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Fig. 1. Local control and progression free survival (PFS) curves for
210 patients with pancreatic cancer who were treated with gross
complete resection.

according to the degree of resection in each treatment modality
group.

The median follow-up of the surviving 62 patients was 26.3
months (range, 2.7-90.5 months). Overall survival (OS), progres-
sion-free survival, metastasis-free rates, and local control rates
were calculated actuarially according to the Kaplan-Meier method
(11) and were measured starting from the day of initial treatment.
Differences between groups were estimated using the chi-square
test, Student’s ¢ test, and the log rank test (12). Multivariate analysis
was performed using the Cox regression model (13). A probability
level of 0.05 was chosen for statistical significance. Statistical anal-
ysis was performed using the SPSS software package (version 11.0;
SPSS, Inc., Chicago, IL). Late complications were graded in accor-
dance with the National Cancer Institute—Common Terminology
Criteria (NCI-CTC) Version 3.0.

RESULTS

At the time of this analysis, 150 patients {70.0%) had dis-
ease recurrence (local only in 23 patients; regional lymph no-
des only in 7 patients; liver only in 49 patients; peritoneum
only in 28 patients; other distant metastases, such as at
bone or lung, only in 16 patients; and multiple sites in 43 pa-
tients). Among 43 patients with multiple recurrences, 9 pa-
tients had a simultaneous local recurrence. Therefore, local
recurrence occurred in a total of 31 patients (14.8%). The
2-year actuarial local control rate in all 210 patients after ra-
diotherapy was 83.7% (Fig. 1). Patients who underwent RO
resection had a statistically significantly higher local control
than those who underwent R1 resection (p = 0.0226), and the
2-year actuarial local control rates in patients who underwent
RO resection and R1 resection were 87.1% and 74.6%, re-
spectively (Table 6). By contrast, other factors, such as
CA19-9, the use of chemotherapy, pathological N stage,
and IORT dose, did not influence local control (Table 6).

The proportions of patients with locally controlled disease
were analyzed with respect to IORT doses, degree of resec-
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Table 6. Local control rates and metastasis-free rates
according to the degree of resection, CA 19-9 level,
chemotherapy use, pathological N stage, and IORT dose

No. of 2-year p 2-year )4
Patients LCR (%) Value MFR (%) Value

Degree of resection

RO 147 87.1 00226 446 0.0148
R1 63 74.6 25.8
CA19-9 (U/mL)
< 1000 160 84.2 05217 439 0.0030
= 1000 38 79.2 21.0
Chemotherapy use
Yes 96 88.6 0.2569 47.2 0.0044
No 114 80.5 29
Pathological N stage
NO 51 819 0.8059 61.9 0.0001
N1 153 85.2 30.2
IORT dose
<25 Gy 64 78.1 0.1225 458 0.238
=25Gy 146 86.4 36.2

Abbreviations: LCR = local control rate; MFR = metastasis-free
rate; CA19-9 = carbohydrate antigen 19-9; R0 = gross complete re-
section with negative margins; R1 = gross complete resection with
positive margins; IORT = intraoperative radiotherapy.

tion, and RT modality (Table 7). In patients treated with
RO resection, the incidence of locally control was highest
in patients treated with 25 Gy-IORT + EBRT (96%) in com-
parison with other subgroups. However, no significant differ-
ence in local control was observed in comparison with
patients treated with 25 Gy-IORT (93%, p = 0.6259). Fur-
thermore, in patients treated with R1 resection, the incidence
of local control was highest in patients treated with 25
Gy-IORT + EBRT (90%) compared with that in any other
subgroups. Nevertheless, no significant difference in local
control was noted between patients treated with 25 Gy-
IORT and EBRT and those treated with 25 Gy-IORT alone
(69%, p = 0.2109).

Of the 210 patients, 148 (70.5%) died during the period of
this analysis. Of those 148 patients, 134 patients died of pan-
creatic cancer and the remaining 14 patients died without any
sign of clinical recurrence (9 died of intercurrent disease and
5 of unknown cause). The 2-year actuarial progression-free
survival rate and the median time to progression for all 210
patients were 31.2% and 10.1 months, respectively (Fig. 1).
Table 4 indicates the metastasis-free rates according to the
degree of resection, level of CA19-9, use of chemotherapy,
and IORT dose. Degree of resection, CA19-9 level, chemo-
therapy use, and pathological N stage significantly influenced
the metastasis-free rates, whereas IORT dose did not influ-
ence the metastasis-free rate. Figure 2 indicates the OS curves
in all 210 patients. The median survival time and the 2-year
actuarial OS rate in all 210 patients were 19.1 months and
42.1%, respectively. Concerning the use of chemotherapy,
the 2-year OS rates for patients treated with chemotherapy
(48.0%) was significantly higher than for those treated with-
out chemotherapy (34.8%) (»=0.0011, Fig. 3). On univariate
analysis, use of chemotherapy, degree of resection, CA 19-9,
and pathological N stage had a significant impact on OS and
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Table 7. Proportions of patients with locally controlled patients treated with RO and R1 resection with respect the IORT doses
and the combination of EBRT

IORT dose
No. of Patients 20 Gy 25 Gy 30 Gy Total
RO resection
IORT alone 107 16/22 (73%) 39/42 (93%) 38/43 (88%) 93/107 (87%)
IORT + EBRT 40 14/16 (88%) 23/24 (96%) - 37/40 (93%)
Total 147 30/38 (79%) 100/109 (92%) 38/43 (88%) 130/147 (88%)
R1 resection
IORT alone 41 11/14 (79%) 11/16 (69%) 9/11 (82%) 31/41 (76%)
IORT + EBRT 22 9/12 (75%) 9/10 (90%) - 18/22 (82%)
Total 63 20/26 (77%) 20/26 (77%) 9/11 (82%) 49/63 (78%)

Abbreviations: IORT = intraoperative radiotherapy; EBRT = external beam radiotherapy; RO = gross complete resection with ne gative mar-

gins; R1 = gross complete resection with positive margins.

on multivariate analysis; these four factors also were signifi-
cant prognostic factors (Tables 8 and 9). Other factors such as
tumor size, PS, and radiotherapy modality did not influence
OS. At the time of this analysis, 12 of 210 patients (5.7%)
had survived for more than 5 years, and all 12 patients had
achieved local control.

NCI-CTC Grade 34 late gastrointestinal toxicity was ob-
served in 7 patients (3.3%). Four patients experienced Grade
4 toxicity (1 patient with Grade 4 colitis, 2 patients with
Grade 4 gastrointestinal bleeding, and 1 patient with Grade
4 ileus). There were no cases of Grade 5 toxicity. Regarding
4 patients who experienced Grade 4 toxicity, 3 of 4 patients
(75%) were treated with 30 Gy-IORT

DISCUSSION

The current study indicates that IORT yields an excellent
local control rate for resected pancreatic cancer, with a 2-
year local control rate of 83.7% in all 210 patients. Several
reports have also demonstrated the efficacy of IORT on local
control (14-18). Reni et al. indicated that for patients with
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Fig. 2. Actuarial overall survival curves for 210 patients with pan-
creatic cancer who were treated with gross complete resection.

Stage I-II diseases, IORT reduced the local failure rate
from 60% to 27% (p = 0.04) (14). Alfieri et al. noted in-
creased local control with the addition of IORT in resected
pancreatic cancer, and they found that local control was
58% in the IORT group vs. 29% in the group that did not re-
ceive IORT (p < 0.01) (17). Zerbi et al. reported that local
recurrence was detected in 27.0% of patients treated with sur-
gery and IORT and in 56.4% of patients treated with surgery
alone (18). Concerning EBRT, approximately 50% of
patients treated with adjuvant EBRT experience local recur-
rence even after complete resection (4, 7). Considering the
low local control rate in patients treated with surgery alone
and those treated with adjuvant EBRT, IORT is an attractive
treatment modality to achieve local control in patients with
resected pancreatic cancer.

