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Fig 1. The irradiated field of the whole right breast with
*Coy rays.

was tapered. Of note, oral 5-FU and tamoxifen
were continued throughout the treatment for radi-
ation pneumonitis until two years after the sur-
gery. Thirty months after the treatment of the
right breast cancer, she was diagnosed with left
breast cancer. Subsequently, she underwent wide
excision of the left breast tumor and partial rem-
oval of the level I axillary lymph nodes for Stage
I (T1INOMO: UICC 5th edition) breast cancer.
The same systemic chemo-hormonal therapy of
200 mg/day oral 5-FU and 20 mg/day oral tamox-
ifen was initiated immediately after surgery. She
underwent 50 Gy of tangential irradiation to the
left breast in 25 fractions with 6 MV X rays, which
were shaped to prophylactically irradiate the level
I axillary lymph nodes that had not been com-
pletely dissected (Fig 4). Four months after irradi-
ation, she again developed symptoms of a com-
mon cold. Chest X-ray showed increased density
in the left lung consistent with radiation pneu-
monitis (Fig 5). This time, the symptoms were
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Fig 2. Seven months after irradiation, chest X-ray showed a

ground-glass appearance in the middle to lower lung fields of
the right lung.
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Fig 3. Eight months after irradiation, chest X-ray showed a
new shadow in the upper field of the ipsilateral lung.

mild and she was followed without prednisolone
and improved a féw days later.

Discussion

The overall incidence of bilateral breast cancer,
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Fig 4. The irradiated field to the whole left breast with 6 MV
X rays. The field includes level 1/1 axillary lymph nodes for
prophylactic irradiation. '

which includes both synchronous and metachro-
nous disease, has been reported to range from
1.4% to 11.8%”. Metachronous bilateral breast can-
cer is known to occur at a constant annual rate of
about 0.5% to 1% per year®. In addition, the inci-
dence of radiation pneumonitis with clinical symp-
toms is reported to be around 1.0 percent. There-
fore, it is extremely rare to encounter a case like
this patient. There are several factors which are
related to the development of radiation pneumoni-
tis. First, the volume of the irradiated lung is imp-
ortant. Inclusion of supraclavicular and/or parast-
ernal lymph nodes in clinical target volume is
associated with a significantly higher incidence of
radiation pneumonitis®*®. Another treatmentrelat-
ed factor for developing radiation pneumonitis is
the use of systemic therapy. The use of chemo-
therapy is associated with higher incidence of
radiation pneumonitis especially when used con-
currently with radiation therapy®. However, there
have been no reports that concurrent use of tam-
oxifen with tangential breast irradiation induces
radiation pneumonitis®®. This patient received
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Fig 5. Four months after irradiation, chest X-ray showed an
increased density in the left lung.

concurrent oral 5-FU and tamoxifen during whole
breast radiation therapy for both breasts. Altho-
ugh the influence of these chemo-hormonal agen-
ts on the development of radiation pneumonitis is
difficuit to estimate, we should have considered
delaying systemic therapy for the second breast
cancer. In addition to these treatmentrelated fac-
tors, certain patient factors such as younger age,
smoking history, female sex, and prior thoracic
irradiation are related to the development of radia-
tion pneumonitis. Therefore, it is reasonable to
assume that such patients are at higher risk of
developing radiation pneumonitis than usual™®.
Radiation therapy after breast-conserving surgery
is known to significantly decrease the incidence of
recurrence within the treated breast®. A subgroup
of patients among whom radiation therapy can be
safely omitted has not been identified in any clini-
cal trial™*®. Consequently, if we pursue the high-
est possible local control, whole breast radiation
therapy might be justified because there have not
been any reports of fatal outcome due to radiation
pneumonitis after BCT. However, there are some
patients for whom prolonged treatment with
steroids is required due to the development of
bronchiolitis obliferans organizing pneumonia
(BOOP)-like radiation pneumonitis which is refr-
actory to steroid therapy™™. In such circumstan-
_ ce, patients face an increased risk of major adver-
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se effects of steroids, such as avascular necrosis
~of the-femoral head and opportunistic infections.
Possible alternatives for these patients could be
(1) breast-conserving surgery without radiation
therapy or (2) accelerated partial breast irradia-
tion™. The former has'the advantage of avoiding
all risk of developing radiation pneumomhs but
the risk of ipsilateral breast recurrence is estimat-
ed to be three times higher than that after whole
breast irradiation®. Although the latter has the
advantage that the radiation dose delivered to the
ipsilateral lung is quite low, the fea31b1hty of this

techmque in Japanese women, whose breast size -

is much smaller than that of Western women, has
not yet been fully verified. Moreover,.the use of
partial breast irradiation with a broad indication
might compromise local control, compared with
that achieved by whole breast irradiation™.

Conclusion

It is essential to discuss the adequacy of whole
breast irradiation and the possibility of alternative
approaches, such as omitting breast irradiation or
partial breast irradiation, with a patient who has a
history of radiation pneumonitis in the treatment
of contralateral breast cancer who wishes to und-
ergo BCT.
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Background: Three prospective randomized clinical trials (RCT) in the 1990s demonsirated
the survival benefit of postmastectomy radiotherapy (PMRT) for patients with locally advanced
breast cancer. The present study was performed to evaluate whether the Patterns of Care Study
(PCS) fulfills a role in monitoring the patterns of changes in clinical practices in-Japan.
Methods: The first survey (JPCS-1) involved 79 Japanese facilities by two-stage cluster sampl-
ing of facilities and patients, and was carried out during 1998-2000. JPCS-1 included 1124
patients with breast cancer who. were treated between 1995 and 1997. The second survey
(JPCS-2) was carried out during 20012003, involving 827 patients who were treated between
1999 and 2001 in 76 facilities.

Results: Patients with adverse risk factors, including pathologically axillary positive nodes
(=4) and/or advanced primary disease (pT3—4) accounted for 57% of the patients who received
PMRT in JPCS-1 and 72% of those in JPCS-2 (P = 0.039). The multiple radiotherapy target
volume including the chest wall and regional lymph nodes was applied in 18% of the patients
in JPCS-1 and 44% of those in JPCS-2 (P < 0.001). However, the dose distribution was calcu-
lated in only 42% of the patients in both surveys (P = 0.467).

