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UNIFORM DOSE COMPENSATION USING FIELD WITHINA FIELD TECHNIQUE IN
T-SHAPED IRRADIATION FOR ESOPHAGEAL CANCER

Ryuji MURAKAMI™Y, Takeshi SUGAHARA™, Yuji BABA™?, Yasuyuki Y AMASHITA™
(Received 2 December 2002, accepted 6 March 2003)

Abstract: Purpose: We devised a uniform compensation method to improve dose distribution using the field
within afield technique in T-shaped irradiation for esophageal cancer.

Material and Method: Isodose curves and dose volume histograms (DVH) of the esophagus in the treatment
volume were examined in ten patients treated for esophageal cancers. For the DVH analysis, the prescription
dose was 40 Gy to the center of the treatment volume, and the volume ratio of the esophagus receiving within
+ 5% of the prescription dose (38-42Gy) was regarded as an index of dose homogeneity (V£ 5%).

Result: The peak dose in the conventional antero-posterior opposed fields irradiation existed at the clavicular
level, and the 90% isodose curve crossing the esophagus almost corresponded to the top level of the aortic
arch. When 40 Gy isirradiated, the maximum dose of the esophagus and V+ 5% were 45.55+ 0.55 Gy and
59.7+ 13.2% respectively. The dose distribution of the esophagus became relatively homogeneous when a
10% dose was added using the field within afield technique to the area under the bottom level of the aortic
arch, and the maximum dose and V+ 5% were 42.53+ 0.94 Gy and 91.7+ 7.1% respectively.

Conclusion: A 10% and more overdose area existed at the clavicular level in the conventional antero-posterior
opposed fields irradiation. A relatively homogeneous dose distribution could be obtained using the field
within afield technique.

Key words: Esophageal cancer, Radiotherapy, Dose compensation, Field within afield technique
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DOSIMETRIC VERIFICATION AND EVALUATION OF SEGMENTAL MULTILEAF
COLLIMATOR (SMLC)-IMRT FOR QUALITY ASSURANCE
— THE FIRST REPORT: DOSE DISTRIBUTIONS—

Kunihiko TATEOKA™ 2, Atsushi OoucHI™3, Daiki NAGASE™2, Masaaki WAKA™,
Tsunehiko SalkAWA*?, Kazunari SHIMIZUME 2, Harumi SUGIMOTO"?,
Kensei NAKATA™®, Masato HAREYAMA™L: "2 "3

(Received 24 July 2002, accepted 28 March 2003)

Abstract: Intensity-modulated radiation therapy (IMRT) was developed to irradiate the target are more
conformally, sparing organs at risk (OARs). Since the beams are sequentially delivered by many, small,
irregular, and off-center fieldsin IMRT, dosimetric quality assurance (QA) is an extremely important issue.
QA isperformed by verification of both the dose distribution and doses at some arbitrary points. This paper
reports verification of dose distribution in our hospital for Segmental multileaf collimator (SMLC)-IMRT

The calculated dose distribution was compared with that acquired by film measurements. Infilm dosimetry,

we used two kinds of the radiographic film (Kodak X-OmatV and EDR2) and Tough Water (Kyoto Kagaku
Co. Ltd) as awater equivalent phantom and the dose distribution calcul ated of any plane by using a FOCUS
(CMS Co. Ltd) Radiation Treatment Planning System (RTP). In general, film dosimetry is a method for
obtaining the relative dose distribution, because the film sensitivity changes variably with the distribution of
photon energy corresponding to the field size and set-up depth of the film in a phantom.
We studied the physical characteristics and properties of these two different films. X-OmatV film showed
higher dose values as the irradiated volume increased in a phantom but EDR2 film was seldom affected by
scattering volume. Therefore we decided to use EDR2 for verification of dose distributions for intensity-
modulated beams rather than X-OmatV.