Although the efficacy of IORT for local control has been
reported, the optimal use of IORT, such as dosing and
EBRT combination strategies, remains unclarified. From
the previous reports on IORT for pancreatic cancer, doses
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Fig. 3. Actuarial overall survival curves according to chemotherapy
administration in patients with pancreatic cancer who were treated
with gross complete resection and intraporative radiotherapy. A sig-
nificant difference was observed between patients who did and did
not receive chemotherapy (p = 0.0011).
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Table 8. Univariate analysis of various potential prognostic
factors for overall survival in patients with resected
pancreatic cancer treated with IORT

Volume 77, Number 3, 2010

Table 9. Multivariate analysis of potential prognostic factors
for overall survival in patients with resected pancreatic cancer
treated with JORT

No.of  Univariate analysis
Patients  OS, 2- year rate (%) p Value

Degree of resection
RO 147 50.6 0.0001
R1 63 22.5

Chemotherapy use
Yes 114 48.0 0.0011
No 96 34.8

CA199
< 1000 160 48.2 0.0025
= 1000 38 18.9

Pathological N stage
NO 51 55.6 0.0038
N1 153 37.8

Tumor size (cm)
<3 92 51.6 0.0550
=3 116 35.0

RT method
IORT 148 354 0.119
IORT + EBRT 62 48.7

PS
0-1 181 43.5 0.2313
2-3 25 334

Gender
Female 88 41.1 0.5498
Male 122 42.8

Age (y)
<70 143 42.7 0.7161
=70 67 40.9

Tumor site
Head/body 197 424 0.7593
Tail 13 37.5

IORT dose (Gy)
<25 64 37.1 0.8315
=25 146 44.6

Pathological T stage
Tis-2 75 389 0.8916
T34 134 43.6

Abbreviations: IORT = intraoperative radiotherapy; RO = gross
complete resection with negative margins; EBRT = external beam
radiotherapy; R1 = gross complete resection with positive margins;
CA19-9 = carbohydrate antigen; 19-9; PS = performance status.

varied among institutions ranging from 10 to 30 Gy (8, 19),
and the optimal dose of EBRT when combined with IORT
also has yet to be decided. In the current study, in patients
treated with RO resection, the incidence of locally control
in patients treated with 25-Gy IORT (96%) was higher than
in other subgroups. Therefore, in patients treated with RO re-
section, 25-Gy IORT alone may be sufficient to prevent local
recurrence. By contrast, in patients treated with R1 resection,
the incidence of locally control in patients treated with 25-Gy
IORT + EBRT (90%) was higher than in other subgroups but
only 69% in patients treated with 25-Gy IORT alone. These
results suggest that in patients treated with R1 resection,
25-Gy IORT alone was insufficient to achieve local control,
and 25-Gy IORT + EBRT appears to be most appropriate for
these patients. Further studies are required to determine the
optimal doses for IORT in this patient population.

Variable RR 95% CI)  p Value

Chemotherapy use (Yes vs. No)
Degree of resection (RO vs. R1)
CA199

(<1000 U/mL vs. = 1000 U/mL)
Pathological N stage (NO vs. N1)

1.795 (1.255-2.569) 0.001
0.515 (0.349-0.761) 0.004
0.652 (0.430-0.988) 0.044

0.610 (0.388~0.958) 0.032

Abbreviations: IORT = intraoperative radiotherapy; RO = gross
complete resection with negative margins; R1 = gross complete re-
section with positive margins; RR = relative risk; CI = confidence
intervals.

Despite the favorable local control rates in patients treated
with IORT, the role of IORT in survival for these patients re-
mains controversial (18-24). Sindelar et al. conducted a small
randomized trial that compared adjunctive IORT with EBRT
in patients with resectable pancreatic cancer and concluded
that the survival rate did not differ among patients who re-
ceived IORT, EBRT, or no EBRT (19). Fossati et al. reported
that no significant benefit in survival was observed in the
IORT group compared with the no-IORT group of 33 patients
with resected pancreatic cancer, although the local control rate
was significantly better in the IORT group (20). In contrast to
these results, however, a survival advantage with IORT was
reported by several groups. Ozaki er al. (23) suggested that
IORT combined with radical resection and extended lymph
node dissection may substantially improve survival. Reni
et al. reported improved median survival with IORT at 18.5
months compared with 13 months in their non-IORT group
(14). Therefore, it is important to evaluate possible factors af-
fecting the prognosis of patients who undergo IORT.

Several previous studies have suggested potential prog-
nostic factors associated with OS, such as degree of resection,
tumor stage, and tumor size in patients treated with macro-
scopically gross resection and IORT (24-26). In the current
study, chemotherapy use, degree of resection, CA 19-9 level,
and pathological N stage were independent prognostic fac-
tors for OS. Also, these four factors significantly affected
the metastasis-free rate. Therefore, our results indicate that
distant metastases remain the major problem affecting sur-
vival in these patients. Takamori ef a/. conducted an extended
study of radical resection combined with IORT for 41 pa-
tients with pancreatic cancer, and local recurrence occurred
in only 2 patients (4.9%), but cancer-related death occurred
in 32 patients, 18 of whom had liver metastases (16). Furuse
et al. conducted a study of IORT and EBRT with prolonged
5-FU infusion in patients with locally advanced pancreatic
cancer, and the median survival time of patients without met-
astatic spread in the abdominal cavity was 12.9 months,
whereas that of patients with metastatic spread was 5.8
months (27). Several other reports have indicated that the lo-
cal and distant recurrence rates in these and other studies vary
from 12 to 50% and 42 to 94%, respectively, with the use of
IORT (14, 17, 28, 29). Therefore, in addition to achieving
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local control, preventing distant metastases appears to be nec-
essary for improving the prognosis of these patients.

Our results indicated that IORT combined with chemo-
therapy confers a survival benefit to pancreatic cancer pa-
tients in comparison with IORT alone. The use of
chemotherapy also reduced the metastasis-free rate, suggest-
ing that chemotherapy may prevent distant metastasis of
these tumors. Recent reports have indicated that adjuvant ra-
diotherapy and chemotherapy improves survival after sur-
gery in comparison with patients with observation (30, 31).
Herman ez al. analyzed 908 patients who were treated with
pancreaticoduodenectomy and found that adjuvant concur-
rent 5-FU-based chemotherapy and radiotherapy signifi-
cantly improves OS in comparison with patients not
receiving chemotherapy and radiotherapy (30). Corsini
et al. reported the results in 472 patients treated with RO re-
section, and OS was better in patients who received adjuvant
chemotherapy and radiotherapy than in those not receiving
chemotherapy and radiotherapy (31). Regarding drugs for
pancreatic cancer, 5-FU, with or without mitomycin-C, has
been frequently used for therapy of pancreatic cancer (32,
33). Recently, single-agent gemcitabine was found to be mar-
ginally superior in clinical benefit and survival compared
with 5-FU, and a single-agent gemcitabine has become the
standard first-line agent for the treatment of pancreatic cancer
(34). More recent reports have indicated that S-1 and UFT are
promising agents for pancreatic cancer (35, 36). Further eval-
vations of optimal sequencing of radiotherapy and these
chemotherapy agents should be performed to maximize treat-
ment outcomes for pancreatic cancer patients.

In the current study, 12 of 210 patients (5.7%) survived for
more than 5 years, and all 12 patients had achieved local con-
trol. Recent reports have also indicated that achieving local
control is associated with improved survival for patients
with resected tumors (37-39). Valentini et al. indicated
that patients achieving local control had significantly more

favorable OS (3-year OS: 28.4%) than did patients who did
not achieve local control (3-year OS: 11.9%) when treated
with IORT (37). These results suggested that although metas-
tasis still remains as the primary challenge for treatment of
pancreatic cancer, improvement of local control induced by
higher radiotherapy doses may affect the survival of patients
who tend to have less disseminated disease. Inasmuch as che-
motherapy alone appears to be insufficient for inducing fa-
vorable local control (Table 6), IORT represents an
important treatment modality for better achievement of this
goal.

In the current study, the frequency of severe late toxicity
was only 3%, highlighting the safety of IORT treatment. Sev-
eral other reports have also described the feasibility of IORT
for pancreatic cancer (14, 15, 24, 40). Toxicity is different for
each tissue type, but doses of approximately 25 Gy are gen-
erally well tolerated with IORT (41). In the current study, 3 of
4 patients who experienced Grade 4 toxicity (75%) were
treated with 30 Gy-IORT, and 30 Gy-IORT may be associ-
ated with higher risk of late complications for these tumors.
Therefore, when IORT is used, a dose of 25 Gy appears to
be appropriate for these tumors. Further studies are required
to determine the optimal timing and dose of EBRT when
combined with IORT.

In conclusion, our results indicate that IORT yields an
excellent local control rate for resected pancreatic cancer,
with few severe late toxicities. Our results also suggest
that IORT combined with chemotherapy confers a survival
benefit in comparison with IORT alone. Inasmuch as IORT
can result in favorable local control and the addition of
chemotherapy increases the OS rate, JORT combined
with chemotherapy appears to be a promising strategy for
patients treated with gross complete resection. However,
this study is a retrospective study with various treatment
modalities, and further prospective studies are required to
confirm our results.
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Objective: The current study was a retrospective questionnaire survey of stage lllb adenocar-
cinoma of the uterine cervix treated with high-dose-rate intracavitary brachytherapy combined
with external beam radiation therapy in Japan aimed to investigate the optimal dose on the
basis of the biological effective dose and prognostic factors.

