
Abstract. The treatment of pancreatic carcinoma remains
one of the most formidable challenges in oncology. Curative
resection, currently the only available treatment option,
provides no significant impact on long-term survival. The
recent development of multimodal treatment options for
pancreatic cancer has provided clinical benefits and improved
patient survival. In this study, we retrospectively evaluated our
experiences with multimodal therapy, including radiotherapy
and chemotherapy with gemcitabine, for the treatment of
resectable pancreatic cancer. Fifty-eight patients with ordinary
pancreatic carcinoma who underwent surgical resection at
Kochi Medical School were studied. The clinical and
pathological factors and multimodal treatment for pancreatic
carcinoma that influenced patient survival were analyzed.
Cumulative 1-, 3- and 5-year survival rates after surgery for
ordinary pancreatic carcinoma were 62.2, 20.3 and 20.3%,
respectively. The overall 4-year survival rate of patients
subjected to adjuvant chemotherapy with gemcitabine after
curative resection for ordinary pancreatic carcinoma is 39.1%.
Adjuvant chemotherapy with gemcitabine provided a
significantly better prognosis for patients following curative
surgical resection than curative surgical resection alone
(P=0.035). Although the rate of survival was greater for
patients who underwent radiotherapy than those who did not,
the difference was not statistically significant (P=0.054).
Postoperative local recurrence around the nerve plexus of
celiac and superior mesenteric arteries was better controlled in
patients who underwent radiotherapy than those who did
not. Adjuvant chemotherapy with gemcitabine after curative

resection provides a significant survival benefit for patients
with pancreatic carcinoma. Our results suggest that the post-
operative recurrence of ordinary pancreatic carcinoma will be
reduced by multimodal treatment using radiotherapy and
adjuvant chemotherapy with gemcitabine.

Introduction

Pancreatic carcinoma is a near fatal disease and one of the
most aggressive human malignancies (1-3). Pancreatectomy
with regional lymphadenectomy is the only curative
treatment option for pancreatic cancer, although the extent of
lymphadenectomy is of no clinical benefit according to
randomized trial studies (4). When surgery is a treatment
option for pancreatic cancer, the 5-year survival rate rises to
only 7.4-13.4% (5-7). This poor survival rate is attributed to
a high incidence of local recurrence and development of
distant metastases.

The recent development of multimodal treatment options
for pancreatic cancer, including radiotherapy and chemo-
therapy with gemcitabine, is reported to provide clinical
benefits and improvements in survival (8-10). Multimodal
therapy is proposed to reduce local and systemic recurrence of
pancreatic cancer and improve survival, although the benefit
of adjuvant therapy is not fully accepted in the medical
community (11-13). In the present study, we retrospectively
evaluated multimodal therapy for the treatment of resectable
pancreatic cancer.

Patients and methods

A total of 58 patients who underwent surgery as an initial
treatment for pancreatic carcinoma between June 1982 and
July 2007 at Kochi Medical School were studied. Of these
patients, 25 were men and 33 were women, ranging in age
from 35 to 81 years (mean 67.3). Curative resection was the
operative aim for all patients.

Clinical characteristics were evaluated for age, gender,
body mass index (BMI), preoperative laboratory investigations,
past medical history for diabetes mellitus and vascular
diseases, pancreatitis, operation time, estimated blood loss,
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operative procedures, intra-operative radiotherapy and
postoperative chemotherapy. The BMI was calculated by
division of weight in kilograms by the square of height in
meters. Location of pancreatic cancer, size of the tumor, stage,
degree of differentiation, vascular invasion, lymphatic
permeation and lymph node metastasis were assessed
according to the guidelines of the American Joint Committee
on Cancer (14). Our department followed the prognosis of
each case and obtained accurate details of outcome. In this
series, we evaluated ordinary invasive ductal carcinoma of the
pancreas and excluded the invasive pancreatic carcinoma
derived from intraductal papillary mucinous neoplasm.

Of the 58 patients included in the study, 25 underwent
pancreaticoduodenectomy, 17 underwent pylorus-preserving
pancreaticoduodenectomy and 16 underwent distal pancrea-
tectomy and splenectomy. Of the 58 patients with resectable
pancreatic carcinoma, 34 patients received intra-operative
radiotherapy with 12 MeV electron beams. The intra-operative
field set by the use of treatment applications of 8 cm in
diameter covered the tumor bed and a margin of >1 cm. The
intra-operative radiotherapy dose was 20 Gy. We included the
resected edge of the pancreas within the intra-operative
radiotherapy field. External beam radiotherapy following
intra-operative radiotherapy was initiated routinely after
April 2003. External beam radiotherapy, at a dose of 40 Gy,
was performed according to the patients' postoperative

condition (n=17). Adjuvant chemotherapy comprising of a drip
infusion of gemcitabine commenced at the time of external
beam radiotherapy.

Statistical analysis. Clinicopathological findings were
compared using the t-test, Pearson Chi-square test and
Aspin-Welch test. Where appropriate, values were expressed
as mean ± standard deviation. Survival rates were generated
using the Kaplan-Meier method and were compared using
the log-rank test (15). A value of P<0.05 was considered
significant.