The film method is not widely accepted for absolute dosimetry, but we thought that it might be able to be
used for absolute point-dose verification with EDR2. To verify three-dimensional (transverse, coronal, sagital)
dose distributions, some radiographic films put between layers of Tough Water were irradiated and the
corresponding cal cul ated dose distributions were obtained with RTPwith using CT images of the same phantom.
The two-set isodose curves on the dose distribution keep almost the same shape and they had good agreement
in high regions of the dose gradients. In low regions of the dose gradients of the phantom, the doses differences
were within about 3%.

This difference between the paired set-dose profiles were about 20 cGy on and the deviation distance was
about 1.5 mm. The discrepancy in high regions of the dose gradients may be affected by the geometrical
accuracy of the MLC leaves movements. |If errors of MLC leaves position are about 1.5 mm, the according
output change iswithin about £ 0.1%. We supposed that dose distributions were not significantly influenced
by the deviation of output due to the accuracy of the MLC leaves positions.

Key words: Intensity-modulated radiation therapy, Dosimetry, Quality assurance, Film dosimetry
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DOSIMETRIC VERIFICATION AND EVALUATION OF SEGMENTAL MULTILEAF
COLLIMATOR (SMLC)-IMRT FOR QUALITY ASSURANCE
— THE SECOND REPORT: ABSOLUTE DOSE—

Kunihiko TATEOKA™ 2, Atsushi OoucHI™3, Daiki NAGASE™2, Masaaki WAKA™,
Tsunehiko SalkAWA*?, Kazunari SHIMIZUME 2, Harumi SUGIMOTO"?,
Kensei NAKATA™®, Masato HAREYAMA™L: "2 "3

(Received 24 July 2002, accepted 28 March 2003)

Abstract: Intensity-modulated radiation therapy (IMRT) was developed to irradiate the target are more
conformally, sparing organs at risk (OARs). Since the beams are sequentially delivered by many, small,
irregular, and off-center fieldsin IMRT, dosimetric quality assurance (QA) is an extremely important issue.
QA is performed by verifying both the dose distribution and doses at arbitrary points. In thiswork, we describe
the verification of doses at arbitrary pointsin our hospital for Segmental multileaf collimator (SMLC)-IMRT.

In general, verification of the absolute doses for IMRT is performed by comparison between the calculated
doses using Radiation Treatment Planning Systems (RTP) and the measured doses using an ionization chamber
with asmall volume at arbitrary pointsin relatively flat regions of the dose gradients.

However, no clear definitions of the dose gradients and the flat regions have yet been reported.

We carried out verification by comparison of the measured doses with the average dose and the central point

dosein avirtual Farmer type ionization chamber (V-F) and avirtual PinPoint ionization chamber (V-P) equal
to the Farmer-type ionization chamber volume and PinPoint ionization chamber volumes using the RTP.
Furthermore, we defined the dose gradients as the deviation of the maximum dose from the minimum dosein
the virtual ionization chamber volume.
InIMRT, the dose gradients may be as high as80% or morein thevirtual ionization chamber volume. Therefore,
it is thought that the effective center of the ionization chamber varies by segment for IMRT fields (i.e, the
variation of the ionization chamber replacement effect). Additionally, in regions with ahigher dose gradient,
uncertainty in the measured dosesisinfluenced by the variationsin theionization chamber replacement effect
and the ionization chamber positioning error.

We more objectively examined the verification method for the absolute dose in IMRT using the virtual
ionization chamber volume, taking account of the variations in the ioni zation chamber replacement effect and
the ionization chamber positioning error.

Deviations of the central point dose and the average dose calculated in the V-F and a V-P were about 8% and
2%, respectively, in regions with a high dose gradient, and about 3% and 1%, respectively, in regions with a
low dose gradient. Therefore, when the accuracy of the beam commissioning of the RTP, point of measurement
for the ionization chamber and the deviation of the geometry of ML C leaves are considered, it was thought
that the average dose derived from the RTP should be used for comparisons of measured doses.

If the average dose and dose gradient of = 2mm were used for a measurement point, verification of the
absol ute dose was possible within about 3% in regions where the dose gradient was less 10%, and within +
2mm in regions where dose gradient was over 10%.

