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TaBLE 5. Mean volume (%) of the rectal wall and bladder wall at endpoint doses of 20, 40, 60, and 70 Gy, according
to the two multileaf collimators (MLCs).

Rectal Wall Bladder Wall
Type of MLC m3 Millennium p m3 Millennium P
V20Gy (%) 80.1+6.3 80.7+6.1 <0.01 34.7+£13.2 35.5+13.7 0.02
V40Gy (%) 47.8+6.7 48.6+6.7 <0.01 19.6+4.8 20.3+4.9 <0.01
V60Gy (%) 21.6+5.1 22.245.2 <0.01 11.74£2.7 12.1£2.7 <0.01
V70Gy (%) 11.1+4.8 11.1+4.9 0.92 5.5+1.9 5.7+1.9 0.03

Values are expressed as the mean + SD.

(a) (b) (c)

§ = PTV1
s & @ PTV2
;D o Rectal wall
> 40 ole  Bladder wall
20
0
0 20 40 60 80

Dose (Gy)

Fi6. 3. Examples of the dose distribution of intraprostatic dose painting plan and dose volume histogram: (a) axial section;
(b) coronal section; (c) saggital section; (d) dose-volume histogram.
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Fic. 4. Example of the difference in dose distribution between the m3 and Millennium plans for: (a) coronal section;
(b) horizontal section at the level of the base of the prostate; (c) central region of the prostate; (d) apex of the prostate.
The area displayed in color has a difference in dose distribution of > 2 Gy. The area displayed in red represents an area
with a difference of > 5 Gy.

IV. DISCUSSION

The impact of MLC-W has been reported in several studies, and dosimetric advantages
associated with thinner MLCs have been reported for stereotactic radiosurgery and IMRT,
mainly in intracranial and head-and-neck cancer.®% 2223 It is expected that MLC-W would
also have an impact on dose distribution in the case of intraprostatic dose painting plans for
prostate cancer because the doses to the relatively small targets within the prostate are intensi-
fied while retaining all dose constraints to the OARs. To our knowledge, there have been no
reports regarding the impact of MLC-W on dose painting plans for localized prostate cancer
using DMLC technique.

In IMRT treatment planning, it is difficult to simply compare different treatment units because
of the large degree of freedom in dose delivery with the aid of computer optimization. There-
fore, we set the same goals with respect to the targets and OARs, and repeated the optimization
until all the goals were satisfied. In the present study, we set the goals that D95 was to be 95%
(range 94.9%—-95.1%) for both PTV1 and PTV2, and that the maximum dose to PTV2 was to
be identical within & 0.1 Gy among the different MLC plans. There were only very small dif-
ferences in target coverage among the plans using the two different MLCs (Table 3 and Fig. 1).
Therefore, a plan with a better conformity index is superior in this situation, because the target
coverage is basically identical.

The maximum dose to the prostatic urethra was limited to < 82 Gy (Fig. 1). We did not set
strict dose constraints for the rectal wall and bladder wall but limited the doses to the OARs
. in order to meet the dose-volume constraints that we currently apply in the clinical setting.
Ideally, in comparing the CNs of two different MLCs, our plans should have included strict
equivalent doses to the OARs. However, given the difficulty of achieving the dose constraints
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set for PTV1, PTV2 and the prostatic urethra, it was unrealistic to set equivalent dose distribu-
tions to the OARs. Therefore, we set the dose constraints of the rectal wall and urinary bladder
wall to meet the limits that we usually use in the clinic. The plan results show that the doses at
the rectal wall were significantly lower for thinner MLCs, although the absolute values of the
differences were small (Table 5).

The current study indicates that as MLC-W becomes thinner, the concentricity of the dose
improves. However, differences in dose distribution between the m3 and Millennium plans
were small. Regions with larger differences in dose distribution were located mainly in the
superior and inferior borders of the fields (Fig. 4), which suggests that the MLC-W can put a
direct impact on the dose distribution in the superior and inferior borders of the fields. On the
other hand, only small differences were observed in the central part of the prostate, probably
because the DMLC method provides for fine resolution of the dose steps along with the driving
direction of the leaves. Therefore, if we were to use a multiple static field technique with fewer
steps, the difference may become larger.

Only slight differences in the CNs were found among two different MLCs; thus the clinical
influence of these differences is unclear. If these differences in conformality were to be spatially
dispersed, the clinical impacts may be very small. Very small differences in dose distribution
were found, as indicated in Fig. 4. This indicates that replacing a MLC of 5 mm width with
one of 3 mm width has a relatively small clinical impact on dose distribution in intraprostatic
dose painting plans using the DMLC technique for prostate cancer. Therefore, although a MLC
of 3 -mm width can physically achieve a slightly better dose distribution, a MLC with a 5 mm
width can also be used to achieve the expected dose distribution with this approach.

The volumes of PTV2 were smaller than those of PTV1 (Table 2). On comparing the CNs
for PTV1 and PTV2, the CNs for PTV2 were consistently less than those for PTV1, which
indicates that the concentricity would become poor. Because PTV2 was defined by adding a
5 mm margin to CTV2 as the DILs, it took various shapes in individual cases. Therefore, the
concentricity may decrease if the shapes of PTV2 were intricate even if the volumes were
identical. Hence, it may not be appropriate to determine the correlation of the CNs and the
volumes of PTV with disregard to the shapes, especially for PTV2. A further study is necessary
to consider a relation with the CNs.

The CNs for PTV1 and PTV2 were calculated with a calculation grid resolution of 1.25 x
1.25 mm, 2.5 X 2.5 mm and 5 X 5 mm (Table 4). Although there were differences in the CNs
with different calculation grid size, the absolute values of the differences were small. In ad-
dition, the tendency of the difference between two MLCs was similar among three different
calculation grid resolutions. Therefore, we consider that the impact of calculation grid size on
the comparison of MLC-W was small, and hence, would not change clinical significance.

The results of the optimization are very much influenced by the optimization algorithm used
in the radiotherapy treatment planning (RTP) system, and the results can vary when plans are
created with other RTP systems. In addition, treatment machines and delivery techniques can
have a large effect on the achievable dose distribution. Therefore, the results of this study may
not be applicable to other RTP systems or treatment units.

In the clinical application of this approach, appropriate PTV to CTV (gross target volume)
margins should be properly applied. In the present study, we used only a 5 mm margin to
create PTV2. We believe that image-guided approaches such as implanted gold marker-based
or CT-based error reductions should be used to ensure that the planned treatment doses are
actually delivered.®®

V. CONCLUSIONS

The planning goals set in the present intraprostatic dose painting planning protocol for local-
ized prostate cancer were achieved using two different types of MLCs. However, dosimetric
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advantages associated with smaller leaves were observed in terms of the conformity of the
prescribed dose to the target, with a small but significant reduction in the rectal dose. When the
DMLC technique is applied in this approach, a MLC with a 5 mm width may be sufficient, be-
cause any dosimetric disadvantage compared with a 3 mm-width MLC was relatively small.
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Salvage Lung Resection for Non-small Cell Lung Cancer
After Stereotactic Body Radiotherapy in Initially Operable
Patients
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Background: Stereotactic body radiotherapy (SBRT) has emerged
as a curative treatment for medically, inoperable patients with early-
stage non-small cell lung cancer (NSCLC). Since NSCLC recurs
locally in 10% of the patients treated with SBRT, salvage lung
resection after SBRT may be considered in these cases, To further
understand the indications for salvage surgery and the pathogenesis
of tumor recurrence in these patients, we retrospectively reviewed
cases treated at our institution,

Methods: SBRT has been performed in patients with early-stage
NSCLC at Kyote University Hospital. We encountered 3 patients
who underwent salvage lung resection for NSCLC after SBRT.
Results: All the patients were initially operable, but they chose
SBRT. After SBRT, the tumors shrank initially in all patients, but
increased in size within 18 months of SBRT in the case of 4 patients.
During surgical extirpation, we did not find any significant SBRT-
related adhesions in any of the patients.