Conclusions: The eligibility and the target volume for PMRT were influenced by the outcome of
RCT, but the quality of radiotherapy did not improve sufficiently. The PCS survey is useful to
monitor the changes in patterns of clinical practice and can clarify some problems with radiother-
apy technigues.
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INTRODUCTION

Over the last two decades, prospective randomized clinical:

trials (RCT) and meta-analysis demonstrated that postmastec-
tomy radiotherapy (PMRT) improved the loco-regional con-
trol of patients with locally advanced breast cancer, but failed
to improve overall survival (1-3). Any reduction in breast
cancer mortality has been offset by mortality from late
adverse effects of radiotherapy, including heart disease (1).
In the late 1990s, three prospective RCT demonstrated that
PMRT improved not only loco-regional control but also over-
all survival of patients with locally advanced breast cancer

For reprints and all correspondence: Naoto Shikama, Department of
Radiology, Shinshu University School of Medicine, Matsumoto, Japan,
3-1-1 Asahi Matsumoto, 390-8621 Japan.

E-mail: shikama@hsp.md.shinshu-u.ac.jp

(3-6). Recent meta-analysis demonstrated that PMRT with an
optimal dose and optimal radiotherapy target volume was
significantly associated with improved survival for up to
10 years (7). The adequate radiotherapy technique of
PMRT should be established to provide the effectiveness
of PMRT without increases in lethal toxicity. The recent
development of three-dimensional radiotherapy planning
and quality assurance of radiotherapy technique has facilit-
ated the- reduction of severe radiation-induced toxicity. In
2001, the American Society of Clinical Oncology (ASCO)
proposed the clinical guidelines for PMRT to improve the
level of clinical practice (8).

The Patterns of Care Study in the United States (USPCS)
sponsored by the American College of Radiology has made
significant contributions to improvements in the care of
patients with breast cancer and with other types of cancer
(9,10). The Japanese Patterns of Care Study (JPCS) Working
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Group collaborated with USPCS to evaluate each radiotherapy
practice pattern and improved the research method (11-13).
We conducted two national surveys to evaluate the clinical
practice of radiotherapy in Japan. The first goal of this study
was to evaluate whether PCS surveys fulfill the role of mon-
itoring changes in practice patterns in Japan after three pro-
spective randomized trials, which demonstrated the efficacy of
PMRT in the late 1990s (3,5,6). In addition, the second goal of
this study was to clarify whether the radiotherapy technique
has been improved sufficiently to provide effectiveness of
PMRT.

METHODS

We developed a data format system, which we installed on
portable computers. The extramural audits of facilities were
conducted by the JPCS Working Group. The audits were per-
formed by member physicians of the working group. The
andits reviewed the patients’ clinical records and input the
data into the portable computer on-site. The method of data
collection and the JPCS data format have been reported in
detail previously (14).

In 1995, according to the Japanese facility master list, a total
of 556 facilities nationwide were stratified into four classifica-
tions according to the category of facility type and the number
of patients, and 79 facilities were sampled at random. The first
survey (JPCS-1) was carried out during 1998-2000, and col-
lected data of 1124 patients with breast cancer treated with
radiotherapy between 1995 and 1997 using two-stage cluster
sampling of facilities and patients (15). In 1999, a total of 641
facilities nationwide were stratified using the same method,
and 76 facilities were sampled at random. The second survey
(JPCS-2) was carried out in 2001-2003, and involved
827 patients who were treated between 1999 and 2001. We
could not keep the same number of facilities in the two surveys
because of difficulties in gaining approval for an extramural
audit from the institutional review board (14). The eligibility
criteria for these surveys were as follows: (1) absence of distant
metastases, (2) no bilateral lesions, (3) females, (4) no gross
multiple tumors, (5) no diffuse micro-calcification on pretreat-
ment mammography, (6) absence of prior or concurrent malig-
nancies, (7) absence of prior history of radiotherapy for beast
cancer and (8) absence of collagen vascular disease other than
rheumatoid arthritis. These eligibility criteria for the patients
who received breast conservative therapy were the same as
those for patients who underwent PMRT. The study office
sampled the patients at random from the patient list regardless
of the treatment procedures, including breast conservative
therapy and PMRT.

The clinical and pathological stages were classified accord-
ing to the Fifth Classification of the International Union
against Cancer (UICC) (16). Academic facilities were defined
as university hospitals or cancer centers and non-academic
facilities were defined as other hospitals. Differences in pro-
portion were evaluated by chi-squared test.

RESULTS

JPCS-1 included 866 patients treated with breast conservative
therapy and 258 patients treated with mastectomy and PMRT.
JPCS-2 included 746 patients treated with breast conservative
therapy and 81 patients treated with mastectomy followed by
PMRT. The patient characteristics are shown in Table 1. The
proportion of patients who received PMRT among those who
received postoperative radiotherapy decreased from 22.9% to
9.7% (P < 0.001). Among the patients who received PMRT,
the proportions of those with adverse risk factors, including
four or more axillary positive nodes and/or advanced primary
disease (pT3-4), were 57% in JPCS-1 and 72% in JPCS-2 )

- (P =0.039).

The radiotherapy target volume included the chest wall in
31% and in 63% of the patients in JPCS-1 and in JPCS-2,
respectively (P < 0.001). The radiotherapy target volume
included the regional Iymph node area, such as the supracla-
vicular fossa and/or internal mammary lymph nodes in 87% of
the patients in JPCS-1 and in 79% of those in JPCS-2
(P = 0.083). The radiotherapy target volume included both
chest wall and regional lymph node area in 18% of the patients
in JPCS-1 and 44% of those in JPCS-2 (P < 0.001) (Fig. 1).
The majority of the patients in JPCS-1 received irradiation
of the regional lymph node area alone. In the academic facil-

" ities, the proportions of patients who received both chest

wall irradiation and regional lymph node irradiation were
28% of the patients in JPCS-1 and 58% of those in JPCS-2
(P = 0.001). In the non-academic facilities, the proportions of
patients receiving both treatments were 10% in JPCS-1 and
36% in JPCS-2 (P < 0.001).

The dose distribution at the iso-center plane was calculated
in only 42% of the patients both in JPCS-1 and in JPCS-2
(P = 0.467). In the academic facilities, the dose distribution
was calculated in only 46% of the patients in JPCS-1 and 52%
of those in JPCS-2 (P = 0.120). In the non-academic facilities,
the dose distribution was calculated in only 39% and in 36% of
the patients in both surveys, respectively (P = 0.894). Among
all facilities, the multiple-plane dose distribution was calcu-
lated in 4% of the patients in JPCS-1 and 15% of those in
JPCS-2 (P < 0.001).

The immobilization cast was used in 14 and in 35% of the
patients in JPCS-1 and in JPCS-2, respectively (P < 0.001). In
the academic facilities, the immobilization cast was used in
21% of the patients in JPCS-1 and 58% of those in JPCS-2
(P < 0.001). In the non-academic facilities, the immobilization
cast was used in 9% of the patients in JPCS-1 and 20% of those
in JPCS-2 (P = 0.018).