Furthermore, it was demonstrated that the output factor a gorithm we devel oped made possible useful dose
calculation independent of the RTP.

Key words: Intensity-modulated radiation therapy, Dosimetry, Quality assurance, Absolute dose
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THE 3-D CHEMORADIOTHERAPY EXPERIENCE OF REFRACTORY ABDOMINAL
MALIGNANT TUMORSBY SELF BREATH-HOLD WITH
ELECTRONIC PORTAL IMAGES

Yukio AKAGI™?, Yasutoshi HASHIMOTO'™, Yuji MURAKAMI™2

(Received 6 January 2003, accepted 26 March 2003)

Abstract: We have reported 3-D chemoradiotherapy experience of refractory abdominal malignant tumors.
From April 2001 to Jun 2002, we treated 14 patients by self breath-hold with electronic portal images
verification. Thistechnique permitsthe precise delivery of ahigh dose of radiation to the target while sparing
most of adjacent normal organs. Response rates and clinica benefit response were 64% and 80%, respectively.
Two patients are cancer free, 3 patients died with cancer and 9 patients live with cancer but are outpatients.
Two patients have hade late gastrointestinal complications, 1 patient received a bypass-operation due to
radiation-induced pylorus stricture, and the other patient has had H2-blocker and Proton-Pump-Inhibitor due
to aradiation-induced gastric ulcer. Otherwise, we believe these results endorse the validity of 3D-
chemoradiotherapy by self breath-hold with electric portal images. An optimal treatment schedule should be
established by further investigation.

Key words: 3-D chemoradiotherapy (3D-CRT), Self breath-hold, Refractory abdominal malignant tumors
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MEDIUM-DOSE-RATE INTRACAVITARY BRACHYTHERAPY
FOR CERVICAL CANCER

Eiichi TANAKA™, Fumiaki |SOHASHI™?, Ryoong-Jin OH"?, Yuji Y AMADA"2, Shigetoshi SHIMAMOTO"?,
Satoaki NAKAMURA"?, Hiroya SHIomI"?, Teruki TESHIMA™S, Takehiro INOUE'?, Toshihiko INOUE™

(Received 8 November 2002, accepted 7 April 2003)

Abstract: Purpose: To evaluate the results of medium-dose-rate (MDR) intracavitary brachytherapy (ICRT)
for cervical cancer.

Materials and Methods: Between May 1991 and March 2001, 80 patients with cervical cancer were treated
with external radiotherapy combined with MDR-ICRT. Two patients were excluded from this study. The
median age of patients was 61 years (range: 30-87 years). Seventy-five patients had pathologically proved
squamous cell carcinoma, and 3 had adenocarcinoma. The patients were staged by UICC classification as
follows: Stage |A (2), Stage IB (4), Stage 1A (5), Stage 1B (22), Stage I11A (1), Stage I11B (32), Stage IVA
(5), Stage 1 VB (7). Median follow-up for survivor was 68 months (range: 12-131 months).

The radiation therapy was based on a combination of ICRT and external pelvic irradiation. Patients with
stages 11, Il and IVA were treated with whole-pelvic irradiation with respective total doses of 20, 30, and 40
Gy. Doses of 40, 30, 20, and 20 Gy parametrial irradiation were added with central shield pelvicirradiation
for stages 1B, I1, I1l and IVA lesions respectively. For MDR-ICRT, from May 1991 to December 1995, point
A dose were 40 Gy/4 fractions for stages | and |1, 38 Gy/4 fractions for stage 11, and 28.5 Gy/3 fractions for
stage IVA. And from January 1996 to March 2001, point A dose of 36 Gy/4 fractions for stages| and I1, 34
Gy/4 fractions for stage 111, and 25.5 Gy/3 fractions for stage IVA. The median dose rate at point A was 1.7
Gy/hour (range: 1.3-2.2 Gy/hour).