Conclusions: We have successfully treated S patients who under-
went salvage lung resection for early-stage NSCLC after SBRT. We
found that surgical resection was feasible after SBRT.

Key Words: Lung cancer, Lung resection, Recurrence, Salvage
surgery, Stereotactic body radiotherapy.

(f Thorac Oncol. 2010;5: 1999-2002)

Stereotact’ic body radiotherapy (SBRT) is a recently devel-
oped radiotherapeutic method for early-stage non-small
cell lung cancer, and failure of local control is estimated to
oceur in around 10% of the patients treated with SBRT. It has
been reported that some patients develop local recurrence
after SBRT and are then considered for salvage surgical
resection.! In this study, we retrospectively reviewed five
such cases treated at our institution to further understand the
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indications for salvage lung resection for non-small cell fung
cancer after SBRT.

PATIENTS AND METHODS

Since 1998, three-dimensional conformal SBRT has
been performed in patients with solitary lung tumors at the
Kyoto University Hospital. The indications for SBRT have
been already described elsewhere.2? In short, the indications
of SBRT in patients with lung cancer were as follows: (1)
solitary tumor of less than 4 cm in diameter; (2) inoperable
patients or patients refusing surgery; (3) performance status
=2; and {4) a peripheral tumor in which dose constraints of
mediastinal surrounding organs were maintained. During July
1998 and March 2008, SBRT was performed for 144 patients
with primary lung cancer. Local recurrence was observed in
24 patients {16.7%) with a median follow-up of 31.5 months.
Chemotherapy was administered for the local recurrence in
nine patients including one patient with chemoradiotherapy.
Best supportive care was chosen for 10 patients. Five patients
were salvaged with surgery. Details on planning procedures
were described in our previous article? In summary, the
internal target volume {(ITV) was defined based on two
imaging modalities: computed tomography (CT) with a slow-
scan technique and x-ray fluoroscopy for evaluation of mo-
tion ranges of the tumor. When the ITV delineated on the
slow-scan CT was insufficient to cover the tumor motion
observed in the fluoroscopy, the ITV was manually expanded.
The planning target volume for SBRT was set with a margin
of § mm to the ITV. The total radiation dose was 48 Gy at the
isocenter with a daily fractional dose of 12 Gy, except the
initial three patients with 40 Gy. The irradiation was admin-
istered during a period of | to 2 weeks. The biologic effective
dose was 105.6 Gy at the isocenter, The patients were
followed up every 2 to 3 months after SBRT. When local
recurrence was suspected from follow-up CT images, an
fluorodeoxyglucose-positron emission tomography scan was
performed, and radiology peer review was undertaken. If
focal recurrence without distant metastasis was considered
highly probable on the basis of the review, the patient was
referred to a thoracic surgeon for possible salvage resection.
This study was approved by the institutional review board,
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TABLE 1. Patient Characteristics at Stereotactic Body Radiotherapy (SBRT)
Age (yr)/ ¢-TNM Tumor Clinical Course

Patients Gender Stage Size (mm) Histology Reason for SBRT After SBRT

1 63/M T2NOMO 36 SQ COPD (%FEV1 49%), DM, HD, Shrank but increased 10 mo
and patient preference after SBRT

2 T5/M TINOMO 28 AD COPD (%FEVI1 57%), DM, Shrank but increased 10 mo
angina, and patient preference after SBRT

3 70/M TINOMO 24 Unknown Patient preference Shrank but increased 89 mo

after SBRT

4 84/M TINOMO 19 AD or LCNEC COPD (%FEV1 61%) and patient Shrank but increased 8§ mo
preference after SBRT

5 T5/M TINOMO 10 SQ COPD (%FEV1 101%") and Shrank but increased 16 mo
patient preference after SBRT

“9FEV, was initially 77% at referral to our hospital, but finally increased up to 101% afier intensive treatment with drugs and rehabilitation.
AD, adenocarcinoma; COPD, clironic obstructive pulmonary disease; DM, diabetes mellitus; HD, hemodialysis; LONEC, large cell neuroendocrine carcinoma; M, male: NSCLC,

non-small cell lung cancer; 8Q, sq cell carci : SBRT,

ic body radiotherapy; %FEV I, percentage of forced expiratory volume in | s to a predicted value.

FIGURE 1. Clinical course of patient
1. A, Chest computed tomography
(CT) at stereotactic body radiotherapy
(SBRT) showed a mass with 36 mm in
diameter in the left upper lobe. B,
Chest CT 5 months after SBRT demon-
strated remarkable tumor shrinkage. C,
Chest CT 10 months after SBRT re-
vealed an apparent tumor relapse.

and patient consent was waived because the study was retro-
spective and ensured anonymity.

RESULTS
In all the patients, a final decision for selecting SBRT
was made as per the patient’s preference (Table 1). Four
patients had poor pulmonary functional reserve due to
chronic obstructive pulmonary disease (COPD). According to

2000

GOLD classification of COPD, two patients were classified
into stage Ila and one was stage IIb, whereas the rest patient,
who had been initially classified stage I and had been referred
to our hospital, became stage 0 after the medical treatment of
COPD. After SBRT, the tumor shrank initially in all patients.
The typical chest CT with clinical course was described in
Figure 1. Continuous increase of the tumor in size is strongly
indicative of tumor relapse after SBRT, although the patho-

Copyright © 2010 by the International Association for the Study of Lung Cancer
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Salvage Surgery for Lung Cancer After Radiotherapy

TABLE 2. Patient Characteristics at Surgery

Interval between SBRT yp-TNM
Patients and Surgery Surgical Procedure Stage Tumor Size (mm) Histology Outcomes
i 10 mo Left upper lobectomy T2NOMO 34 SQ Alive for 25 mo
2 12 mo Right upper lobectomy TINOMO 50 SQ Alive for 31 mo
3 104 mo Right upper lobectomy TINOMO 25 AD Alive for 29 mo
4 17 mo Left upper lobectomy TZNOMO 33 LCNEC Alive for 4 mo
3 21 mo Right upper lobectomy TINOMO 28 3¢ Alive for 2 mo

AD, adenocarcinoma; LONEC, large cell docrine carci : 8Q. sq

us cell carcinoma; SBRT, stereotactic body radiotherapy.

logic diagnosis was not confirmed before surgical extirpation
in all patients, At the time of recurrence, fluorodeoxyglucose-
positron emission tomography scan revealed high uptake in
the relapsed tumor in all patients. There were no apparent
adverse complications related to SBRT in all five patients.

