap (cm)
0
2.5
4.0
5.0

Maximum Dose (%)
180%
140%
113%
96%

Width of Dose Perturbation (>10%) (mm)
14
12
8
9

The 4 mm gap was measured three different times for an average maximum dose of 113.7% + 1.5%.
The classic gap equation, with results adjusted by adding 2 mm to account for the light field proton beam
coincidence, yields a gap of 5 mm. Under the conditions described above, the measured results and the
classic approach agree well.
Conclusions: An initial approach for the abutment of two spinal fields, as would be used in a cranial
spinal treatment, has been developed. The measurements agree with a slightly modified classic
calculation. Work continues to explore this approach under different conditions, e.g. snout location and
energies.
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Preparing for Prostate Treatments with a
Scanning Proton Beam at the Proton Therapy Center in Houston
Martin Bues, PhD, George Ciangaru, PhD, Razvan Gaza, PhD,
Xiaoning Ding, PhD, Alfred Smith, PhD
University of Texas MD Anderson Cancer Center
K. Matsuda, H. Nihongi, Y. Eguchi
Hitachi
B. Schaffner PhD, C. Ritzmann, PhD, E. Matsinos, PhD
Varian
Purpose: The MD Anderson Proton Therapy Center in Houston (PTC-H) is treating cancer patients, since
May 4th 2006, with a double scattering beam delivery technique. In early summer of 2007, PTC-H plans to
treat the first patient using a step and shoot pencil beam scanning technique (PBS), on its scanning
nozzle, which is mounted on the third gantry. The first patient to be treated with PBS most likely will be a
prostate patient. Preparations for PBS treatments include commissioning measurements, and the
development of validation and quality assurance tools, which are specific to PBS.
Methods: Depth dose measurements for single pencil beams on central axis were taken using a PTW
Bragg Peak chamber in a Wellhoefer water tank. These measurements were simulated using MCNPX
and GEANT Monte Carlo software codes. Simulated commissioning data was generated for Varian
Eclipse PBS treatment planning software. Lateral dose distributions were measured using EBT film
suspended in a water tank. A scintillator CCD camera system was developed for patient specific QA of
PBS treatments.
Results: Depth dose measurements taken with the PTW Bragg peak chamber compare well with MCNP
and GEANT Monte Carlo simulations. PBS and double scattering delivery techniques show clinically
significant differences. EBT film measurements show good agreement with measurements taken with a
pinpoint chamber, in the case of passive scattering.
Conclusion: Commissioning and QA tools developed so far, prove to be suitable in the preparation for
prostate treatments, with a scanning proton beam, at PTC-H.
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Technical and Clinical Update for the
M. D. Anderson Proton Therapy Center
Alfred Smith, PhD and James Cox, MD
M D. Anderson Cancer Center, Houston, Texas

The University of Texas M. D. Anderson Proton Center began treating patients on May 4, 2006, three
years after the ground breaking ceremony for the construction of the facility. By September 1, 2006, 30
patients were receiving treatments each day on one gantry and one fixed horizontal beam line, both using
passive scattering beam delivery. Treatments are scheduled to begin on a second gantry, also using
passive scattering, on September 14 and it is anticipated that about 40 patients will be under treatment by
mid October. We have begun preliminary beam tuning and dosimetric measurements for the spot
scanning nozzle acceptance tests on the third gantry.
We will present details of the technical and clinical status of the facility. We will discuss the clinical
protocols that have been implemented and those that we plan to implement in the near future. We will
provide details on the clinical availability (uptime) of both the gantry and fixed treatment delivery systems
since the beginning of patient treatments and provide examples of the technical problems that we have
encountered thus far. During the first 4 months of clinical operation on the first gantry the clinical
availability has been 97.5% and for two months of clinical operation on the fixed beam room it has been
99%. We have encountered only minor problems with the Hitachi proton therapy systems. The imaging,
treatment planning, machine shop and data management systems are operating reliably and initial
experience with all systems has been very positive with only minor problems in initial clinical operations.
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Dosimetry and QA for Spot Scanning
Eros Pedroni, PhD
Paul Scherrer Institute, Villigen-PSI, Switzerland

The intention of the presentation is to give an insight into the experience acquired at PSI in treating
patients with pencil beam scanning from the point of view of the technical QA and related dosimetric
tests. The material focuses strongly on the experience gained in the past by using the first gantry
prototype, Gantry 1. The QA reflects the long development work of many members of the medical division
of PSI (main contributors: A. Coray, T. Böhringer, M. Grossmann, S. Lin, A. Lomax, D. Lempen, H.U.
Stäuble, B. Rohrer and S. Safai).
For time reasons the list of presented QA issues is not intended to be complete, but it selects items
specific to the spot scanning technique (as compared to scattering).
The layout of the presentation will be as follows:
1) Mechanical system, patient table, coordinates systems, alignment of the patient with respect to
the beam. The absence of collimators.
2) Beam tuning. The advantageous situation if one has very reproducible settings of the beam line.
Residual corrections.
3) Scanning devices and related QA (beam monitoring, kicker, sweeper magnet, range shifter).
4) Characterization of the pencil beam (position, direction, shape, energy, momentum band, beam
range, beam intensity). Beam characterization: phase space in air, multiple Coulomb scattering in
the patient, beam broadening in the range shifter and air gap to the patient. Basic data used as
input for the dose calculation in treatment planning.
5) Some examples of daily check measurements (beside weekly, monthly, yearly and 3-yearly
checks) and of the analysis of data logged during scanning (quality performance).
6) Absolute dosimetry. Reference dose boxes. Predicted absolute dose from treatment planning.
Physical dose model (Pedroni et al PMB, 50, 541-561, 2005). Faraday cup. IAEA code of
practice.
7) Verification dosimetry. Reference ionization chambers, ionization chamber array, CCD dosimetry
(scintillating screen), 400 scintillators phantom.
8) Systematic errors in verification dosimetry, pencil beam halo due to nuclear interactions (model).
The “no need” to measure output factors.
9) Redundancy of dose calculation and hints to other (more common) issues (as known from
scattering).
The subject of QA is very broad, strongly dependent on each specific solution. I expect that a substantial
time of the workshop will be devoted to questions, comments, suggestions and discussions.
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Present understanding of physics in carbon therapy
Tatsuaki Kanai, PhD
Research Center for Charged Particle Therapy
National Institute of Radiological Sciences
Chiba, Japan
Purpose: After pioneering studies at LBNL in 1970's, the steady growths of the heavy-ion therapy have
continued at NIRS, Japan and GSI/DKFZ, Germany. Although experiences and knowledge's about the
heavy-ion therapy have been accumulated, many unsolved problems are still laid in front of us. Present
status of our understandings of heavy-ion therapy will be discussed based on HIMAC experiences.
Method: Depth dose distributions of carbon beams in water were analytically calculated using empirical
formula for fragmentation cross sections. These one-dimensional dose and LET distributions were used
for design of SOBP. Three dimensional dose and LET distributions should be described in the next step.
In the carbon beam therapy, it is convenient to use clinical dose distributions for describing photon
equivalent dose distributions. However, we never realize photon-equivalent dose distributions by carbon
beams. We should assume idealized responses of tumor or normal tissues to the carbon and photon
beams.
For the QA of the carbon therapy, it is desired earnestly to measure the clinical dose directly.
Measurements of energy-loss spectra using a small plastic scintillator can deduce the dose and LET
simultaneously. Approximate clinical doses can be obtained by these scintillation measurements.
Results: The spread-out Bragg peaks are successfully designed using the analytical dose and LET
distributions. And the SOBPs have been applied to the HIMAC clinical trials.
Clinical doses used in the HIMAC clinical trials have been successfully examined by a simple analysis of
the TCP theory and RBE assumption at HIMAC.
Detector system for the clinical dose measurements has been developed. Tentative results were obtained
at HIMAC therapeutic beams.
Conclusions: Although experiences of the carbon therapy have been accumulated, many unsolved
problems are still laid in front of us.
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Conceptual and Technical Means to Optimize the Performance of the
Heidelberg Ion Therapy Center
Thomas Haberer, PhD
Scientific-technical Director
Heidelberg Ion Therapy Center
Im Neuenheimer Feld 450
Heidelberg -Germany
Light ion beam therapy for the treatment of localized tumors has received renewed interest in recent
years. The biological advantages of ions heavier than protons has been well documented. Over 2000
cancer patients have been treated with Carbon ions since 1994 in Germany and Japan. Since 1998, the
medical and scientific teams at GSI in Darmstadt, Germany have been treating localized tumors with
carbon nuclei using a three dimensional intensity modulated beam scanning technique in a pilot project.
In order to expand this new modality for a larger volume of patients, a dedicated light ion facility is
presently under construction at the Department of Clinical Radiology, University of Heidelberg, Germany.
It will be the first dedicated and hospital-based irradiation facility for protons and heavier ions in Europe. A
capacity of more than 1000 patient treatments per year is envisaged. Ions from Hydrogen to Oxygen will
be accelerated in a linac-synchrotron-combination using multiple ion sources. The facility comprises two
horizontally-fixed beam lines for patient treatments plus a fixed-beam experimental area. In addition, the
world-wide first scanning ion gantry is under construction. The facility fully relies on an active beam
delivery method, the intensity-controlled raster scan technique, which allows for the administration of
inversely planned and biologically optimized dose distributions having utmost precision. The availability of
different ion species ranging from protons to oxygen under identical conditions optimally supports clinical
trials aiming to clarify the question of which particle species is best suited for what indication. The facility
will be equipped with robotic patient positioners and state-of-the-art imaging modalities plus in-situ
Positron-Emission-Tomography (PET). In this presentation, various technical and conceptual aspects
aiming at an optimized patient throughput in parallel with an increased performance of the used IMPT
method relative to the pilot project.