No marked differences were found between the two surveys
regarding the daily fraction size, total irradiation dose or
photon beam energy (Table 2).

DISCUSSION

The effectiveness and the safety of breast conservative therapy
have been confirmed by many randomized trials and pooled-



Table 1. Patient characteristics in two surveys

JPCS-1 JPCS-2 P-value
(95-97) (99-01)
(n =258) (n=81)
Age (¥) 53.6%115 56.5 £10.7 0.432
Menstrual status 0.063

Pre- 86/258 (33.3) 19/81 (234%)

Peri- 177258 (6.6) 2/81 (2.5)

Post- 106/258 (41.1)  46/81 (56.8)
Unknown/missing 49/258 (19.0)  14/81 (17.3)
Pathologically T stage 0.548

pTis 0/258 (0.0) 0/81 (0.0)

pTO 17258 (0.4) 0/81 (0.0)

pTl ' 43/258 (16.7)  13/81 (16.1)

pT2 116/258 (44.9)  33/81 (40.8)

pT3 45/258 (174)  13/81 (16.0)

pT4 27/258 (10.5)  15/81 (18.5)

Unknown/missing 26/258 (10.1) 7/81 (8.6)

Number of pathologically 0.010
positive axillary
lymph nodes -

0 48/258 (18.6)  10/81 (12.3) "

1-3 51/258 (19.8)  19/81 (23.5)

=4 119/258 (46.1)  49/81 (60.5)

Unknown/missing 40/258 (15.5) 3/81 3.7)

Final microscopic margin <0.001

Positive 11/258 (4.3) 17/81 (21.0) '

Close (<2 mm) 10/258 (3.9) 2/81 (2.5)

Close (2-5 mm) 0/258 (0.0) 1781 (1.2)

Close (>5 mm) 0/258 (0.0) 0/81 (0.0)

Negative 183/258 (70.9)  51/81 (63.0)

Unknown/missing 54/258 (20.9) 10781 (12.3)

Estrogen receptor status 0.012

Not done 35/258 (13.6) 7/81 (8.6)

Positive 61/258 (23.6)  28/81 (34.6)
Negative 57/258 (22.1)  26/81 (32.1)
Unknown/missing 105/258 (40.7)  20/81 (24.7)
Progesterone receptor status <0.001
Not done 397258 (15.1) 7/81 (8.6)
Positive 48/258 (18.6)  23/81 (28.4)
Negative 50/258 (19.4)  29/81 (35.8)
Unknown/missing 1217258 (46.9)  22/81 (27.2)

JPCS, Japanese Patterns of Care Study.

analyses (17-20). For the last two decades, breast conservative
therapy has become more frequently perforrned in Japan.
The national survey conducted by the Japanese Breast
Cancer Society indicated that ~40% of patients with breast
cancer received breast conservative therapy in 2000, and that
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Figure 1. The radiotherapy target volume in patients who received PMRT. The
majority of patients in the first survey received irradiation of the regional lymph
node area alone. In the second survey, the radiotherapy target volume including
the chest wall and regional lymph nodes was applied more frequently. JPCS,
Japanese Patterns of Care Study

nowadays more than half of the patients receive such treatment
(21). However, three prospective randomized trials indicated
that PMRT improved the overall survival of pre-menopausal
and post-menopausal patients with locally advanced breast
cancer who had pathologically four or more axillary posi-
tive nodes, and that PMRT has been used widely in the
United States and in the other Western countries (2-5). Fowble
reviewed a large number of reports regarding chest wall
recurrence after mastectomy, and reported that 8-36% of
patients with four or more pathologically positive nodes
underwent treatment with mastectorny and adjuvant systemic
chemotherapy (2). However, in Japan PMRT has been used
infrequently in patients with adverse risk factors, because
many Japanese surgeons consider that chest wall recurrence
is infrequent after mastectomy and systemic therapy alone
(22). However, the evidence-based guidelines for clinical prac-
tice conducted by the Japanese Breast Cancer Society recom-
mended that PMRT should be applied in patients with
pathologically four or more axillary positive nodes. These
clinical guidelines may have affected the increment in a num-
ber of patients receiving PMRT in Japan. The dissemination of
high-quality evidence that does not result in the progress of
practical techniques would expose patients to severe adverse
effects. We should monitor clinical practice to evaluate
whether appropriate radiotherapy for PMRT is being per-
formed.

PMRT has been recommended for patients with four or more
pathologically proven axillary positive nodes and/or advanced
primary disease (8). The clinical benefit of PMRT for patients
without adverse risk factors is controversial (23,24). Smith
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Table 2. Radiotherapy technique in two surveys

JpCs-1}

JPCS-2 P-value
(n=258) (n=81) .
Total radiation dose (Gy) 49 (10-60) 49 (18-60) 0.738
(median, range)
. Fraction size (Gy) 2002 20+0.1 0.490
(median + standard deviation)
Beam quality of chest wall <0.001
irradiation* .
Photon (<6 MV) (%) 59779 (714.7) 26/51 (51.0)
Photon (>6 MV) (%) 6/79 (7.6) 2/51 (3.9)
Electron (%) 13/79 (16.5) 23/51 (45.1)
Mixed beam (*Co and 179 (1.2) 0/51 (0.0)
X-ray 15 MV) (%)
Wedge filter (yes)! (%) 11/66 (16.7) 11/28 (39.3) 0.001
Boost (yes) (%) 71258 (2.7) 5/81 (6.2) 0.141

*Calculations were performed only for patients who received chest wall
irradiation.

iCalculations were. performed only for patients who received chest wall
irradiation using photon beam.

PCS, Japanese Patterns of Care Study.

et al. (23) reported that PMRT provided clinical benefits for
patients with T1-2 disease and positive axillary nodes. How-
ever, some other investigators argued that the role of PMRT
had not been defined for patients with T1-2 disease and pos-
itive axillary nodes (25). Hence further studies should be per-
formed to establish the indications for PMRT. Our surveys
showed that among patients with breast cancer who received
‘postoperative radiotherapy, the proportion of PMRT decreased
from 22.9% in JPCS-1 to 9.7% in JPCS-2. This observation
does not imply a decrease in the absolute number of patients
who received PMRT in Japan, but rather suggests an increment
in the number of patients who received breast conservative
therapy. The proportions of patients with adverse risk factors,
including four or more pathologically proven axillary positive
nodes and/or advanced T stage, increased from 57 to 72%
between the two- studies. The eligibility for PMRT may be
influenced by the outcome of the prospective randomized trials
in the Jate 1990s, and PMRT came to be avoided for patients
with low risk factors (3-5).