The preoperative condition of the patients was almost
the same as that at the time of SBRT (Table 2). To be more
specific, pulmonary function tests did not show any deterio-
ration after SBRT in four patients who had COPD. In detail,
the mean forced expiratory volume in 1 second (FEV,) was
67% of the predicted value before SBRT in four patients with
COPD, whereas FEV, was 73% of the predicted value before
surgery. As salvage surgery, lobectomy with lymph node
dissection was performed in all patients. Surgical extirpation
did not confirm significant pleural adhesions in any patient.
Furthermore, because there was no apparent SBRT-related
change in the pulmonary structure, dissection around the
vessels and bronchus was performed without difficulties.
There were no complications during surgery, and postopera-
tive course was also uncomplicated in ail cases.

Histologically, three patients (patients 1, 2, and 5) were
diagnosed as having squamous cell carcinoma. Patient 3,
whose histologic subtype was not confirmed before SBRT,
was diagnosed as having adenocarcinoma. Patient 4 was
diagnosed as having large cell neuroendocrine carcinoma. All
patients were pathologic stage I with a mean tumor size of 34
mm in diameter, ranging from 25 to 50 mm. The tumor size
of four patients increased again within 18 months of SBRT.
In three of the four patients (patients 1, 4, and 5), pathologic
examination revealed that viable cancer cells were present in
the center of the tumor with surrounding fibrotic tissue caused
by SBRT (Figure 2). In one of the four patients (patient 2),
microscopic findings showed central necrosis and viable
cancer cells existed in the periphery of the tumor without
surrounding fibrotic tissue caused by SBRT. In patient 3,
microscopic findings showed that viable cancer cells were
present in the center of the tumor, but one fifth of the
circumference of the tumor was not surrounded by fibrotic
tissue caused by SBRT.

The postoperative clinical course was uneventful in all
patients. The median follow-up time was 27 months. All five
patients are well, alive, and without any apparent tumor
recurrences, including three patients who were followed up
for more than 2 years after salvage surgery.

Copyright © 2010 by the International Association for the Study of Lung Cancer

FIGURE 2. Pathologic findings (patient 1). 4, (i) Cut sur-
face of the resected lung after formalin fixation and (i)
loupe view showing a well-demarcated yeliow-white nodular
mass (arrowhead) in the center of fibrotic tissue caused by
stereotactic body radiotherapy (SBRT) (dashed-line area). B,
Microscopic appearance in the boundary area between a
viable tumor nest (right lower area) and surrounding fibrotic
tissue (left upper area). The field corresponds to the square in (4).

DISCUSSION

No adverse effect by SBRT was confirmed at the time
of salvage surgery in our patients. Because the irradiated area
was mainly confined to the peripheral lungs, central pulmo-
nary structures such as the hilum were intact after irradiation.
There was also almost no pleural adhesion related to the
irradiation of the peripheral lung tissue including the tumor.
it should be emphasized that surgery was performed without
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complications, and postoperative course was also uncom-
plicated in all cases. Despite the small number of cases, we
could for the first time confirm the points that most
surgeons consider before performing surgical extirpation
in such patients,

In this study, four patients relapsed within a relatively
short time after SBRT. Considering that the tumor shrank
after SBRT in these patients, SBRT had some effect on the
tumor, but it is most likely that some residual tumor cells
elapsed within a relatively short time after SBRT. To be more
specific, in three of four patients whose tumor increased in
size again within 18 months after SBRT, pathologic findings
revealed viable cancer cells in the center of the tumor,
surrounded by the fibrotic tissue caused by SBRT. These
findings strongly suggested that the tumor relapsed in the
central portion of the irradiated area, where the effect of
SBRT theoretically tended to decrease because of the hypoxic
environment of the tissue.>¢ On the other hand, in one of four
patients, microscopic examination of the tumor showed cen-
tral necrosis and peripherally located viable cancer cell with-
out surrounding tissue fibrosis caused by SBRT. These find-
ings implied that dose to the tumor was insufficient at the
center for the former three patients and at the periphery for
the latter one. Two potential causes for the dose insufficiency
were supposed: shortage in the planned dose and setup errors
during the treatment. Optimization of dose prescription and
setup correction are needed to improve local control after
lung SBRT. The remaining one patient (patient 3) was unique
in that the tumor relapsed very late after SBRT. Although the
histologic diagnosis before SBRT was not obtained in this
case, the second primary lung cancer, including radiation-
induced carcinoma, might be more likely than recurrence of
the primary lung cancer because of the relatively long dis-
ease-free period.” In this respect, long-term follow-up might
be advised in this patient population, even beyond 5 years.

Serial measurements of the pulmonary function after
SBRT also reportedly showed no significant decreases in
several parameters including FEVI, as in this study.® In the
current series, all five operable patients tolerated lung resec-
tion even after SBRT. Several randomized clinical trials
comparing SBRT with surgery have been initiated,®' and the
results of these studies might pave the way to further under-

2002

stand SBRT as a method in the multimodality treatment.
Despite a small number of cases, the findings of our study
might be particularly relevant for these trials in operable
patients. By contrast, the current low morbidity and mortality
for lobectomy, especially video-assisted thoracoscopic lobec-
tomy in elderly patients have enabled us to consider surgery
confidently.!! In this situation, the use of SBRT in patients
who are medically fit for surgery should be decided more
carefully.
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Objective: A Phase I/ll study of S-1 combined radiation therapy was conducted in patients
with Stage Il (T2NO) glottic cancer. The purpose of the Phase | study was to identify the
maximum tolerated dose, the recommended dose and the dose limiting toxicity. The objec-
tives in the phase Il study were to estimate the local control and the overall survival, and the
incidence of adverse events.

Methods: In Phase I, S-1 was administered orally in a split-course fashion as two
doses of 40 mg/m?, for a total daily dose of 80 mg/m2. The course involved a 2-week
rest after a 2-week administration (Level 1) and a 1-week rest after a 3-week adminis-
tration (Level 2). Radiation therapy was administered in 2-Gy daily (total 60-Gy) stan-
dard fractionation.

Results: Seven patients were enrolled in the Phase |, and 19 in the Phase Il study.
Mucositis was the most common toxicity encountered. All 26 patients completed radi-
ation therapy without delay. The overall response rate was 100% (26/26) with all
patients showing a complete response. One patient developed a local recurrence 28
months after the treatment. The 3-year local control and overall survival rates were
94.7 and 85.4%, respectively (limited to 22 patients from Level 2).

Conclusions: The use of S-1 at 80 mg/m? per day in a split-course with 1-week rest
during the course of radiation therapy was safe and effective for Stage Il glottic cancer.
The treatment strategy employing orally available S-1 proved to be beneficial over the
conventional injection of antitumor agents for maintaining the patients’ quality of life.

