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Summary

Clinical evaluation of parotid function of head and neck
cancer patients treated with IMRT

* We presented our preliminary results of initial experi-
ence by Helical TomoTherapy held at the 23rd annual
meeting of JASTRO on October 2010. In this analysis,
82 paroi;id glands from 41 patients, who were treated
with definitive IMRT combined with or without sys-
temic chemotherapy, were assessed for the correlation
of radiation dose with parotid function evaluated by'
salivary scintigraphy. Acquired results of salivary scin-
tigraphy are well correlated with grade of xerostomia
after IMRT. Initial experience of IMRT in our institute
for head and neck cancer is thought to be promising at
the viewpoint of both clinical efficacy and less toxicity.

Takeshi Kodaira et al

Department of Radiation Oncology
Aichi Cancer Center Hospital and Research Institute
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Preliminary Results of Magnetic Resonance Imaging-aided
High-dose-rate Interstitial Brachytherapy for Recurrent
Uterine Carcinoma after Curative Surgery

Tadayuki KOTSUMA!, Ken YOSHIDA?, Hideya YAMAZAKI, Tadashi TAKENAKA?,
Kouji KONISHI', Fumiaki ISOHASHI', Masahiko KOIZUMI',
Eiichi TANAKA? and Yasuo YOSHIOKA'™*

Recurrent uterine carcinoma/Magnetic resonance imaging (MRI)/Image-based brachytherapy/High-
dose-rate brachytherapy.

This report presents initial experience with imaging-aided high-dose-rate interstitial brachytherapy
(HDR-ISBT) for post-operative recurrence of uterine carcinoma. Fourteen patients presenting with post-
operative recurrence of uterine carcinoma (nine cervix and five corpus) between July 2005 and October
2008 were enrolled in this study (median follow-up: 37 months, range: 6-59 months). We implanted
magnetic resonance imaging (MRI)-compatible plastic applicators using our own ambulatory technique.
HDR-ISBT treatment consisted of twice-a-day irradiation of 6 Gy each with at least a six-hour interval to
provide the total prescribed dose. Treatment was based on treatment planning-computed tomography with
MRI as a reference. Seven patients were treated with a combination of ISBT (median 30 Gy/5 fractions;
range: 27-33 Gy) and external beam radiation therapy (EBRT), and the other seven with brachytherapy
only (median 54 Gy/9 fractions; range: 48-54 Gy), one of whom had previously received pelvic EBRT.
The three-year estimates of local control and overall survival rates were 77.9% (95% confidence interval
(CI): 55.8-100%) and 77.1% (95% CI: 54.2-100%), respectively. Two patients, who had received com-
bined treatment with EBRT showed untoward reactions, including a grade 3 subileus and grade 2 consti-
pation. Another patient, who had been treated with ISBT alone, developed grade 2 urinary constriction.
Our imaging-aided HDR-ISBT for post-operative recurrence of uterine carcinoma was found to be practi-

Regular Paper

cal with promising preliminary results.

INTRODUCTION

Interstitial brachytherapy (ISBT) is a valuable treatment
method for gynecological cancer. In cases of previously
untreated uterine cervical carcinoma, the American
Brachytherapy Society recommends that ISBT be used for
problem situations such as bulky lesion, narrow vagina,
inability to enter the cervical os, extension to the lateral
parametrium or pelvic side wall, and lower vaginal exten-

*Corresponding author: Phone: +81-6-6879-3482,

‘ Fax: +81-6-6879-3489,

E-mail: yoshioka @radonc.med.osaka-u.ac.jp

'Department of Radiation Oncology, Osaka University Graduate School of
Medicine, 2-2, Suita, Osaka 565-0871, Japan; 2Depzu‘tment of Radiation
Oncology, National Hospital Organization Osaka National Hospital, 2-1-14,
Hoenzaka, Chuo-ku, Osaka-city, Osaka 540-0006, Japan; 3Department of
Radiology, Kyoto Prefectural University of Medicine, 465, Kajiicho
Kawaramachi Hirokoji, Kamigyo-ku, Kyoto 602-8566, Japan.
doi:10.1269/jrr.10172
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sion.” Moreover, several clinical studies have reported good
local control results using low-dose-rate (LDR) or high-
dose-rate (HDR) ISBT.>® Locally recurrent uterine carcinoma
is also a good candidate for ISBT.*” Interstitial implantation
is an effective approach for massive vaginal or parametrial
tumor lesions when an intrauterine applicator for operative
recurrence cannot be used, and several favorable results have
been reported. Weitmann et al. reviewed the results from six
institutes and found local control rates of 29-100% and
overall survival rates of 56-63%.%

Image guidance has potential to improve treatment results
because the post-operative recurrent tumor is often large and
its complex shape makes it difficult to achieve a satisfactory
implant with non-image guidance. For applicator implanta-
tion, the applicability of ultrasonography (US),”'” computed
tomography (CT),!™® and magnetic resonance imaging
(MRI)' has been investigated.

For our patients, we introduced our transrectal ultrasonog-
raphy (TRUS) guided implantation and MRI-assisted CT
treatment planning combined with our previously reported
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novel ambulatory implantation technique for prostate can-
cer.' We used flexible applicators with our own removable
template so that patients could walk during the treatment. As
a result, no metallic treatment items were used for our
patients so that they could receive MRI examination. We
have also suggested this method for previously untreated
uterine cervical carcinoma.'® Free-hand implantation with-
out a template was used because it is easier to implant into
a parametrial extension without pubic arch interference.
Imaging modality guidance proved to be very useful for
effective free-hand implantation. We report here preliminary
results obtained with our imaging-aided ISBT technique for
post-operative locally recurrent uterine carcinoma.