Methods: Between 1990 and 2000, 61 patients with stage |llb adenocarcinoma of the
uterine cervix underwent high-dose-rate intracavitary brachytherapy combined with external
beam radiation therapy in 19 major hospitals in Japan. This retrospective questionnaire
survey was performed by mail including survey charts to be fulfilled by radiation oncologists in
these 19 major hospital. Fifty had only adenocarcinoma components and 11 had adenosqua-
mous cell carcinoma components. All patients were treated with high-dose-rate intracavitary
brachytherapy combined with external beam radiation therapy. Total biological effective dose
(T-BED+o) was calculated from the sum of the biological effective doses of the external beam
radiation therapy and the intracavitary brachytherapy. Thirty-two patients underwent
chemotherapy.

Results: The 5-year overall survival rate of all patients was 20.2%. Stratified by total
biological effective dose, the 5-year overall survival rate was 0% for T-BED o, <75 Gy, 24.7%
for T-BED+g between 75 and 100 Gy and 0% for T-BED,o >110 Gy (P = 0.15). Stratified by
histopathology, the 5-year overall survival rate was 22.1% for adenocarcinoma and 13.6% for
adenosquamous cell carcinoma (P = 0.43). Stratified by chemotherapy, the 5-year overall
survival rate was 20.3% in patients who received chemotherapy and 20.4% in patients who
did not receive chemotherapy (P = 0.96).

© The Author (2010). Published by Oxford University Press. All rights reserved.
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796 Radiotherapy for uterine cervical carcinoma

Conclusions: The 5-year overall survival rate of stage IIIb adenocarcinoma of the uterine cervix in
this retrospective questionnaire survey was 20.2%. The optimal T-BED;, and evident prognostic
factors were not clear from this questionnaire survey.

Key words: high-dose-rate intracavitary brachytherapy — adenocarcinoma of the uterine cervix —

multi-institutional study

INTRODUCTION

Prognosis of stage IIIb adenocarcinoma of the uterine cervix
has been reported to be much worse than that of squamous
cell carcinoma of the same stage. The 5-year overall survival
(OS) rates of stage IIIb adenocarcinoma of the uterine cervix
treated with high-dose-rate intracavitary brachytherapy
(HDR-ICBT) combined with external beam radiotherapy
(EBRT) have been reported to be 0—51.0% (1—3), whereas
the survival rates for stage IIIb squamous cell carcinoma of
the uterine cervix have been reported to be 47.1— 55.2%
(4—6). HDR-ICBT combined with EBRT for stage IIIb ade-
nocarcinoma of the uterine cervix is the community standard
treatment in Japan. In the US and some European countries,
low-dose rate intracavitary brachytherapy (LDR-ICBT) com-
bined with EBRT is often performed. Eifel et al. (7) and
Grigsby et al. (8) have reported that the treatment outcomes
of adenocarcinoma of the uterine cervix were almost the
same as those of the squamous cell carcinoma using
LDR-ICBT. However, these results were from Ib to IIb stage
uterine cervical carcinomas. Grigsby et al. (8) pointed out
that the 5-year disease-free survival rate after treatment with
LDR-ICBT of stage III adenocarcinoma of the uterine cervix
(25%) was worse than that of the squamous cell carcinoma
(59.1%) (P = 0.007).

The optimal radiation dose in this situation has not been
established, but in practice the same dose as is given for
squamous cell carcinoma, 67—86 Gy;o,with Gy;o the bio-
logical effective dose if a/B is 10 (6). Although a recent pre-
liminary study has suggested that a higher biological
effective dose (BED) might improve prognosis (3), no large
studies have been performed to evaluate this issue. The prog-
nostic factors other than the total dose also have not been
defined. Therefore, the purpose of the current retrospective
questionnaire survey was to investigate the optimal dose on
the basis of the BED and to investigate prognostic factors for
stage IIIb adenocarcinoma of the uterine cervix treated with
HDR-ICBT combined with EBRT.

PATIENTS AND METHODS

Between 1990 and 2000, 61 patients with stage I1Ib adeno-
carcinoma of the uterine cervix were treated with
HDR-ICBT combined with EBRT in 19 Japanese university
hospitals and cancer centers. Surveys of the charts were

completed by radiation oncologists who fulfilled the
JASTRO institutional criteria and who responded ‘yes’ to
the pre-questionnaire survey of willingness to engage in this
retrospective questionnaire study. The questionnaires were
mailed to 19 Japanese university hospitals and cancer
centers in 2007. Patient characteristics are listed in Table 1.
The median age was 61.5 years with a range of 30—86
years. Fifty patients had only adenocarcinoma components
and 11 had adenosquamous cell carcinoma components. The
median tumor diameter was 6.0 cm with a range of
2—15 cm. Thirteen of the 61 patients had vaginal invasion.
All patients were staged by physical and pelvic examin-
ations, and according to the Japanese standards of pretreat-
ment investigation were examined by computed tomography
in order to rule out patients with distant metastases.
All patients were then treated with HDR-ICBT combined
with EBRT.

Treatment characteristics are listed in Table 2. HDR-ICBT
was performed once a week in 55 patients and twice a week
in 6 patients. The median dose per fraction was 6 Gy to
point A (range: 5—8 Gy). The median total fraction delivery
times was five times (range: one to six times). As for the
applicator, 58 patients were treated with tandem plus ovoid
applicators and 2 patients were inserted by tandem plus
cylinder applicators; only 1 patient was inserted by only the
tandem applicator. The total dose of HDR-ICBT to point A
was 6.0—30 Gy and the total dose of EBRT midway between
the isocenter and the lateral field was 40—59.4 Gy. In the
current study, the total BED was calculated as follows: total
BED (T-BED,) = BED of EBRT (E-BED;,) + BED of
HDR-ICBT (A-BED;y). The median E-BED;, was 60 Gy
(range: 48—70.1 Gy), the median A-BED;, was 31 Gy
(range: 9.6—52.5 Gy) and the median T-BED;, was
106.3 Gy (range: 66.9—115.2 Gy). The median overall treat-
ment time (OTT) was 53 days (range: 37—153 days).

Table 1. Patient and tumor characteristics

Age, median (range) 61.5 years (30—86 years)

Maximum tumor diameter (cm), median (range) 6.0 (2.0—15.0)
Histopathology (n)
Adenocarcinoma 50
Adenosquamous cell carcinoma 11
Vaginal invasion (n) 13
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Table 2. Treatment characteristics

Treatment types (n)

EBRT 61

HDR-ICBT 61
Chemotherapy

None 29

Any 32

Biological effective dose (BED, ) (Gy), median dose (range)
E-BED,, 60.0 (48.0—70.1)
A-BED;, 31.0 (9.6-52.5)
T-BEDj, 106.3 (66.9—115.2)

EBRT, external radiotherapy; HDR-ICBT, high-dose-rate intracavitary
brachytherapy; E-BED, external beam radiation therapy; T-BED, total
biological effective dose; A-BED,,, BED of HDR-ICBT.

“T-BED,( = (E-BED)() + (A-BED)).

As is shown in Table 2, 32 patients underwent chemother-
apy. Chemotherapy regimens were as follows: 23 underwent
treatment with platinum drugs, 3 received CPT-11 and 6
received other chemotherapy. In total, 20 of the 32 patients
underwent concurrent chemotherapy, and all of those
patients received platinum chemotherapy. After the treat-
ment, all patients were followed by physical and pelvic
examinations and computed tomography or magnetic reson-
ance imaging.

For statistical analysis, survival curves were constructed
by the Kaplan—Meier method and log-rank test was per-
formed to compare between total dose and clinicopathologic
valuables using Dr. SPSS II for Windows (SPSS Inc., USA).
Statistical significance was assumed for a two-tailed P value
<0.05.

RESULTS

Of the 61 patients, 41 patients relapsed. As for the first site
of failure, 20 relapsed in the field, 14 relapsed out of field
and 7 relapsed both in field and out of field.