Key words: laryngeal cancer — chemoradiation — S-1 — Phase I — Phase II study

INTRODUCTION neck cancers, although selecting an appropriate dose and

Laryngeal cancer is one of the head and neck malignancies
with good prognosis. Several clinical factors contribute to
the good prognosis, including the high proportion of patients
diagnosed at early stages of diseases, the efficacy of chemor-
adiation, and the diversity of available surgical options.
Radiation therapy (RT) plays a major role in the treatment of
laryngeal cancer and is particularly effective with regard to
laryngeal preservation. In addition, the landmark RTOG
91-11 trial provided evidence of the clinical significance of
combining chemotherapy with RT (1). Various chemothera-
peutic agents have been reported to be effective for head and

administration schedule for combination with RT can be dif-
ficult. S-1, a novel orally available combination of tegafur,
gimeracil and oteracil potassium at a 1:0.4:1 molar ratio, is
effective for the treatment of head and neck cancers (2—35).
Although gimeracil displays no antitumor activity, it sup-
presses the metabolism and deactivation of 5-fluorouracil
(FU) in the body, thus increasing the radiosensitivity of
tumors (6).

Herein, we report the results of a Phase I/II study of S-1
combined with RT in patients with squamous cell carcinoma
of the larynx. The purpose of the Phase I study was to

© The Author (2010). Published by Oxford University Press. All rights reserved.
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identify the maximum tolerated dose (MTD), the rec-
ommended dose (RD) and the dose limiting toxicity (DLT).
The primary objectives of the Phase II study were to estimate
the local control rate and the overall survival rate, and the
secondary objectives were to assess the overall response rate
and incidence of adverse events.

PATIENTS AND METHODS
ELiGIBILITY CRITERIA

The eligibility criteria were: (i) the presence of histologically
confirmed glottic squamous cell carcinoma; (ii) the identifi-
cation of carcinoma as Stage II disease (T2NO0); (iii) no
previous treatment history (primary case); (iv) the presence of
measurable lesions; (v) no history of RT to the head and neck
regions; (vi) age between 20 and 80 years; (vii) a performance
status of 0—1 on the Eastern Cooperative Oncology Group
(ECOG) scale; (viii) a life expectancy >3 months; (ix) ability
to receive drugs orally; (x) provision of written informed
consent; and (xi) adequate bone marrow, liver and kidney
functions, which were determined by (a) leukocyte count
4000/mm® less than or equal to <12 000/mm?>, (b) platelet
count >100 000/mm?, (c) hemoglobin >9.0 g/dl, (d) aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT)
<100 U/l, (e) All P < 2 times the upper limit of the normal
value, (f) total bilirubin <1.5mg/dl and (g) serum
creatinine < the upper limit of the normal value.

ExcLusioN CRITERIA

The exclusion criteria were: (i) the presence of any active
concomitant malignancies; (ii) serious complications,
including (a) active infectious disease, diarrhea, intestinitis,
pancreatitis, paralytic enterocolitis, ileus, interstitial pneumo-
nitis, pulmonary fibrosis, (b) uncontrolled massive pleural
effusion or ascites, (c) gastrointestinal bleeding, (d) uncon-
trolled diabetes mellitus or (e) cardiac failure, renal failure,
liver dysfunction, etc.; (iii) uncontrolled angina pectoris or
myocardial infarction within the previous 3 months; (5)
active gastro-duodenal ulcer; (v) severe neuropathy; (vi)
pregnancy or plans to become pregnant; (vii) a male patient

Level 1 Radiotherapy RT 60Gy/30 fr {6weeks) |
(n=4)  S-180mg/m? hm 2weeks IS

Level 2
(n=22)

RT 60Gy/30 fr (weeks)

Radlomerapyi
$-1 80mg/m? 1 week

Figure 1. Plan for the combined use of S-1 with radiation therapy (RT) for
treatment of laryngeal cancer.

with plans to impregnate; (viii) a past history of severe aller-
gic reaction to drugs; or (ix) ineligibility as determined by
the study physicians.

TREATMENT PLAN: DOSAGE AND DRUG ESCALATION

During Phase I, S-1 (formulated by Taiho Pharmaceutical
Co., Tokyo, Japan) was administered orally in a split-course
fashion as two doses of 40 mg/m? for, a total daily dose of
80 mg/m?. The course involved a 2-week rest after a 2-week
administration (Level 1) and a 1-week rest after a 3-week
administration (Level 2; Fig. 1). Level 3 was not established
based upon the prescribed instructions for S-1. The duration
of S-1 administration was increased in a stepwise fashion for
both levels of the study.

In Phase II, patients received the RD of S-1 combined
with RT. S-1 was withheld for the following toxicities: (i)
leukocyte count <2000/mm?; (ii) platelet count <100 000/
mm?; (iii) diarrhea Grade 3 or higher; (iv) mucositis Grade 3
or higher. Treatment resumed after recovery to the baseline.
If patients did not recover from these toxicities within 28
days of the last administration of S-1, they were withdrawn
from the study. If any of the severe toxicities was observed,
then the dose of S-1 was reduced by 20 mg per day.

RADIOTHERAPY

Radiotherapy was administered in 2-Gy daily standard frac-
tions using 4 MV X-rays. The total dose of radiation was
fixed at 60-Gy. Patients were treated in the supine position
under a plastic shell. Two parallel-opposed lateral fields
were used with a pair of wedge filters (Fig. 2). A computed

¥ - .

Figure 2. Administration of RT. A colour version of this figure is available as supplementary data at http:/www.jjco.oxfordjournals.org.
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tomography-based treatment-planning system was mandatory
to define the planned target volume.

RT was withheld for the following toxicities: (i) leukocyte
count < 1500/mm?; (ii) platelet count <50 000/mm?; or (iii)
mucositis Grade 3 or higher. Radiation was resumed after
recovery to baseline. Termination of the treatment course
following Grade 3 mucositis was dependent upon the
patient’s condition and the physician’s judgment.

MTD, RD AND SAMPLE SizE

In the Phase I study, the MTD was defined as the dose level
that produced DLT in at least two of three patients or least
three of six patients (If DLT occurred in one or two of the
first three patients, three additional patients were assigned to
receive the same dose level). If none of the three patients
initially receiving a given dose level displayed DLT, or if
only one or two out of six patients had DLT, the dose was
increased to the next level. If the Level 1 dose was not
acceptable, this regimen would not be considered feasible
and then the study would be stopped.

DLT was defined by the following parameters: (i) Grade 4
hematologic toxicity; (ii) fever (body temperature >38°C)
with Grade 3 neutropenia; or (iii) Grade 3/4 thrombocytope-
nia or Grade 3/4 non-hematologic toxicity (including radi-
ation induced mucositis) except for nausea and vomiting.
DLT was evaluated on the basis of adverse events occurring
within 1 week after the completion of chemoradiotherapy.

The sample size was increased for the Phase II study
because this study was designed to detect an expected CR
rate of 70% (the threshold over 40%) with a power of 90%
with a statistical significance level of 0.05 (a = 0.05, B =
0.1). The required sample size was 21 patients at the RD,
including those treated at the RD during the Phase
I. However, an additional four patients were included in
order to accommodate potential losses due to ineligibility,
drop-outs or major protocol violations.