Particle
Therapy
CoOperative
Group

42

PTCOG 45
Present Status of Accelerator and Beam Transport System for
the M. D. Anderson Proton Therapy Center

Masumi Umezawa, Atsushi Yoshida, Fumio Nakagawa, Hiroshi Otsuka, Hirohiko Koyama, Daishun
Chiba, Hiroaki Sakurabata, Kazuo Hiramoto, Naoya Nishimura, and Kazumichi Suzuki
Power Systems, Hitachi, Ltd., Japan and Hitachi America, Ltd., Houston, Texas, USA
Alfred Smith, Michael Gillin, Martin Bues, Ronald Zhu, Narayan Sahoo, Patrick Oliver, James Yang, George
Ciangaru, Jerimy Polf, Radhe Mohan and James Cox
University of Texas M. D. Anderson Cancer Center, Houston, Texas, USA
M. D. Anderson Proton Therapy Center consists of a synchrotron accelerator with a maximum energy of
250MeV and beam transport system with three rotating gantries and two fixed courses. Before starting
treatments on the new proton therapy system, we had confirmed several beam characteristics and
system functions needed in daily treatment using passive scattering nozzle in multiple rooms with rotating
gantries. Proton beam was successfully accelerated by the synchrotron system to various energy levels,
which corresponds to ranges in water from 4 to 30g/cm2 and transported to the two gantry rooms with
various rotating angles and fixed beam room. During beam tuning, we have utilized the beam orbit
correction function at the entrance of rotating gantries and irradiation nozzles.
This paper will provide the present status of the accelerator system and beam tuning results for the
irradiation nozzles. Representative measurements and data analysis will be presented.
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Prediction of Lateral Ion Scattering by MCNPX

M. F. Moyers, M. R. James, S. Rightnar, G. W. McKinney
Purpose: The Monte Carlo simulation code MCNPX has been expanded to enable transport of any fully
charged ion species1,2,3. Part of the verification process for the enhanced code is comparison of
simulations with measurements. The lateral dose distributions of small pencil beams scattered by various
materials can demonstrate the correctness of the scattering angle calculations and projectile and target
fragment production and transport.
Methods: The ion beams used for testing the expanded code were 0.29 GeV/n carbon ions and 0.97
GeV/n iron ions. The test geometry consisted of a single slab of medium- or high-density material
followed by a drift space of air. Slab materials included polyethylene, polystyrene, bone equivalent plastic,
aluminum, and iron. Lateral distributions were measured using extended range radiographic film placed
perpendicular to the incident beam 130 cm downstream of the front of the test slabs. The film images
were digitized at a resolution of 178 μm for extraction of the beam profiles. Simulations were performed
with the new heavy-ion version of MCNPX (v.2.5.HI7).
Results: Calculated full-width-half-maximum values for the beam profiles at the back film plane generally
agreed with measured values for all materials. The shapes of the calculated and measured profiles were
similar for the carbon ion beam but differed slightly for the iron ion beam. Examples of comparisons
between measured and calculated lateral profiles will be shown.
Conclusions: The new code is capable of simulating ion beam scatter and secondary particle
production. Further investigations using other energies and geometries should be performed.
This work was supported by NASA grant NAG8-1943.
1

Moyers, M. F. James, M. R. Waters, L. S. McKinney, G. W. "Upgrade and verification of MCNPX for HZE
ions" 16th Annual NASA Space Radiation Investigators' Workshop, Port Jefferson, New York, May
15-18, 2005.
2
James, M. McKinney, G. Hendricks, J. Moyers, M. "Recent enhancements in MCNPX heavy ion transport and the LAQGSM physics model" International Conference on Accelerator Applications, Vienna,
Italy, August 29 - September 1, 2005.
3
James, M. McKinney, G. Hendricks, J. Moyers, M. "Heavy-Ion Transport in MCNPX American Nuclear
Society’s 14th Biennial Topical Meeting of the Radiation Protection and Shielding Division, Carlsbad,
New Mexico, USA, April 3–6, 2006
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The Siemens Particle Therapy Simulation Tool–
A Way to Tailor a PT Facility to Customer Requirements
Konstanze Gunzert-Marx, Matthias Herforth, Harris McMurry
Siemens Medical Solutions
Particle Therapy, Hartmannstr. 1Erlangen
The intention of each investor in a particle therapy center is the availability of best quality tumor treatment
for a large patient number – combined with a positive economical outcome.
To closely match tumor conformity Siemens Med PT designed an active beam application system
appropriate for protons and carbon ions. This system is supplied by a synchrotron for active energy
variation to keep nuclear activation and maintenance effort low. By optimizing the workflow the Siemens
PT centers obtain high patient throughput with a reasonable investment. Examples for innovative
workflow support are the robotic systems for automated patient positioning and verification imaging, the
patient transport system using shuttles to allow patient immobilization outside of the treatment room
according to user requirements, and a totally integrated software platform for image and workflow
management. In addition the active scanning system avoids the changing of patient specific beam
shaping devices.
In cooperation with leading radiation oncology institutions we designed a tool to optimize the configuration
of rooms and equipment in a particle therapy center. All input parameters are defined individually with the
clinical operator of the customer. Decisive are the elements of workflow, the indications and the
distribution of indications. Additional parameters describing the PT system properties, the equipment
within the treatment rooms, the processing times, medical protocols and the operating times are taken
into consideration, too.
Using these input parameters the tool simulates the processes in a particle therapy center over a defined
period e.g. one year. Results are the number of treated patients, the beam utilization, the treatment room
load, the waiting times of the patient and further details concerning the distribution of patients to the
different treatment rooms.
Comparing the output of simulation runs using different input parameters the optimum PT center
configuration can be determined. Usually, the simulation tool confirms a three to four room configuration.
Therefore, the Siemens PT simulation program is a highly advantageous tool to tailor the PT center to the
customer’s individual treatment and economical needs.
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WHAT IS DIFFERENT ABOUT PROTON TREATMENT PLANNING?
Michael Goitein
Harvard Medical School, Boston and
Windisch, Switzerland
The general characteristics of treatment planning programs will be summarized and those features for
which modality-specific (and, in particular, proton-specific) information are required will be identified. The
way in which proton beam treatment planning differs from conventional photon treatment planning (with or
without intensity-modulation) will be discussed.
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Investigation of the Suitability of Tissue Equivalent Materials for
Proton Therapy Treatment Planning
Andrew Wroe (PhD Cand.)1, Anatoly Rosenfeld1, Reinhard Schulte2