The S-year OS rate of all patients was 20.2% (Fig. 1), the
5-year relapse-free survival (RFS) rate was 13.4% (Fig. 1)
and the 5-year local control rate (LC) was 36.0% (Fig. 2).
As shown in Fig. 3, stratified by T-BED,,, the 5-year OS
was 0% for T-BED,o <75 Gy (n = 2), 24.7% for 110 Gy >
T-BED10 > 75 Gy (n = 50) and 0% for T-BED;, >110 Gy
(n=29) (P =0.15). Stratified by histopathology, the 5-year
OS was 22.1% for adenocarcinoma and 13.6% for adenos-
quamous cell carcinoma (P = 0.43). The 5-year OS and
S5-year LC were not significantly correlated with the
E-BED, or A-BED,,. Stratified by age, the 5-year OS was
12.0% when the patient’s age was <60 years and 31.0%
when the patient’s age was >60 years (P = 0.175). Stratified
by PS, the 5-year OS was 17.2% when PS was 0 or
1 and was 33.3% when PS was 2 or 3 (P=0.366).

Jpn J Clin Oncol 2010;40(8) 797
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Figure 1. Overall survival (OS) and relapse-free survival curves (RFS) of
all patients. The 5-year OS rate was 20.2%. The 5-year RFS rate was 13.4%.
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Figure 2. Local control (LC) curve of all patients. The 5-year LC rate was
36.0%.
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Figure 3. OSI curves stratified by total biological effective dose (T-BED),.
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Figure 4. LC curves stratified by TI-BED,,.

Stratified by tumor size, the 5-year OS was 22.2% when
the maximum tumor size was <7 cm and 20.0% when the
maximum tumor size was >7 cm (P = 0.763). Stratified by
vaginal invasion, the 5-year OS was 50.0% when the lower
one-third of the vagina had been invaded: 15.6% when the
upper two-thirds of the vagina had been invaded and 19.8%
when the vagina was not involved (P = 0.745). Stratified by
OTT, the 5-year OS was 22.9% when OTT was <56 days
and 17.8% when it was >56 days (P = 0.43). Stratified by
chemotherapy, the 5-year OS was 20.3% among those who
had undergone chemotherapy and 20.4% among those who
had not (P = 0.96). Furthermore, the 5-year OS was 15.8%
among those who had undergone concurrent chemotherapy
and 23.4% among those who had not (P =0.566). As for
LC rate stratified by T-BED, the 5-year LC was 0% for
T-BED;y <75 Gy, 41.3% for 110 Gy > T-BED,y > 75 Gy,
and 0% for T-BED; >110 Gy (P = 0.730) (Fig. 4).

Eight patients (13.1%) had late morbidity of Grade 2 or
greater. Grade 2 late morbidity involved chronic proctitis
(rectal bleeding), Grade 3 was characterized by uteric steno-
sis and recto-vaginal fistula, and Grade 4 involved severe
ureter stenosis requiring surgery.

DISCUSSION

The 5-year OS of stage IIIb squamous cell carcinoma of the
uterine cervix treated with HDR-ICBT combined with
EBRT has been reported to be 47.2—55.2% in Japan (4—6).
In the current study, the 5-year OS of stage IIIb adenocarci-
noma of the uterine cervix was 20.2% and the 5-year RFS of
stage IIIb adenocarcinoma of the uterine cervix was 13.4%,
indicating that the prognosis of stage IIIb adenocarcinoma of
the uterine cervix is much worse than that of the squamous
cell carcinoma of the same stage.

The optimal dose of HDR-ICBT combined with EBRT
for stage IIIb adenocarcinoma of the uterine cervix has not
been established in a prospective manner. In Japan, 30
years’ experience with the use of HDR-ICBT with EBRT for

locally advanced uterine cervical carcinoma suggests that
67—86 Gy is acceptable dose, and this is recognized as the
community standard dose (6). Radiation oncologists in the
USA have many years of experience using LDR-ICBT with
external beam radiotherapy for locally advanced uterine cer-
vical carcinoma, and have calculated the optimal dose of
HDR-ICBT from that of LDR-ICBT without performing
clinical trials. The American Brachytherapy Society rec-
ommends HDR-ICBT dose of 100—108 Gy, for locally
advanced uterine cervical carcinoma (9), much higher dose
than that generally used in Japan. In both the USA and
Japan, the above-mentioned recommendations for the
HDR-ICBT dose have been based on locally advanced squa-
mous cell carcinoma rather than adenocarcinoma.
Accordingly, the optimal dose of HDR-ICBT combined with
EBRT for stage IIIb adenocarcinoma has not been estab-
lished from any clinical studies.

Recently, a preliminary study of stage IIIb adenocarci-
noma of the uterine cervix treated with HDR-ICBT com-
bined with EBRT in Japan suggested that higher T-BED was
associated with better prognosis (3). In contrast, in the
current study, 5-year OS was 0% for T-BED;o, >110 Gy
(high dose), 24.7% for 110 > T-BED,, > 75 (intermediate
dose) and 0% for T-BED;, <75 (low dose) (P = 0.15)
(Fig. 3). Furthermore, the 5-year LC was 0% for T-BED,
<75 Gy, 41.3% for 110 Gy > T-BED,y > 75 Gy and 0% for
T-BED;, >110 Gy (P =0.730) (Fig. 4). These results
suggest that higher total dose does not improve LC or OS of
stage 1IIb adenocarcinoma of the uterine cervix, although
considering that this study is retrospective questionnaire
survey.

Modern standard treatment of locally advanced uterine
cervical carcinoma comprises concurrent chemoradiotherapy.
However, the current study revealed no survival benefit of
chemotherapy. Similarly, the RTOG phase III study
suggested that the treatment results of stages III and IV
uterine cervical carcinoma treated with radiation therapy
alone and concurrent chemoradiotherapy were the same by a
sub-set analysis (10). This analysis suggests that stage III or
IV tumors may require new chemotherapeutic regimens.
Vrdoljak et al. (11) reported that concurrent chemoradiother-
apy for locally advanced uterine cervical carcinomas includ-
ing adenocarcinomas using cisplatin and ifosfamide followed
by consolidation chemotherapy might be promising. Zarba
et al. (12) also reported that concurrent chemoradiotherapy
using cisplatin and gemcitabine was efficacious and well
tolerated.

In the current study, the extent of vaginal invasion also did
not impact the prognosis of stage I1Ib adenocarcinoma of the
uterine cervix. This suggests that biological behavior has much
more influence on the prognosis than the insertion technique of
applicators in stage IIIb adenocarcinoma of the uterine cervix.
Recently, Niibe et al. (13) reported that concomitant positive
expression of HER2 and HIF-1« in locally advanced uterine
cervical carcinoma including adenocarcinoma achieved
20-month OS rate of 37.5%, whereas concomitant negative
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expression of HER2 and HIF-1a achieved 20-month OS rate
of 100% (P = 0.0032). This suggests that further studies of the
biological behavior of stage IIIb adenocarcinoma and the suc-
cessful production of molecular-targeted drugs are required.

Other factors, such as histopathology and OTT, had no
significant difference in prognosis. As for late morbidity,
only eight patients experienced Grade 2 or greater morbidity
(13.1%). This is considered acceptable.

In conclusion, the prognosis of stage IIIb adenocarcinoma
of the uterine cervix was poor. Higher radiation doses pre-
scribed to adenocarcinoma of the uterine cervix were not
correlated with better prognosis in this retrospective ques-
tionnaire survey. A prospective study should be conducted in
order to evaluate the precise significance of higher radiation
doses prescribed to patients with adenocarcinoma of the
uterine cervix.
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CLINICAL INVESTIGATION

RADICAL EXTERNAL BEAM RADIOTHERAPY FOR CLINICALLY
LOCALIZED PROSTATE CANCER IN JAPAN: CHANGING TRENDS IN THE
PATTERNS OF CARE PROCESS SURVEY

Kazuniko Ocawa, M.D.,* KATSUMASA NAKAMURA, M.D.,T ToMONARI SASAKI, M.D.,l
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NoButaka Mukumoro, M.S.,** Terukl TESHIMA, M.D.,** AND MICHIHIDE MITSUMORI, M.D.' aND THE
JAPANESE PATTERNS OF CARE STUDY WORKING SUBGROUP OF PROSTATE CANCER.