OUTCOME MEASURE

Drug-related adverse events were classified according to the
National Cancer Institute Common Toxicity Criteria
(NCI-CTC) version-2 (7). Hematological and biochemical
tests were performed at least every week, and the patient per-
formance status and clinical symptoms were assessed every
day. The tumor response was evaluated according to the
Response Evaluation Criteria in Solid Tumors (RECIST) cri-
teria (8). Assessments by imaging studies were repeated
every 4 weeks during the study. Local control was defined as
the time from registration until the earliest documented time
to death, disease progression or salvage surgery at the
primary site. Overall survival was defined as the time from
registration until death from any cause (censored at the time
of the last visit in patients who were lost to follow-up). The
local control rate and overall survival rate were estimated
using the Kaplan—Meier method. To evaluate the effect of

Jpn J Clin Oncol 2010;40(10) 923

single dose intensity, data of 22 patients from Level 2 were
used for overall survival and local control analyses.

EtHicAL CONSIDERATION

This study was conducted in accordance with the principles
of the Declaration of Helsinki and Good Clinical Practice
guidelines. The protocol for this Phase I/II trial was
approved by the Institutional Review Board of Kitasato
University Hospital. All patients provided their written
informed consent before study entry.

RESULTS
PATIENT CHARACTERISTICS

A total of 26 patients were enrolled in this study at the
Departments of Otolaryngology and Radiology at Kitasato
University Hospital between January 2003 and May 2007.
Seven patients (four patients in Level 1 and three patients in
Level 2) were enrolled in the Phase I study and 19 patients
in the Phase II study. The clinical data for the 26 patients
enrolled in the trial is listed in Table 1. Twenty-five males
and one female with a median age of 66 years (range 53—
80) were treated. All 26 patients had glottic cancers staged
as T2NO. Among the 26 patients, 15 (58%) and 11 (42%)
were classified as favorable and unfavorable T2, respectively,
according to the clinical guideline proposed by American
Society of Clinical Oncology (ASCO) (9).

ToxiciTy

None of the four patients enrolled at Level 1 developed
DLT. In Level 2, none of the initial three patients developed
DLT. From these results, the RD was determined to be Level
2. The treatment-related adverse events (most severe grade
reported during the treatment period) are tabulated in
Table 2. Mucositis was the most common adverse event, and
was observed in 4, 17 and 5 patients at Grade 1, 2 and 3,
respectively. Most of the patients were able to eat a soft diet
and complete the treatment course in an out patient setting.
Three patients from Level 2 (one patient with G-3 and two
with G-2 mucositis) required nasogastric alimentation in an
inpatient setting in the middle of the treatment course.

Of the 22 patients who received the RD of S-1, only one
patient (#22 displayed as 3W-1X-2X in Table 1) discontin-
ued the administration of S-1 after the break due to the
development G-2 mucositis and G-2 renal dysfunction. One
patient (#7) with G-1 liver dysfunction was given a reduced
dose of S-1 after the break. No patients aged 76—80 years
old experienced any severe toxicity. In addition, all patients
completed RT without delay.

RESPONSE

The overall response rate was 100% (26/26) with all patients
showing complete response. The 3-year local control and
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Table 1. Clinical data of the 26 patients enrolled for Phase I/II trial

# Enroll Gender Age T2 §-1 Response Mucositis Admission fol)]ow Prognosis

m
1 2003 M 78 Favorable 2W-2X-2W CR Gl - 81 Alive and well
2 2003 M 72 Favorable 2W-2X-2W CR Gl - 78 Alive and well
3 2003 F 57 Unfavorable 2W-2X-2W CR G2 - 77 Alive and well
4 2003 M 67 Unfavorable 2W-2X-2W CR G2 - 77 Alive and well
1 2003 M 59 Favorable 3IW-1X-2W CR G2 O 72 Alive and well
2 2003 M 68 Favorable 3W-1X-2W CR G2 - 76 Alive and well
3 2003 M 64 Favorable IW-1X-2W CR G2 - 72 Alive and well
4 2003 M 64 Favorable 3IW-1X-2W CR G2 - 29 Died of Lung Ca
5 2004 M 55 Favorable 3IW-1X-2W CR G3 — 62 Alive and well
6 2004 M 80 Unfavorable 3W-1X-2W. CR Gl - 6 Lost to follow up
7 2004 M 60 Favorable IW-1X-2W CR G2 - 69 Alive and well
8 2004 M 65 Favorable 3IW-1X-2W CR G2 - 33 Died of Lung Ca
9 2005 M 62 Favorable 3W-1X-2W CR G2 - 62 Alive and well
10 2005 M 62 Unfavorable IW-1X-2W CR G2 - 56 Alive and well
11 2005 M 65 Unfavorable 3W-1X-2W CR G2 - 47 Alive and well
12 2005 M 68 Favorable IW-1X-2W CR G2 - 55 Alive and well
13 2005 M 53 Unfavorable IW-1X-2W CR G2 - 38 Alive and well
14 2006 M 64 Unfavorable 3W-1X-2W CR Gl - 51 Alive and well
15 2006 M 69 Unfavorable 3IW-1X-2W CR G2 o} 49 Alive and well
16 2006 M 63 Favorable 3W-1X-2W CR G2 - 43 Alive and well
17 2006 M 65 Unfavorable IW-1X-2W CR G3 O 41 Alive and well
18 2006 M 76 Favorable IW-1X-2W CR G3 - 43 Alive and well
19 2006 M 72 Favorable IW-1X-2W CR G3 - 21 Died of dist met
20 2006 M 76 Unfavorable 3W-1X2W CR G2 - 39 Alive and well
21 2007 M 73 Favorable IW-1X-2W CR G3 - 36 Alive and well
22 2007 M 62 Unfavorable 3W-1X-2X CR G2 o} 36 Recurred/salvaged

O, yes for admission.

overall survival rates were 94.7 and 85.4%, respectively, in
the 22 patients from Level II (Fig. 3).

One patient (#22) developed a local recurrence 28 months
after the completion of S-1 combined RT and was sub-
sequently salvaged by a supracricoid laryngectomy with cri-
cohyoidoepiglottopexy (SCL-CHEP). One patient (#19) died
from lung metastasis without local recurrence. Two patients
(#4 and #8) died from primary lung cancers. One patient
was lost to follow-up 6 months after the completion of treat-
ment course.