1. Centre for Medical Radiation Physics, University of Wollongong, Australia
2. Department of Radiation Therapy, Loma Linda University Medical Center, Loma Linda, CA
To gain maximum benefit from proton therapy, extensive treatment planning is required to determine the optimum aperture,
energy, angle and bolus. In existing treatment planning algorithms, CT number is converted to water equivalent material with the
electron density varied to reflect changes in CT number. In many experiments commercially available tissue equivalent (TE)
materials are often used to verify the accuracy of proton treatment planning algorithms and measure changes in radiation field.
But how well do these materials reflect the actual human tissues when it comes to the transport of proton radiation used for
therapeutic purposes? In order to investigate this, the GEANT4 Monte Carlo toolkit [1] was used to provide variation in dose,
lateral scatter and microdosimetry spectra as a function of depth within different homogeneous TE materials as well as in water
scaled to tissue densities when irradiated with therapeutic energy protons.
Method. The phantom geometry to provide depth dose and lateral scatter information consisted of a rectangular prism with
sensitive slices covering the cross sectional area of the phantom and extending into the phantom. A 1000 sensitive slices were
utilized in the simulation, each 5μm thick separated by gaps of 500μm to provide adequate resolution as a function of depth.
Energy deposition events within the sensitive slices were scored to provide depth dose information, while the position of
interaction was also registered at each depth to provide information on the changing beam profile as a function of depth. In order
to provide microdosimetry information, the simulation was repeated with the sensitive slices replaced with a 50x50 cell array of
5μm diameter sensitive spheres. Energy deposition events were scored to produce a microdosimetry spectra according to the
protocol outlined in [2]. In all cases the materials defined in the simulation were constructed using information provided by NIST
[3] (with ICRU material compositions being used as the composition for real tissue), the phantom manufacturer, or by scaling the
physical density of water to match that of the tissue in question. For these studies, 250MeV protons incident normally on the
surface of the phantom with a field size covering ¼ the cross sectional area of the phantom were used.
Results & Conclusion. From our initial results, comparing depth-dose curves, it is clear that scaling the density of water to that
of ICRU brain (to produce water equivalent brain) accurately reproduces the depth dose curve of ICRU brain (Fig. 1) as the
mean ionization energy of ICRU brain is similar to that of water. However, in the case of bone with a significantly different
composition and mean ionisation energy to that of water, the difference in depth dose profile is marked. This is clear with a 9.8%
difference in the range and 12.9% difference in the peak to entrance dose ratio between water equivalent bone and ICRU bone,
while these differences are greatly reduced at 2.6% and 1.1% respectively in the comparison between commercially available
bone and ICRU bone.
This work will provide valuable information on depth dose profile, lateral dose spread as a function of depth and microdosimetry
spectra for a wide range of TE materials, commercially available phantoms, and water scaled to the density of tissues as used in
treatment planning. The information provided could result in further optimisation of proton therapy treatment planning and TE
experimental studies.
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Fig 1: Results for ICRU Brain, Commercially available Brain, and Water Equivalent Brain Fig 2: Results for ICRU Bone, Commercially available Bone, and Water Equivalent Bone

References:
[1] S. Agostinelli, J. Allison, K. Amako, et al., "GEANT4-a simulation toolkit," Nuclear Instruments & Methods in Physics
Research Section a-Accelerators Spectrometers Detectors and Associated Equipment, vol. 506, pp. 250-303, 2003.
[2] "Microdosimetry," ICRU, vol. 36, 1983.
[3] NIST, "National Institute of Standards and Technology PSTAR Database Program," http://physics.nist.gov/cgibin/Star/compos.pl?ap.
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Scanning beam treatment plans with bolus and aperture
Ning Wang, PhD, George Coutrakon, PhD, and Daniel Miller, PhD
Loma Linda University Medical Center
Department of Radiation Medicine
Loma Linda CA
Treatment planning for IMPT (or intensity modulated proton therapy) requires finding the best intensities
and beam positions for a 3D matrix of pencil beams that fill the target volume and minimize dose to
healthy tissue. It offers benefit for proton treatments because each pencil beam is optimized to meet the
clinic goals. This study shows that target coverage using pencil beams is sensitive to the heterogeneous
densities near and inside the target. Also, IMPT displays a wider penumbra in some cases because of the
finite beam size entering the patient if apertures are not used. Bolus and apertures in passive beam have
been successfully used in our daily treatment and may improve beam quality in some scanning cases.
We compare scanning beam treatment plans with and without bolus and aperture to demonstrate the
benefit of them for some clinic cases with critical structure near air cavities and metal objects.
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Range variation analysis of 4DCT scan for charged particle radiotherapy of lung cancer
Shinichiro Mori, PhD, John Wolfgang, PhD, Hsiao-Ming Lu, PhD, Robert Schneider,
Noah C Choi, MD, George TY Chen, PhD
Purpose: Water equivalent pathlengths (WEL) from entrance surface to distal target volume may vary
during respiratory phase. To understand range uncertainties during respiration, we analyzed WEL
variations in 4DCT data, and quantitatively assessed potential beam overshoot that can damage distal
organ at risks (OARs).
Methods: Volumetric cine images are acquired by a multi-slice CT scanner in 4Dmode. We calculated
the 4DMIP (temporal maximum intensity projection) images. Two compensating boli were calculated: the
first is defined by the internal target volume (ITV) on a 4DMIP image (0-90 %); the second compensator
is designed based on a gated (40-60 % phase) 4DMIP. These boli were then applied to the 4DCT data
set phase by phase. The WEL variations and the magnitude of overshoot were calculated as a function
of gantry angle.
Results: WEL varied with tumor movement. Range overshoot or undershoot into normal lung was
observed using BEV- WEL displays as well as axial images. Maximum overshoot range can be over 20
mm-WEL. Such range variations can affect the efficacy of treatment, and result in excessive dose to a
distal critical organ.
Conclusions: WEL penetration variation analysis provides information to determine the appropriate
gating window in respiratory-gated radiotherapy. This analysis will also be useful for optimizing planning
and delivering in the respiratory-gated radiotherapy.
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Determining parameters for synchrotron based respiratory gated
passively scattered proton irradiation
Yoshikazu Tsunashima, M.S. 1, Sastry Vedam, Ph.D. 1, Lei Dong, Ph.D. 1,
Masumi Umezawa, Ph.D. 2, Peter Balter Ph.D.1, Radhe Mohan, Ph.D.1
1) Department of Radiation Physics, M.D. Anderson Cancer Center, Houston, TX
2) Power Systems, Hitachi, Ltd., Japan and Hitachi America, Ltd., New Jersey, USA

Purpose:
Respiratory gated irradiation offers potential for margin reduction and dose escalation for treating moving
targets, such as tumors in the thorax or abdomen. Previous gated treatments were usually implemented
on fast switching or quasi-continuous irradiation systems, such as cyclotron or photon linacs. There were
few reports regarding the implementation of gated treatment for long pulsed irradiation systems, such as
the synchrotron-based passively scattered proton therapy system. We propose to examine the feasibility
and the practicality of implementing respiratory-gated proton irradiation on a synchrotron through a
simulation study.
Method and Materials:
Control signals that determine proton acceleration, deceleration and extraction for a synchrotron based
proton therapy ℑ delivery system were used in this simulation. A typical magnet excitation cycle, Tcyc
consists of proton acceleration, flat top and deceleration periods that were set prior to the delivery of each
field. Protons were usually available for extraction during the flat top period of each such excitation cycle.
In order to simulate the efficiency of such system in gated delivery mode, respiratory motion patterns
were acquired on 20 patients by monitoring the motion of an external surface (chest/abdominal wall) with
an external respiratory motion monitoring system ℘ . Width of the gate signals was determined by
choosing an appropriate duty cycle for the gated delivery. In this study the respiratory gating was
simulated at the end of exhale with a 30% duty cycle. The respiratory gate signals were then combined
with different magnet excitation patterns to determine the allowable treatment beams. Extraction of any
available protons during any given flat top period was only allowed when the target position was within
the selected respiratory gating window. Three distinct scenarios as described below were used to
estimate the efficiency of each operating mode: (a) Non-gated irradiation: Tcyc was set to the minimum
allowed value. This was used as a reference for comparison. (b) Gated irradiation: with Tcyc set at the
minimum allowed value, and (c) Gated irradiation: with Tcyc set at a value approximately equal to the
average breathing cycle for a given patient. For each case, the amount of time required to deliver 100
MUs was determined. From this, an estimate of the factor of increase in treatment delivery time relative to
the non-gated treatment was calculated.

ℑ
℘

PROBEAT, Hitachi Ltd., Japan
Varian RPM Real Time Position Management Respiratory Gating, Varian Medical Systems, Palo Alto CA

49
Results:
For the 20 respiratory motion studied, the factor of increase in treatment delivery time ranged from 2.96 to
3.52 (mean value =3.37) for gated irradiation using a minimum allowed Tcyc of 2.7 sec. The factor of
increase in treatment delivery time ranged from 1.69 to 3.51 (mean value=2.79) for gated irradiation using
a patient-specific Tcyc value approximately equal to the average breathing cycle for a given patient.
Conclusion:
Respiratory gated passively scattered proton delivery using a synchrotron-based system is feasible
without significantly increasing the treatment time. For the 20 cases studied, there seems to be some
benefit in using a patient-specific Tcyc value to improve operating efficiency. Further investigations are
required to study other operating scenarios, including breath coaching, active breathing control etc.
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Analysis of respiratory-surrogate marker data gathered during proton
treatments employing respiratory gating
Alexei TROFIMOV, Gregory SHARP, Hsiao-Ming LU, Thomas BORTFELD, Hanne KOOY
Francis H. Burr Proton Therapy Center, Massachusetts General Hospital and
Department of Radiation Oncology, Harvard Medical School, Boston, MA.