*Department of Radiology, Umversny of the Ryukyus, Okinawa, Japan; fDepartment of Clinical Radiology, Kyushu University
Hospital at Beppu, Oita, Japan; *Department of Radlatlon Oncology, National Kyushu Center, Fukuoka, Japan; Depaﬂmem of
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**Department of Medical Physics & Engineering, Osaka University, Osaka, Japan; and Department of Radiation Oncology and
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Purpose: To delineate changing trends in radical external beam radiotherapy (EBRT) for prostate cancer in Japan.
Methods and Materials: Data from 841 patients with clinically localized prostate cancer treated with EBRT in the
Japanese Patterns of Care Study (PCS) from 1996 to 2005 were analyzed.
Results: Significant increases in the proportions of patients with stage T1 to T2 disease and decrease in prostate-
specific antigen values were observed. Also, there were significant increases in the percentages of patients treated
with radiotherapy by their own choice. Median radiation doses were 65.0 Gy and 68.4 Gy from 1996 to 1998 and
from 1999 to 2001, respectively, increasing to 70 Gy from 2003 to 2005. Moreover, conformal therapy was more
frequently used from 2003 to 2005 (84.9%) than from 1996 to 1998 (49.1%) and from 1999 to 2001 (50.2%). On
the other hand, the percentage of patients receiving hormone therapy from 2003 to 2005 (81.1%) was almost
the same as that from 1996 to 1998 (86.3%) and from 1999 to 2001 (89.7%). Compared with the PCS in the United
States, patient characteristics and patterns of treatments from 2003 to 2005 have become more similar to those in
the United States than those from 1996 to 1998 and those from 1999 to 2001.
Conclusions: This study indicates a trend toward increasing numbers of patients with early-stage disease and in-
creasing proportions of patients treated with higher radiation doses with advanced equipment among Japanese
prostate cancer patients treated with EBRT during 1996 to 2005 survey periods. Patterns of care for prostate can-

cer in Japan are becoming more similar to those in the United States. © 2010 Elsevier Inc.

Patterns of care study, Prostate cancer, Radical external beam radiotherapy, Changing trend.

INTRODUCTION

The Patterns of Care Study (PCS) national survey is a retro-
spective study designed to establish the national practice
process of therapies for selected malignancies over a specific
time period (1-3). In addition to documenting the practice
process, data from PCS surveys are important for
developing and disseminating national guidelines for
cancer treatment that help promote a more uniform care
process in the country. The PCS is also designed to
complement the role of clinical trials in enhancing the
standard of care for cancer patients (1, 4).

To improve the quality of radiation oncology, PCS meth-
odology has been imported to Japan from the United States.
The Japanese PCS Working Group of Prostate Cancer
started a nationwide process survey of patients treated with
radiotherapy between 1996 and 1998 (5, 6). Subsequently,
the Working Group conducted a second PCS of patients
treated with radiotherapy between 1999 and 2001 and
previously reported the results of this second PCS for
prostate cancer patients in Japan treated with radiotherapy
(7-18). At present, we have conducted a third PCS of
patients treated with radiotherapy from 2003 to 2005 (19).
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Over the past 10 years, remarkable changes have occurred
in prostate cancer treatment policy in Japan. The number of
deaths due to prostate cancer has been on a steep increase,
especially in elderly patients. The proportion of prostate can-
cer deaths to total cancer deaths also showed an increase
from 0.9% in 1960 to 4.2% in 2000 (20). Since the introduc-
tion of prostate-specific antigen (PSA) screening, prostate
cancer cases are being detected at earlier stages of disease,
which allows early-stage patients a better chance of success-
ful treatment and reduction of death from prostate cancer
(21, 22). Moreover, recently, the use of radical external
beam radiotherapy (EBRT) for prostate cancer has
increased rapidly, as significant new radiation treatment
planning technologies and methodologies have become
available. Therefore, to optimally treat Japanese prostate
cancer patients, it is important to accurately delineate the
intrinsic changes taking place in the national practice
process of radiotherapy for prostate cancer in Japan. In
this report, we present the results of our analysis of the
time-dependent transition of the process of care for prostate
cancer patients treated with radical EBRT in the time periods
from 1996 to 1998, 1999 to 2001, and 2003 to 2005.

METHODS AND MATERIALS

PCS surveys from 1996 to 1998, 1999 to 2001, and 2003 to 2005
in Japan contain detailed information about a total of 1,286 patients
with prostate cancer treated with radiotherapy during the respective
survey periods (307 patients were treated in 1996-1998; 387 pa-
tients in 1999-2001 PCS; and 592 patients in 2003-2005). PCS
methodology has been described previously (1-4). Briefly, the
PCS surveys were extramural audits that utilized a stratified two-
stage cluster sampling design. The Japanese PCS used an original
data format developed in collaboration with the American College
of Radiology (Philadelphia, PA). The PCS surveyors consisted of
20 radiation oncologists from academic institutions. For each insti-
tution, one radiation oncologist collected data by reviewing pa-
tients’ charts. To validate the quality of the collected data, the
PCS used an Internet mailing list including all of the surveyors.
On-site real-time checks and adjustments of the data input were
available to each surveyor and to the PCS committee.

Of the 1,286 patients comprising the PCS 1996 to 1998, 1999 to
2001, and 2003 to 2005 surveys, patients with a diagnosis of adeno-
carcinoma of the prostate were eligible for inclusion in the present
study unless they had one or more of the following conditions: (1)
hormone-refractory cancer; (2) evidence of distant metastasis; (3)
concurrent or prior diagnosis of any other malignancy; (4) prior ra-
diotherapy; (5) or prior prostatectomy. In the current study, we con-
sidered the exclusion of patients with concurrent or prior diagnosis
of nonmelanoma skin cancer would not affect the results of our PCS
survey because the incidence of nonmelanoma skin cancers in
Japan has been low compared to those in Western countries. A total
of 841 patients with clinically localized prostate cancer treated with
EBRT met these eligibility criteria and were selected for analysis
(1996-1998 PCS included 161 patients from 51 institutions;
1999-2001 PCS included 283 patients from 66 institutions; and
2003-2005 PCS included 397 patients from 61 institutions).
Criteria for institutional categories in the 1996 to 1998, 1999 to
2001, and 2003 to 2005 surveys have been detailed elsewhere
(10, 11). Briefly, the PCS divided Japanese institutions into

Volume M, Number M, 2010

academic institutions (university hospital or cancer center) and
nonacademic institutions (other hospitals).

In the current study, we used the risk groups utilized by D’ Amico
et al. (23), based on serum PSA level, biopsy, Gleason combined
score, and 1992 American Joint Commission on Cancer (AJCC)
clinical tumor category. Low-risk patients had a PSA of 10 ug/l
or less, a Gleason score of 6 or less, and a 1992 tumor category
of stage Tlc or T2a. Intermediate-risk patients had PSA levels of
10.1 to 20 ug/l or a Gleason combined score of 7 or a 1992
AJCC tumor category of stage T2b. High-risk patients had a PSA
level of more than 20 g/l or a Gleason combined score of 8 or
a 1992 AJCC tumor category of stage T2c.

Statistical analyses were performed using the Statistical Analysis
System at the PCS data center at Osaka University (24). Statistical
significance was tested using the chi-square test, Student’s 7 test,
and the Mann-Whitney U test. A probability level of 0.05 was chosen
for statistical significance.

RESULTS

Patient characteristics

Patient characteristics for the PCS surveys from 1996 to
1998, 1999 to 2001, and 2003 to 2005 are shown in Table 1.
There were significant increases over time in the proportion
of patients with stage T1 to T2 disease (34.6% of patients in
the 1996-1998 PCS; 48.2% of patients in the1999-2001
PCS; and 61.4% of patients in the 2003-2005 PCS) and de-
creases in median PSA values at diagnosis (: 22.0 ng/ml in
the 1996-1998 PCS; 20.0 ng/ml in the 1999-2001 PCS; and
14.9 ng/ml in the 2003-2005 PCS). Data for the Gleason com-
bined score were missing for 73.9% (119/161) of the patients
in the 1996 to 1998 PCS and for 39.6% (112/283) of the pa-
tients in the 1999 to 2001 PCS, while only 5.5% (22/397) of
patients were missing in the 2003 to 2005 PCS. The number
of patients in the low-risk group increased gradually over
time, while the number of patients in the high-risk group de-
creased gradually (Fig. 1). Table 1 and Fig. 2 indicate the rea-
sons for selecting radiotherapy during these different time
periods. There were significant increases over time in the
number of patients treated with radiotherapy by their own
choice (5.9% of patients in the 1996-1998 PCS; 26.5% of pa-
tients in the 1999-2001 PCS; and 41.4% of patients in the
2003-2005). This change in the rate of “patient choice” was
significantly different (p < 0.0001).

Treatment characteristics

Treatment characteristics are shown in Table 2. The fre-
quencies of radiation energies >10 MV, the use of portal or
electronic portal images, and all field treatment each day in-
creased gradually from 1996 to 1998 to 2003 to 2005. Also,
the frequency of computed tomography (CT)-based treat-
ment planning was 90.9% in 2003 to 2005, but 80.7% in
1996 to 1998, and 85.5% in 1999 to 2001. Moreover, the fre-
quency of conformal therapy increased more rapidly from
2003 to 2005 (84.9%) than from 1996 to 1998 (49.1%)
and 1999 to 2001 (50.2%).