DISCUSSION

Laryngeal preservation is one of the main objectives for the
management of laryngeal cancer. In 2006, ASCO proposed
clinical practice guidelines for the use of laryngeal

preservation strategies (9). The guidelines advocate that all
patients with T1 or T2 cancer should be initially treated with
the intent to preserve the larynx. In addition, an approach that
preserves the larynx should also be considered for most
patients with T3 or T4 disease. Concurrent chemoradiotherapy
plays a major role in the management of laryngeal preser-
vation. The ASCO guidelines also recommended that T2 lar-
yngeal cancer should be classified as either favorable T2 (a
superficial tumor with normal cord mobility) or unfavorable
T2 (a deeply invasive tumor, subglottic extension and impaired
cord mobility). In unfavorable T2 cases, chemoradiation
therapy and open organ preservation surgery should be con-
sidered rather than using RT alone. This is especially impor-
tant in light of the fact that deep invasion and impaired cord
mobility are major prognostic factor for radiation failure (10).
Concurrent chemoradiation therapy with oral antitumor
agents is an easy and patient-oriented treatment option for
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Table 2. Treatment-related adverse events for the 26 patients (indicated as
the most severe grade reported during the treatment period)

Toxicity Phase 1 (n = 4) Phase 2 (n = 22)
Grade >G3 Grade >G3
) — )
012 3 4 0 1 2 3 4
Hematologic
Leukopenia 4 00 000 18 4 000 0
Neutropenia 4 0 0 0 00 202 000 O
Anemia 400 000 21 0 0 0 O
Thrombocytopenia 4 0 0 0 0 0 184 000 0
ALT 4009000 202 000 0
AST 4 00000 184 000 O
Total bilirubin 400 000 211 0 0 0 O
Creatinine 400000 20 1 OO0 O
Non-hematologic
Mucositis 022000 0215 50 23
Anorexia 4 0 0 000 16 2 4 0 0 0
Nausea 400 000 210 1 0 0 O
Diarrhea 4 0 0 000 183 100 O
Fatigue 400000 17 1 00 0
Pigmentation 4 00000 20 2 00 0

Toxicity classified according to NCI-CTC version 2.0. AST: aspartate
aminotransferase; ALT: alanine aminotransferase.

S-year local control
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Figure 3. Three-year local control and overall survival rates were evaluated
using the Kaplan—Meier method. A colour version of this figure is available
as supplementary data at http:/www_jjco.oxfordjournals.org.

early stage laryngeal cancer. A previous study reported that
uracil—tegafur (UFT) combined with RT is effective in treat-
ing early stage laryngeal cancer (11). The authors observed
no severe adverse reactions with this treatment regimen.
Niibe et al. (2) confirmed the high local control rate of UFT
combined RT and mentioned the potential use of S-1, a novel
orally available combination of agent derived from UFT.

S-1 (Taiho Pharmaceutical Co., Ltd) is orally available
combination of tegafur (a prodrug converted to 5-FU),

Jpn J Clin Oncol 2010;40(10) 925

gimeracil (an inhibitor of dihydropyrimidine dehydrogenase,
which is responsible for 5-FU catabolism) and oteracil potass-
ium (an inhibitor of phosphorylation of 5-FU in the gastroin-
testinal tract). The combination of agents is designed to
enhance the anticancer activity and reduce the gastrointestinal
toxicity of fluoropyrimidine therapy (12). A Phase II trial of
advanced and recurrent SCCHN (59 eligible cases) showed a
high response rate of 28.8% with acceptable toxicities (13).

In the current Phase I/II trial, only one patient (#22) experi-
enced a local recurrence and this was detected 28 months
after the completion of the treatment. Since S-1 was discon-
tinued after the break due to G-2 renal dysfunction in this
patient, the local recurrence may have been associated with
the modification of S-1 administration, None of the other
patients developed a local recurrence during the follow-up
time of 6—81 months (median 52 months). The high rate of
local control in this trial was superior to the initial expec-
tations, particularly when considers the number of unfavor-
able T2 patients included in the study. Although, the
antitumor effect of S-1 greatly contributed to the improved
outcome for patients, it is also likely that S-1 sensitized the
tumor to radiotherapy. The radiosensitizing effect of S-1 has
been reported by several investigators. For example, Harada
et al. (5) reported that S-1 increases the in vivo radioresponse
of tumor xenografts derived from oral cancer cells; further-
more, the authors reported that 5-FU sensitizes the in vitro
radioresponse of these cells by suppressing the activation of
Akt/PKB, an important survival signal. Employing nude
mice bearing hypopharyngeal cancer cell (H891), as an in
vivo model, Nakagawa et al. (14) demonstrated that S-1 had
an additive antitumor effect when combined with RT.

Although a randomized trial comparing combined S-1/RT
and RT alone in head and neck cancers is still unavailable,
combined 5-FU/RT has been reported to impart better thera-
peutic effects than RT alone (15). The radiosensitizing effect
of 5-FU strongly depends on the continuous exposure of the
targeted cancers to 5-FU following irradiation (16). The
pharmacokinetic feature of S-1 fits well in maintaining effec-
tive level for prolonged tumor exposure.

In this study, G-3 mucositis occurred in 28% (7/25) of the
patients receiving RD. This was higher than that in a recent
study of CCRT for glottic cancer (3). The difference is
likely related to the higher dose of S-1 used in the current
study. Symptoms of mucositis can be managed with analge-
sics and mouthwash. Even though four patients in our study
required a modification of S-1 administration, all 29 patients
in the trial completed RT without delay. Since, Hayakawa
et al. (17) reported that prolongation of the radiation sche-
dule adversely affected local control of T1 glottic carcinoma,
it appears that it is beneficial to combine S-1 with RT, since
the addition of S-1 did not increase host toxicity due to RT.
Thus, chemoradiation with $-1 and RT (60-Gy) seems to be
a feasible and effective combined regimen for treating early
to moderate stage laryngeal cancer.

It is also important to mention that proper maintenance of
high quality RT, including a strict distribution pattern and
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overall treatment time, is imperative (18). Results may vary
depending on the quality of RT facilities and staff. In
addition, the potential use of supracricoid laryngectomy
(SCL), an open laryngeal preservation surgery, may have
influenced the proper case selection in this trial. SCL is
offered as an alternative treatment option along with S-1/RT,
particularly for the treatment of patients with unfavorable T2
and T3 status. A previous study demonstrated that SCL is
beneficial for the treatment of T2 and T3 cases (19).
However, patients with favorable T2 status might be curable
by RT alone. Further investigations are needed to establish
the clinical indicators for proper case allocation among RT,
S-1/RT and laryngeal preservation surgeries.

CONCLUSION

The use of S-1 at 80 mg/m? per day in a split-course with
1-week rest during the course of RT was safe and effective
for Stage II glottic cancer. The treatment strategy employing
orally available S-1 proved to be beneficial over the conven-
tional injection of antitumor agents for maintaining the
patients’ quality of life.
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Abstract In order to evaluate the usefulness of a metal
oxide-silicon field-effect transistor (MOSFET) detector as
a in vivo dosimeter, we performed in vivo dosimetry using
the MOSFET detector with an anthropomorphic phantom.
We used the RANDO phantom as an anthropomorphic
phantom, and dose measurements were carried out in the
abdominal, thoracic, and head and neck regions for simple
square field sizes of 10 x 10,5 x 5,and 3 x 3 em” with a
6-MV photon beam. The dose measured by the MOSFET
detector was verified by the dose calculations of the
superposition (SP) algorithm in the XiO radiotherapy
treatment-planning system. In most cases, the measured
doses agreed with the results of the SP algorithm within
+3%. Our results demonstrated the utility of the MOSFET
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detector for in vivo dosimetry even in the presence of
clinical tissue inhomogeneities.
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1 Introduction