Purpose: Respiratory gating technique, in which irradiation is triggered based on an external surrogate
marker signal, has been implemented at Francis H. Burr Proton Therapy Center for treatment of tumors
that exhibit substantial intra-fractional motion (over 10 mm peak-to-peak). Between November 2005 and
July 2006, six patients underwent gated proton therapy, including 2 cases of liver, 2 cardiac and 2 lung
tumors. We examined and analyzed the external respiratory-surrogate marker data gathered during
various fractions of gated proton treatments to investigate intra- and inter-fractional stability in the
respiratory waveforms, parameters of marker traces and residual motion within the gating window, as well
as inter-subject variability.
Methods: Varian real-time position management (RPM) system monitored external marker motion used
for target localization during gated treatments. A strong correlation between the motion of external
markers and internal targets has been previously reported. We analyzed 376 RPM datasets (‘traces’, with
average duration of 262 seconds) from six patients. (All patients were coached in breathing techniques,
using a visual feedback, to improve stability and reproducibility of respiration.) Marker position during
beam-on time was used to evaluate the residual motion of the target within the gating ‘window’.
Probability distribution functions (PDF) of the marker position were constructed, and variability bounds
were calculated for the realized distributions. Trace-average waveforms were constructed from
cumulative PDF.
Results: The duty-cycle of gating (the ratio of ‘beam-on’ time to total treatment time per fraction) was
32% on average and differed insignificantly between treatment courses (various patients). The 95%probability range of the target position during treatment delivery was reduced by a factor of 4, on average.
Substantial drift in the baseline of the marker motion, which required adjustment in the position of gating
window, was observed in a small number of fractions. A number of patients exhibited identifiable trends in
fraction-to-fraction evolution of marker motion parameters, e.g., increase in frequency and/or amplitude of
respiration during the treatment course.
Conclusion: Application of respiratory gating techniques improved localization of moving targets during
treatments. However, such factors as inter-fractional variations in marker positioning and tidal volume of
breathing, as well as patient’s compliance with respiratory coaching may affect the precision of targeting.
Daily review and verification of the target position within the gating window is advised.
This study was supported by the NCI programme project grant 5-PO1-CA21239-25.
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Workshop: how to use a Scarce Particle Resource Wisely
Jerry Slater
Abstract not provided
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Current Status of Conformal Proton Beam Therapy of
Prostate Cancer in the United States – What Are We Doing and
What Should We Be Thinking About?
Carl Rossi
Loma Linda University Medical Center, Loma Linda, Ca
Abstract not provided
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Initial experience at PTC Houston
Andrew Lee
M. D. Anderson Cancer Center, Houston, TX
Abstract not provided
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Overview and Development of Hypofractionated Radiotherapy with Carbon Ion Beams
Hirohiko Tsujii
National Institute of Radiological Sciences
Abstract not provided
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Proton and Carbon-ion Treatment at Hyogo
Yoshio Hishikawa
Hyogo Ion Bean Medical Center
Abstract not provided
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Proton Ben Therapy for Skull Base Tumors
Takashi Ogino
National Institute of Radiological Sciences
Abstract not provided
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POTENTIAL ROLE OF PET TRACER (FMISO-18F) TO DEVELOP HYPOXIA IMAGING - GUIDED
PROTONTHERAPY FOR SKULL BASE CHORDOMA
H. Mammar1; K. Kerrou2 ; D Pontvert1; G. Gaboriaud1; L. Feuvret1; R .Ferrand1; J.Datchary;
B. George3; J. Talbot2; JL. Habrand1.
1

Protonthérapie - Institut Curie, Orsay, France,
Médecine Nucléaire - Hôpital Tenon - AP-HP, Paris, France
3
Neurochirurgie - Hôpital Lariboisière - AP-HP, Paris, France
2

Introduction: Locoregional tumor control for locally advanced skull base chordoma with combined
surgery and radiation therapy has been unsatisfactory. This is in part associated with the phenomenon of
tumour hypoxia.
Aim: In this study, we examined the the potential role of PET tracer to develop hypoxia imaging (FMISO18F)-guided Protontherapy, which may potentially deliver higher dose of radiation to the hypoxic
component to overcome inherent hypoxia-induced radioresistance without compromising normal tissue
sparing.
Methods: From January 2005 to February 2006, 7 patients with incompletely resected skull base
chordomas who were planned for high dose radiotherapy were included. An informed consent was
obtained in all patients who were included in the prospective phase III study (MIET). All 7 patients had
FDG-(18F) PET-CT as reference imaging. Eight FMISO-(18F) examinations were performed, with one
patient (# 4) having a second FMISO-(18F) alone, at the time of a contra lateral recurrence, before
radiotherapy. All tracers were provided by IASON GMBH, Graz, Austria. Examinations were performed
with a GEMINI PET-CT system (Philips; The Netherlands) post IV injection of 5 MBq/kg body weight, one
hour for FDG-(18F) and two hours for FMISO-(18F). Reconstructions with and without attenuation
correction were performed with a RAMLA 3D iterative algorithm. Images were analysed qualitatively with
a 5-scale score subjective assessment of uptake on PET only images, at both patient and site levels,
ranging form 1 = no uptake to 5 = intense uptake, and semi-quantitatively computing the ratio of
maximum standardised uptake value (SUVm) of the tumour and cerebellum, with knowledge of lesions on
conventional imaging.
There were 2 males and 5 females, with a median age of 35 years (range 25-70). Median follow-up was 8
months (range 4 - 14).All patients received combined proton and photon beam radiation. The prescribed
dose was 71 cobalt-Gray equivalent (CGE) [RX = 45 Gy; Proton = 26 CGE], conventionally fractionated.
The hypoxic tumor component was totally covered with GTV, and received 95% or more of the prescribed
dose. At the time of analysis, all patients were alive with NED.

57
Results:
Table 1 shows subjective scores and SUVm ratios.
Table 1: Subjective scores and SUVm ratios
Patient # lesions

FDG
FDG FMISO
FMISO
subjective scale Ratio subjective scale Ratio

1

1

1

0.33

2

0.75

2

1

1

0.41

5

2.20

3

1

2

0.55

3

1.33

4

1

1

0.30

5

2.00

4

2

-

-

5

1.50

5

1

1

0.41

4

1.14

6

1

1

0.33

5

2.00

7

1

1

0.38

5

2.00

7

2

4

0.63

2

1.40

Subjective analysis correlated well with SUVm ratios for both FDG (r = 0,74; 95% CI = 0,08 - 0,95;
p=0,0345) and FMISO (r = 0,79; 95% CI = 0,26 - 0,95; p=0,0113). Mean SUVm ratio was higher for
FMISO (1,59; 95% CI = 1,21 to 1,96) than for FDG (0,41; 95% CI = 0,32 to 0,51) with significant paired
samples t-test p = 0,0005, showing the importance of hypoxia in these tumors.
There was a correlation between 18F-FMISO and 18F-FDG uptake within individual tumors:
hypometabolic tumors, as indicated by decreased 18FFDG uptake, showed increased 18F-FMISO
uptake.
Conclusion: 18F-FMISO PET provides a non invasive quantification of the hypoxic component in
chordoma and could help better define boosted volumes by radiation. Its prognostic significance needs
also to be assessed in future studies.
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Clinical Proton Radiation Therapy Research at
The Francis H. Burr Proton Therapy Center in Boston
Thomas F. Delaney
Massachusetts General Hospital
Boston, MA
Abstract not provided
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Proton Beam Therapy for Soft Tissue Sarcomas:
35-Year Single Institutional Retrospective Review
A. Agarwal, S. Goldberg, T. DeLaney, M. Niemerko, A. Niemerko, H. Suit
Harvard Medical School, Mass General Hospital,
Boston, MA, USA.

Purpose/Objective(s): It is well-established that treatment of soft tissue extremity sarcoma involves
radiation therapy (RT) and surgery. The Harvard Cyclotron Laboratory/Mass General Hospital (MGH)
Radiation Oncology Sarcoma Database was analyzed to identify variables with prognostic significance in
terms of overall survival and local failure for patients that were treated with Proton Beam Radiation
Therapy.
Materials/Methods: Between January 1971 and December 2005, 216 patients with a primary soft tissue
sarcoma were treated with Protons at MGH. The MGH database was reviewed for the following variables:
anatomical tumor site, size (<5cm or >5cm), tumor grade (1-4/4), extent of surgical resection (biopsy, R2,
R1, or R0 resection), curative vs. palliative intent, male vs. female sex, RT dose, T-stage and N-stage per
AJCC (American Joint Committee on Cancer) TNM (Tumor, Node, Metastasis) Staging.
Results: With a mean follow-up of 40 months (Median: 60 months), the 5 and 10 year rates of local
failure (LF) were 33% and 47%, respectively. The 5 and 10 year rates of overall survival (OS) were 72%
and 62%, respectively. Only tumor size was a significant variable for LF (p=0.02) and none of the patient
and treatment variables were significant in terms of OS as visualized in the attached two graphs.
Conclusions: Small Tumor size (<5cm) is a statistically significant variable predicting for better prognosis
in patients with soft-tissue sarcoma treated with Proton beam radiation therapy. These patients had a
lower rate of local failure, though overall survival was similar irrespective of tumor size. Multiple other
variables analyzed did not predict for worse LF or OS in this retrospective review. This long-term data
represents one of the largest sarcoma experiences for patients treated with Protons reported to date, and
is consistent with historically identified prognostic factors. Further consideration of total radiation dose,
combined radiation modalities (protons, xrays, and/or brachytherapy), and toxicity will be of interest to
identify additional factors with possible prognostic significance from the MGH experience.
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Design Tradeoffs for Scanning Gantry and Nozzle Systems
Jacob Flanz, PhD, et. al.
Massachusetts General Hospital, Department of Radiation Oncology
At the PTCOG 44 in Zurich, the results of calculations were presented from our collaboration working on
the clinical basis of the hardware design specifications for beam scanning systems. Some questions
resulting from that work asked to better understand the type of hardware impacts, and costs resulting
from the attempt to meet some specifications, in order to better understand the cost-benefit analysis. In
this talk we will analyze some of the effects on the scanning hardware resulting from specific clinical
specifications, and provide a qualitative basis for the cost impact. One very interesting observation is the
differences in the equipment that recent major particle therapy vendors and research groups have
produced. The extent of the collaboration has increased in that some vendors and research groups have
been asked to provide some details about their systems, and for those that give permission, I will
describe the trade-offs that have been considered. Effects of beam size, field size and system speed will
be explored among others. One purpose of this talk is to attempt to provide some background for
customers to understand the hardware issues, and for the vendors to have a basis to better discuss the
potential trade-offs with the customers for future facilities.
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Will Uniform Scanning replace Double Scattering?
D. Prieels1, Y. Jongen, N. Schreuder, J. Flanz, H. Kooy

