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Postoperative External Beam Radiotherapy
for Resected Pancreatic Adenocarcinoma:
Impact of Chemotherapy on Local Control and Survival
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Abstract. Aim: To analyze retrospectively the results of
postoperative external beam radiotherapy (EBRT) for
resected pancreatic adenocarcinoma. Patients and Methods:
The records of 47 patients treated with gross complete
resection (RO: 24 patients, RI1: 23 patients) and post-
operative EBRT were reviewed. The median dose of EBRT
was 50 Gy (range, 12-60 Gy), and chemotherapy was used
in 37 patients (78.7%). The median follow-up period for all
47 patients was 144 months (range, 0.9-67.9 months).
Results: At the time of this analysis, 24 patients (51.1%) had
disease recurrence. Local failure was observed in 10 patients
(21.3%), and the 2-year local control (LC) rate in all
patients was 68.7%. Patients treated with EBRT and
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chemotherapy had a significantly more favorable LC (2-year
LC rate: 76.0%) than those treated with EBRT alone (2-year
LC rate: 40%, p=0.0472). The median survival time and the
2-year actuarial overall survival (OS) in all 47 patients were
30.0 months and 54.5%, respectively. Patients treated with
EBRT and chemotherapy had a significantly more favorable
OS (2-year OS rate: 61.6%) than those treated with EBRT
alone (2-year OS: 25.0%, p=0.0454). On univariate ana-
lysis, chemotherapy use alone had a significant impact on
OS, and on multivariate analysis, chemotherapy use also was
a significant prognostic factor. There were no late morbi-
dities of NCI-CTC Grade 3 or greater. Conclusion: Post-
operative EBRT with chemotherapy yields a favorable LC
rate for resected pancreatic adenocarcionoma, and EBRT
combined with chemotherapy confers a survival benefit
compared to EBRT alone.

Pancreatic cancer is one of the leading causes of cancer
death worldwide. The prognosis of patients with this disease
remains extremely poor, with a 5-year survival rate after
diagnosis of less than 5%. Only a small percentage of
patients (10-20%) are candidates for surgical resection (1, 2).
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Table 1. Patient and disease characteristics.

Table II. Treatment characteristics.

No. of No. of
patients % Treatment patients %

Age (median: 65 years) Radiation field

<70 34 723 Primary+LN 26 553

=70 13 27.7 Primary only 21 447
Gender Total radiation dose (Gy) (median: 50)

Female 19 404 less than 40 6 12.8

Male 28 59.6 40-49.9 5 10.6
Primary site 50-54.9 32 68.1

Head 32 68.1 55 or more 4 8.5

Body 15 31.9 CT-based treatment planning
Maximum tumor size (cm) (median: 3 cm) Yes 35 74.5

<3.0 cm 21 44.7 No 12 255

=3.0cm 19 404 Conformal therapy

Unknown 7 Yes 35 74.5
ECOG Performance status scale No 12 255

0 19 404 Chemotherapy use

1 2 44.7 Yes 37 78.7

2 4 8.5 No 10 213

Unknown 3 6.4 GEM use
CA19-9 (U/ml) (median: 131.5) Yes 30 63.8

<500 32 68.1 No 17 36.2

=500 9 19.1

Unknown 6 12.8 LN, Regional lymph nodes; CT, computed tomography. GEM,
Pathological T stage (UICC 2002) gemcitabine.

1 2 43

2 12 253

3 21 44.7

4 12 253 addition of chemoradiotherapy to surgical resection (7).
Pathological N stage (UICC 2002) Recently, several retrospective reports with a large number

(1) ég 43123 of patients have also suggested the efficacy of adjuvant

Unknown 6 ’ chemoradiotherapy for resected pancreatic cancer on survival
Degree of resection compared with postoperative observation alone (11, 12).

RO 24 50.1 However, the precise role of adjuvant external beam

R1 23 48.9

ECOG, Eastern Cooperative Oncology Group. CA19-9, carbohydrate
antigen 19-9. UICC, International Union Against Cancer.

However, even if curative resection is performed, 5-year
survival rates are approximately only 10-20% (3-5). Such
dismal outcomes are caused in large part by high rates of
locoregional and distant failure, even in patients with early-
stage tumors (5, 6). These patterns of failure suggest that
both systemic and local adjuvant therapy may have a positive
impact on survival.

To improve the survival after surgical resection for
pancreatic cancer, researchers have explored adjuvant
radiotherapy and chemotherapy. Although the role of
adjuvant chemoradiotherapy for resected pancreatic cancer
remains controversial, several reports have indicated the
efficacy for combined chemotherapy and radiotherapy (7-10).
The Gastrointestinal Tumor Study Group (GITSG) conducted
a randomized trial and reported a survival benefit with the
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radiotherapy (EBRT) for patients undergoing resection for
pancreatic cancer remains unclear.