Median radiation doses were 65.0 Gy and 68.4 Gy from
1996 to 1998 and from 1999 to 2001, respectively, increas-
ing up to 70 Gy from 2003 to 2005. Stratifying patients by
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Table 1. Patient and disease characteristics

Changing trends in radiotherapy for prostate cancer ® K. Ocawa e al.

PCS survey
1996-1998 1999-2001 2003-2005 Significance
Patient characteristic (n = 161 patients) (n = 283 patients) (n =397 patients) (p value)
Institution 51 66 61
Median age, years (range) 70.4 (46.5-89.8) 71.8 (49.7-92.2) 72.1 (50.7-87.7) 0.4556
Mean age + SD 70.8 + 8.1 71.8 £ 6.6 71.5 £ 6.1 0.3446
Median KPS % (range) 90 (40-100) 90 (50-100) 90 (60-100) <0.0001
Mean + SD 87.0 £ 8.9 89.1 £7.1 90.9 + 8.5 <0.0001
Missing data 7 8 0
Pretreatment PSA level (%)
Median PSA level (range) 21.95 (0.3-900.0) 19.99 (0.6-856.9) 14.94 (0.7-3,058.0) 0.0176
Mean PSA level + SD 51.5+93.5 54.1 4+ 99.5 48.2 +179.2 0.8719
<10 41/146 (28.1%) 771268 (28.7%) 121/391 (30.9%) 0.0066
10-19.9 25/146 (17.1%) 571268 (21.3%) 113/391 (28.9%)
=20 80/146 (54.8%) 134/268 (50.0%) 157/391 (40.2%)
Missing data 15 15 6
Lower pretreatment PSA level (%)
<4 17/146 (11.6%) 8/268 (3.0%) 9/391 (2.3%) <0.0001
=4 129/146 (88.4%) 260/268 (97.0%) 382/391 (97.7%)
Missing data 15 15 6
Differentiation (no. patients/total) (%)
Well 24/159 (15.1%) 62/264 (23.5%) 67/376 (17.8%) 0.0148
Moderate 79/159 (49.7%) 93/264 (35.2%) 152/376 (40.4%)
Poor 46/159 (28.9%) 93/264 (35.2%) 99/376 (26.3%)
Other 0/159 (0.0%) 2/264 (0.8%) 7/376 (1.9%)
Unknown 10/159 (6.3%) 14/264 (5.3%) 51/376 (13.6%)
Missing data 2 19 21
Gleason combined score (%)
2-6 11/42 (26.2%) 77/171 (45.0%) 118/375 (31.5%) 0.0014
7 18/42 (42.9%) 35/171 (20.5%) 134/375 (35.7%)
8-10 13/42 (31.0%) 59/171 (34.5%) 123/375 (32.8%)
Missing data 119 112 22
T stage (no. patients/total) (%)
TX-TO 1/159 (0.6%) 10/272 (3.7%) 1/394 (0.3%) <0.0001
T1 8/159 (5.0%) 22/272 (8.1%) 88/394 (22.3%)
T2 47/159 (29.6%) 109/272 (40.1%) 154/394 (39.1%)
T3-T4 102/159 (64.2%) 124/272 (45.6%) 134/394 (34.0%)
Unknown 1/159 (0.6%) 71272 (2.6%) 17/394 (4.3%)
Missing data 2 11 3
N stage (no. patients/total) (%)
NX-NO 136/157 (86.6%) 249/270 (92.2%) 372/394 (94.4%) 0.0038
N1 18/157 (11.5%) 15/270 (5.6%) 12/394 (3.0%)
Unknown 3/157 (1.9%) 6/270 (2.2%) 10/394 (2.5%)
Missing data -+ 13 3
Risk group (no. patients/total) (%)
Low risk 1/127 (0.8%) 16/242 (6.6%) 40/381 (10.5%) < 0.0001

Intermediate risk

High risk

Missing patient data
Reason for selection of RT

(no. patients/total) (%)

Patient choice

Advanced or high-risk disease

Intercurrent disease

Medical contraindication

Old age

Other

NA or unknown

Missing data

71127 (5.5%)
119/127 (93.7%)
34

8/136 (5.9%)
43/136 (31.6%)
0/136 (0.0%)
7/136 (5.1%)
37/136 (27.2%)
9/136 (6.6%)
32/136 (23.5%)

25

26/242 (10.7%)
200/242 (82.6%)
41

71/268 (26.5%)
83/268 (31.0%)
0/268 (0.0%)
36/268 (13.4%)
44/268 (16.4%)
8/268 (3.0%)
26/268 (9.7%)

15

107/381 (28.1%)
234/381 (61.4%)
16

159/384 (41.4%)
1217384 (31.5%)
62/384 (16.1%)
0/384 (0.0%)
94/384 (24.5%)
6/384 (1.6%)
27/384 (7.0%)

13

Abbreviations: KPS = karnofsky performance status; PSA = prostate-specific antigen; RT = radiotherapy; NA = data not available;

SD = standard deviation.
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Fig. 1. Distribution of patients with prostate cancer according to
risk group among 1996-1998, 1999-2001, and 2003-2005 Japanese
PCS surveys.

total dosage revealed that 24.8% of patients received total ra-
diation doses below 60 Gy in the 1996 to 1998 PCS, decreas-
ing to only 2.0% from 2003 to 2005. Also, only 17.4% of
patients received total doses of >70 Gy from 1996 to 1998,
which increased dramatically to 52.0% from 2003 to 2005
(Fig. 3). Increased radiation doses were administered pre-
dominantly in academic institutions (Table 2).

The percentage of patients receiving hormone therapy
from 2003 to 2005 (81.1%) was almost the same as that
from 1996 to 1998 (86.3%) and that from 1999 to 2001
(89.7%). Hormonal therapy was used before, during, and af-
ter radiotherapy for a mean duration of 30.1 £ 29.8 months,
43.9 4+ 36.7 months, and 40.6 + 34.3 months, respectively
(86.3% of patients in 1996-1998; 89.7% of patients in
1999-2001; and 81.1% in 2003-2005). The proportion of pa-
tients receiving hormone therapy was analyzed according to
risk group. Most patients in the intermediate- and high-risk
groups were treated with hormone therapy during 1996 to
1998, 1999 to 2001, and 2003 to 2005 survey periods
(Fig. 4). In the low risk-group, approximately 50% to 70%
of patients were treated with hormone therapy in the periods
1999 to 2001 and 2003 to 2005. We could not precisely an-
alyze the incidence of low-risk patients treated with hor-

315956-1958
£231999-200
m2003-2005

Patient Advanced  Medical Ol age Others Unk.
choice disease Contra~
ndication
Reason of Selsction of Radiotherapy

Fig. 2. Reasons of selection of EBRT for patients with prostate
cancer among 1996-1998, 1999-2001, and 2003-2005 Japanese
PCS surveys.

=
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mone therapy during the 1996 to 1998 period because only
1 patient, who was not treated with hormone therapy, was
available for this analysis.

FTE radiation oncologists

For academic institutions, the mean numbers of full-time
equivalent (FTE) radiation oncologists increased gradually
over time (results of the surveys for 1996-1998, 1999-
2001, and 2003-2005 were 2.13, 2.36, and 2.86, respec-
tively). For nonacademic institutions, the mean numbers of
FTE radiation oncologists also increased gradually over
time (results for 1996-1998, 1999-2001, and 2003-2005
were 0.57, 0.62, and 0.75, respectively), but the numbers
were extremely low compared with those in academic insti-
tutions.

Comparisons of changing trends in patient and treatment
characteristics between Japan and the United States

Changing trends between Japan and the United States
were analyzed with regard to patient and treatment charac-
teristics by using the US PCS data reported by Zelefsky
et al. (25). In Japan, the proportions of patients with stage
T3 to T4 disease and PSA levels >20 ng/ml decreased grad-
ually from 1996 to 1998 to 2003 to 2005, but the proportions
of patients with T3 to T4 disease, a Gleason score of 8 to 10,
and a PSA level of >20 ng/ml were over 30% among the
three surveys (Fig. 5a). On the other hand, in the United
States, the proportions of patients with T3 to T4 disease,
a PSA level of >20 ng/ml, and a Gleason score of 8 to 10
were almost the same, and the proportions of patients with
T3 to T4 disease, a PSA of >20 ng/ml, and a Gleason score
of 8 to 10 were approximately 20% or less during the survey
period (Fig.5b).