For implementation of radiation therapy with high-energy
photon beams in the clinics, comprehensive dose verifica-
tions are essential. Generally, dose verifications on phantoms
are recommended and carried out for each irradiation con-
dition [1-4]. However, this does not mean that these verifi-
cations assure a perfect actual radiation dose to the patients.
On the other hand, in vivo dosimetry can be used to identify
major deviations in the delivery of treatment. Thus, we
regard in vivo dosimetry during patient treatment as the
ultimate dose verification for patient quality assurance (QA).
Here, in order to carry out in vivo dosimetry, the detector
must be very small, and easy to localize. To achieve this goal,
we used metal oxide-silicon field-effect transistor (MOS-
FET) detectors (Best Medical Canada, Ottawa, Canada).
The MOSFET detector has a very small sensitive vol-
ume, which is a 0.2 mm x 0.2 mm, 0.5-um-thick layer of
insulating of silicon dioxide. The detector which we used is
a dual-MOSFET detector consisting of two identical
MOSFETs fabricated on the same silicon chip and oper-
ating at two different gate bias voltages, allowing tem-
perature compensation of the detector response [3]. The
MOSFET detector has been widely used for measuring
radiation doses [6-11], and the accuracy, reliability, and
usefulness of the MOSFET detector in clinical applications
such as pinpoint absolute dosimetry has been reported [12].
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An accurate estimate of the radiation dose is important
for verifying that the expected dose of radiation has been
delivered to the patient. Chuang et al. used a MOSFET
detector in intensity-modulated radiation therapy (IMRT)
dosimetric verification for routine IMRT phantoms, a solid
water slab phantom, and a cylindrical PMMA phantom [7].
These dose verifications were performed on homogeneous
materials. Carrasco et al. [13] measured percentage depth
doses in inhomogeneous-layer phantoms containing water-
and bone-equivalent materials using a MOSFET detector.
The MOSFET detector was found suitable for dose mea-
surement inside bone-equivalent materials. On the other
hand, MOSFET detectors have previously been employed
in surface dose measurements during in vivo dosimetry [8,
12, 14]. However, these measurements were not performed
under the variable conditions created by inhomogeneous
specimens containing water-, lung-, and bone-equivalent
materials.

Here, we evaluated dose measurements using the
MOSEFET detector in inhomogeneous regular slab phan-
toms, as shown in “Appendix”. The dose verification
results for the superposition (SP) algorithm with use of the
MOSEFET detectors were similar to Kohno’s results with
use of the Farmer ionization chamber [15]. In general, the
degree of accuracy in the dose measurement with MOS-
FET detectors is not as high as that with ionization
chambers. However, we demonstrated that the MOSFET
detector can measure doses with sufficient accuracy for
various tissue-equivalent phantoms, various regular
geometries, and various field sizes. From a different point
of view, we can also say that it is important to measure
dose independently using detectors with different charac-
teristics, in order to evaluate the results of dose measure-
ments in difficult irradiation conditions such as the
presence of inhomogeneities.

On the other hand, the human body does not have a
simple geometry such as the above regular slabs, and it
forms complex inhomogeneities with bone, soft tissue,
various materials, and various shapes. Therefore, it may not
be certain that the results of dose verifications for slab-
based phantoms can be extrapolated to actual clinical
cases. In this paper, to evaluate the usefulness of the
MOSFET detector as an in vivo dosimeter under more
realistic conditions, we performed in vivo dosimetry using
an anthropomorphic phantom.

2 Materials and methods
2.1 Experimental apparatus

Experiments were carried out with a Siemens ONCOR
linear accelerator (Siemens Medical Solutions USA,

Concord, CA) with a dual-focus, multi-leaf collimator. The
specified uncertainty of the leaf positions was +1 mm. For
dose measurements, we used TN-502RD MOSFET detec-
tors and the mobileMOSFET reader, set at the standard bias
sensitivity. The MOSFET and a calibrated 0.6 cc Farmer
ionization chamber type 30013 (PTW, Freiburg, Germany)
were placed in a dose calibration phantom made of PMMA.
Tough Water phantoms manufactured by Kyoto Kagaku
Co., Ltd (Kyoto, Japan) were stacked on the dose calibra-
tion phantom. With a 6-MV photon beam at a dose rate of
300 MU/min, a dose of 100 MU was delivered at 100 cm
source-to-axis distance (SAD), at a depth of 10 cm within a
field of 10 x 10 cm® for calibration of the MOSFET
response.

Measurements were carried out for simple square field
sizes of 10 x 10, 5 x 5, and 3 x 3 cm® with a 6-MV
photon beam. All measurement points were set in the
center of an exposed square area. We used a beam angle of
0° for all of the experiments, thus avoiding uncertainties
(~2%) of angular dependence [7, 11] of the MOSFET
detector in the dose measurements, and unnecessary com-
plexities in the SP dose calculations. We estimated the
reproducibility as £1.5% (1 standard deviation) for five
consecutive irradiations of 100 MU each.

2.2 Anthropomorphic phantom

The RANDO anthropomorphic phantom (The Phantom
Laboratory, Salem, CA) [16] provides a detailed mapping
of the dose distribution that is essential for evaluating
radiotherapy treatment plans. RANDO phantoms are con-
structed with a natural human skeleton cast inside a
material that is radiologically equivalent to soft tissue. The
RANDO lungs are molded to fit the contours of the natural
human rib cage. The properties of the RANDO materials
are listed in Table 1. The p,omina Value is the nominal
electron density relative to water for tissue-equivalent
materials. Physical densities and effective atomic numbers
of the tissue-equivalent materials are also shown in
Table 1. The MOSFET detectors were placed within cav-
ities in the phantom.

First, the detector positions were selected in the
abdominal region. As shown in Fig. 1a and b, the
abdominal region in the phantom is homogeneous.
The measurement point is indicated by a cross mark, and
the measurement depths for Fig. la and b were 6 and
9.5 cm, respectively.

Next, the dose measurement points for the chest region
are illustrated in Fig. 2a—c. Figure 2a depicts a region of
the mediastinum, which is a soft tissue. This measurement
point is at an interface of the mediastinum and lung, with
the beam central axis in the interface. On the other hand,
Fig. 2b and c is in the lung region, and thus we were able to
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Table 1 Electron densities relative to water obtained by CT number
conversion (Pmeas), effective atomic number, and physical densities of
the tissue-equivalent materials in the RANDO phantom used in this
study

Phantom Soft tissue Lung

Pnominal 0.979 0.311

Prmeas 1.014 + 0.003 0.231 + 0.015
Effective atomic number 7.60 7.11

Physical density (g/cm®) 0.997 0.352

Prominat NOmMinal electron density relative to water

Fig. 1 The homogeneous abdominal region of the anthropomorphic
phantom. The measurement point is indicated by a cross mark, and
the measurement depths for a and b were 6 and 9.5 cm, respectively.
Measurements were carried out for simple square field sizes of
10 x 10,5 x 5,and 3 x 3 cm? and a beam angle of 0° with a 6-MV
photon beam. All measured points were set in the center of an
exposed square area

evaluate the dose for low-density material. The measure-
ment depths for Fig. 2b and ¢ were 4.5 and 7.5 cm,
respectively.