1

Ion Beam Applications s.a. (IBA), Chemin du Cyclotron 3, B-1348 Louvain-la-Neuve, Belgium

Double Scattering (DS) is a robust and well-known irradiation technique. It is also largely used and will
probably stay largely used even if the Pencil Beam Scanning (PBS) technique is becoming a clinical
reality. In between those two irradiation techniques is the Uniform Scanning (US) technique which
combines some advantages of both DS and PBS.
Compared to DS, US allows to cover large field sizes at almost the maximum range allowed by the
accelerator energy. However, US requires a patient specific aperture, and a range compensator. Using
US with a multileaf collimator would open interesting possibilities.
The US technique is simple and robust. It also offers a high flexibility leading to obvious clinical
advantages. Because of this, some of us see US becoming soon the most commonly used irradiation
technique for uniform fields. Will this new technique replace the largely accepted DS technique?
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Experimental and Numerical Studies of High-Energy Proton
Acceleration Driven by Ultra-Intense High-Contrast Laser Pulses

D. Litzenberg1, S. S. Bulanov2, V. Chvykov3, A. Brantov4, V. Bychenkov5, G. Kalintchenko6, T.
Matsuoka7, P. Rousseau8, S. Reed9, V. Yanovsky10, A. Maksimchuk11
Department of Radiation Oncology, University of Michigan, Ann Arbor1
Center for Ultrafast Optical Science and FOCUS Center, University of Michigan, Ann Arbor2, 3, 6,7,8,9,10,11
Lebedev Physics Institute, Russian Academy of Sciences, Moscow4, 5
Purpose: To improve the amplified spontaneous emission (ASE) contrast ratio of the multi-terawatt
Chirped-Pulse Amplification (CPA) Ti:Sapphire laser to 10-11 to allow the directed Coulomb explosion
regime of ion acceleration in the interaction of ultra-short high-intensity laser pulses with ultra-thin
(submicron) foils.
Method and Materials: The cross-polarized wave generation (XPW) technique in BaF2 crystals was
implemented on the 40 terawatt, 30 femtosecond, Hercules laser at the University of Michigan. This
technique improves contrast by rejecting the low-intensity ASE pre-pulse preceding the main laser pulse
before CPA amplification. We performed preliminary experiments on proton acceleration from Mylar and
aluminum thin foil targets with thicknesses above 1 micron and with focused intensity approaching 1021
W/cm2. Particle-in-cell (PIC) simulations were conducted under the current experimental conditions and
the conditions for the Hercules laser upgrade: 225 TW in a 6.75 J, 30 fs laser pulse with no prepulse,
focused to a spot size of 2.4 microns (FWHM) on thin foils of varying thickness.
Results: Implementation of the cross-polarized wave generation technique resulted in an ASE contrast
improvement of three orders of magnitude to approximately 10-11. The performed PIC simulations
confirmed the maximum proton energy experimentally achieved for 1 micron two-layer aluminumhydrogen foil and shows that the Target Normal Sheath Acceleration (TNSA) is the main mechanism
responsible for proton acceleration. On the other hand, for the conditions of the Hercules upgrade, and
laser pulse with no prepulse, focused onto a 0.2 μm thick hydrogen foil, protons with energy of about 200
MeV may be generated. In the case of the two-layer aluminum-hydrogen foil the maximum energy of
accelerated protons is about 150 MeV, but the proton spectrum has a quasi-monoenergetic peak
structure, which may be more advantageous for therapy applications.
Conclusion: We demonstrate that pulse cleaning based on cross-polarized wave generation (XPW)
using two BaF2 crystals yields a 10-11 ASE contrast ratio for a 50 TW laser system. Such contrast may be
sufficient for a preplasma-free interaction of sub-Petawatt laser pulses with a sub-micron thickness foil at
intensity of ~1022 W/cm2. Modeling of this interaction with PIC simulations demonstrated proton energies
that are of interest for radiation therapy.
This study was supported by the National Science Foundation through the Frontiers in Optical and
Coherent Ultrafast Science Center at the University of Michigan and the National Institute of Health.
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A Compact Isocentric Gantry for Carbon Beams
Yves Jongen

Ion Beam Applications s.a. (IBA), Chemin du Cyclotron 3
Louvain-la-Neuve, Belgium
While new proton therapy facilities are almost always equipped with isocentric gantries, the design and
construction of isocentric gantries able to deliver carbon beams at 400 MeV/nucleon is more challenging.
One gantry is being constructed and will be installed at the new hadron therapy facility built by GSI in
Heidelberg. But the size and weight of this first gantry, based on normal conducting magnets is often
considered excessive.
Last year, we presented a development of the compact Ex-centric gantry invented and patented by
Anders Brahme of the Karolinska Institute in Stockholm. But we came to realize that most oncologists do
prefer a true isocentric gantry, at least if it can be built at the size and cost of a current proton therapy
gantry.
In this presentation, we describe the design of a compact gantry designed for Carbon beams of 400
MeV/u. To reach a small size (9 m diameter, 11 m length), the last 90° magnet uses superconducting
coils. The gantry is designed exclusively for Pencil Beam Scanning (PBS), with a field size of 20 x 20 cm.
The calculated optical solution will be presented. It features scanning magnets located upstream of the
last 90° magnet, offering a good SAD in both planes. The beam line is adjusted to bring the beam at the
distal end of the target in the patient, and the SOBP is made by range shifter plates located just before
the patient, as in the first PSI gantry. A fast range shifter, adjustable between 0 and 1 g/cm², will be used
in the future to do true 4D conformal therapy.
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Pencil Beam Scanning Physical Requirements

J. Hubeau, A. Trofimov, S. Safai, J. Flanz, Y. Claereboudt, D. Prieels1, H. Kooy, G. Mathot, H. Bentefour
1

Ion Beam Applications s.a. (IBA), Chemin du Cyclotron 3, B-1348 Louvain-la-Neuve, Belgium

IBA Pencil Beam Scanning (PBS) system uses dipole magnets located in the treatment head, the nozzle,
to scan the protons in orthogonal directions in the beam transversal plane. The two magnets operate
continuously at different frequencies and a phase shift can be introduced between them so as to entwine
multiple patterns, thus increasing the scanning resolution. The energy degradation is done at the Energy
Selection System (ESS) level, right at the exit of the cyclotron and, as a consequence, no absorber is
used close to the patient. This results in highly reduced proton scattering in the nozzle, hence in smaller
beam spot sizes. The capacity to shape the beam to the target volume is therefore greatly improved.
While other techniques available in the IBA Universal nozzle, Single Scattering (SiS), Double Scattering
(DS) and Uniform Scanning (US), aimed at delivering a uniform field over the target region (fine field
adjustment being achieved through the use of collimators and patient specific apertures and boluses), the
PBS delivery system uses a combination of potentially non-uniform fields to optimally cover the treatment
zone with the prescribed dose. As a consequence, single fields can present high dose gradients and an
increased beam control is required.
In collaboration with our partners from the Massachusetts General Hospital (MGH) in Boston, we have
conducted an analysis on a set of relevant clinical cases in order to quantify the actually required beam
control as well as to assess the expected performances of our current system.
A PBS dose is constructed as the dose accumulation of single narrow pencil beams moving along a
scanning pattern with a modulated intensity and a variable speed. Two types of dose delivery
uncertainties can be distinguished. On one side, the pencil beam itself can be flawed (wrong range, size
or intensity) and on the other side, the scanning pattern can have some defect. Both types of delivery
uncertainties can result from systematic or random deviations. We evaluated the required accuracy and
stability on the considered physical parameters for a set of maps optimised using KonRad Treatment
Planning System (TPS).
No definite criterion currently exists to evaluate the quality of an Intensity Modulated Proton Therapy
(IMPT) dose. By analogy to what is done in Intensity Modulated Radio-Therapy (IMRT), we decided to
use the γ-index criterion. This allows a meaningful and quantifiable comparison between reference doses
and altered ones.
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Leakage and Scatter Radiation from a Double Scattering Based Proton Beamline
M. F. Moyers, E. R. Benton, A. Ghebremedhin, G. B. Coutrakon