In the current study, we reviewed a retrospective and
multi-institutional series of 47 patients with pancreatic
adenocarcinoma who underwent gross complete resection
followed by EBRT, and evaluated the efficacy and safety of
postoperative EBRT alone and with chemotherapy.

Patients and Methods

The Japanese Radiation Oncology Study Group (JROSG) conducted
a nationwide questionnaire survey regarding radiotherapy for
patients with non-metastatic pancreatic cancer patients treated
between 2000 and 2006. The questionnaire included detailed
information regarding patient characteristics, treatment chara-
cteristics and treatment outcomes. Details of the JROSG survey have
been described elsewhere (13-15). In brief, 34 radiation oncology
centers in Japan which belong to the JROSG agreed to participated
in this survey, and detailed information on 870 patients was
acquired. Of these, 51 patients were treated with gross complete
resection and postoperative EBRT. The histology of 47 patients was
adenocarcinoma, | patient had anaplastic carcinoma, and 3 patients
had no histological information. These latter 4 patients were
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Table II1. Agents and chemotherapy schedules (n=114).

No. of patients

No. of actual Timing
patients (%) Before RT During RT After RT
No. of actual patients (%) 37 (100%) 23 (20.2%) 40 (35.1%) 97 (85.1%)
Drug
GEM 30 (81.1%) 9* 19%* 10*
S-1 5 (13.5%) 1% 0 5%
UFT 5 (13.5%) 1* 4% 0
5FU 4 (10.8%) 1% 3% 1%
CDDP 3 (8.1%) 1% 2% 1%
RT, Radiotherapy. GEM, gemcitabine; FU, fluorouracil; CDDP, cisplatin; UFT, tegafur/uracil; S-1, a combination of tegafur, S5-chloro-2,

4-dihydroxypyridine, and oteracil potassium. *When combination chemotherapy was used, each drug of the combination was counted.

excluded from this analysis, and the remaining 47 patients with
histologically diagnosed adenocarcinoma were included in the
current study.

Patient and disease characteristics in all 47 patients are shown in
Table 1. The median age of all patients was 65 years (range, 39-83
years) and Eastern Cooperative Oncology Group (ECOG)
performance status (PS) ranged from O to 2 (median: 1). One-
hundred and fifty-two patients (70.0%) had RO resection and the
remaining 65 patients had R1 resection (RO: gross complete
resection with negative margins, R1: gross complete resection with
positive margins). We used the tumor staging system devised by the
Union Internationale Contre le Cancer (16). Of the 47 patients, 33
(70%) had pathological T3-4 disease, and approximately 50% of
patients had pathological N1 diseases. The median maximum tumor
size was 3.0 cm (range, 0.9-10.0 cm) and the median serum
concentration of carbohydrate antigen 19-9 (CA19-9) was 167.9
U/ml (range: 4.9-13,080 U/ml). All patients underwent total or
regional pancreatectomy with radical lymph node dissection of the
para-aortic area as well as peripancreatic regional nodes. Total
pancreatectomy, distal pancreatectomy, pancreaticoduodenectomy
and the Appleby procedure was performed for 6, 8, 32 and 1
patients, respectively.

Treatment characteristics in all 47 patients are shown in Table II.
The total doses of EBRT (International Commission on Radiation
Units and Measurements 50) ranged from 12 to 60 Gy (median: 50
Gy), with a single fraction of 1.8-2 Gy 5 days per week. The
treatment field of EBRT consisted of the primary tumor only in
44.7% of patients and the primary tumor plus regional lymph nodes
in the remaining 55.3% of patients. Computed tomography (CT)-
based treatment planning and conformal radiotherapy were both
used in 74.5% (35/47) of patients.

Chemotherapy was administered to 37 patients (78.7%). Agents
and chemotherapy schedules are described in Table III. When
administering gemicitabine (GEM) before and during radiotherapy, a
dose of 1,000 mg/m?2 was usually administered weekly for 3 weeks
with a 1-week rest, depending on response and toxicity. Some patients
received GEM at a dose of 250-350 mg/m? intravenously weekly
during radiotherapy for approximately 6 weeks. GEM maintenance
chemotherapy was usually given at 1,000 mg/m?2 weekly for 3 weeks
with a 1-week rest until disease progression or unacceptable toxicity.
5-Fluorouracil (5-FU) was generally administered via continuous

infusion at 200-300 mg/m?/day daily just prior to each irradiation as
part of the chemoradiotherapy protocol. After the completion of
chemoradiotherapy, patients continued receiving 300-400 mg/m? 5-
FU intravenous bolus infusion until CT evaluation revealed tumor
progression. S-1 was administered orally twice daily on the day of
irradiation during and after radiotherapy. S-1 doses ranged from 60
to 80 mg/m2. Patients treated with cisplatin (CDDP) received
approximately 5 mg/m?2 during and/or after radiotherapy. Tegafur-
uracil (UFT) was administered at 300 mg/m? daily during and/or after
radiotherapy.