MATERIALS AND METHODS

Patient characteristics

All 14 patients enrolled in this trial underwent hysterec-
tomy between January 2003 and September 2006 at the time
of initial diagnosis of uterine carcinoma, and subsequently
experienced vaginal recurrence. These patients (median age:
54.5 years; range: 27-82 years) were treated between July
2005 and October 2008. The primary site of nine patients
was the uterine cervix, and that of the other five was the uter-
ine corpus. Tumor size was determined by means of pelvic
examination and transrectal ultrasonography (median: 2.7 cm;
range: 1-8 cm). Superficial disease cases that could be cured
with intracavitary brachytherapy were excluded from this
study. In addition, patients with distant metastases were con-
sidered ineligible. Histologic findings showed three
squamous cell carcinomas, nine adenocarcinomas (including
all uterine corpus carcinomas), and two adenosquamous
carcinomas. All patients underwent hysterectomy as initial
treatment, 11 patients were treated with bilateral salpingo-
oophorectomy (BSO) and 10 patients with pelvic lymph
node dissection (PLND). One patient received postoperative
pelvic irradiation (50 Gy). Table 1 summarizes patient char-
acteristics in this study.

EBRT

One patient had undergone postoperative pelvic EBRT,
and she was treated with ISBT alone this time. Another
patient 82 years of age was treated with ISBT alone due to
advanced age (all 13 remaining patients in this study were
71 years of age or younger). Another patient with simulta-
neous local and nodal recurrence was treated with EBRT and
ISBT. For the other 11 patients, indication of EBRT was
determined according to whether the interval exceeded
12 months. Five patients with a longer interval (median:
31 months, range: 12-40 months) were treated with ISBT
alone, while six with a shorter interval (median: seven
months, range: 5-12 months) underwent combination therapy
with EBRT and ISBT for pelvic control in view of the pos-
sibility of simultaneous subclinical nodal recurrence. The

Table 1. Patient Characteristics

Age (y)

Median (range) 54.5 (27-82)
Follow-up period (mo)

Median (range) 37 (6-59)
Primary origin (no. of patients)

Cervix 9

Corpus 5
Histology (no. of patients)

SCC

Ad

AdSq 2
Modality (no. of patients)

ISBT+EBRT 7

ISBT alone 6

ISBT alone (previously irradiated) 1
Tumor size (cm)

Median (range) 27  (1-8)
Nodal metastasis (no. of patients)

NO 13

N1 1
Whole pelvic EBRT (Gy)

Median (range) 30 (20-30)
Center-shielded EBRT (Gy)

20

ISBT (Gy)

Median (range) 40.5 (27-54)

Abbreviations: EBRT, external beam radiotherapy; ISBT,
interstitial brachytherapy; SCC, squamous cell carcinoma; Ad,
adenocarcinoma; AdSq, adenosquamous carcinoma

patients received EBRT to the whole pelvis with the median
prescribed dose of 30 Gy (range, 20-30 Gy) or 2 Gy per
fraction. In addition, they underwent center-shielded (CS)
EBRT (20 Gy) with 2 Gy per fraction. Neither additional
boost irradiation nor expansive irradiation of para-aortic
lymph nodes was performed. ISBT was performed after
whole pelvic EBRT and before CS EBRT. In principle, the
midline block of CS EBRT was decided depending on the
ISBT treatment volume. No patient received chemotherapy.

Applicator implantation
We performed multifractionated HDR irradiations with a
single implant session for all patients. Implantation was per-
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formed in the operating room with lumbar anesthesia and
continuous epidural anesthesia. The implantation was
monitored with the aid of TRUS (Aloka, Tokyo, Japan) and
flexible needles (ProGuide Sharp Needle; Nucletron,
Veenendaal, The Netherlands) were used for all patients.
First, a single flexible needle applicator (anchor needle) was
inserted through the center of the vaginal stump. A button
stopper was then affixed to the anchor needle and placed in
contact with the stump. After implantation of the anchor
needle, a silicon cylinder was inserted into the vagina. This
cylinder is custom-made from silicon rubber with the size
depending on the patient’s vaginal size and it has five
implant holes, with the center hole used for the anchor nee-
dle. The concept of ambulatory technique has been
described in detail elsewhere.'” Briefly, the anchor needle
and cylinder complex was sutured to the uterine cervix with
silk thread. After inserting the cylinder, we attached a
custom-made vinyl template to the patient’s perineum. This
template has holes for flexible needle applicators. The posi-
tions of the holes for freehand implantation are determined
by consulting preimplantation TRUS, CT, and MRI images.
We implanted four cylinder-guided needles into the holes of
both the cylinder and the vinyl template. Next, we implanted
the other applicators by free-hand implantation using the
holes other than the cylinder’s holes. The objective of the
implantation was to cover the clinical target volume (CTV)
with TRUS guidance. After implantation was complete, we
fixed all needles to the vinyl template and the perineum with
silk thread affixed to a color bead-button complex. The color
beads, but not the anchor needles, were then affixed to the
applicator with an adhesive before implantation. This fixa-
tion of the bead-button complex determined the needle
length, and the beads were color coded for identification of
the needle length. Finally, the protruding connector end of
the applicator was cut off (Fig. 1).