Purpose: Although the leakage and scatter radiation for the double scattering proton beamlines at the
Loma Linda University Medical Center were measured during the acceptance testing that occurred in the
early 1990s, recent publications have prompted a re-investigation of this contribution to the doseequivalent a patient receives.
Methods: Dose-equivalent outside the primary field was determined using three methods; a BF3 detector
with neutron moderating cylinder, CR-39 plastic nuclear track detectors, and MCNPX Monte Carlo
simulations. Measurements with each detector were made in the plane of the patient at multiple locations
within a large phantom using 250 MeV protons from the accelerator. The MCNPX simulation was tallied in
a two-dimensional plane containing the measurement points.
Results: In general, agreement between the three methods was good but there were some differences.
Measurements and simulations also tended to be in agreement with previous measurements and with
results from similar facilities published in the literature. Assumptions about the appropriate radiation
weighting factor/quality factor to apply to the dose measurements at the various locations is the largest
source of uncertainty in determining the importance of the leakage and scatter radiation.
Conclusions: The new dose-equivalent determinations verified the old measurements.
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The ACCEL Single Room Proton Therapy Facility
Jan Timmer, Christian Baumgarten, Andreas Geisler, Jürgen Heese, Hans-Udo Klein, Detlef Krischel,
Michael Schillo, Stefan Schmidt
ACCEL Instruments, Bergisch Gladbach, Germany
For one and a half decades ACCEL Instruments has been investing in the development of state of the art
particle therapy systems. As a company dedicated to improvement and innovation, ACCEL introduced
superconducting accelerator technology and spot scanning to the clinical market. Nowadays
commercially available particle therapy equipment complies with the most advanced clinical requirements
at a justifiable cost per patient but it also requires building of large scale facilities with multiple treatment
rooms. To address the demand for a compact proton therapy (PT) solution for smaller patient numbers,
ACCEL has been committed to the development of a single room treatment system. This kind of PTsystem is powered by a compact new accelerator based on our superconducting cyclotron core
technology, allowing the device to be almost an order of magnitude smaller than existing cyclotrons for
the same application. The essential features of a single room gantry system with integrated accelerator
will be presented.
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Positioning Image Analysis System (pIAS) for
M. D. Anderson Proton Therapy Center

Yoshihiko Nagamine, Takao Kidani, Masahiro Hosaka and Toshie Sasaki
Power Systems, Hitachi, Ltd., Japan
Alfred R. Smith and James Yang
M. D. Anderson Cancer Center
We have developed a patient alignment software called PIAS (positioning Image Analysis System) for
M.D. Anderson Proton Therapy Center in Houston. The center has large field passive nozzies for the first
and second gantries and the fixed beam course, and a pencil beam scanning nozzle for the third gantry.
The PIAS has been installed at all treatment rooms. Every treatment room has three orthogonal Digital
Radiograph (DR) devices with flat panel detectors. Two of the three orthogonal DR x-ray images are used
at patient setup. The center has started a treatment at the first gantry room in May 4 2006 and the PIAS
has been used in daily treatment from the beginning.
PIAS provides following capabilities: (1) 6 Degree-Of-Freedom (DOF) patient move calculation, (2) image
distortion correction due to initial device placement error, (3) on-line communication with Proton Therapy
Management System and DR system by DICOM standard protocol, and (4) on-line sending of estimated
couch shift to Treatment Control System.
The 6 DOF calculation method is based on a landmark technique. The implanted marker in a human body
or bonny landmark is used as a landmark. Three-dimensional coordinates of landmark are estimated by
using marker points entered on two orthogonal images. We confirmed the 6 DOF calculation accuracy
through acceptance tests. The obtained accuracy satisfies the required specification within + / -O.5(mm)
for translation and + / -0.3( deg) for rotation.
We will present the overview of functions, calculation method and results of patient alignment calculation.
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Respiratory-Correlated Imaging in the Treatment of Lung Cancer Using Proton Beams
Peter A. Balter, Ph.D., Richard A. Amos, M.Sc., Bijan Arjomandy, Ph.D.
Thoracic tumors present a challenge to proton planning due to both the motion of the tumor and of the
surrounding tissues. Respiratory correlated CT (4DCT) has been in routine use for photon treatment
planning at MD Anderson for the past 2 years. 4DCT provides a series of 3D CT datasets, each
representing a different respiratory phase. Maximum intensity projection (MIP) and average CT datasets
are also created from the 4DCT. We have utilized MIP and average CT datasets to design compensators
and apertures for proton planning that take into account the motion of the tumor and the surrounding
structures.
The envelope of motion of the gross tumor volume (GTV) is contoured on the 4D dataset. This is referred
to as the iGTV. The iGTV is usually generated by contouring directly on the MIP but sometimes the iGTV
is generated by creating the union of the GTV contoured on the 0% and 50% phases. The average
Hounsfield unit (HU) of the iGTV on the MIP is calculated, this value is then used to perform a density
override of this region on the average CT. In addition, high-density structures in the beam path may also
be contoured on the MIP dataset and a density override used on the corresponding location of the
average CT, This is very important for tumors that are shielded by the diaphragm and abdominal organs
during some portion of the respiratory cycle. These density overrides ensure an adequate distal margin
on the target on all breathing phases. The iGTV is expanded to account for sub-clinical disease to
approximate the union of the CTVs on each phase, the internal target volume (ITV). The ITV is our target
volume. The apertures are designed based on beam penumbra and setup uncertainty. Distal and
proximal margins and smearing are calculated for compensators based on the recommendations by
Moyers (1) but with the internal motion margin set to zero.
Treatment plans are developed on the modified average CT dataset. Dose is also calculated on the 0%
and 50% CT datasets using the same beam, aperture and compensator parameters to verify the target
coverage and sparing of critical tissues throughout the breathing cycle.
The use of 4DCT in conjunction with IMRT for better tumor delineation has shown an immense potential
for tumor dose conformation. However, proton therapy used with 4DCT technique can further reduce the
mean lung dose and V20 in order to lessen probability of toxicity and normal tissue complications.
References:
M. Moyers, et.al. Int. J. Radiation Oncology Biol. Phys., Vol. 49, No. 5, pp. 1429-1438, 2001.
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Scientific Session - Clinical Physics II
A. Mazal and X Ronald Zhu
Abstract not provided
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A Dedicated Proton Therapy Training and Development Center to Supply in the Need of Trained
Staff for Proton Radiotherapy.
Niek Schreuder M.Sc. (Med) DABR, John Cameron, John Henderson, Gary East,
Brian Broderick, John Callahan
ProCure Treatment Centers, Bloomington, IN
Purpose: With the realization of certain advancements, technically and administratively, proton therapy
can now be made available to leading radiation oncology practices across the USA for both privately and
institutionally owned and operated facilities. ProCure Treatment Centers, Inc., was founded to build and
operate a world-class network of affordable, high quality proton therapy facilities to meet growing patient
and physician demand. In this regard, staff training is vital to the efficient use of personnel and equipment
to achieve the desired patient safety, efficacy and throughput for proton therapy treatment centers. A
dedicated and Training and Development Center (TDC) is currently under construction in Bloomington,
Indiana and will mitigate start-up risks and help new treatment centers to more quickly reach full capacity.
The TDC will also serve as a prototyping, testing and commissioning facility for new technical
developments associated with proton radiotherapy.
Materials + Methods The Training and Development Center will have a minimum of three (3) simulation
treatment rooms. One room will be equipped with an isocentric Gantry; the second room will have an
inclined beam delivery system (IBR) while the third simulation room will be equipped with a conventional
x-ray treatment simulator. Each room will be identical in size and shape to the treatment areas as
specified in the final design of the real ProCure proton therapy facilities. Each room will also be fully
equipped with all the image guided patient positioning systems employed at the ProCure treatment
centers. The backbone of the TDC control software is the latest version of the vendor control system as
used in the treatment centers running on the real vendor computer infrastructure. Where necessary,
software emulators will be developed to replace real hardware devices that will not be employed at the
training center e.g. the accelerator and beam lines. The trainees will therefore be exposed to the real
graphical user interfaces (GUI) they will encounter during a routine treatment session. Furthermore,
adverse events such as equipment breakdowns, power failures and patient abnormalities will be
introduced by means of simulated fault scripts. The Training Center will also be equipped with a fully
functional CT scanner. Human phantoms will be immobilized, scanned and the data will be transferred to
the Treatment Planning systems which will also be available to do realistic treatment planning. The
control software will interface with the Oncology Information Systems and record and verify systems to be
used in the treatment centers.
Conclusions: The radiotherapy simulators as proposed will allow for the entire treatment process to be
simulated in a near real time environment. The TDC as configured will be used for training of Radiation
Therapists, Medical Dosimetrists and Medical Physicists.
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Proton Therapy System Construction Project for the
M. D. Anderson Proton Therapy Center
Naoya Nishimura, Junjiro Nakajima, Hiroyuki Itami, Kazuo Hiramoto, Kazumichi Suzuki,
Enzo Pera, and Atsushi Yoshida
Power Systems, Hitachi, Ltd., Japan and Hitachi America, Ltd., USA
Alfred Smith, Martin Bues, Mitch Latinkic, and James Cox
University of Texas M. D. Anderson Cancer Center, Houston, Texas, USA
John Styles, Amy Hay, Anthony Brown, Ryan Barrett, and Bruce McMaken
The Proton Therapy Center – Houston, Ltd., L.L.P., Houston Texas, USA