In the current study, there were no definitive treatment policies for
pancreatic cancer during the survey period; thus treatment was
determined by the respective physicians at each institution. We
assigned 47 patients into 2 treatment modality groups by
chemotherapy use (yes vs. no) to determine whether the
chemotherapy use influenced patient characteristics (Table IV).
There were no significant differences in patient characteristics, such
as tumor size, CA19-9 level and pathological stages based on
classification by chemotherapy use.

The median follow-up of all 47 patients was 14.4 months (range,
0.9-67.9 months). Overall survival (OS), progression-free survival
(PFES), metastasis-free rates and local control (LC) rates were
calculated actuarially according to the Kaplan-Meier method (17)
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 (18). Multivariate analysis
was performed using the Cox regression model (19). A probability
level of 0.05 was chosen for statistical significance. Statistical
analysis was performed using the SPSS software package (version
11.0, SPSS, Inc, Chicago, IL, USA). Late complications were
graded in accordance with the National Cancer Institute-Common
Terminology Criteria (NCI-CTC) Version 3.0.

Results

At the time of this analysis, 24 patients (51.1%) had disease
recurrences (local only in 5 patients, regional lymph nodes
only in 1 patient, liver only in 4 patients, peritoneum only in
4 patients, lung only in 4 patients, and multiple sites in 6
patients). For 6 patients with multiple recurrences, 5 patients
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Table IV. Comparisons of patient characteristics according to
chemotherapy use.

With Without
chemotherapy chemotherapy  p-Value
Total no. of patients 37 10
Age (years)
<70 28 6 0.3255
=70 9 4
Gender
Female 13 6 0.1551
Male 24 4
Tumor site
Head 27 5 0.2721
Body 10 5
Tumor size (cm)
<3 15 6 0.3337
>3 16 3
Unknown 6 1
CA19-9 level (U/ml)
< 500 27 5 0.0650
= 500 5 4
Unknown 5 1
ECOG PS
0 14 5 0.6205
1-2 20 5
Unknown 3 0
Pathological T stage
T1-2 9 5 0.1152
T3-4 28 5
Pathological N stage
NO 15 3 0.4696
N1 17 6
Unknown 5 1

EBRT, External beam radiotherapy. ECOG PS, Eastern Cooperative
Oncology Group performance status.

had a simultaneous local recurrence. Therefore, local
recurrence occurred in a total of 10 patients (21.3%). The 2-
year actuarial LC rate in all 47 patients was 68.7% (Figure
1). Patients who received chemotherapy had a statistically
significantly higher LC rate than those who received EBRT
alone (p=0.0472), and the 2-year actuarial LC rates in patients
with chemotherapy use and those without chemotherapy use
were 76.0% and 40.0%, respectively (Table V, Figure 2). On
the other hand, other factors, such as CA19-9 level,
pathological T stage, pathological N stage, degree of resection
and total radiation dose, did not influence LC (Table V).
Eighteen out of 47 patients (38.3%) died during the period
of this analysis. Of these 18 patients, 16 died of pancreatic
cancer and the remaining 2 died without any sign of clinical
recurrence (1 died of concurrent disease, 1 died of unknown
cause). The 2-year actuarial PFS rate and the median time to
progression for all 17 patients were 33.5% and 12.2 months,
respectively (Figure 1). Table V indicates the metastasis-free
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Figure 1. Local control (LC) and progression-free survival (PFS) curves
for 47 patients with pancreatic cancer who were treated with gross
complete resection and postoperative external beam radiotherapy
(EBRT).
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Figure 2. Local control (LC) curves according to chemotherapy use in
patients with pancreatic cancer who were treated with gross complete
resection and postoperative external beam radiotherapy (EBRT). A
significant difference in LC was observed between chemotherapy use
and no chemotherapy use (p=0.0472).

rates according to various potential factors. Chemotherapy
use significantly influenced the metastasis-free rates, while
CA19-9, pathological T stage, pathological N stage, degree
of resection and total radiation dose did not influence the
metastasis-free rate. Figure 3 indicates the OS curves for all
47 patients. The median survival time and the 2-year
actuarial OS rate in all 47 patients were 30.0 months and
54.5%, respectively. Concerning the use of chemotherapy,
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Table V. Local control rates (LCR) and metastasis-free rates (MFR) according to the CAA19-9 level, pathological T stage, pathological N stage,

degree of resection, total radiation dose and chemotherapy use.

No. of 2-Year 2-Year
patients LCR (%) p-Value MEFR (%) p-Value
CA19-9 (U/ml)
<500 32 61.8 0.1272 542 0.3565
=500 9 100.0 0.0
Pathological T stage
T1-2 14 65.6 0.8825 54.0 0.8092
T3-4 33 70.5 53.8
Pathological N stage
NO 18 73.9 0.3844 559 0.3698
N1 23 63.8 50.7
Degree of resection
RO 24 71.8 0.5789 659 0.1804
R1 23 61.8 404
Total radiation dose (Gy)
<50 Gy 11 90.0 0.5046 68.6 0.7340
=50 Gy 36 65.0 427
Chemotherapy use
Yes 37 76.0 0.0472 614 0.0119
No 10 40.0 0.0

LCR, Local control rate; MFR, metastasis-free rate; CA19-9, carbohydrate antigen 19-9.