A recent meta-analysis demonstrated that PMRT with an
optimal radiation dose ranging from 40 to 60 Gy in 2 Gy
fractions, and an appropriate target volume, including chest
wall and regional lymph node area, was associated with a
statistically significant 6.4% increase in absolute survival

(7). However, an inappropriate PMRT technique with an inad-
equate or excessive dose of radiotherapy or an inappropriate
target volume failed to show clinical benefit. Our two surveys
demonstrated some problems in radiotherapy techniques for
PMRT. In the first survey, the majority of patients received
regional Iymph node irradiation alone, which was known as the
hockey-stick technique. In the second survey, the radiotherapy
target- volume more frequently included the chest wall
and regional lymph nodes. Multiple radiation fields covering

anatomically complex sites require a high-quality radiotherapy
technique, including three-dimensional radiation planning and
quality assurance to avoid severe toxicities. The dose distri-
bution is essential to determine the administration of wedge
filter and to evaluate the irradiated lung and heart volume. In
the United States, dose distribution in the iso-center plane was
calculated in ~95% of patients (11). However, in our survey
the dose distribution in the iso-center plane was calculated only
in 40% patients, and the multiple-plane dose distribution was
calculated only in 15% patients. No improvement of quality
assurance was found either in the academic or in the non-aca-
demic facilities. Although the immobilization cast is an import-
ant item to reproduce the irradiation field in daily treatment, it
was used in less than half of the patients in our surveys.

The main limitation of our surveys was the eligibility criteria
used. The aim of our surveys was to clarify the clinical pro-
cedures applied in patients with breast cancer who received
postoperative radiotherapy. The eligibility criteria for our sur-
veys were set up to collect data for patients who received
postoperative radiotherapy, including breast conservative ther-
apy and PMRT. The population of patients who received breast
conservative therapy has béen increasing, and the relative size
of the population receiving PMRT has decreased. We could not
collect data for patients with PMRT to determine the changes
in the clinical procedure sufficiently. Our surveys excluded
patients with multiple gross tumors and/or diffuse micro-
calcification on pretreatment mammography, but the survey
for PMRT should include these patients to determine the
nationwide status of PMRT. In future studies, we should con- .
sider the eligibility criteria to determine the changes in the
clinical procedure of PMRT. '

Donabedian emphasized three components of quality of
care: structure, process and outcome (15). Good processes
of care help to achieve good clinical outcome for the patients,

while poor processes are associated with insufficient outcome.

However, we did not evaluate the correlation between poor
radiotherapy technique and clinical outcome, including sur-
vival and adverse effects, because of the short follow-up
time and small sample size. A survey with small sample
size cannot clarify the interactions between poor processes
and insufficient clinical outcome. *‘No difference’” in the sur-
vey with small sample size does not necessarily mean the
““same.”” Even if the poor process is not significantly associ-
ated with poor clinical outcome, this hasty interpretation does
not justify by any means that a poor radiotherapy technique is
acceptable. In addition, repeated analyses of the correlation
between each clinical parameter and the outcome may lead to
misunderstanding of the observed phenomenon because of
multiplicity. A process survey including large sample size
may not be efficient and economical. In contrast, a process
survey using a relatively small sample size is convenient and
useful to compare the observed clinical practice with the
optimal radiotherapy technique that is considered appropriate
according to the textbooks or previously reported evidence.
However, the definition of optimized sample size for a survey
is controversial.



A recent meta-analysis demonstrated that use of an inappro-
priate radiotherapy technique that applied excessive radiation
dose and/or inappropriate target volume was associated with an
increment in non-breast cancer mortality (7). In Japan, the
infrastructure of radiation oncology units has been insufficient
to provide safe medical service in both academic and non-
academic facilities (13). The radiation oncology staff, includ-
ing radiation oncologists, technologists, dosimetrists and
oncology nurses, should be enriched to provide good clinical
practice for the patients. An efficient monitoring system using
optimized surveys combining the structure survey and process
survey should be established for good clinical practice.
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Avascular necrosis of bilateral femoral head as a result of long-term steroid
administration for radiation pneumonitis after tangential irradiation of the

breast
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Abstract We report a patient with avascular necrosis of the
bilateral femoral head resulting from long-term steroid ad-
ministration for radiation pneumonitis that occurred after
tangential irradiation of the breast. The patient was a 50-
year-old postmenopausal woman with breast cancer, stage
IIIB (T4bNOMO) in the right C area. Following wide exci-
sion of right breast carcinoma and level III axillary lymph
node dissection, whole-breast X-ray irradiation was given,
at a dose of 2Gy per fraction; the total dose was 50Gy. On
day 84 after the initiation of radiation therapy, she devel-
oped radiation pneumonitis. As the lung shadow expanded
to the contralateral lung, she received steroid medication.
Despite the steroid medication, the symptoms were exacer-
bated; therefore, she underwent steroid pulse administra-
tion with subsequent oral steroid medication. She improved
immediately, but subsequently the radiation pneumonitis
relapsed three times when the steroid medication was
stopped. The period of medication was 423 days and the
cumulative amount of steroids was 7365mg before com-
plete resolution occurred. In the 19 months after she
stopped the steroid administration, she developed avascular
necrosis (AVN) of the bilateral femoral head. This was
regarded as a complication of the steroid treatment. Pa-
tients treated with long-term or high-dose steroid adminis-
tration have been suggested to be at great risk of developing
AVN, but this hypothesis remains controversial. The prob-
ability of AVN occurrence may be very small, but it should
be considered as one of the complications of steroids, which
. are often used to treat radiation pneumonitis.
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Introduction

Radiation pneumonitis in patients treated with breast-con-
serving therapy (BCT) is not uncommon. Radiation pneu-
monitis after BCT is usually mild and can be treated at an
outpatient clinic. When the pneumonitis expands beyond
the irradiated volume of the lung, it sometimes becomes
symptomatic. It is extremely rare for radiation-induced
pneumonitis to involve the contralateral nonirradiated
lung. In this situation, symptoms may become severe, and
hospitalization may be necessary to treat the patient with
medication and oxygen inhalation. In this case report, we
present a patient who developed avascular necrosis (AVN)
of the bilateral femoral head as a result of prolonged steroid
administration for refractory radiation-induced pneumoni-
tis after BCT.

Case report

The patient was a 50-year-old postmenopausal woman with
stage IIIB (T4bNOMO) in the right C area. The tumor had
invaded her breast skin, but BCT was performed with the
hope of breast conservation. Following a wide excision of
the right breast carcinoma and level III axillary lymph node
dissection, she was medicated with tamoxifen and 5’-deoxy-
5-fluorouridine, and whole- breast 6-MV X-ray irradiation
was given, at a dose of 2 Gy per fraction; the total dose was
50Gy. A boost to the tumor bed was not given. The size of
the tangential field was 22.0cm by 8.0cm and the central
lung distance (CLD) was 2.5cm (Fig. 1). The radiation
therapy was completed uneventfully.