Treatment planning and treatment
All patients underwent CT and MRI immediately after

Fig.1. The vinyl template-applicator was sutured to the perineum.
The anchor needle was fixed with a button only (arrow), and the
other needles were fixed with the button-bead complex.

implantation was finished for the purpose of treatment plan-
ning. MRI examinations included T2-weighted and T1-
weighted axial images and T2-weighted sagittal images
using a pelvic surface coil. Both CT and MRI images were
obtained with 3-mm thick sections (Fig. 2(a), 2(b)).

For CT-based planning, MRI was used as a reference to
outline the CTV and organs at risk (OAR: rectum, bladder,
sigmoid colon, small intestine). Clinical examination find-
ings and information from the marker seed, which was
implanted at the edge of the CTV, were also used for delin-
eation. All contours were drawn on CT images (CT-MRI
fusion was not used). Applicator positions were easily
defined on both CT and MRI, and helped contouring as land-
marks. For CTV-based dose prescription, the PLATO plan-
ning system (software version 14.2; Nucletron) was used
with manual modification to cover CTV by the 100% isod-
ose line on every slice after computer optimization using a
geometrical optimization algorithm.'” We did not use any
single reference point for dose prescription. We kept the dos-
es to the OAR below the 100% prescribed dose except in
cases where the OAR were adhering to or invaded by the
tumor.

HDR-ISBT treatment consisted of twice-daily irradiation
of 6 Gy each time, with at least a six-hour interval to provide
the total prescribed dose. Seven patients were treated with a

(@

®

Fig. 2. (a) Magnetic resonance image of a patient obtained just
after implantation. The flexible applicator is shown as a black dot
(arrow). (b) Isodose curves on computed tomography image of the
patient in Fig. 2(a). CTV is outlined with a thick red line based on
the MRI image. CTV was almost covered by the 100% isodose line
(thin red line).
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combination of ISBT (median 30 Gy/5 fractions; range: 27—
33 Gy) and external beam radiation therapy (EBRT).
Brachytherapy only was used for six patients, five of whom
received 54 Gy/9 fractions. The remaining patient was treat-
ed with 48 Gy/8 fractions because pelvic EBRT had previ-
ously been administered. We used the microSelectron-HDR
(Nucletron) for treatment and 192Ir as the treatment source.

Follow-up and statistics

Toxicity was assessed according to the Common
Terminology Criteria for Adverse Events version 3.0
(CTCAE-ver 3.0). As a rule, patients were monitored by
means of monthly medical examinations both during and
after treatment. All statistical calculations were performed
with the aid of IMPS8.0 statistical software (SAS Institute
Japan Inc., Tokyo, Japan). We calculated local control, pro-
gression-free survival (PFES), and overall survival (OS) rates
with the Kaplan-Meier method. Follow-up times for local
control and survival were calculated from the start of radio-
therapy (EBRT or BT).

RESULTS

The median follow-up for all patients was 37 months
(range: 6-59 months). Three patients died of carcinoma and
four cancer-bearing patients were alive at the time of writ-
ing. The three-year overall survival rate was 77.1% for all
patients (95% confidence interval (CI): 54.2-100%) (Fig. 3).

Of the seven patients showing disease progression, three

100%
80% _\___—\_“_t_.u_A__A.u

Overall Survival Rate

12 24 36 48 60
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Fig. 3. Overall Survival.
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Fig. 4. Local Control.

presented local failure (local only: one, local and distant:
two), three developed distant metastasis only and one nodal
and distant metastasis. The three-year progression-free sur-
vival rate was 50% (95% CI: 23.8-76.2%) for all patients,
and the three-year local control rate was 77.9% (95% CI:
55.8-100%) (Fig. 4). The three patients who developed local
recurrences had adenocarcinoma of the uterine cervix.

One patient who developed local recurrence outside the
initial CTV after one year of observation underwent another
ISBT (48 Gy/8 fractions) as salvage therapy. However, local
control could not be achieved.

Severe grade 3 adverse events developed in one patient
treated with EBRT and ISBT. She experienced intestinal
obstruction and needed total parenteral nutrition. Grade 2
adverse events were observed in two patients. One patient
treated with a combination of EBRT and ISBT experienced
neuroconstipation and neuralgia of the lower extremities.
Another patient treated with ISBT alone developed urethral
stricture and was treated with dilation.

DISCUSSION

Early-stage uterine carcinoma has a high cure rate for rad-
ical surgery. However, radical treatment becomes difficult if
the tumor recurs locally because indication for salvage pel-
vic exenteration is limited.'"® EBRT with or without chemo-
therapy is a well-tolerated modality, but treatment outcome
is not satisfactory.'”

ISBT is an effective treatment option for locally-recurring
uterine carcinoma after radical surgery. Charra ef al. report-
ed that 78 patients with upper-third vaginal recurrence
attained five-year local control and overall survival rates of
70.4% and 56%, respectively.” In their study, LDR-ISBT
with or without EBRT was used and eight of 78 patients
(10.2%) showed grade 3 complication. Nag ef al. reported
their treatment results for 13 previously non-irradiated
patients with isolated vaginal recurrences of endometrial
carcinoma with a local control rate of 100%.%” The cause-
specific survival rate was 77% and two of the 13 patients
(15%) showed grade 3—4 complications. Tewari et al. treated
30 vaginal recurrences of endometrial carcinoma and
achieved a local control rate of 77%.*" Five-year cause-
specific survival rate was 65% and the severe complication
rate was 17%. Jensen et al. treated 34 gynecological cancer
patients (22 pelvic recurrences and 12 primary locally
advanced diseases) for a local control rate of 53% and a 2-
year survival rate of 63%.%” Five of the 34 patients (15%)
incurred acute major complications and 17 (50%) chronic
complication. To summarize the above-mentioned reports,
local control rates ranged from 53 to 100% and severe com-
plication rates from 10.2 to 50% at 2-8 years. The authors
emphasize that they used a template on implantation but they
did not utilize an imaging modality. CT might have been
used only for treatment planning but never for implantation
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guidance.