Three days before the third anniversary of the Ground Breaking, the M. D. Anderson Proton Therapy
Center in Houston, Texas started the first patient treatment on May 4th 2006. This project achieved its
target through the joint effort among three major parties. The Proton Therapy Center – Houston, Ltd.,
L.L.P. (PTC-H) worked as an owner to oversee the whole project, University of Texas M. D. Anderson
Cancer Center (MDA) worked as technical supervisor for the project, and Hitachi America, Ltd. (HAL)
worked as proton therapy system supplier.
This paper will provide the general idea on the overall project, including the organization, division of
responsibility, schedule, and major achievements. We will provide the insights to conduct this level of
complicated project with limited time.
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Comparison of Measured Neutron Doses delivered by Proton and IMRT-Photon Treatments
Andrew Wroe (PhD Cand.)1, Anatoly Rosenfeld1, Reinhard Schulte2, Mark Reinhard3
1. Centre for Medical Radiation Physics, University of Wollongong, Australia
2. Department of Radiation Therapy, Loma Linda University Medical Center, USA
3. Institute of Materials and Engineering Science, Australian Nuclear Science and Technology
Organisation, Australia
Aim
The production of secondary particles during therapeutic beam delivery is a serious issue in external
beam radiation therapy and has been investigated and presented previously [1, 2]. Data on this subject,
particularly pertaining to the production of secondary neutrons from the beam delivery systems, is limited.
We are performing comparative measurements of neutron production from both a passively scattered and
range-modulated proton beam line and medical LINAC using Silicon- On-Insulator (SOI) microdosimeters
that have been developed at the Centre for Medical Radiation Physics (CMRP) Australia.
Method
The SOI microdosimeter has been used extensively in hadron therapy and neutron measurements [3-5].
The device was set up for both a proton portal (using patient specific aperture and bolus) and IMRT portal
(using patient specific multi-leaf collimator settings) simulating a typical radiation field delivered in a
clinical prostate case. Repeat measurements will also be presented using a 13cm diameter open QA
aperture with no bolus present. The patient was simulated with an anthropomorphic phantom housed
within a regular patient immobilisation system (Fig 1). The microdosimeter (MD) was placed on the
phantom surface at the height of the central axis, and neutron field measurements were performed as a
function of increasing lateral distance from the field edge. Additional measurements were conducted with
the anthropomorphic phantom replaced with a phantom comprising of a stack of polystyrene blocks. The
MD was placed at different depths within the polystyrene phantom at a distance of 5 cm from the field
edge to estimate neutron dose and spectra as a function of depth within the patient. Further
measurements were performed as a function of increasing lateral distance from the field edge at different
depths within the polystyrene phantom. In all cases, neutron dose as a function of delivered proton dose
at iso-centre, microdosimetry spectra, and mean lineal energy will be presented.
Results & Conclusion
The first results presented here clearly show the decrease of neutron dose with increasing lateral
distance from field edge of the proton field (Fig. 2). The collimator and bolus used within a typical prostate
cancer patient treatment increased the neutron dose by a factor of 2-4 compared to the 13 cm open field
without bolus.
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Fig 1: Experimental setup for proton therapy
measurements with the direction of consecutive
measurements are highlighted in green.

Fig 2: Neutron results as a function of distance from
the field edge for both the clinical field and open 13cm
diameter field.

This work provides much needed comparative data in the area of secondary neutron production in both
proton and X-ray therapies. Further work with this device could be implemented in optimising collimator
composition to reduce neutrons, or to account for the reduction of neutron production by active beam
scanning techniques.
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PTCOG 45
Beam Characteristics of the Passively Scattered Proton Beams at PTC-H

Narayan Sahoo, Ph.D., X. Ronald Zhu, Ph.D., Richard Wu, M.S., Uwe Titt, Ph.D., Richard Amos, M.S.,
Wayne Newhauser, Ph.D., John Zullo, B.S., and Michael Gillin, Ph.D.
Department of Radiation Physics, UT MDACC, Houston, Texas 77030
Purpose: Basic characteristics for passively modulated 160, 180, 200, 225, and 250 MeV protons
beams have been measured for the large snout, 25 cm x 25 cm, and the intermediate snout, 18 cm x 18
cm. Work on the lower energies, 100, 120, and 140 MeV, and small snout, 10 cm x 10 cm, remains to be
done. The installation of this treatment device is a phased project with final completion scheduled for the
spring, 2007. Certain parameters, e.g. dose rate, will be improved, in the later phases.
Methods: The measured beam characteristics include range and range shifting, range modulation, dose
rates, distal fall off and lateral penumbra. Measurements were made using a PTW MP3 scanning system,
which was configured with a 4 second per point dwell time. SOBP measurements were generally made
with a Markus parallel plate chamber, while profile measurements were made with a 2 mm diameter
cylindrical chamber. Most measurements were made with the gantry at 270 degrees, while some were
made with the gantry at zero degrees.
Results: The ranges varied from 10.1 cm for the 160 MeV beam with maximum range shifter in the
beam to 28.5 cm for the 250 MeV with no range shifter in the beam for the medium snout and for the
large snout from 8.5 cm to 25.0 cm under similar conditions. The range can be adjusted in 1 mm
increments, using a range shifter. Modulation is variable from 2 cm to 16 cm, using a 95% proximal to
90% distal SOBP definition. The agreement between the nominal SOBP and the measured SOBP is
within 5 mm. The dose rates for the medium snout are approximately 80 cGy/min and for the large snout
are approximately 40 cGy/min. The 80% to 20% distal fall off ranges from 3 mm for the 160 MeV beam to
6.5 mm for the 250 MeV beam for both the intermediate and large snout. The 80% to 20% lateral
penumbra as measured with a 2 mm diameter ion chamber varies from approximately 4 mm at shallow
depths (8 cm) to greater than 12 mm at the deepest depth (28.3 cm) for the medium snout. For a specific
beam, the penumbra increases with increasing depth.
Conclusion: The beam characteristics meet expectations for such beams. This presentation will provide
a summary of the basic passively scattered beam characteristics, showing both SOBPs and beam
profiles.
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Dosimetric characterization of individual Proton Pencil Beams at PTC Houston
R. Gaza, M. Bues, G. Ciangaru, and A.R. Smith
University of Texas M.D. Anderson Cancer Center
K. Matsuda, H. Nihongi, and Y. Eguchi
Hitachi America Limited
Purpose: The dosimetric characterization of individual proton pencil beams is required for both processes
of acceptance testing and commissioning of the treatment planning system. This communication presents
a method of measuring depth profiles of the integral lateral dose absorbed from proton pencil beams from
a synchrotron, in units of Gy·cm2/MU.
Methods: The dose measurements were performed with a PTW Bragg Peak ionization chamber,
connected to a Keithley 6517A scientific electrometer, and placed in a Scanditronix-Wellhofer “Blue
Phantom” water tank. The monitor units were retrieved from the Hitachi Treatment Control System (TCS).
To ensure reliability in the measurements, the operation of the two independent dosimetric systems was
synchronized with the time structure of the synchrotron proton beam, via TTL signals available from the
Hitachi TCS. Data acquisition of TTL signals from the Hitachi Zenkei interface was performed by a
National Instruments PCI-6251 multipurpose DAQ card. The operation of the system was fully
automatized, and controlled by a PC computer running purpose-written LabVIEW software.
Results: Measurements obtained according to the procedure descried above were compared against
measurements taken with a Markus ionization chamber in a laterally uniform field obtained from
appropriate superposition of individual pencil beams. The pairs of measurements were in good
agreement, for all the investigated beam tunes.
Conclusions: A dosimetric characterization method for individual proton pencil beams having a
synchrotron – characteristic time structure was developed. Results obtained with our method are in good
agreement with alternative, more time-consuming methods, thus proving the suitability of our approach.
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PTCOG 45
Radiation isocentricity test method for gantries using Gafchromic EBT film
George Ciangaru, PhDa, Patrick J. Oliver, MS, James N. Yang, PhD,
Martin Bues, PhD, and Alfred R. Smith, PhD
Proton Therapy Center-Houston, Department of Radiation Physics
The University of Texas M. D. Anderson Cancer Center, Houston, TX