0.5-

Probability of OS

0.0

0 12 24 36 48 60

Duration (months)

Figure 3. Actuarial overall survival (OS) curves for 47 patients with
pancreatic cancer who were treated with gross complete resection and
postoperative external beam radiotherapy (EBRT).

patients treated with chemotherapy had significantly higher
OS rate than those treated without chemotherapy (p=0.0454)
and the 2-year OS rates in patients treated with
chemotherapy and those treated without chemotherapy were
61.6% and 25.0%, respectively (Figure 4). On univariate
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Figure 4. Actuarial overall survival (OS) curves according to
chemotherapy use in patients with pancreatic cancer who were treated
with gross complete resection and postoperative external beam
radiotherapy (EBRT). A significant difference in OS was observed
between chemotherapy use and no chemotherapy use (p=0.0454).

analysis, chemotherapy use alone had a significant impact on
OS and on multivariate analysis, chemotherapy use also was
a significant prognostic factor (Tables VI and VII). Other
factors such as tumor size, PS and total radiation dose did
not influence OS.
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Table VI. Univariate analysis of various potential prognostic factors for
overall survival in patients with resected pancreatic cancer treated with
postoperative EBRT.

Univariate analysis

No. of 08, 2-
patients  year rate (%) p-Value

Degree of resection
RO 24 62.3 0.9198
R1 23 513

Chemotherapy use
Yes 37 61.6 0.0454
No 10 250

CA19-9 (U/ml)
<500 32 67.9 0.0552
>500 9 313

Pathological N stage
NO 18 659 0.4520
N1 23 39.1

Tumor size (cm)
<3 21 64.5 0.7163
>3 19 46.4

RT field
Local only 21 545 0.8843
Local + LN 26 54.0

ECOG Performance status
0 19 38.1 0.2693
1-2 25 66.1

Gender
Female 19 62.2 0.7466
Male 28 45.1

Age (years)
<70 34 414 0.1560
>70 14 82.5

Tumor site
Head 32 48.1 09189
Body 15 67.0

Total radiation dose (Gy)
<50 11 343 0.4020
>50 36 57.7

Pathological T stage
T1-2 14 77.1 0.3334
T3-4 33 479

EBRT, External beam radiotherapy; LN, regional lymph nodes; ECOG,
Eastern Coopreative Oncology Group; CA19-9, carbohydrate antigen 19-9.

At the time of this analysis, 1 out of 47 patients (2.1%) had
survived for more than 5 years and LC had been maintained.
Concerning the adverse effects, there were no late morbidities
of NCI-CTC grade 3 or greater in any of the 47 patients.

Discussion
The current study indicates that postoperative EBRT with

chemotherapy yields a favorable LC rate for resected
pancreatic adenocarcinoma, with a 2-year LC rate of 76.0%.
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Several reports have also demonstrated the efficacy of
postoperative EBRT with chemotherapy on LC (20, 21).
Whittington et al. treated 20 patients with resected pancreatic
adcenocarcinoma by adjuvant radiotherapy and 5-FU
chemotherapy, and local recurrence occurred in only 25% of
the patients (20). On the other hand, in the current study, the
LC in patients treated with EBRT alone was significantly
lower (2-year LC rate: 40%) compared to LC in patients
treated with EBRT and chemotherapy. Therefore, our results
strongly suggest that EBRT does not appear to be effective in
preventing local recurrence. Concerning EBRT alone,
approximately 40-50% of patients treated with adjuvant
EBRT have been reported to develop local recurrence even
after complete resection (4, 6, 22). Considering the lower LC
rate in patients treated with EBRT alone, postoperative
EBRT in addition to chemotherapy appears to be a
reasonable treatment option to achieve LC in patients with
resected pancreatic adenocarcinoma.

Although the efficacy of postoperative EBRT with
chemotherapy for LC is apparent, the optimal use of EBRT,
such as appropriate radiation dose and field, remains
unclarified. The NCCN guidelines have recommended that
postoperative radiotherapy should be administered at a dose
of 45-54 Gy (1.8-2.0 Gy/day) (23). However, the standard
dose (45-54 Gy) of postoperative radiotherapy alone did not
seem to be effective in preventing local recurrence in the
current study. Bosset et al. treated 14 patients with 54 Gy
postoperative radiotherapy alone, but found a 50% incidence
of local recurrence (22). If microscopic residual disease
exists after gross total resection, the EBRT dose necessary
to accomplish local control appears to be 60 Gy or more in
1.8-2 Gy fractions (24). However, radiation doses of 60 Gy
or more may have higher risks of late complications.
Therefore, additional therapies, such as adjuvant chemo-
therapy, are required to improve LC in patients with resected
pancreatic cancer when treated with 45-54 Gy EBRT.