On the other hand, image-guided implantation has been
adopted in some other studies as follows. Eisbruch et al.
visualized tumor and template by using preplanning CT to
determine implant position and distance by “cylinder’s eye
view”.!"” Twenty gynecological cancer patients including six
recurrent cancer patients were treated in this manner. Local
control rate was 55% and the slight to moderate late com-
plication rate was 10%. Sharma et al. used implantation
guided by TRUS monitoring, which enabled them to prevent
accidental entry of the applicator into OAR.* The 25 uter-
ine cervical cancer patients they treated included nine recur-
rent patients and the local control rate was 64% (56% for the
recurrent patients), while 12% suffered severe late compli-
cations. Weitmann et al. also used TRUS-guided implanta-
tion and treated 23 recurrent uterine carcinoma patients.”
The five-year cause-specific survival and local control rates
were 43% and 47%, respectively. Grade 3 gastrointestinal
and urinary late complications occurred in five of 23 patients
(22%). Corn et al. introduced endorectal-coil MRI guid-
ance.”” Three of the first five patients they treated could be
controlled locally even though the maximum diameter of the
tumors was 4-7 cm. Popowski et al. developed a titanium-
zirconium applicator for open MRI-guided implantation and
reported their experience with six patients.”® Finally,
Viswanathan et al. reported their results for 10 recurrent
endometrial carcinoma patients who underwent MR-guided
interstitial brachytherapy and one (10%) showed grade
3 complication.' In summary, the rates of severe late com-
plication, reported as 10-22% in the above-mentioned liter-
ature, seemed considerably lower than non-image guidance
ISBT. However, it should be noted that the background of
each report, such as the proportion of re-irradiated cases, dif-
fered.

The Image-Guided Brachytherapy Working Group recom-
mended T2-weighted MRI with image-based intracavitary
brachytherapy for cervical cancer.”® The value of MRI in
imaging gynecologic malignancies lies in its superior con-
trast resolution, which enables visualization of tumor size
and volume, and discrimination of the tumor from normal
tissue. Although these recommendations were originally
aimed at intracavitary brachytherapy, the advantage of MRI
seems apparently applicable to ISBT. That is why we have
decided to utilize MRI on ISBT.

Just after the initial installation of the microSelectron-
HDR at Osaka University Hospital in 1991, we tried several
dose-fractionations for recurrent cancers in the pelvic area.
A total dose of 24 to 50 Gy with a fraction dose of 5 to
7.5 Gy was administered for eleven patients from 1991 to
1994.%" After the first experience, the fraction dose was
fixed at 6 Gy. From 1995 to 1997 we treated 15 patients of
recurrent carcinoma of the uterus with 42 Gy in seven frac-
tions or 48 Gy in eight fractions. In this study we established
the principle that non-irradiated cases receive 48 Gy while

re-irradiated cases receive 42 Gy; this principle is still ongo-
ing at Osaka University Hospital.?®

We started using MRI-assisted treatment planning in 2005
at Osaka National Hospital. At the same time, we escalated
the total dose to 54 Gy for non-irradiated cases and to 48 Gy
for re-irradiated cases by adding one fraction of 6 Gy, to
improve local control rate with the expectation that we can
reduce the complication rate by MRI-assisted planning. On
the other hand, for EBRT-combined cases, we used the same
dose-fractionation as the one for fresh (previously untreated)
cases of cervical cancer. We have reported a local control
rate of 83% (15/18) even though all patients had advanced
T34 stage tumors.'®

In the current study, although we have treated only 14
patients, we achieved a three-year local control rate of
77.9% (95% CI: 55.8-100%), evidently an equivalent or bet-
ter result than previously reported outcomes. The authors
would like to emphasize that only 7.1% (one patient) expe-
rienced grade 3 complication, which seemed even lower than
elsewhere in the literature. These results lead us to regard
imaging-aided ISBT as useful for satisfactory delivery of
prescribed doses to the CTV and, at the same time, for
reducing the dose to the OAR. To determine the actual utility
of our treatment, more patients and longer follow-up are
necessary, and a comparison of outcomes for this novel
treatment with those obtained with metal needles era will
also be warranted. In conclusion, imaging-aided HDR-ISBT
for the treatment of post-operative recurrence of uterine car-
cinoma was found to be practical, with promising prelimi-
nary results.
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Radiotherapy has been one of the main options of the cancer treatment, and divided into three types of
therapy; external beam radiotherapy, brachytherapy using sealed radiation source, and systemic radioisotope
therapy using unsealed radiation source. Recent advances in the treatment planning system and radiotherapy
equipment, three-dimensional conformal radiotherapy (3D-CRT) is becoming the standard treatment for a
number of tumors. Stereotactic radiotherapy (SRT) is a special type of 3D-CRT targeting the well-defined tumors
using narrow radiation beam. It is used for the treatment of small-sized tumors in the brain, spine and body trunk.
Intensity-Modulated Radiation Therapy (IMRT) is an advanced type of 3D-CRT using intensity-modulation of
external beams in order to optimize the isodose distribution. These high-precision radiation therapies allows
better tumor targeting, and decrease the risk of side effects, and in the result, improved treatment outcomes.