Figure 3a, b, and c illustrates measurement locations in
the head and neck region. In Fig. 3a, the dosimeter is
located at the center of the posterior arch of the first cer-
vical vertebra in the RANDO phantom. The dose here was
formed by the photon beam passing through the jaw,
consisting of cortical bone, and the oral cavity, consisting

of air. Figure 3b is the location posterior to the sella in the
RANDO phantom, which corresponds to the surface of the
brainstem. This region also consists of bone, cavities, and
soft tissue, and forms complex inhomogeneities. Because
of the presence of many critical structures, it is important to
deliver accurate doses in this region. Figure 3c is a location
posterolateral to the posterior arch of the first cervical
vertebra.

2.3 Dose calculation and data analysis

The XiO 4.33.02 radiotherapy planning (RTP) system for
dose calculations was used in this study. Doses were
calculated using SP algorithm [17] with inhomogeneity
correction. Here, the Monte Carlo (MC) method as a dose
calculation algorithm is a powerful tool for analytic cal-
culations and for verification of results obtained in diffi-
cult measurements situations. However, because the MC
has considerable difficulties and uncertainties in recon-
structive techniques based on measured depth dose dis-
tributions for clinical photon beams [18], we did not use
it in this study. On the other hand, the SP has already
been verified for various irradiation conditions by many
authors [15, 17-21, “Appendix”] and has been widely
adopted in clinical use. Therefore, using the SP as a dose
calculation algorithm is reasonable for comparing the
calculation dose with the MOSFET dose in this study.
Three-dimensional dose distributions were calculated with
0.2 cm resolution.

Phantom information was obtained from computed
tomography (CT) images. The CT images of all phantoms
were acquired with an Asteion (Toshiba Medical Systems
Corp., Tokyo, Japan) CT scanner at a 2.5 mm slice thick-
ness and 2.5 mm slice separation. The electron density of
each tissue, pPpeas, 1 obtained by CT number conversion,
and we used this value obtained by CT scan in our dose
calculations. Here, the ppeas Of the lung material in Table 1
was somewhat smaller than the p,omina. We assume that
the lung material of the RANDO phantom changed over
time. This may have led to overestimates in the dose
calculations.

Dosimetric magnitudes were analyzed in terms of
absolute doses. D, is the calculated dose at a measure-
ment point in the phantom, and D, is the measured dose
at the same point. The dose measured at each point was
compared to the calculated dose, and the discrepancy at the
measurement point, (%), was evaluated as a percentage of
the measured dose:

Deac — D
8(%) = % x 100.
meas

The error bars in each figure represent the repro-
ducibility of the MOSFET dose.
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Fig. 2 The chest region of the
anthropomorphic phantom. The
cross marks represent the
measurement point. a A region
of the mediastinum. b and

¢ The lung region. The
measurement depths for b and
¢ were 4.5 and 7.5 cm,
respectively. Measurements
were carried out for simple
square field sizes of 10 x 10,
5x5,and 3 x 3 cm” and a
beam angle of 0° with a 6-MV
photon beam. All measured
points were set in the center of
an exposed square area

Fig. 3 The head and neck
region of the anthropomorphic
phantom. The cross marks
represent the measurement
point. a The dosimeter is
located at the center of the
posterior arch of the first
cervical vertebra in the RANDO
phantom. b The location
posterior to the sella in the
RANDO phantom. ¢ A location
posterolateral to the posterior
arch of the first cervical
vertebra. Measurements were
carried out for simple square
field sizes of 10 x 10, 5 x 5,
and 3 x 3 cm? and a beam
angle of 0° with a 6-MV photon
beam. All measured points were
set in the center of an exposed
square area
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Fig. 4 Comparisons between the doses measured with the MOSFET
detector and doses calculated by use of the SP algorithm for the
homogeneous abdominal region of Fig. 1. The measurement depths
for a and b were 6 and 9.5 cm, respectively. This figure also includes
the discrepancy (%) between doses measured with the MOSFET
detector and doses calculated with the SP algorithm

3 Results and discussion

Figure 4 contains comparisons between doses measured
with the MOSFET detector and doses calculated by the SP
method for soft tissue for Fig. 1a and b, respectively. This
figure also includes the discrepancy (%) between doses
measured with the MOSFET detector and doses calculated
with the SP algorithm. The measured doses agreed with the
results of the SP algorithm within +3%.

Comparisons between the measurements and calcula-
tions for the chest region (Fig. 2a—c) are displayed in
Fig. 5. We observed that the SP overestimates the dose
particularly in the lung region (Fig. 2b, ¢) compared with
the measurements. We can explain this by an underesti-
mation by use of the relative electron density for lung
material, as shown in Table 1. Then, the difference of the
doses between MOSFET and SP at a field size of 3 cm is
larger than those at 5 and 10 cm. Because the leaf position
uncertainty of =1 mm contributes approximately 0.5% to
the dose uncertainty for the 3 x 3 cm? field size, it may be
one of the causes of the larger difference.

Figure 6 depicts comparisons between doses measured
with the MOSFET detector and doses calculated with the
SP algorithm for the head and neck measurements mapped
in Fig 3a—c. Here, Kohno et al. [15] reported that a definite
deterioration in the dose prediction accuracy occurred
when they used the SP algorithm in bone material for a
field size of 3 x 3 cm”. Moreover, Fig. 8c also supported
the deterioration. Therefore, the SP algorithm would dis-
play significant differences in Fig. 3a due to the inadequate
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Fig. 5 Comparisons between the doses measured with the MOSFET
detector and doses calculated by use of the SP algorithm for the chest
region of Fig. 2. Evaluation point (Fig. 2a) is a region of the
mediastinum, and b and ¢ are in the lung region. The measurement
depths for Figs 2b and ¢ were 4.5 and 7.5 cm, respectively. This
figure also includes the discrepancy (%) between doses measured with
the MOSFET detector and doses calculated with the SP algorithm

energy deposition kernel model for bone material [19].
However, even in this complex inhomogeneous region, the
measured doses agreed with the results of the SP algorithm
within +3%. We concluded that the actual body does not
include large and thick bones such as this in Fig. 7c, which
results in a large deterioration of the dose prediction due to
the incomplete energy deposition kernel model in the
photon dose calculation.

Thus, dose measurements by use of the MOSFET
detector were compared with calculations by the SP algo-
rithm for various irradiation conditions. The small size,
immediate read-out, and fast response of the MOSFET
detector make it particularly useful for dose measurements
for therapeutic MV photon beams. The results of our
dosimetric measurements demonstrate the utility of the
MOSFET detector for clinical dosimetry in radiotherapy.
Our dose measurements were performed at a beam angle of
0°. Given the variety of beam angles used in actual
radiotherapy, the £2% angular dependence of the MOS-
FET detector must be considered [7, 11]. The angular
dependence may lead to a decrease in accuracy at some
angles, which, in turn, may affect the clinical utility of this
detector.

4 Conclusion

We evaluated in vivo dosimetry with a MOSFET detector
for an anthropomorphic phantom. Dose measurements
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