Concerning the extent of the radiation field, our results
indicated that for approximately 45% of patients, the primary
tumor bed only was treated with EBRT. Although the optimal
radiation field for pancreatic cancer remains to be defined, the
NCCN practice guidelines have recommended that when 5-
FU-based chemoradiotherapy is used, the treatment volumes
should include the primary tumor location and the regional
lymph nodes (23). However, in the current study, most patients
were treated with GEM, and several reports have indicated that
the rate of severe toxicity is greater in patients treated with
GEM-based chemoradiotherapy than in those treated with 5-
FU-based chemoradiotherapy (25). Additional studies investi-
gating the optimal radiation field when using chemotherapy
drugs, such as GEM, should be conducted.

Despite the relatively favorable LC rates in patients treated
with EBRT and chemotherapy, the role of EBRT and
chemotherapy on survival for these patients remains
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Table VII. Multivariate analysis of potential prognostic factors for
overall survival in patients with resected pancreatic cancer treated with
postoperative radiotherapy.

Variable RR (95% CI) p-Value
Chemotherapy use (Yes vs. No) 5.192 (1.533-17.585)  0.008
CA19-9 (<500 U/ml vs. >500 U/ml) 0.181 (0.032-1.008) 0.051

RR, Relative risk; CI, confidence interval; CA, carbohydrate antigen.

controversial (7-10, 20-25). The Gastrointestinal Tumor
Study Group (GITSG) conducted a randomized trial, and the
median survival for the chemoradiotherapy group (20
months) was significantly longer than that for the observation
group (11 months) (7). In contrast, recent randomized trials
conducted by the European Organization for Research and
Treatment of Cancer (EORTC) and the European Study
Group for Pancreatic Cancer (ESPAC-1) have shed doubt on
the benefit of adjuvant chemoradiotherapy (8, 9). In addition,
the Pancreatic Cancer Meta-analysis Group reviewed the
patient data from several randomized trials, and their results
did not identify a survival advantage or disadvantage for
adjuvant chemoradiotherapy, but they did report an
improvement in survival with adjuvant chemotherapy (10).
Therefore, it is important to evaluate possible factors affec-
ting the prognosis of patients who receive EBRT and
chemotherapy.

Several previous studies have suggested potential prognostic
factors associated with OS, such as tumor size, negative lymph
nodes, negative CA19-9 and degree of resection in patients
treated with macroscopically gross resection (20, 24, 26, 27). In
the current study, chemotherapy use alone was an independent
prognostic factor for OS. Moreover, chemotherapy use
significantly affected the metastasis-free rate. Therefore, our
results indicate that distant metastasis remains as the major
problem negatively affecting survival in these patients. Several
other reports have indicated that the local and distant
recurrence rates vary from 12%-50% and 42%-94%,
respectively, for patients with resected tumors treated with
gross complete resection and radiotherapy (28-31). Therefore,
in addition to achieving local control, preventing distant
metastasis is necessary for improving the prognosis of patients
with resectable pancreatic cancer.

Our results indicated that EBRT combined with
chemotherapy confers a survival benefit on pancreatic cancer
patients compared to EBRT alone. The use of chemotherapy
also reduced the metastasis-free rate, suggesting that
chemotherapy may prevent distant metastasis of these
tumors. Therefore, adjuvant EBRT alone was insufficient for
resected pancreatic cancer. Recent reports have indicated that
adjuvant radiotherapy and chemotherapy improves survival
after surgery when compared with patients with observation

alone (11, 12). Herman et al. analyzed 908 patients who
were treated with pancreaticoduodenectomy and found that
adjuvant concurrent 5-FU-based chemotherapy and
radiotherapy significantly improves OS when compared with
patients not receiving chemotherapy and radiotherapy (11).
Corsini et al. evaluated the results of 472 patients treated
with RO resection, and OS was better in patients who
received adjuvant chemotherapy and radiotherapy than those
not receiving chemotherapy and radiotherapy (12).

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 GEM
was found to be marginally superior in clinical benefit and
survival compared to 5-FU, and a single-agent GEM 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). Timing of chemotherapy has also become a major
concern for these patients. Although adjuvant chemora-
diotherapy 1is often tried, an alternative approach to
delivering adjuvant chemoradiotherapy, which should be
evaluated further, is as preoperative treatment. Recent reports
have indicated the favorable results using neoadjuvant
chemotherapy with median survivals of 18-22 months for
patients with resectable tumors (37, 38). Further evaluations
of optimal timing of radiotherapy and chemotherapy should
be performed to optimize treatment outcomes for patients
with resected pancreatic cancer.