Recently, particle-beam radiotherapy using ionizing particles (protons and heavy-ions) has been focused in
the areas of cancer therapy. While ionizing particles penetrate the tissue, the radiation dose increases up to a
maximum near the end of the particle's range (the Bragg peak), and thereafter drops to the almost zero. This
feature in the energy deposition profile is very useful to concentrate the dose to the tumor and to decrease the
dose to the important normal tissues adjacent to the tumors. Especially, heavy-ions represented by carbon ions
have high biological effect to the tumor cells; the relative biological effectiveness (RBE) is considered 2.0-3.0
comparing to the photon (X-ray. y-ray) and protons. Therefore, heavy-ions therapy is clinically very effective
also in the treatment of radio-resistant tumor such as sarcomas, melanoma and adenccarcinoma, and large tumors
including large number of hypoxic cells.
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Fig. 1 Three pillars of cancer therapy and each therapeutic
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Fig.3 Stereotactic body radiotherapy (SBRT) for lung cancer

SV TEIR AR
(3D*~CRT)

[ 7T P RS

R

- (MRT)

Fig. 4 3D-conformal radiotherapy (3D-CRT) and {nt@nsity~modulatéd radiotherapy (IMRT). - The difference of dose

distribution -

T DR B RO AR ORI b, b R
ERO 1 ORRFUEREORRCH Y | BRFHTK
SHHEHR (image-guided radiotherapy: IGRT) &v>9 £
HRBZE SR, CT MERELHREE MRS
Te VRIS 2 VT TR B CHAIEAT B 5 W
TR Y T4 4 S CRAMIEO RS PHERTT
5HHETH Y, BRERRARE X X 5L LT
FERICAE RBEIZF - TBY | IGRT R0k 2
RIESERRB E TN S,

(12

360

5. BT MRE

EYRD 51 SEED X B o~ vk e
EE RO IR O BISE & £ 0T, BRI
Rt ERORIEREBRICRE CFELTRY,
Eio, O LIS BARIICRY 5 o RERO%
HEECEERLOL LTS OEEENEN, Ln
Ly XN v sk VR R ORI A b %
2 BHEER DB, AUFAOE Tk, XBPN =i
EHVBIRY | ORI EOREN D Ml



~Bragg peak

Vs {em)

Fig. 5 Conformal radiotherapy iising X-ray and Particle-beam radiotherapy. - The diﬂ‘ertfsnce of dose distribution -

HEHDAEEI LTHELF AL L DOBHISLE
LY, T, HERVEWRERR b AEEEESE~
HBEROTHRL R2oTWB I L Thb, B
RPN ENESTHNIEBE ERE2MEE 2D
LI TH D, EBROBRRISKE RES, HoRRE
OEIER B ToTWARMEOER 2Fo5EH, i A
HIe s FENER ZRRHEHET 2 B8 . A~
DEBREBEREROIRIC X 5RER M ERECE R
RBAEENR DB, i, S COREARLK
EAZRBERALDY AT % EAOTREELFESH
TW3B, RFRSROFE T, BB EEEaME
IR SN B R SRR MR I e 2 TR IRSh 3
DREFRLIBHEND LA THD, ZOLD RREBEA
RDERERERTAEOL UCEHESNA DN, Bk
FRIBRLEZZ NS, WEATFRIIEN R BT
MRl EN, ENENERFA 4, BFEFA2
wherreyrse be RO RBIER TR
D 60-80%IC % THNE LRI 51 ch 5, BHT
BCIFIRERPBRINHSTEY, BF0 12
FOEEERE>, ERTH, BHHe bR rEs
BT 3EMTREOY—Y (FFvre—7) 2%
CETB LW EBEAD Y, RSO LTS
BRICEBZET IR T EATE, BERRD TR
FRAY RZ OMERNTIREL 725, AN, B
A E AW REEOBURRIAR & Oy
i bokEFETHY (Figs), BEM2=EST
A bHEEINO0H B M, BETE, BN E

3 AT/ & ARy ML, Ve —ATE
HTAF Y75 X5 ICBETBEN (ARy hax
Y= TEAD PEALER, BiETEORNE
HAWERE 2o TE TS, LIT. BERIFIR (R
B LEBTFROKBICOWTERR S, BB (5
FR) L BFRICEASTERED V2 LT
SOl (€—7/7F b—t) BE <, BFKE S/

BV, HIBRBEPHEOBWREAFRTH S,

361

7o, BEDHT Y OEDERDEE XBPT <k

Wl b, BRITR (PSR TIE 2~3 5 BT
RO LIEThY, BRI (BEER BXE-A
Vi, BB FRR & R b AN IR AR
DREFED, FEHIES, BURAE, B O
PRSP L BN AR O, Fh SN bk
DRESE (EESEHIBERS B EY) , MR B2 8,

RIS HIAN T 5 I 7 & OB ME MRV IR &
BAONAEFICOEWVIRRSENHFECTEZ 208 .
B THB D, e ERTFR (R TRET
. BRETES X BB TRRIAIR & e THER IR
KTHLZ EHBER EOKRERALTHD, B B
T, FREEREGIIER., ERERNHRERY
VE— (ERFHRABTH) . BBXEENTESR
e F—0 3 RSB L TR Y. Fa 25 Fith
JEFE R FRA AR & — (BB,