On day 84 after the initiation of the tangential radiation
therapy, the patient complained of right chest pain and



Fig. L. Lmacgraphy Whole-breast irradiation was given W.lth 6- MV X- 2
rays, using a tangential field. The size was 22 Ocm by 8.0cm, and the -

central lung dxstan was 2 5 cm

fever. Chest X-ray (Fig. 2B) and computed. tomography
(CT) scan revealed consolidation in the right lung. She was
diagnosed with pneumonia and was treated with antibiotics,
but the lung shadow expanded despite the treatment.
About 1 month later, consolidation in the contralateral lung
appeared on CT, and prednisolone, at a daily dose of ZOmg,
was started, with a diagnosis of radiation pneumomtls (Fig.
2A). Although steroid administration was started, her clini-
cal symptoms and the lung shadows were exacerbated (Fig.
2C). Oxygen inhalation and steroid pulse medication were
administered for 3 days and her condition improved. Oral
prednisolone medication was then given, with the dose be-
ing tapered every 2 weeks.

After 2 months of thé steroid treatment, the pneumonitis
gradually recovered, with scars, and the freatment was
stopped (Fig. 2D). Low-grade fever and cough developed
immediately after the steroid therapy was stopped. Bilateral
lung shadows were confirmed on chest X-ray film (Fig. 2E).
She was diagnosed with relapse of the radiation pneumoni-
tis. Prednisolone administration, at a dose of 15mg daily,
was resumed immediately. The prednisolone was tapered
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every 4 weeks. When the dose of prednisolone had been
decreased to 2.5mg daily, the lung shadow relapsed again.
Therefore, the dose of prednisolone was increased, to 10mg
daily. The prednisolone was again tapered every 4 weeks.
Four months after the relapse, the lung shadows disap-
peared, and the steroid treatment was stopped.

However, within 1 month, a lung shadow in the lower
lobe of the right lung was seen again on CT. The patient
restarted the prednisolone administration, at a daily dose of

5 mg. As the pneumonitis gradually recovered, she stopped

the steroid treatment, after 3 months. From that time, no
lung shadow was seen on X-ray film, except for the shadow
of an inflammatory scar.

She complained of bilateral hip joint pain 19 months
after she stopped the prednisolone administration, 38

f"months after the mmatmn of the radiation therapy. Bone
scintigraphy and magnetic resonance imaging (MRI)
-disclosed AVN of the bilateral femoral head (Fig. 3A,B).

Bone scintigraphy showed *™Tc-HMDP (hydroxymethy-

: lenedxsphosphqnate) accumulation in the left femoral head,
-and on T1- and T2-weighted images, MRI showed a low

signal intensity in the contralateral femoral head, as well as
in the ipsilateral one.

The AVN was thought to be due to the prolonged steroid
administration. She received conservative medical treat-
ment and did not undergo femoral head replacement. Re-
garding the breast cancer, she has been recurrence-free for
4 years, up to the present. -

; l}iscussion

Generally, symptomatlc radiation pneumonitis is rare, espe-

cially bilateral pneumonitis. Reported risk factors include
. patient factors such as age, sex, performance status, pulmo-
- nary function, and preexisting pulmonary diseases, and

treatment factors such as chemotherapy, total radiation
dose, dose per fraction, accelerated radiation schedule, and
radiation field size."® Recently it has been reported that
tamoxifen administration during radiation therapy also en-

" hances the risk of radiation pneumonitis.’

Patients with lung cancer have radiation pneumonitis
more frequently and more severely than those with breast
cancer. In the literature, the incidence of symptomatic
pneumonitis is 0%~10% of patients with breast cancer, and
5%-15% of patients with lung cancer.® No case has been
reported in which a patient with breast cancer has died of
radiation pneumonitis, while it has been reported that 1%—

6% of patients with lung cancer have died of radiation

pneumonitis.**®

The number of patients with asymptomatic radiation
pneumonitis is about four times that of those with symp-
tomatic pneumonitis.® Asymptomatic patients can be cured
without any treatment. Even symptomatic patients can usu-
ally be cured with symptomatic treatment such as medica-
tion with bronchodilators, antitussives, or expectorants.
Only some patients with symptomatic pneumonitis or pul-
monary diseases need to be treated with steroid medication.
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Fig. 2. A This figure shows the

dosage of steroids and the
clinical course. The horizontal

8

} Steroid pulse-admipistration 3.250 mg % 3 days

axis expresses the time from
the beginning of radiation
therapy. Radiation therapy was

&

performed during the first
month. B, C, D, and E are the

chest X-ray films at the times
shown in the graph in A. B X-
ray the first time right chest
pain and fever appeared, on
day 84 after the initiation of
radiation therapy. Consolida-
tion was observed in the
peripheral middle parts of the
right lung. C X-ray just before
steroid pulse administration,
day 120. The shadow had
expanded to lower parts of the
right lung. D X-ray the first
time the radiation pneumonitis
resolved, day 184; the shadow
had disappeared. E X-ray at
the time the condition recurred
and the steroid treatment was-
resumed, day 204. The shadow
appeared in the lower parts of
the right lung and in the
middle parts of the left lung

Doser of steroid (mg) -
CR 3 ]
<

There are no apparent criteria for steroid use in radiation
pneumonitis, but steroids are effective for patients in whom
symptoms get worse despite other medication, or for those
in whom pneumonitis expands outside the radiation field
(sporadic radiation pneumonitis or bronchiolitis obliterans
organizing pneumonia (BOOP)-type pneumonitis).

In such cases, the patients are cured soon after they start
steroid medication. Radiation pneumonitis sometimes re-

] 14015 16 17 18 19

sﬁar{d ’

lapses after the dose of steroid is decreased. The probability
of occurrence of refractory radiation pneumonitis varies
from 33% to 100%."7* In refractory radiation pneumonitis,
steroids need to be used for a long time, so various side
effects of steroids can arise.

Our patient developed severe symptomatic bilateral
radiation pneumonitis, recurring several times, and
needed steroid medication for a long time, so she came to



Fig. 3. A Bone scintigraphy and
B magnetic resonance imaging -
(MRI). Bone scintigraphy

shows *™Tc-HMDP
(hydroxymethylenedisphosphonate)
accumulation in the left femoral
head. The MRI shows a low
signal intensity in the left
femoral head on a T1-weighted
image. A small low signal
intensity area is also seen in the
contralateral femoral head. A
T2-weighted image (not shown)
showed similar low signal
intensity areas in the same
regions. The findings suggested
avascular necrosis of the
bilateral femoral head, predomi-
nantly on the left side

suffer from AVN, one of the major side effects of
steroids.