Regarding treatment characteristics, in Japan, the propor-
tions of patients receiving conformal radiotherapy and
higher radiation doses (72 Gy or more) increased, as
84.9% of patients were treated with conformal therapy,
and 16.9% of patients were treated with higher radiation
doses in 2003 to 2005. On the other hand, use of hormone
therapy was over 80% during the survey periods (Fig.6a).
In the United States, the proportions of patients receiving
hormone therapy and higher radiation doses (72 Gy or
more) increased continuously over the survey periods, and
the proportions of patients receiving hormone therapy and
higher radiation doses were approximately 45% to 50%
(Fig. 6b). Concerning conformal therapy in the United
States, 80% of patients were treated with conformal radio-
therapy in 1999, which was almost the same frequency as pa-
tients treated from 2003 to 2005 in Japan.

DISCUSSION

Results of the current study indicate that there were signif-
icant increases in the proportions of prostate cancer patients
with stage T1 to T2 disease and lower initial PSA values in
the 1996 to 2005 survey periods in Japan. Numbers of pa-
tients in the low-risk group increased gradually, while
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Table 2. Treatment characteristics

PCS survey

Treatment

1996-1998 (n = 161)

1999-2001 (n = 283)

2003-2005 (n = 397)

Significance (p value)

Received radiotherapy

Energy (=10 MV) (%)
Yes (no. patients/total) (%) 98/161 (60.9%) 208/279 (74.6%) 312/386 (80.8%) <0.0001
Missing data 0 4 11
Portal films or electric portal
images used (%)
Yes (no. patients/total) (%) 2107280 (75.4%) 388/397 (97.7%) <0.0001
Missing data 3 0
All fields treated each day (%)
Yes (no. patients/total) (%) 44/65 (67.7%) 215/283 (76.0%) 363/397 (91.4%) <0.0001
Missing data 96 0 0
CT-based treatment planning (%)
Yes (no. patients/total) (%) 130/161 (80.7%) 241/282 (85.5%) 361/397 (90.9%) 0.0006
Missing 0 1 0
Received conformal radiotherapy (%)
Yes (no. patients/total) (%) 79/161 (49.1%) 142/283 (50.2%) 337/397 (84.9%) <0.0001
Received pelvic irradiation (%)
Yes (no. patients/total) (%) 69/161 (42.9%) 102/283 (36.0%) 95/397 (23.9%) <0.0001
Radiation dose (cGy)
A+B (total)
Median (range) 6,500 (2,200-7,400) 6,840 (1,400-8,200) 7,000 (800-8,410) <0.0001
Mean + SD 6,090.9 &+ 990.5 6,602.9 + 731.1 6,764.0 + 621.9 <0.0001
A median (min-max) 6,500 (2,200-7,400) 6,600 (1,400-8,200) 7,000 (800-8,410) <0.0001
Mean + SD 6,250.9 + 976.8 6,610.3 £+ 766.5 6,855.8 + 708.0 <0.0001
B median (min-max) 5,940 ( 3,400-7,000) 6,900 (3,000-8,000) 6,600 (3,000-7,640) <0.0001
Mean + SD 5,622.4 + 885.6 6,592.6 + 681.9 6,654.9 &+ 480.5 <0.0001
Prescription dose levels (Gy)
(no. patients/total) (%)
<60 40/161 (24.8%) 17/282 (6.0%) 8/396 (2.0%) <0.0001
60-65 36/161 (22.4%) 56/282 (19.9%) 57/396 (14.4%)
65-70 57/161 (35.4%) 102/282 (36.2%) 125/396 (31.6%)
=70 28/161 (17.4%) 107/282 (37.9%) 206/396 (52.0%)
Missing data 0 1 1
Higher prescription dose levels
(no. patients/total) (%)
<72 159/161 (98.8%) 261/282 (92.6%) 329/396 (83.1%) <0.0001
=72 2/161 (1.2%) 21/282 (7.4%) 67/396 (16.9%)
Missing data 0 1 1
Received hormone therapy (%)
Yes (no. patients/total) (%) 138/160 (86.3%) 253/282 (89.7%) 3217396 (81.1%) 0.0284
No (no. patients/total) (%) 21/160 (13.1%) 29/282 (10.3%) 73/396 (18.4%)
Unknown 1/160 (0.6%) 0/282 (0.0%) 2/396 (0.5%)
Missing data 1 1 1
Received chemotherapy
Yes (no. patients/total) (%) 20/159 (12.6%) 17/274 (6.2%) 5/394 (1.3%) <0.0001
No (no. patients/total) (%) 137/159 (86.2%) 255/274 (93.1%) 387/394 (98.2%)
Unknown 2/159 (1.3%) 2/274 (0.7%) 2/394 (0.5%)
Missing data 2 9 3

Abbreviation: SD = standard deviation.

numbers of patients in the high-risk group decreased gradu-
ally. These results suggest that the likelihood of early-stage
prostate cancer patients being treated with radiotherapy is
greater than ever before in Japan. In the United States,
most of the prostate cancer patients have early-stage tumors,
and radiotherapy has been recognized as the first-line ther-
apy for prostate cancer (25-28). Because of the prevailing
use of PSA screening and the increasing number of
patients treated with radiotherapy in Japanese institutions

(29), the opportunities for treating early-stage prostate can-
cer patients with radical EBRT should increase even more
in the future.

In the current study, the data for a Gleason combined score
were missing for 73.9% of the patients in the 1996 to 1998
PCS and 39.6% of the patients in the 1999 to 2001 PCS,
while data for only 5.5% of the patients in 2003 to 2005
PCS were missing. These results suggest that previously in
Japan, physicians did not realize the importance of the
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Fig. 3. Distributions of total radiation doses of external beam ra-
diotherapy for patients with prostate cancer among 1996-1998,
1999-2001, and 2003-2005 Japanese PCS surveys.

Gleason combined score, but recently, they are becoming
aware that the Gleason combined score is of critical impor-
tance in the evaluation and management of prostate cancer
patients. Further studies are required to confirm whether
physicians in Japan will routinely use the Gleason combined
score in the management of prostate cancer patients in
future.

The current study also revealed a remarkable change in
the reason for choosing radiotherapy in Japan among the
1996 to 2005 survey periods. Only 5.9% of the patients
were treated with radiotherapy by their own choice from
1996 to 1998, but 41.4% of patients chose radiotherapy
from 2003 to 2005. EBRT did not become a popular treat-
ment modality for prostate cancer in Japan until the end of
the 1990s. A strong surgical tradition and an insufficient
number of radiation oncology centers capable of delivering
appropriate treatment prevented earlier dissemination of
this type of therapy. However, in conjunction with signifi-
cant improvements in the availability of new radiation treat-
ment planning technologies and methodologies for
treatment planning and delivery, Japanese patients are be-
coming increasingly aware of the effectiveness of radiother-
apy for prostate cancer (30, 31). Therefore, the increasing
percentage of patients choosing radiotherapy might reflect
a growing acceptance of radical external EBRT as one of
the main treatments for prostate cancer patients in Japan.

100
80
80
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[11996-1998
3 1898-2001
W 2003-2005

® 50

Low-risk Intermediate-risk High-risk

Risk Group
Fig. 4. Hormonal therapy distribution according to risk group for

prostate cancer in Japan among 1996-1998, 1999-2001, and
2003-2005 Japanese PCS surveys.
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Fig. 5. (a) Changing trend in patient characteristics in Japan. (b)
Changing trend in patient characteristic in the United States.
(Data from ZelefskyMJ, Moughan J, Owen J, et al. Changing trends
in national practice for external beam radiotherapy for clinically
localized prostate cancer: 1999 patterns of care survey for prostate
cancer. Int J Radiat Oncol Biol Phys 2004;59:1053-1061)

Moreover, the radiotherapy strategy appears to have
changed among the 1996 to 1998, 1999 to 2001, and 2003
to 2005 survey periods. The frequency of CT-based treat-
ment planning increased up to 90.9% in 2003 to 2005, and
the usage of conformal therapy increased rapidly from
2003 to 2005 (84.9%). The median radiation doses were
65.0 Gy and 68.4 Gy from 1996 to 1998 and from 1999 to
2001, respectively, increasing up to 70 Gy from 2003 to
2005. Also, the proportions of patients receiving total radia-
tion doses below 60 Gy decreased, while the proportions of
patients receiving total doses of >70 Gy increased rapidly
during the survey period (Fig. 3). These results indicate
that patients receiving lower radiation doses with obsolete
treatment equipment was more common between 1996 and
1998, while higher doses with high-technology radiation
equipment prevailed between 2003 and 2005. US PCS re-
sults indicate that many prostate cancer patients have been
routinely treated with total doses of >70 Gy in the United
States (25, 28). The use of increasing radiation doses in
Japan might reflect the widespread dissemination of
clinical trial results (32-35) and also a growing acceptance
by radiation oncologists and urologists that radical EBRT
is effective for treating prostate cancer (30, 31).