Concerning the long-term survival, one patient (2.1%) in
our series survived for more than 5 years and LC was achieved
for this patient. Recent reports have also indicated that
achieving LC is associated with improved survival for patients
with resected tumors (39, 40). Valentini et al. indicated that
patients with achieving LC had significantly favorable OS (3-
year OS: 28.4%) than patients without achieving local control
(3-year OS: 11.9%) for patients with resected tumors (39).
These results suggested that while metastasis still remains a
primary treatment challenge for treatment of pancreatic cancer,
improvement of LC with EBRT may improve survival of
patients with less disseminated diseases.

In the current study, the frequency of severe late toxicity was
0%, highlighting the safety of combined EBRT and
chemotherapy. Several reports have also described the
feasibility of radiotherapy for long-term survivors of pancreatic
cancer (11, 12). Further studies are required to determine the
optimal timing and dose of EBRT in this setting.

In conclusion, our results indicated that postoperative EBRT
with chemotherapy yields a favorable LC rate for patients with
resected pancreatic cancer without causing severe late toxicity.
Our results also suggest that EBRT combined with
chemotherapy confers a survival benefit compared to EBRT
alone. Therefore, we conclude that EBRT alone is insufficient,
and EBRT combined with chemo-therapy appears to be the
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adjuvant treatment of choice after gross complete resection.
However, this study was a retrospective one with various
treatment modalities, and further prospective studies are
required to confirm our results.

Conflict of Interest
There is no conflict of interest regarding the study.
References

1 Jemal A, Siegel R, Siegel R, Ward E, Hao Y, Xu J and Thun MJ:
Cancer statistics, 2008. CA Cancer J Clin 58: 71-96, 2008.

2 Gudjonsson B: Cancer of the pancreas. 50 Years of surgery.
Cancer 60: 2284-303, 1987.

3 Tepper J, Nardi G and Sutt H: Carcinoma of the pancreas:
review of MGH experience from 1963 to 1973. Analysis of
surgical failure and implications for radiation therapy. Cancer
37: 1519-24, 1976.

4 Rich TA, Evans DB, Curley SA and Ajani JA: Adjuvant
radiotherapy and chemotherapy for biliary and pancreatic cancer.
Ann Oncol 5 Suppl 3: 75-80, 1994.

5 Griffin JF, Smalley SR, Paradelo JC, Reymond RD, Hassanein
RE and Evans RG: Patterns of failure after curative resection of
pancreatic carcinoma. Cancer 66: 56-61, 1990.

6 Evans DB, Abbruzzese JL and Rich TA. Cancer of the pancreas.
In: Cancer, Principles and Practice of Oncology. DeVita VT Jr.,
Hellmann S and Rosenberg AS (eds.). 5th edition. Philadelphia,
Lippincott, pp. 1054-1087, 1997.

7 Kasler MH and Ellenberg SS: Pancreatic cancer. Adjuvant
combined radiation and chemotherapy following curative
resection. Arch Surg 720: 899-903, 1985.

8 Klinkenbijl JH, Jeekel J, Sahmoud T, van Pel R, Couvreur ML,
Veenhof CH, Arnaud JP, Gonzalez DG, de Wit LT, Hennipman A
and Wils J: Adjuvant radiotherapy and 5-fluorouracil after
curative resection of cancer of the pancreas and periampullary
region: phase III trial of the EORTC gastrointestinal tract cancer
cooperative group Ann Surg 230: 776-782, 1999.

9 Neoptolemos JP, Stocken DD, Friess H, Bassi C, Dunn JA,
Hickey H, Beger H, Fernandez-Cruz L, Dervenis C, Lacaine F,
Falconi M, Pederzoli P, Pap A, Spooner D, Kerr DJ and Biichler
MW: European Study Group for Pancreatic Cancer: A
randomized trial of chemoradiotherapy and chemotherapy after
resection of pancreatic cancer. N Engl J Med 350: 1200-1210,
2004.

10 Stocken DD, Biichler MW, Dervenis C, Bassi C, Jeekel H,

Klinkenbijl JH, Bakkevold KE, Takada T, Amano H and

Neoptolemos JP: Pancreatic Cancer Meta-analysis Group: Meta-

analysis of randomised adjuvant therapy trials for pancreatic

cancer. Br J Cancer 92: 1372-1381, 2005.

Herman JM, Swartz MJ, Hsu CC, Winter J, Pawlik TM, Sugar E,

Robinson R, Laheru DA, Jaffee E, Hruban RH, Campbell KA,

Wolfgang CL, Asrari F, Donehower R, Hidalgo M, Diaz LA Jr.,

Yeo C, Cameron JL, Schulick RD and Abrams R: Analysis of

fluorouracil-based adjuvant chemotherapy and radiation after

pancreaticoduodenectomy for ductal adenocarcinoma of the
pancreas: results of a large, prospectively collected database at

the Johns Hopkins Hospital. J Clin Oncol 26: 3503-3510, 2008.