Rk 26 FRMBIESIBRAE V F—IC BRI TE
EhTw3 (Fig6), ) )
B AR A EZIRN X BN v RICiT

(13)



IS BSNTIS
o B EE

e '

. ¥ MR F R RS
EHRABTFRNAREE Lo

YE—(RFE) HEAZBFRELYR

TS 2— (R4

ERRT AN TS :

4—(EBFR) B A Atr s 2—THBIR

BSFE)

RERFNFEERY
S—(EFR-BUTE

MBI A AR B
(BOFE |

DA FACREREIN
S EFR)

h

EHRERITIFA(T
21#32:15(55?-&}. »

Fig. 6 Facilities of particle-beam radiotherapy in Japan

Wiedh, BESEBERCHABAFIGARORIERR Y
R X BV <~BREAVEBREOT—2%2bLITT
BT < HR EEVWT W, BEO/NMYLRE R
MEDE CIIERFRE VAR P O#ERH 5, B
£, BT, BERE, BXRA kY ¥ —HRE,
BRRSIA ALY 57—z ¥ 5 HER A T IR L U
TERELTEY., ke, BREE. 2HB, BHicd
HHRRERTFETHS (Fig 6), LR Xk 51T, #&kD
X < Mk IR & S CREA LD 2
VY rBHBOEFERTH BN, EED XBERVTE
FBEBRBIERROES bFE LW, BFHRIARIC
BLTik, BRBERGHRIRR L L LA, Bib
PRBER R ERNE S RE PR BOBRE Y
BRO@LR2BTHHD,

6. . BEBIT

o BT PR T RIS I R S B TR

BHAROESRIT L U . BABTITBIT 3HEHBRAED
HE EEEESHLTETWS, LML, ZhbHoH
T ORSEERRBATEIRIL, RRETED b RRORRICE
BECHUVKEORESANBEShTHDT, H3
WOfé&%ﬁaaqﬁé%wfbéocoxatﬁ

a4

362

BRICIBWT, HABIARIC BT 3 EfRoReY
- R5F, TRIRBHE OMR « REER Y OEESE, B
HT5EAEBROBWVICHEE L -EMHROEEH L
BERKLBML TS, - FTHESPBEHITE, =
NOORBATE o AOREZ L LTOXRE R
R ENRTVWBZLEEIETHLARY, bbBA,
RECTHIBBIC BV T, BRREIT-CESRY
BHEDQ AMBEROTDOHE., #H LVRMEN,
RHEEFZHERBT A DOMELEERELECH
B, BAE, RIS T RIENE 25 600 4 TREE,
EyE+t 500 ABETHY . ¥bbb, XA
HIZARLTWBORERTH Y BABEOTBHD
| BB BAEIRERORE L Eir 5 BEARIEREOE
HBITIE, Be HERENERR. ERPELOAME
REBERBEREE CH S, :

- BLE, FERICHIE RASTRETRH BN, %A
BOHETEROBR L IBRICOWTHEB L, A%LiE

T, BB ARRICEKRERCh, COSFCE

PR AENTHPZERBLTRITZFRBOAB L
T LbENOEVTH B,



L PE N

1)

2

3)

9

Urashima Y, Nakamura K, Shioyama Y, et al
Treatment of early tongue carcinoma with
brachytherapy: results over a 25-year period.
Anticancer Res, 27, (2007), 3519-3523. ’
HilEZ B RARIREC T 2 RBE G, ek
BH&oRH, %'@ﬁ'i& Medical 39, (2007),
1090-1095.

International Commission on Radiation Units and

Measurements "(ICRU) Report 50, Prescribing, '

Recording and Reporting Photon Beam Therapy,
ICRU Publications, Bethesda, U.S.A. 1993,

International Commission on Radiation Units and
Measurements (ICRU) Report 62, Prescribing,
Recording and Reporting Photon Beam Therapy

" (Supplement to ICRU Report 50), ICRU Publications,

5

8)

9

Bethesda, U.S.A..1999.

HURRIAIREEN A FT 4 > 2008 HAHUK#RA
EMES - ER. AXEARERES. (DA
AEFHNBERE. ATV INVBEERRLE
WIEZ, PRMIE: 4 ARER M o RH
BT L BETR R, BN SRR, R LR
(2005), 66-72.

Sheehan JP, Niranjan A, Shechan JM, et al
Stereotactic radiosurgery for pituitary adenomas : an
intermediate review of its safety, efficacy, and role in
the neurosurgical treatment armamentarium. J
Neurosurg 102, (2005), 678-691.

Aoyama H, Shirato H, Tago M, et al. Stereotactic
radiosurgery plus whole-brain radiation therapy vs
stereotactic radiosurgery alone for treatment of brain
metastases: a randomized controlled trial. JAMA 295,
(2006), 2483-2491.

Onishi H, Araki T, Shirato H, ef al. Stereotactic
hypofractionated high-dose irradiation for Stage I

82,

363

nonsmall cell lung carcinoma. Cancer 101, (2004),
1623-1631.

10) Lee N, Puri DR, Blanco Al, et al. Intensity-modulated
radiation therapy in head and neck cancers: an update.
Head Neck 29, (2007), 387-400.

11) Hatano K, Araki H, Sakai M, ef al. Current status of
intensity-modulated radiation therapy (IMRT). Int J
Clin Oncol. 12(6), (2007), 408-415.

12) Okada T, Kamada T, Tsuji H, e al. Carbon ion
radiotherapy: clinical experiences at National Institute
of Radiological Science (NIRS). J Radiat Res 51(4),
(2010), 355-364.