Fumio Nakagawa, Hitochi Chiba, Shin Nakamura, and Hirofumi Yoshino
Power and Industrial Division, Hitachi, Ltd., Japan and Hitachi America, Ltd., New Jersey, USA
Purpose: In this presentation we describe a method to determine if the radiation isocenters of the
gantries at the Proton Therapy Center-Houston are aligned with the mechanical isocenters to within
the required maximum distance.
Methods: Our test method employed a film dosimetry technique, chosen for its known good spatial
resolution. The main details of the experimental set-up were as follows: A thick, brass aperture plate
with an 8 mm diameter hole was placed in the snout. A film metal holder with a 20 mm hole was
positioned parallel to the aperture plate on a rod attached to the aperture plate. The mechanical
isocenter of the gantry was located between the aperture plate and the film holder. A 2 mm steel
sphere was mounted on a rod and attached to a rigid metal couch extension. The couch was used to
place the steel sphere at the mechanical isocenter. The position of the mechanical isocenter is known
to be slightly gantry angle dependent, and the correction algorithm designed to adjust the couch
position to follow the mechanical isocenter was used. This was done by requesting the position
correction from the couch pendant at each gantry angle. The gantry was rotated clockwise and
counter clockwise to various angles. At each gantry angle, a piece of EBT Gafchromic film was
placed in the holder, and then the film was irradiated with a proton dose of about 180 cGy. After one
hour, each film was scanned with 150 dpi spatial resolution using an EPSON Expression 10000 XL
scanner. The exposed film images were analyzed with the DoseLab software developed at U. T. M.
D. Anderson.
Results: The background of the EBT films was found to be non-uniform within 5% from the average.
The background was subtracted by taking the average of 5-8 horizontal profiles through unexposed
areas of the films that seemed to represent the average behavior in such regions. The dose-optical
density calibration curve was found to be linear over the irradiation dose range. The positions of the
mechanical and radiation centers were easily identifiable from the film images and measured within
our 0.17 mm film scanning resolution. The analysis of the films verified that the radiation isocenters of
the gantries were aligned with the mechanical isocenters to within 0.5 mm.
Conclusions: The EBT films were found convenient to use, necessitating no processing time, but
their handling required considerable attention in order to achieve a good background separation. In
the future, we may refine the technique by subtracting the background on a pixel-by-pixel basis, using
the optical densities of whole films, before and after the exposure to the radiation.
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PTCOG 45
Verification of Eclipse Lung Dose Calculations for Proton Beams
John R. Zullo, CMD, Richard Amos, MS., M. Kara Bucci, M.D., Michael T. Gillin, Ph.D.

Purpose: Varian Medical System has recently released a version of Eclipse Treatment Planning system
for use with proton therapy, which is currently in use at our institution. It is necessary to verify that the
actual dose delivered in phantom agrees well with the Eclipse calculated values for dose delivered using
proton radiation. This study focuses on the dose delivered to lung equivalent material, using TLD-100
capsules.
Methods and Materials: To establish the linear response of the TLD with dose up to 300 cGy, an acrylic
box filled with water, having an insert accommodating a Farmer type chamber was employed. TLD
capsules were placed inside the Farmer chamber insert, and doses ranging from 50 cGy up to 300 cGy
were delivered. The TLD capsules were placed at 270 cm SAD, at a depth of 14 cm, corresponding to the
center of the SOBP for a 200 MeV beam, 10x10 cm, 10 cm SOBP width for these irradiations. The
capsules were then analyzed using a Harshaw Model 3500 TLD reader, and the results were associated
with each corresponding dose exposure. From these results, the conversion factor for charge to dose was
determined.
Dose was measured in two different phantoms using both TLD-100 capsules and a Farmer type
ionization chamber. One phantom was the acrylic box used in the calibration of the TLD. Acrylic slabs
were placed in front of this phantom in the path of the beam in order to place the full width of the spread
out Bragg peak (SOBP) within the phantom. An ionization chamber was placed in the phantom, and one
lateral treatment field was delivered using a 200 MeV proton beam. This was repeated with TLD capsules
used in place of the ion chamber. The results were compared to the dose calculated using Eclipse V7.5
treatment planning system.
The second phantom was a Rando thorax phantom with holes drilled to accommodate the TLD capsules,
and densities corresponding to human anatomy. For the first exposure, the TLD capsules were placed
throughout the lung density material of the Rando phantom, and one lateral 200 MeV field was delivered.
An additional exposure was delivered to the Rando phantom with TLD capsules placed throughout both
the lung density and the tissue density materials. For this exposure, a 200 MeV proton beam delivered
two parallel opposed fields AP/PA. The results for both exposures were once again compared to the dose
calculated using Eclipse V7.5 treatment planning system.
Results : The calculated versus measured dose agreed to within 0.8% ±0.5% for the calibration phantom
with ion chamber, and agreed to within 0.4% ±3.0% for the calibration phantom with TLD capsules. The
calculated versus measured dose agreement ranged from 14.0% to 0.7% ±3.0% for the TLD Rando
exposure using one lateral field. For this exposure, TLD were placed both proximally and distally in the
lungs. The calculated versus measured dose for 90% of the TLD capsules agreed to within 3.5% ±3.0%
inside both lung and tissue equivalent materials for the TLD capsules placed inside the Rando phantom
and irradiated using two parallel opposed AP/PA fields. 10% of these TLD results agreed to within
approximately 5.0% ±3.0% of the calculated dose.

76
Conclusions: Based on TLD results, Eclipse is able to accurately calculate dose to within 3.5% ±3.0% in
a heterogeneous medium for proton therapy beams. The comparison results in the Rando phantom were
better where parallel opposed beams were used, as opposed to one single lateral beam. Through the use
of two parallel opposed AP/PA fields, we were able to achieve a uniform dose distribution within the area
of interest, and consequently obtain TLD results which were in very good agreement with the calculated
dose values. When measuring the dose within a heterogeneous medium utilizing only one treatment
portal, the agreement between measured and calculated dose values was less accurate. This is most
likely due to the presence of high dose gradients throughout the phantom caused by the uncompensated
beam irradiation through the heterogeneous medium. The best agreement was seen when using only one
lateral field inside a homogeneous medium.
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Daily Quality Assurance Activities at the Proton Therapy Center — Houston
Michael Gillin, PhD, Narayan Sahoo, PhD, Ronald Zhu, PhD, John Zullo, BS
Department of Radiation Physics
M. D. Anderson Cancer Center, Houston, Texas
Purpose: To present the daily quality assurance measurements and analysis on proton beams at the
Proton Therapy Center, Houston.
Methods: Daily QA activities are performed by the clinical physicists each morning prior to the first patient
treatment. Approximately 30 minutes are required to complete all of the tests, which can be divided into
the following categories: Safety, Radiation output, Treatment couch position, Alignment of the lasers and
the x-ray fields, and Communication between, the delivery system and the electronic medical record
EMR). The basic safety checks include the constancy of the Look Up Table version number, the room
search function, audio and video functions, the door interlock function, the pause function on the control
console, the radiation status lights, and the in-room radiation monitors. Output measurements are made
with the gantry at 270 degrees, the gantry angle for which the lasers are aligned. The calibration
(cGy/MU) is checked using an ion chamber in a sealed water phantom with adjustable thickness of water
equivalent material placed in front of the phantom. Different beam energies are checked each week.
Measurements are made in the middle and in the proximal and distal portions of the 10 cm SOBP, The
conch is driven to its home position and the front face of the water phantom is aligned to the isocentric
laser. The couch is then moved 10 cm in the x-direction, which places the ion chamber at isocenter. After
the radiation output measurements are finished, the Hitachi control system is set to Treatment Mode and
a beam line specific phantom patient is downloaded, which confirms the communication link with the EMR.
An alignment cube is placed on the conch, the couch is driven to a set z position and the alignment cube
is aligned to the lasers. A set of perpendicular radiographs are taken. The images are first reviewed in the
imaging system, transferred to the patient imaging acquisition system and reviewed again. The images
are finally sent to the electronic medical record system for the phantom patient.
Results: The safety systems have always functioned, but there are unexplained changes in the audio
warning system. The radiation output has been very stable. There have been issues in the
communication between the imaging system and the patient alignment system and between the
electronic medical record and the treatment delivery system. The communication issues have been a
result of changes in the network by the institution or poor connections.
Conclusions: A limited initial daily quality assurance program has been established. This program has
detected unexpected changes in communication between various systems. Basic safety systems and the
radiation output have been very stable.