Steroids have many side effects. Moon face, diabetes
~mellitus, gastrointestinal ulcer, osteoporosis, induced infec-
tion, and mental disorder arise with high frequency.

AVN is also a major complication of steroid medication. ‘

The precise mechanism by which steroids cause AVN is not
known. Current research has implicated the development of
a hypercoaguable state, with subsequent impaired fibrinoly-
sis and venous thrombosis in the bone.”™®

Patients treated with long-term or high-dose steroid ad-
ministration have been suggested to be at great risk of
developing AVN. In the Italian literature, either a period of
medication of more than 216 days or a cumulative steroid
amount over 6g was reported as a risk factor for AVN.?
However this causal relationship is controversial. Some re-
ports suggest that there is little association between AVN
and the duration of steroid therapy or the total cumulative
dose, but note that a high cumulative steroid dose during
the first few months of therapy is a more important risk
factor for AVN.? These relationships remain as a matter
to-be discussed further. In our patient, the duration of
therapy was 423 days and the cumulative steroid dose was
7365mg. Moreover, the cumulative dose of steroid during
the first few months was also high, mainly due to pulse

- administration.

The probability of AVN occurrence may be very low,
but it should be considered as one of the complications of
steroid administration. Patients receiving long-term high-
dose steroid therapy must be informed about this risk.
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Abstract

Background. We herein report the clinical outcome of radi-
cal radiation therapy combined with neoadjuvant hormonal
therapy (NHT) for stage III (International Union Against
Cancer [UICC] 1997: UICC 97) prostate cancer. Prostate-
specific antigen (PSA) failure-free survival was assessed
according to two different definitions, and the appropriate-
ness of each definition is discussed.

Methods. Between October 1997 and December 2000, 27
patients with stage III prostate cancer were enrolled in this
study. The median pretreatment PSA level was 29ng/ml
(range, 7.4-430ng/ml). The Gleason score (GS) was 7 or
more in 22 patients (81%). All patients received 3 months
of NHT with a luteinizing hormone-releasing hormone
(LH-RH) analogue, in combination with an antiandrogen
(flutamide), given during the first 2 weeks, followed by
70-Gy external-beam radiation therapy (EBRT) in 35
fractions. The initial 46Gy was given with a four-field
technique, while the remainder was given with a dynamic
conformal technique. No adjuvant hormonal therapy
(AHT) was given.

Results. The median follow-up time was 63 months. PSA
levels decreased to the normal range (<4ng/ml) after irra-
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diation in all but one patient. The 5-year PSA failure-free
survival was 34.8% according to the American Society for
Therapeutic Radiology and Oncology (ASTRO) definition
and it was 43.0% according to the “nadir plus 2” definition.
Discordance of the results between the two definitions was
seen in two patients. The 5-year overall and cause-specific
survivals were 83.0% and 93.3%, respectively. No severe
acute or late adverse effects were observed.

Conclusion. Seventy Gy of EBRT following 3 months of
NHT produced therapeutic results comparable to those re-
ported in other studies which used long-term AHT. The
value of long-term AHT for Japanese men should be tested
in a clinical trial.

Key words Prostate cancer Radiation therapy
Neoadjuvant hormonal therapy - PSA failure

Introduction

In Japan, the incidence of prostate cancer was 25.5 per
100000 in 1998, and the mortality rate was 12.4 per 100000.
It was the eighth commonest cause of cancer death in Japa-
nese men in 2001 (7645 deaths; 4.21%).! Although this num-
ber has been increasing rapidly, it is still approximately
one-fifth that in Western countries. :

Many studies have reported treatment options for stage
IIT (International Union Against Cancer [UICC] 1997) pro-
state cancer, including surgery, hormonal therapy, external--
beam radiation therapy (EBRT), and a combination of
these alteratives. Watchful waiting is an option only for
selected patients, while early hormonal therapy seems to
result in better survival than deferred treatment until pro-
gression in the few studies available.” Surgical treatment of
these patients remains controversial and is not widely ac-
cepted, owing to the relatively high incidence of associated
nodal metastases and the potential for incomplete removal
of the tumor.* Reports from several institutions in Western
countries suggest that EBRT, when combined with hor-
monal therapy, achieves cancer control results comparable



to those for radical prostatectomy (RP).>® However, the
optimal timing and duration of hormonal therapy is still
under investigation, and the definition of prostate-specific
antigen (PSA) failure for patients with neoadjuvant hor-
monal therapy remains controversial.

We herein report the clinical outcome, prognostic
factors, and toxicity of EBRT following 3 months of
neoadjuvant hormonal therapy for stage III prostate cancer.
We also compared the results using two different definitions
of PSA failure.

Patients and methods
Patient selection

This research was carried out according to the principles
set out in the Declaration of Helsinki 1964 and all
subsequent revisions. This study was a retrospective analy-
sis of a cohort of patients who received uniform treatment.
Patients who fulfilled the following requirements were
selected for this analysis: (1) histologically proven adeno-
carcinoma of the prostate; (2) clinical stage ITI (UICC
2002); (3) no prior treatment for prostate cancer; (4)
no history of malignant disease in the past; (5) age less
than 80 years, and Eastern Cooperative Oncology

. Group (ECOG) performance status of 2 or less® at the time .

of diagnosis; (6) at least 5 years from the initiation of
treatment.

Consequently, 27 patients were selected for analysis.
They were treated between October 1997 and December
2000. Their diagnoses of prostate cancer were confirmed
before the initation of any treatment, by extended biopsy,
guided by transrectal ultrasonography (TRUS). Eight
specimens were routinely obtained from each patient. The
median pretreatment PSA level was 29ng/ml (range, 7.4
430ng/ml) and the median pretreatment prostate volume
was 31ml (range, 12-79ml). Twenty-two of the 27 patients
(81%) had a Gleason score (GS) of 7 or more. Patient
characteristics are detailed in Table 1.

Pretreatment evaluation

Pretreatment evaluation consisted of complete physical ex-
amination, including digital rectal examination; determina-
tion of PSA and the GS; transrectal ultrasound, including
measurement of prostate volume; pelvic computed tomog-
raphy (CT); bone scan; and urethrogram.