Results of the current study indicate that hormone therapy
was commonly used in conjunction with radiotherapy during
the survey period in Japan. Moreover, it was not only
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Fig. 6. (a) Changing trend in treatment characteristics in Japan. (b)
Changing trend in patient characteristics in the United States. (Data
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prostate-cancer mortality in a randomized European study. N Engl
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patients in the intermediate- and high-risk groups but also
patients in the low-risk group who were frequently treated
with hormone therapy during 1999 to 2001 and 2003 to
2005 (Fig. 4). However, several studies from the United
States have indicated that radical radiotherapy alone. could
control the disease in low-risk patients. Zietman et al. (34)
indicated that a total dose of 70 Gy was sufficient to control
the disease when the pretreatment PSA level was less than 10
ng/ml. Hanks et al. (35) found that prostate cancer patients
with a pretreatment PSA level of <10 ng/ml did not benefit
from a dose escalation above 70 Gy (35). Therefore, radical
EBRT without hormone therapy has been the primary treat-
ment for patients in the United States with low-risk diseases.
The high rate of health insurance coverage for Japanese peo-
ple may explain the frequent administration of hormone
therapy in Japan (36). Another reason may be that at present,
many Japanese radiation oncologists may consider the
higher dose levels (>72 Gy) unnecessary for prostate cancer
patients when combined with long-term hormone therapy.
Therefore, radical EBRT without hormone therapy should
also be the treatment of choice for low-risk patients in Japan.

In the current study, the mean numbers of FTE radiation
oncologists increased gradually over time in both academic
and nonacademic institutions. However, the median number
of FTE radiation oncologists remained low, especially in

nonacademic institutions. Publication data documenting
a progressive increase in the number of prostate cancer pa-
tients treated with radiotherapy in every institution, demon-
strating a need for both academic and nonacademic Japanese
institutions to upgrade their radiation equipment and to re-
cruit more radiation oncologists (29).

Changing trends between Japan and the United States
were analyzed with regard to patient and treatment charac-
teristics. In Japan, proportions of patients with T3 to T4 dis-
ease, a Gleason score of 8 to 10, and a PSA level of >20 ng/ml
were all over 30%, but proportions of patients with T3 to T4
disease and a PSA level of >20 ng/ml decreased gradually
during the survey period (Fig. 5a). In the United States, the
proportions of patients with T3 to T4 stage disease, a PSA
level of >20 ng/ml, and a Gleason score of 8 to 10 were
almost the same, and the proportions of patients with T3 to
T4 stage disease, a PSA level of >20 ng/ml, and a Gleason
score of 8 to 10 were approximately 20% or less during
the survey period (Fig.5b). These results indicate that
although patients in Japan had more advanced disease than
those in the United States, patient characteristics in Japan
have been changing, becoming more similar to patients in
the United States. Further studies are required to confirm
this finding.

Concerning treatment characteristics: in Japan, propor-
tions of patients receiving conformal radiotherapy and
higher radiation doses have been increasing, and 84.9% of
patients were treated with conformal therapy, and 16.9%
of patients were treated with higher radiation doses in
2003 to 2005 (Fig. 6a). In the United States, conformal ther-
apy was administered to 85% of patients in 1999, and higher
radiation doses (72 Gy or more) have increased continuously
from 1989 to 1999 (Fig. 6b). These results indicate that al-
though radiotherapy characteristics were still developing in
Japan compared to the United States, the proportions of
modern radiotherapy have been increasing both in Japan
and the United States during the survey period.

The percentage of patients receiving hormone therapy re-
mained high during the periods from 1996 to 1998 to 2003 to
2005 in Japan. On the other hand, there was a rapid increase
in the use of hormone therapy in the United States from 1994
to 1999. The significantly increased use of hormone therapy
for high-risk patients in the United States reflects the pene-
tration and growing acceptance of clinical trial results that
have demonstrated the efficacy of these treatment ap-
proaches (32, 33). The randomized Radiation Therapy
Oncology Group 8610 trial demonstrated an increase in
disease-free survival at 2 years (76% vs. 62% survival) for
locally advanced prostate cancer patients treated with neoad-
juvant total androgen blockade plus radiation compared to
those treated with radiation therapy alone (33). In Japan, hor-
mone therapy was administered to approximately 90% of pa-
tients with high-risk disease, and these high rates of hormone
therapy have continued for several years. Therefore, radio-
therapy in conjunction with hormone therapy appears to be
an accepted approach for the unfavorable risk group in Japan
and in the United States.

—273—



8 I. J. Radiation Oncology @ Biology @ Physics

CONCLUSIONS

By comparing the PCS results of 1996 to 1998, 1999 to
2001, and 2003 to 2005 surveys, we can delineate changes
in the process of care for prostate cancer patients treated
with radiotherapy in Japan. Study data indicate a trend to-
ward increasing early-stage disease and increasing propor-
tions of patients treated with higher radiation doses with
advanced equipments, suggesting that radical EBRT is gain-
ing acceptance as a first-line treatment for prostate cancer in

Volume M, Number M, 2010

Japan. Also, our results indicate that patterns of care for
prostate cancer in Japan are becoming more similar to those
in the United States. In the future, to optimize the delivery of
radiotherapy, more advanced equipment and more FTE radi-
ation oncologists are warranted. Also, repeat surveys and
point-by-point comparisons of results from other countries,
such as the United States, will demonstrate how EBRT for
prostate cancer has been developed and optimized for
patients in Japan.
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INTRAOPERATIVE RADIOTHERAPY FOR RESECTED PANCREATIC CANCER:
A MULTI-INSTITUTIONAL RETROSPECTIVE ANALYSIS OF 210 PATIENTS
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Purpose: To retrospectively analyze the results of intraoperative radiotherapy (IORT) with or without external
beam radiotherapy (EBRT) for resected pancreatic cancer.

Methods and Materials: The records of 210 patients treated with gross complete resection (R0: 147 patients; R1: 63
patients) and IORT with or without EBRT were reviewed. One hundred forty-seven patients (70.0%) were treated
without EBRT and 114 patients (54.3%) were treated in conjunction with chemotherapy. The median doses of
IORT and EBRT were 25 Gy (range, 20-30 Gy) and 45 Gy (range, 20-60Gy), respectively. The median follow-
up of the surviving 62 patients was 26.3 months (range, 2.7-90.5 months).

Results: At the time of this analysis, 150 of 210 patients (71.4%) had disease recurrences. Local failure was ob-
served in 31 patients (14.8%), and the 2-year local control rate in all patients was 83.7%. The median survival
time and the 2-year actuarial overall survival (OS) in all 210 patients were 19.1 months and 42.1%, respectively.
Patients treated with IORT and chemotherapy had a significantly more favorable OS than those treated with IORT
alone (p = 0.0011). On univariate analysis, chemotherapy use, degree of resection, carbohydrate antigen 19-9, and
pathological N stage had a significant impact on OS and on multivariate analysis; these four factors were signif-
icant prognostic factors. Late gastrointestinal morbidity of NCI-CTC Grade 4 was observed in 7 patients (3.3%).
Conclusion: IORT yields an excellent local control rate for resected pancreatic cancer with few frequencies of se-
vere late toxicity, and IORT combined with chemotherapy confers a survival benefit compared with that of IORT
alone. © 2010 Elsevier Inc.

Radiotherapy, Intraoperative radiotherapy, Pancreatic neoplasms, Complete resection.

INTRODUCTION microscopic disease, which generally requires higher doses
of external beam radiotherapy (EBRT) with standard frac-
tionation (7). Therefore, integrated therapy represents an im-
portant strategy for improving the prognosis of this disease.

Intraoperative radiotherapy (IORT) is an attractive strategy

Pancreatic cancer is one of the leading causes of cancer death
worldwide. The prognosis of patients with this disease re-
mains extremely poor, with a 5-year survival rate after diag-
nosis of less than 5%. Only a small percentage of patients

(10-20%) are candidates for surgical resection (1-3). How- to reduce the risk of local recurrence after surgical resection
ever, even if curative resection is performed, 5-year survival in cases where tumors are operable. This technique allows for
rates are approximately 10-20%, and approximately 50% of administration of a single high dose of ionizing radiation dur-
patients experience local recurrence after gross complete ing the surgical intervention targeted at the surgical bed to
resection (4-6). The high rate of local recurrence after sur- eliminate any microscopic remains of tumor, and it has the
gery is most likely due to the frequent presence of residual advantage of enabling healthy tissues to be displaced and
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