13) Kato H, Tsujii H, Miyamoto T, et al. Results of the
first prospective study of carbon ion radiotherapy for
hepatocellular carcinoma with liver cirthosis. Int J
Radiat Oncol Biol Phys. 59(5), (2004), 1468-1476.

14) Terasawa T, Dvorak T, Ip S, ef al. Systematic review:
chai-ged-particle radiation therapy for cancer. Ann
Intern Med. 151(8), (2009), 556-565.

15) Nakayama H, Sugahara S, Tokita M, et al. Proton
beam therapy for hepatocellular carcinoma: the
University of Tsukuba experience. Cancer 115(23),
(2009), 5499-5506.

16) Kamada T, Tsujii H, Tsuji H, et al. Efficacy and safety
of carbon ion radiotherapy in bone and soft tissue
sarcomas. J Clin Oncol. 20(22), (2002), 4466-4471.

17) Mizoe JE, Tsujii H, Kamada T, ef al. Dose escalition
study of carbon ion radiotherapy for locally advanced
head-and-neck cancer. Int J Radiat Oncol Biol Phys.
1 60(2), (2004), 358-364.

18) Imai R, Kamada T, Tsuji H, et al. Effect of carbon ion
radiotherapy for sacral chordoma: results of Phase I-II
and Phase IT clinical trials. Int J Radiat Onool Biol
Phys. 77(5), (2010), 1470-1476.

@5)



Jpn J Clin Oncol 2012;42(1)53-57
doi:10.1093/jjco/hyr175
Advance Access Publication 30 November 2011

Patterns of Practice in Intensity-modulated Radiation Therapy
and Image-guided Radiation Therapy for Prostate Cancer in Japan

Katsumasa Nakamura'", Tetsuo Akimoto?, Takashi Mizowaki3, Kazuo Hatano?, Takeshi Kodaira®,
Naoki Nakamura®, Takuyo Kozuka’, Naoto Shikama® and Yoshikazu Kagami?

'Department of Clinical Radiology, Graduate School of Medical Sciences, Kyushu University, Fukuoka, ?Department
of Radiation Oncology and Particle Therapy, National Cancer Center Hospital East, Kashiwa, ®Department of
Radiation Oncology and Image-applied Therapy, Kyoto University Graduate School of Medicine, Kyoto, *Division of
Radiation Oncology, Chiba Cancer Center, Chiba, *Department of Radiation Oncology, Aichi Cancer Center,
Nagoya, ®Department of Radiation Oncology, St Luke’s International Hospital, Tokyo, “Department of Radiation
Oncology, The Cancer Institute, Ariake Hospital of Japanese Foundation for Cancer Research, Tokyo, ®Department
of Radiation Oncology, Saitama Medical University International Medical Center, Saitama and ®Department of
Radiology, Showa University School of Medicine, Tokyo, Japan

*For reprints and all correspondence: Katsumasa Nakamura, Department of Clinical Radiology, Graduate School of
Medical Sciences, Kyushu University, Maidashi 3-1-1, Higashi-ku, Fukuoka 812-8582, Japan.
E-mail: nakam @radiol.med.kyushu-u.ac.jp

Received September 15, 2011; accepted November 4, 2011

Background: The purpose of this study was to compare the prevalence of treatment tech-
niques including intensity-modulated radiation therapy and image-guided radiation therapy in
external-beam radiation therapy for prostate cancer in Japan.

Methods: A national survey on the current status of external-beam radiation therapy for pros-
tate cancer was performed in 2010. We sent questionnaires to 139 major radiotherapy facil-
ities in Japan, of which 115 (82.7%) were returned.

Results: Intensity-modulated radiation therapy was conducted at 67 facilities (58.3%), while
image-guided radiation therapy was conducted at 70 facilities (60.9%). Simulations and treat-
ments were performed in the supine position at most facilities. In two-thirds of the facilities, a
filling bladder was requested. Approximately 80% of the facilities inserted a tube or encour-
aged defecation when the rectum was dilated. Some kind of fixation method was used at 102
facilities (88.7%). Magnetic resonance imaging was routinely performed for treatment plan-
ning at 32 facilities (27.8%). The median total dose was 76 Gy with intensity-modulated radi-
ation therapy and 70 Gy with three-dimensional radiation therapy. The doses were prescribed
at the isocenter at the facilities that conducted three-dimensional radiation therapy. In con-
trast, the dose prescription varied at the facilities that conducted intensity-modulated radiation
therapy. Of the 70 facilities that could perform image-guided radiation therapy, 33 (47.1%)
conducted bone matching, 28 (40.0%) conducted prostate matching and 9 (12.9%) used
metal markers. Prostate or metal marker matching tended to produce a smaller margin than
bone matching.

Conclusions: The results of the survey identified current patterns in the treatment planning
and delivery processes of external-beam radiation therapy for prostate cancer in Japan.

Key words: radiation therapy — urologic-radoncol — radiation oncology
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INTRODUCTION

External beam radiation therapy (EBRT) has developed
rapidly in recent years (1,2) and treatment equipment with
which intensity-modulated radiation therapy (IMRT) and/or
image-guided radiation therapy (IGRT) can be conducted are
being introduced into Japan (3). IMRT and IGRT are par-
ticularly useful in EBRT for prostate cancer and are routine-
ly used in the USA (4) and recommended in worldwide
guidelines (5,6).