Neoadjuvant hormonal therapy (NHT)

A luteinizing hormone-releasing hormone (LH-RH) ana-
logue (3.6mg goserelin acetate or 3.75mg leuprorelin ac-
~ etate) was administered on day 1 of treatment and every 4
weeks for 3 months. An antiandrogen (flutamide, 375mg
daily) was also started 3 months prior to the initiation of
radiotherapy and was continued for 2 weeks.
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Table 1. Patient characteristics

Number of panents 27
- Age (years) - Coleme e T2 (55-T79)
Pretreatment PSA (ng/ml) - 29 (7.4-430)°
0.04.0 . 0
4.1-10 2
10.1-20 6
>20 19
PSA after hormonal therapy (ng/ml) 0.586 (0.068-17)**
<0.5 14
>={).5, <4.0 . 10
>4 ' 3
Gleason score
2-5 0
6 5
7 12
8 2
9 8
10 ]

Prostate volume before hormonal therapy (cm®)
Prostate volume after hormonal therapy (cm®)
Reduction in prostate volume (%)

31 (12-79)*
15 (8-30)°
51 (34-77y°

*Median (range)
*Excluding two pauents whose data were reported as “<0.2”

Radiation therapy

EBRT was initiated immediately after the fourth adminis-
tration of hormonal therapy. As the effect of the LH-RH
analogue persists for 1 month, at least part of the radiation
therapy can be regarded as having been administered con-
currently with the hormonal therapy. Planning CT scans
were obtained by using a CT simulator (CTS-20; Shimadzu,
Kyoto, Japan) with a slice thickness of 5Smm, Target delin-
eations and treatment planning were performed with the
Cadplan system (Varian Medical System, Palo Alto, CA,
USA).

The clinical target volume (CTV) included the prostate
and seminal vesicle. Organs at risk included the rectum and
urinary bladder. The planned radiation dose for the
CTV was 70 Gy/2.0 Gy/7 weeks to the isocenter with 15-MV
X-ray. Patients were treated in the supine position with
no fixation devices, and were instructed to urinate just be-
fore the treatment. The initial 46 Gy was delivered with the
static four-field box technique with multileaf collimation.
A planning target volume (PTV) was not created in this
protocol. With the four-field irradiation, the multi-leaf col-
limator (MLC) edges were placed ditectly to the CTV with
margins of 15mm in all directions, based on the beam’s eye-
view of each field. If part of the posterior rectal wall was
included in the lateral opposing fields, the MLC positions
were manually adjusted to completely shield the posterior
wall from the area irradiated by the bilateral fields. The
remaining 24 Gy was given with the dynamic arc conformal
technique. With this technique, two lateral arcs of 100° of
rotation (from 36° to 136°, and 226° to 326°) were used with
dynamic conformal fitting of MLCs to the CTV with a 7-mm
margin. This technique enables continuous beam delivery
with dynamic changing of the ML.C positions conforming to
the target as the gantry rotates.'*"
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Follow-up strategies

After completion of the EBRT regimen, patients were fol-
lowed-up by both urologists and radiation oncologists every
3-6 months. Follow-up evaluation included physical exami-
nation; laboratory examination, including serum PSA level;
and radiological examination, if necessary.

Acute and late toxicity were evaluated using the Na-
tional Cancer Institute common toxicity criteria, version
2.0 (NCI-CTC ver. 2.0) and Radiation Therapy Oncology
Group/European Organization for Research and Treat-
ment of Cancer (RTOG/EORTC) criteria,” respectively. If
PSA failure was confirmed, the hormonal therapy could be
resumed at the discretion of the presiding urologist.

Study endpoint and definition of PSA. failure

The primary endpoint of this study was PSA failure-free
survival. Secondary endpoints were overall survival, cause-
specific survival, and the incidence of significant treatment-
related morbidity.

Two different definitions of PSA failure were used in this
study. The first was according to the American Society for
Therapeutic Radiology and Oncology (ASTRO) criteria,
which define the date of failure as the midpoint of the
current nadir and the first date of three consecutive rises.”
As the original statement recommends that each PSA mea-
surement should be separated by at least 3 to 4 months, any
rise observed within an interval of less than 3 months was
ignored in this study. The other definition we used was
according to the “nadir plus 2” criteria, which define the
date of failure as the date when the PSA value exceeds the
current PSA nadir plus 2ng/ml.'* A temporary rise in PSA,
which is often observed within several months of radiation
therapy and stabilizes thereafter, was not regarded as PSA
failure for either of the definitions.

Statistical analysis

Biochemical disease-free survival was measured from the
date of initiation of NHT, and was calculated by the
Kaplan-Meier method. The log-rank test was used for sta-
tistical comparisons. A P value of less than 0.05 was consid-
ered as significant.

Results

All patients completed their planned course of treatment as
scheduled and none were lost to follow-up at the time of
" writing. The median follow-up for surviving patients was 63
months (range, 40-90 months).

Effect of NHT

In 18 patients in whom the prostate volume was measured
both before and after NHT, a significant reduction of pros-

tate volume was observed (29.8 + 16.3cm® vs 15.3 £ 4.7 cm®,
mean + SD; P < 0.005).

PSA levels went down to the normal range (<4ng/ml)
after NHT in 24 patients (falling below 0.5ng/ml in 14;
Table 1). Two of the remaining 3 patients showed normal-
ization of PSA levels after the completion of radiotherapy.

Survival

At the time of analysis, there had been 4 deaths among the
patients, 1 from prostate cancer and 3 from intercurrent
disease (cerebral infarction, gastric cancer, and perforation
of the small intestine which was not related to prostate
cancer). Clinical failure was seen in 2 patients; both had
bone metastases. Consequently, at 5 years, overall survival
(OAS) was 83.0% and cause-specific survival (CSS) was
93.3% (Figs. 1 and 2, respectively). Of note, 6 of the 27
patients (22%) had a second malignancy (4 in the stomach,
1 in the colon, and 1 in the urinary bladder).
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Fig. 3. Prostate-specific antigen (PSA).recurrence-free survival ac-
cording to two different definitions. ASTRO, American Society for
Therapeutic Radiology and Oncology; bNED, b10chermcal no evi-
dence of disease
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The biochemical relapse-free survival rates at 5 years, using
the ASTRO definition and the “nadir plus 2” definition,
were 34.8% and 43.0%, respectively (Fig. 3). Of note, no
patient resumed hormonal therapy before being judged as
having PSA failure according to both definitions. Disagree-
ment between the results according to the two definitions
was observed in two patients. Both patients were judged as
biochemical no evidence of disease (bNED) according to
the “nadir plus.2” definition, and as showing PSA failure
according to the ASTRO definition. In patients who were
judged as failure in both definitions, the average difference
between the two definitions in the duration of PSA failure-
free survival was 175 days. Failure dates according to the
ASTRO definition preceded those according to the “nadir
plus 2” definition in all but two cases.