1

—

2966

12 Corsini MM, Miller RC, Haddock MG, Donohue JH, Farnell
MB, Nagorney DM, Jatoi A, McWilliams RR, Kim GP, Bhatia S,
Iott MJ and Gunderson LL: Adjuvant radiotherapy and
chemotherapy for pancreatic carcinoma: the Mayo Clinic
experience (1975-2005). J Clin Oncol. 26: 3511-3516, 2008.

13 Ogawa K, Ito Y, Karasawa K, Ogawa Y, Onishi H, Kazumoto T,
Shibuya K, Shibuya H, Okuno Y, Nishino S, Ogo E, Uchida N,
Karasawa K, Nemoto K and Nishimura Y: Patterns of
Radiotherapy Practice for Pancreatic Cancer in Japan: Results of
the Japanese Radiation Oncology Study Group (JROSG) Survey.
Int J Radiat Oncol Biol Phys 77: 743-750, 2010.

14 Ogawa K, Karasawa K, Ito Y, Ogawa Y, Ijngu K, Onishi H, Aoki
S, Wada H, Kokubo M, Etoh H, Kazumoto T, Takayama M,
Negoro Y, Nemoto K and Nishimura Y: Intraoperative
radiotherapy for resected pancreatic cancer: A multi-institutional
retrospective analysis of 210 patients. Int J Radiat Oncol Biol
Phys, 2009, in press.

15 Ogawa K, Karasawa K, Ito Y, Ogawa Y, Ijngu K, Onishi H, Aoki
S, Wada H, Kokubo M, Ogo E, Etoh H, Kazumoto T, Takayama
M, Nemoto K and Nishimura Y: Intraoperative radiotherapy for
unresectable pancreatic cancer: A multi-institutional retrospe-
ctive analysis of 144 patients. Int J Radiat Oncol Biol Phys 77:
734-742, 2010.

16 Sobin LH and Wittelind C: TNM Classification of Malignant
Tumours, 6t edition. New York, Wiley, 2002.

17 Kaplan EL and Meier P: Nonparametric estimation from
incomplete observations. J Am Stat Assoc 53: 457-81, 1958.

18 Mantel N: Evaluation of survival data and two new rank order
statistics arising in its consideration. Cancer Chemother Rep 50:
163-170, 1966.

19 Cox DR: Regression models and life tables. J] R Stat Soc 34:
187-220, 1972.

20 Whittington R, Bryer MP, Haller DG, Solin LJ and Rosato EF:
Adjuvant therapy of resected adenocarcinoma of the pancreas.
Int J Radiat Oncol Biol Phys 2/: 1137-1143, 1991.

21 Paulino AC: Resected pancreatic cancer treated with adjuvant
radiotherapy with or without 5-fluorouracil: treatment results and
patterns of failure. Am J Clin Oncol 22: 489-494, 1999.

22 Bosset JF, Pavy JJ, Gillet M, Mantion G, Pelissier E and Schraub
S: Conventional external irradiation alone as adjuvant treatment
in resectable pancreatic cancer: results of a prospective study.
Radiother Oncol 24: 191-194, 1992.

23 NCCN Clinical Practice Guidelines in Oncology TM: Pancratic
adenocarcinoma. V.I.2008. http://www.nccn.org/

24 Sohn TA, Yeo CJ, Cameron JL, Koniaris L, Kaushal S, Abrams
RA, Sauter PK, Coleman J, Hruban RH and Lillemoe KD:
Resected adenocarcinoma of the pancreas-616 patients: results,
outcomes, and prognostic indicators. J Gastrointest Surg 4: 567-
579, 2000.

25 Crane CH, Abbruzzese JL, Evans DB, Wolff RA, Ballo MT,
Delclos M, Milas L, Mason K, Charnsangavej C, Pisters PW,
Lee JE, Lenzi R, Vauthey JN, Wong AB, Phan T, Nguyen Q and
Janjan NA: Is the therapeutic index better with gemcitabine-
based chemoradiation than with 5-fluorouracil-based chemo-
radiation in locally advanced pancreatic cancer? Int J Radiat
Oncol Biol Phys 52: 1293-1302, 2002.

26 Zacharias T, Jaeck D, Oussoultzoglou E, Neuville A and Bachellier
P: Impact of lymph node involvement on long-term survival after
RO pancreaticoduodenectomy for ductal adenocarcinoma of the
pancreas. J Gastrointest Surg //: 350-356, 2007.



Ogawa et al: Postoperative Radiotherapy for Pancreatic Cancer

27 Howard TJ, Krug JE, Yu J, Zyromski NJ, Schmidt CM, Jacobson
LE, Madura JA, Wiebke EA and Lillemoe KD: A margin-
negative RO resection accomplished with minimal postoperative
complications is the surgeon’s contribution to long-term survival
in pancreatic cancer. J Gastrointest Surg /0: 1338-1345, 2006.

28 Reni M, Panucci MG, Ferreri AJ, Balzano G, Passoni P,
Cattaneo GM, Cordio S, Scaglietti U, Zerbi A, Ceresoli GL,
Fiorino C, Calandrino R, Staudacher C, Villa E and Di Carlo V:
Effect on local control and survival of electron beam
intraoperative irradiation for resectable pancreatic adeno-
carcinoma. Int J Radiat Oncol Biol Phys 50: 651-658, 2001.