Results: The 5-year cause-specific surviva rates were 100%, 76%, 51% and 40% for stages|, I1, [1l and IVA
respectively. All patientswith stage I VB died from the tumor with a median survival time of 12 months. The
5-year pelvic control rates were 100%, 88%, 69% and 40% for stages |, 11, 11 and IVA respectively.

Major late complications occurred in 2 patients (3%). One patient developed vesico- and recto-vaginal
fistulae, and died of pelvic infection due to pelvic necrosis without local recurrence 6 years after radiotherapy
(Grade 5). Another patient developed perforation of sigmoid colon 9 years after radiotherapy (Grade 4).
Minor late complications (Grade 1-2) occurred in 7 patients (9%).

Conclusion: MDR-ICRT for cervical cancer can be used as effectively as low-dose-late (LDR) and high-
dose-rate (HDR) ICRT.

Key words: Cervical cancer, Intracavitary brachytherapy, Medium-dose-rate (MDR)
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THE OPTIMUM MODIFICATION OF ENERGY SPECTRA USING FFT
CONVOLUTION/MULTIGRID SUPERPOSITION ALGORITHM ON
THE FOCUS RADIATION TREATMENT SYSTEM

Yuji HANYU™?, Miyoko FUKUOKA™, Kimie HOSHINO™, Atsushi ONO'?, Tatsuo SONODA™?,
Hisae HIRABAYASHI™, Kumiko KARASAWA™3, Norio MITSUHASHI™?

(Received 2 October 2002, accepted 21 April)

Abstract: In the convolution/superposition algorithm, the energy spectrum should be modified to make the
reconstructed dose distribution consistent with the measured dose distribution. The energy spectrum, which
gives the best agreement, is not determined uniquely depending on the reconstruction procedure.

In this report, the effects of the characteristics of the energy spectrum on the calculation accuracy are
evaluated by comparing the PDD and beam profiles for the reference energy spectrum with those calculated
for the modified spectrum in order to optimize the energy spectrum modification procedure when 4 and 10
MV X-ray beams are used.

Decreasing the number of energy bins brought a larger decrease rate in the computation accuracy than a
decrease rate in computation time. Further, the decrease of the number of energy bins led to a change of the
energy spectrum. The balance of the relative fluence weight in a each bin and its average energy, which
determines the absoluted dose, are important parameters. Three percent changes in the average energy spectra
should be made to realize maximum achangein PDD of 1%. This suggeststhat the spectrum which givesthe
result with a maximum error in PDD of within 1%, does not only exist if the balance of the relative fluence
weight in each bin is kept similar to the reference spectrum and the average energy changes are kept within
3%.

Consequently, more than one suitable spectra to make the calculated PDD consistent with the measured
dose distributions with a maximum error in PDD of within 1%, exists when the relative photon fluence of a
spectrum in each binis varied by keeping the balance of the relative fluence weight in each bin and the range
of the average energy of the spectrum similar to the reference.

Key words: Superposition, TERMA, Kernel, RTPS
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COMPARISON OF TREATMENT TECHNIQUES OF
STEREOTACTICALLY-GUIDED CONFORMAL TREATMENT
USING A MICRO-MULITILEAF COLLIMATOR

Yasushi HAMAMOTO'™?, Keiji NIINO™2, Hiromichi IsHIYAMA™?, Takaaki HosoYA™

(Received 14 January 2003, accepted 23 April 2003)