Prognostic factors (Figs. 4-7)

Univariate analysis was performed, in terms of prognostic
factors for PSA recurrence-free survival. Older age (>70
years), higher pretreatment PSA level (>=20ng/ml), higher
PSA level after NHT (>0.5ng/ml), and higher GS (>7) were
related to a worse result (P =020, P=0.22, P=0.18,and P
= 0.01, respectively).

Toxicity (Table 2)
Acute toxicity

Seventeen patients (63%) experienced acute urinary symp-
toms (pollakisuria, micturition pain, etc.), rectal symptoms
" (anal bleeding, etc.), or both, related to the treatment, but
the extent of symptoms was generally mild and there was no
interruption of the planned treatment (NCI-CTC grade
<=2).
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Table 2. Toxicity

Grade 0 Grade 1 Grade 2 Grade 34

Acute toxicity (n =27) '

Urinary 14 12 1 0

Rectal 24 3 0 0

Skin 0 1 0 0
Late toxicity (1 year or more follow-up; n = 27)

Urinary 24 2 0

Rectal - 20 6 1 0

Late toxicity

Three patients had grade 2 late complications (RTOG/
EORTC late-toxicity criteria). One suffered rectal bleed-
ing, which required a steroid suppository and hyperbaric
oxygenation therapy (HBO). Two had an episode of soli-
tary macrohematuria, and one of the two also experienced
urethral stenosis, which was managed using a bougie.
Symptoms of mild and intermittent rectal bleeding or
microhematuria (grade 1) were seen in seven patients.

Discussion

Reports from Western countries suggest that similar results
for PSA control are achieved with either EBRT or RP in
men at all stages of prostate cancer.”™™ It has also been
suggested -that there are no large differences in terms of
survival among RP, EBRT, and endocrine therapy, espe-
cially for locally advanced prostate cancer.’®*

"In spite of these findings and the fact that the results of
RP for clinical stage III patients are clearly inferior to those
for clinical stages I and II,”** RP remains the mainstay of
treatment for localized prostate cancer in Japan. The use of
RP treatment was supported by the results of a randomized
" trial conducted in Japan. It compared RP and EBRT, in

which endocrine therapy was applied in both arms, and
concluded that there was a survival benefit in the surgery
arm.”? However, the results of this study are obsolete, be-
cause it used an obviously insufficient radiation dose for
curative treatment. Many studies have revealed the dose-
dependency of radiation therapy,” and it is considered that
at least 70 Gy is necessary to achieve acceptable local con-
trol for locally advanced prostate cancer. %

Under these circumstances, the aim of the present study
was to determine the effectiveness of EBRT as an alterna-
tive to surgery in the management of patients with stage III
prostate cancer.

It has been established that NHT improves local control
and disease-free survival in locally advanced prostate can-
cer.””*” In our series, the average reduction in the prostate
volume after the completion of NHT was 51%. Whether the
use of NHT is advantageous for radiation therapy is still
controversial. Theoretically, it decreases the dose scattered
to adjacent normal tissues by decreasing the volume of the
prostate gland.”® However, an increase in late rectal as well
as acute and late genito-urinary toxicity has been reported
in some studies.®™

Adjuvant hormonal therapy was not used in the present
study, because clinical evidence of a survival advantage with
adjuvant hormonal therapy was not well established when
this study was initiated. Moreover, the effectiveness of

- EBRT cannot be determined under adjuvant hormonal

treatment, because biochemical failure is masked until the
disease becomes refractory to hormonal therapy. Recently,
several randomized studies concluded that prolonged adju-
vant hormonal therapy improved overall survival, espe-
cially in patients with high-risk disease.*””** However, as
overall survival in our series was comparable to that with
adjuvant hormonal therapy in these clinical trials, and as
improved survival with radiation dose escalation™* or
whole pelvic irradiation * has been suggested in some trials,
the use of a sophisticated technique such as intensity modu-
lated radiation therapy (IMRT) might be an alternative to
adjuvant hormonal therapy for Japanese men. With IMRT,
dose escalation to the prostate and the seminal vesicles, as
well as elective irradiation to pelvic lymph nodes, can be
performed simultaneously, without increasing the radiation
dose to adjacent normal tissue.

The definition ‘of PSA failure is another problem with
this type of treatment. Once hormonal therapy is initiated,
the PSA value usually drops below the cutoff level. How-
ever, the baseline level of PSA often rises after the termina-
tion of hormonal therapy even in patients whose tumors are
controlled by ‘radiation therapy. Moreover, a temporary
rise, or spike, in PSA is sometimes observed immediately
after completion of radiation therapy. This is considered to
be due to the breakdown of the tumor cells and/or normal
cells caused by irradiation. Strict application of the existing
definitions entails the risk of an increased false-failure rate,
especially in a population consisting of patients with ad-
vanced/high-risk cancer, in whom early failure and a tempo-
rary rise in PSA are mixed. In the present retrospective
analysis, a temporary rise of PSA within 1 year of radiation
therapy was not regarded as failure. We also felt that the



judgment of PSA failure is often difficult and vague with the
ASTRO definition, especially when the intervals between
measurement are shorter than recommended, which some-
times occurs as a result of a patient’s desire to monitor their
- PSAlevels as often as possible. Therefore, we employed the
criteria of “nadir plus 2”, reported by Coen et al.,”* with a
‘modification so as not to misinterpret the temporary rise in
PSA after the initial treatment-as PSA failure. The results
with these two definitions matched in 93% of our patient
cohort for the judgment of PSA failure; however, time to
failure was approximately 6 months shorter with the
ASTRO definition.

It is notable that as many as 22% of the patients in our
series developed a second primary malignancy; this is
significantly higher than the figure reported by Movsas
et al.* It should be emphasized that none of these malig-
nancies fulfilled the classic definition of radiation-induced
malignancy (arising within the radiation field and a mini-
mum 5-year interval between prior radiotherapy and the
development of a second malignancy). Considering the high
incidence of death from intercurrent disease, including a
second primary cancer, less invasive treatment, such as
radiation therapy, is a reasonable option for this elderly
population.

Based on the results of the present study, we are now
undertaking a phase II study with dose escalation to 78 Gy,
using IMRT, for patients with stage III disease. The role of
adjuvant hormonal therapy following EBRT for Japanese
men will be assessed in our next study.

In conclusion, NHT followed by 70Gy of EBRT, using a
dynamic conformal technique, is feasible for Japanese men
and produced a favorable survival result. Assessment of the
effect of an increased radiation dose and/or the use of adju-
vant hormonal therapy is warranted in future studies.
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