29 Alfieri S, Morganti AG, Di Giorgio A, Valentini V, Bossola M,
Trodella L, Cellini N and Doglietto GB: Improved survival and
local control after intraoperative radiation therapy and posto-
perative radiotherapy: a multivariate analysis of 46 patients
undergoing surgery for pancreatic head cancer. Arch Surg /36:
343-347,2001.

30 Pisters PW, Wolff RA, Janjan NA, Cleary KR, Charnsangavej C,

Crane CN, Lenzi R, Vauthey JN, Lee JE, Abbruzzese JL and

Evans DB: Preoperative paclitaxel and concurrent rapid-

fractionation radiation for resectable pancreatic adenocarcinoma:

toxicities, histologic response rates, and event-free outcome.

J Clin Oncol 20: 2537-2544, 2002.

Schwarz RE, Smith DD, Keny H, Iklé DN, Shibata SI, Chu DZ

and Pezner RD: Impact of intraoperative radiation on

postoperative and disease-specific outcome after pancreatoduo-
denectomy for adenocarcinoma: a propensity score analysis. Am

J Clin Oncol 26: 16-21, 2003.

32 Moertel CG, Reitemeier RJ and Hahn RG: Mitomycin C therapy
in advanced gastrointestinal cancer. JAMA 204: 1045-1048, 1968.

33 Buroker T, Kim PN, Groppe C, McCracken J, O’Bryan R,
Panettiere F, Costanzi J, Bottomley R, King GW, Bonnet J,
Thigpen T, Whitecar J, Haas C, Vaitkevicius VK, Hoogstraten B
and Heilbrun L: 5-FU infusion with mitomycin-C vs. 5-FU
infusion with methyl-CCNU in the treatment of advanced upper
gastrointestinal cancer: a Southwest Oncology Group Study.
Cancer 44: 1215-1221, 1979.

34 Burris HA 3rd, Moore MJ, Andersen J, Green MR, Rothenberg
ML, Modiano MR, Cripps MC, Portenoy RK, Storniolo AM,
Tarassoff P, Nelson R, Dorr FA, Stephens CD and Von Hoff DD:
Improvements in survival and clinical benefit with gemcitabine
as first-line therapy for patients with advanced pancreas cancer:
a randomized trial. J Clin Oncol 15: 2403-2413, 1997.

3

—

35 Tkeda M, Okusaka T, Ito Y, Ueno H, Morizane C, Furuse J, Ishii
H, Kawashima M, Kagami Y and lkeda H: A phase I trial of S-
1 with concurrent radiotherapy for locally advanced pancreatic
cancer. Br J Cancer 96: 1650-1655, 2007.

36 Childs HA 3rd, Spencer SA, Raben D, Bonner JA, Newsome J
and Robert F: A phase I study of combined UFT plus leucovorin
and radiotherapy for pancreatic cancer. Int J Radiat Oncol Biol
Phys 47: 939-944, 2000.

37 Varadhachary GR, Wolff RA, Crane CH, Sun CC, Lee JE,
Pisters PW, Vauthey JN, Abdalla E, Wang H, Staerkel GA, Lee
JH, Ross WA, Tamm EP, Bhosale PR, Krishnan S, Das P, Ho L,
Xiong H, Abbruzzese JL and Evans DB: Preoperative
gemcitabine and cisplatin followed by gemcitabine-based
chemoradiation for resectable adenocarcinoma of the pancreatic
head. J Clin Oncol 26: 3487-3495, 2008.

38 Evans DB, Varadhachary GR, Crane CH, Sun CC, Lee JE,
Pisters PW, Vauthey JN, Wang H, Cleary KR, Staerkel GA,
Charnsangavej C, Lano EA, Ho L, Lenzi R, Abbruzzese JL and
Wolff RA: Preoperative gemcitabine-based chemoradiation for
patients with resectable adenocarcinoma of the pancreatic head.
J Clin Oncol 26: 3496-3502, 2008.

39 Valentini V, Morganti AG, Macchia G, Mantini G, Mattiucci GC,
Brizi MG, Alfieri S, Bossola M, Pacelli F, Sofo L, Doglietto G
and Cellini N: Intraoperative radiation therapy in resected
pancreatic carcinoma: long-term analysis. Int J Radiat Oncol
Biol Phys 70: 1094-1099, 2008.

40 Stessin AM, Meyer JE and Sherr DL: Neoadjuvant radiation is
associated with improved survival in patients with resectable
pancreatic cancer: an analysis of data from the surveillance,
epidemiology, and end results (SEER) registry. Int J Radiat
Oncol Biol Phys 72: 1128-1133, 2008.

Received February 22, 2010
Revised May 21, 2010
Accepted May 27, 2010

2967