Abstract: The treatment techniques of stereotactically-guided conformal treatment using a micro-multil eaf
collimator were compared with respect to varying shapes or volume of the planning target volumes (PTV) for
35 clinically treated lesions (classification of shapes; nearly spherical PTV, 17; non-spherical PTV, 18:
classification of size; <10 ml, 25; > or =10 ml, 10). Non-coplanar 4-, 6-, 8 static conformal beam technique
and 3-, 5- 9 dynamic arc treatment (the rotation angle of each arc is 100 degrees) were compared with respect
to normal tissue volume irradiated highly or moderately, conformity of the prescription isodose surface, and
dose homogeneity within the PTV. Non-targeted normal tissue volume receiving 80%, 60%, and 40% dose of
the prescribed dose tended to decrease by increasing the number of fieldsin 4-8 SCB, and Statisticaly significant
improvements were observed between 3 DA and 5 DA, regardless of PTV shapes or volume. The conformity
of the prescription isodose surface was improved between 4 SCB and 6 SCB, and 3 DA and 5 DA with
statistical significance, regardless of PTV shapes or volume. The improvements of conformity indices were
larger especialy in the non-spherical PTV or the large PTV. Satisfying dose homogeneity was achieved by all
assessed treatment techniques. SCB with 6-8 fields may be adequate for the treatment of the nearly spherical
PTV, and DA with around 5 arcs may be suitable for the treatment of the irregular and/or large PTV. Adding
further arcsto 5 DA did not bring a further significant benefit, regardless of PTV shapes or volume.

Key words: Stereotactically-guided conformal treatment, Micro-multileaf collimator, Non-coplanar conformal
beam technique, Dynamic arc technique
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INITIAL RESULTSOF CYBERKNIFE TREATMENT FOR RECURRENT PREVIOUSLY
IRRADIATED HEAD AND NECK CANCER

Kengo HiMEI"!, Kuniaki KATsUI™, Atsushi Y OsSHIDA™, Mitsuhiro TAKEMOTO™,
Masahiro KURODA"?, Susumu KANAZAWA™2, Kengo SaTo™3, Yoshimi BABA™,
Rie OMORI™4, Mitsuhiro INOUE™, Yoshio HIRAKI"?

(Received 26 March 2003, accepted 15 May 2003)

Abstract: Purpose: To evaluate the efficacy of CyberKnife for recurrent previously irradiated head and neck
cancer.

Materials and Methods: Thirty-one patients with recurrent previously irradiated head and neck cancer were
treated with a CyberKnife from July 1999 to March 2002 at Okayama Kyokuto Hospital were retrospectively
studied. The accumulated dose was 28-80 Gy (median 60 Gy). Theinterval between CyberKnife treatment
and previous radiotherapy was 0.4-429.5 months (median 16.3 months). Primary |esions were nasopharynx:
7, maxillary sinus: 6, tongue: 5, ethmoid sinus: 3, and others: 1. The pathology was squamous cell carcinoma:
25, adenoid cystic carcinoma: 4, and others: 2. Symptomswere pain: 8, and nasal bleeding: 2. The prescribed
dose was 15.0-40.3 Gy (median 32.3 Gy) as for the marginal dose.

Results: The response rate (CR+PR) and local control rate (CR+PR+NC) was 74% and 94% respectively.
Pain disappeared for 4 cases, relief was obtained for 4 cases and no change for 2 cases and nasal bleeding
disappeared for 2 cases for an improvement of symptoms. An adverse effects were observed as mucositisin
5 cases and neck swelling in one case.

Conclusions: Prognosis of recurrent previously irradiated head and neck cancer was estimated as poor. Our
early experience showsthat CyberKnifeis expected to be feasible treatment for recurrent previously irradiated
head and neck cancer, and for the reduction adverse effects and maintenance of useful QOL for patients.

Key words: Recurrent head and neck cancer, CyberKnife, Reirrardiation, Stereotactic irradiation
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RETROSPECTIVE STUDY OF TREATMENT RESULTSFOR
LIMITED-STAGE SMALL -CELL LUNG CANCER IN NATIONAL
NISHIGUNMA HOSPITAL

Yoshizumi KITAMOTO™" "2, Yuko NAKAYAMA™!, Masana MATSUURA?, Takashi NAKANO™?,
Satoshi TSUCHIYA™, Ryusel SaITO™3, Kazushige HAYAKAWA™, Hideo NIIBE™

(Received 27 January 2003, accepted 3 June 2003)

Abstract: Purpose: We retrospectively evaluated the treatment results of limited-stage small cell lung cancer
(LS-SCLC) in Nationa NishigunmaHospital and indicated some problemswhen standard of radiation therapy
for LS-SCL C was put into practice in our hospital.