In Japan, IMRT and IGRT were listed as eligible for in-
surance reimbursement in 2008 and 2010, respectively.
However, the present situation regarding the use of these
techniques in EBRT for prostate cancer remains unclear
(7,8). Therefore, we conducted a survey that would clarify
the operational situation, treatment planning and treatment
processes of IMRT and/or IGRT when used in EBRT for
prostate cancer.

PATIENTS AND METHODS

In February 2010, we sent a questionnaire on EBRT for pros-
tate cancer to 139 major facilities including university hospi-
tals, cancer centers and designated prefectural cancer centers
and hospitals. The questionnaire was also sent to the hospitals
which had treatment machines with IGRT functions, including
Novalis (BrainL AB, Heimstetten, Germany), Tomotherapy
(Accuray Inc., Sunnyvale, USA) and MHI-TM2000
(Mitsubishi Heavy Industries, Ltd., Nagoya, Japan).

The survey was composed of categories regarding treat-
ment planning, dose fractionation and methods of implemen-
tation of EBRT for prostate cancer. If methods differed
according to the type of radiation techniques used such as
three-dimensional radiation therapy (3DCRT) or IMRT, we
required responses regarding the most precise radiation
method presently used. Among the 139 facilities to which
we sent the survey, 115 (82.7%) gave responses, which were
then analyzed. The high response rate allowed an extensive
and representative data analysis.

RESULTS
GENERAL INFORMATION

Figure 1 shows the distribution of the number of patients
with prostate cancer treated with EBRT at facilities in 2009
over the course of 1 year. There were 30 facilities (26.1%) at
which over 50 patients were treated in 1 year. Of the 115
total facilities, 67 (58.3%) conducted IMRT, 70 (60.9%)
conducted IGRT and 58 (50.4%) conducted both.

TREATMENT PLANNING

Figure 2 shows the condition of the bladder at the treatment
planning stage and during the treatment. In approximately
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Figure 1. Total number of patients with prostate cancer treated with
external-beam radiation therapy at facilities in 2009. Because some data
were missing, the total numbers of patients were less than the actual
number.
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Figure 2. Condition of the bladder at the treatment planning stage and
during treatment.

two-thirds of the facilities, a filling bladder was requested.
The time spent pooling urine was 1 h at 56 facilities
(48.7%), 1-2 h at 8 facilities (7.0%) and 30 min at 7 facil-
ities (6.1%). Seven facilities (6.1%) also asked patients to
drink water prior to treatment.

Figure 3 shows the condition of the rectum.
Approximately 80% of the facilities inserted a tube or
encouraged defecation when the rectum was dilated.
Laxative medication was used at one-quarter of the facilities.

Simulations and treatments were performed in the supine
position at 105 facilities (91.3%) and the prone position at
10 facilities (8.7%). Figure 4 shows methods of patient fix-
ation. Some kind of fixation method was used at 102 facil-
ities (88.7%). Although various methods were reported, a
vacuum cushion, thermoplastic shell and foot support were
used most frequently.

Magnetic resonance imaging (MRI) was routinely per-
formed for treatment planning at 32 facilities (27.8%). Of
these, 15 facilities (13.0%) performed computed tomography
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(CT)-MRI image fusion with treatment planning software.
MRI taken at the time of diagnosis was used as a reference
at 66 facilities (57.4%), while 17 facilities (14.8%) did not
use MRI for treatment planning.

TREATMENT

Radiation therapy was carried out with 2 Gy per fraction at
100 facilities (86.9%), 2.1-3 Gy at 14 facilities (12.2%) and
1.8 Gy at 1 facility (0.9%). Most facilities conducted treat-
ment five times a week. Treatment was conducted three
times a week at five facilities (4.3%) and four times a week
at three facilities (2.6%).

Figure 5 shows the distributions of radiation doses deliv-
ered to the prostate at facilities using a fraction dose of 2 Gy.
The median total dose was 76 Gy with IMRT and 70 Gy with
3DCRT. The doses were prescribed at the isocenter at the fa-
cilities that conducted 3DCRT. In contrast, the dose prescrip-
tion varied greatly at the facilities that conducted IMRT. Of
the 67 facilities that conducted IMRT, D95, which is the
minimum absorbed dose that covers 95% of the planning
target volume (PTV), was used as a dose prescription at 24

No. of hospitals
B At planning
| At treatment

Figure 3. Condition of the rectum at the treatment planning stage and
during treatment. Multiple answers allowed.

No. of hospitals
60

Figure 4. Fixation of the patients at the treatment planning stage and during
treatment. Multiple answers allowed.
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facilities (35.8%). A dose prescription requiring that 95% of
the prescribed isodose line cover 95% of the PTV was used at
4 facilities (6.0%), the mean PTV dose was used at 13 facil-
ities (19.4%) and other methods at 26 facilities (38.8%).

The most popular IGRT methods (54 facilities) involved
2D matching with X-ray fluoroscopy or 3D matching with a
flat-panel cone-beam CT. Eight facilities used CT on rail and
4 facilities used ultrasonic devices. Of the 70 facilities that
could perform IGRT, 33 (47.1%) conducted bone matching,
28 (40.0%) conducted prostate matching and 9 (12.9%) used
metal markers. At the treatment of prostate cancer, 60 facil-
ities (85.7%) always conducted IGRT, while 9 (12.9%) con-
ducted IGRT at regular intervals.
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Figure 5. Total dose to the prostate.
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Figure 6. Margins from the prostate to planning target volume for patients
-with T1-2 tumors treated with IGRT: (a) rectal side and (b) other sides.
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