Materials and methods: From February 1984 to October 2000, 49 patients were newly diagnosed with LS-
SCLC in National Nishigunma Hospital. All caseswere confirmed as small-cell carcinoma by the histologic
and cytologic findings. Patients consisted of 39 males and 10 females, the ages ranged from 46 to 87 years
(mean, 66 years), Patients [0 75 years were 16%. There were 41 (84%) patients in Eastern Cooperative
Oncology Group performance status (PS) 0 or 1 and 8 (16%) werein PS2 or 3. All patients were treated with
chemoradiotherapy. For thoracic radiation therapy (TRT), conventional once daily fractionation of 2.0 Gy
was employed in principle, five patients were treated on a twice-daily schedule, and the average total doses
were 48 Gy (30-60 Gy). In chemotherapy, all were treated with chemotherapy of various contents. For the
first several years of this series, cyclophosphamide based chemotherapy and platinum based chemotherapy
were mixed, but 41 of 49 patients were treated with platinum based chemotherapy from the late 1980s. The
numbers of patients treated by concurrent and sequential chemoradiotherapy were 21 and 28, respectively.
During this period, radiotherapy staff wereinsufficient. Part-time radiation oncol ogists treated patients twice
aweek with one or two radiotherapists by Junein 1997. From July 1997, one full-time and another part-time
radiation oncol ogists worked with the two radiotherapists.

Results: The median surviva of the 49 patients was 22 months. The 2- and 5-year overal survival rates were
45% and 18%, respectively, and the 2- and 5- year cause specific survival rateswere 51% and 20%, respectively.
The 2- and 5-year disease free survival rates were 23% and 15%, respectively. Thelocal and/or distant failure
appeared in 80% of patients who could be confirmed. Theinitia failure site waswithin the radiation field in
26% patients, the brain in 15%, and 39% of the patients had tumor progression only outside the radiation field
or both in-field and distant failures at the same time. Of the patients with a recurrence, 92% were detected
within 20 months after treatment and recurrent lesions appeared in the last patients 48 months after treatment.
Six patients (12%) had survived free of disease beyond 5 years. Only PSwas statistically significant to cause
specific survival rate by the log-rank test.

Conclusions: Our treatment results were reasonable as a historical report. It issaid that the most appropriate
treatment for patients with LS-SCL C in good condition at this time is concurrent chemotherapy and TRT by
accelerated hyperfractionated radiation therapy and PCI for complete responders. However we should be
careful to apply these methods to patients of a middle-sized hospital in Japan because it is possible that there
are some patients who have poor risk factors of survival or toxicities in non-selective patients. Another
problem is that twice-daily radiotherapy could be a burden to radiotherapy staff because of an insufficiency of
radiation oncologists and radiation therapists in these institutions.

Key words: Limited-stage small-cell lung cancer, Radiation therapy, Chemotherapy, Radiation oncologist,
Radiation therapist
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A CASE REPORT OF GIANT CELL REPARATIVE GRANULOMA TREATED
WITH RADIATION THERAPY

Yasuo MATSUMOTO'?, Tadayoshi Y AMANOI™2, Emiko TSUCHIDA™?,
Tadashi SUGITA™2, Ryuta SASAMOTO"?

(Received 12 February 2003, accepted 7 April 2003)

Abstract: Giant cell reparative granuloma (GCRG) was first reported by Jaffe as a benign non-neoplastic
process linked to intraosseous hemorrhage. These lesionsin the jaw and the short tubular bones of the hands
and feet frequently recur after surgery. We report arare case: a 51-year-old male with arecurrent GCRG of
theleft temporal bone showing agood clinical response after 20-Gy irradiation. Although surgery isconsidered
to be the first-line therapy for GCRG, if it has a high morbididy rate or brings a poor outcome, low dose
radiotherapy with 15-20 Gy may be an aternative method.

Key words: Giant cell reparative granuloma, Solid variant of aneurysmal bone cyst, Radiation therapy,
Temoporal bone
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