Results

There was no mortality in this series. The clinical
characteristics of pancreatic carcinoma are shown in Table I.
The 58 patients consisted of 18 not subjected to adjuvant
chemotherapy with gemcitabine, 13 subjected to radiotherapy
alone, 6 subjected to adjuvant chemotherapy with gemcitabine
alone and 21 subjected to radiotherapy and adjuvant
chemotherapy with gemcitabine. There was no significant
difference among the four groups with respect to gender, past
medical history for diabetes mellitus and pancreatitis and the
clinical features of patients with resectable pancreatic
carcinoma. The mean age of the four groups was 68±9, 60±11,
71±7 and 70±7 years, respectively. The 13 patients who
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Table I. Clinicopathological features of patients with pancreatic carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gemcitabine (-) Gemcitabine (+)
–––––––––––––––––––––––– –––––––––––––––––––––––

RT (-) RT (+) RT (-) RT (+)
Characteristics (n=18) (n=13) (n=6) (n=21) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age 68±9 60±11a 71±7 70±7 SD

Gender (male/female) 7/11 8/5 4/2 6/15 NS

Body mass index 23.1±3.0 20.1±2.8b 22.8±2.7 21.3±3.0 SD

Diabetes mellitus (yes/no) 12/6 8/5 5/1 15/6 NS

Pancreatitis (yes/no) 7/8 2/11 4/2 5/16 NS

Total protein 6.6±0.6 6.7±0.7 6.6±0.4 7.2±0.6c SD

Albumin 3.8±0.5 4.0±0.7 3.9±0.4 4.3±0.5 NS

Fasting blood sugar 129±67 141±48 137±54 137±44 NS

Cholinesterase 223±60 232±94 180±33 268±58d SD

Amylase 293±345 106±64 94±32 108±136 NS

Carcinoembryonic antigen 4.1±8.1 4.6±3.7 2.4±0.4 11.7±30.0 NS

Carbohydrate antigen 19-9 930±1381 166±218 87±84 371±558 NS

Location of the tumor
Head/body/tail 10/4/4 10/3/0 4/1/1 18/2/1 NS

Size of the tumor (cm) 4.0±2.0 3.6±1.3 4.2±2.9 3.0±0.7 NS
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
RT, radiotherapy; SD, significant difference and NS, not significant. aThe 13 patients subjected to radiotherapy alone were significantly younger
than other groups (P=0.001). bBMI was significantly reduced in the group of 13 patients subjected to radiotherapy alone than in the group of
18 patients not subjected to adjuvant therapy (P=0.017). cMaintenance of the preoperative total protein levels was significant in the 21 patients
subjected to both radiotherapy and chemotherapy and not in the other groups (P=0.002). dMaintenance of the preoperative cholinesterase
levels was significant in the 21 patients subjected to radiotherapy and chemotherapy and not in the other groups (P=0.009).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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underwent radiotherapy alone were significantly younger than
the patients in the other three groups. Patients in the
radiotherapy alone group also had a significantly lower BMI
than the 18 patients of the no adjuvant chemotherapy with
gemcitabine group (P=0.017). The maintenance of
preoperative total protein and cholinesterase levels was
significant for the 21 patients in the radiotherapy and
adjuvant chemotherapy with gemcitabine group and not for
patients in the other three groups. Other preoperative serum
chemistry, including levels of albumin, fasting blood sugar,
amylase, carcinoembryonic antigen, carbohydrate antigen
19-9, were not significantly different between the four groups.
The majority of the tumors were situated at the head of the
pancreas. The size of the tumors was 4.0 cm in the no adjuvant
chemotherapy with gemcitabine group, 3.6 cm in the group
subjected to radiotherapy alone, 4.2 cm in the group subjected
to adjuvant chemotherapy with gemcitabine alone and 3.0 cm
in the group subjected to radiotherapy and adjuvant
chemotherapy with gemcitabine. There was no significant
difference between the four groups in the localization of the
pancreatic carcinoma and the size of the tumor.

The type of operation was not significantly different
between the four groups; duodenohemipancreatectomy was
performed in 55.6% of patients not subjected to adjuvant
chemotherapy with gemcitabine, 76.9% of patients subjected
to radiotherapy alone, 66.7% of patients subjected to adjuvant
chemotherapy with gemcitabine alone and 85.7% of patients
subjected to radiotherapy and adjuvant chemotherapy with
gemcitabine. The operation time was 455 min for patients
subjected to no adjuvant chemotherapy with gemcitabine,
393 for those subjected to radiotherapy alone, 384 for those
subjected to adjuvant chemotherapy with gemcitabine alone
and 485 for those subjected to radiotherapy and adjuvant
chemotherapy with gemcitabine. The estimated blood loss
volume was not significantly different between the four
groups (Table II). There was no significant difference between
the four groups in the conclusive curability, pathological stage,
or degree of differentiation of the pancreatic carcinoma.

Of the 58 patients, 17 (29.3%) showed no recurrence of
cancer. The major sites of recurrence were the liver (26
patients), peritoneum (11 patients) and local nerve plexus

around the superior mesenteric artery (10 patients) (Table III).
No recurrence rate (14/27) for patients to gemcitabine was
significantly less than the recurrence rate observed for patients
not subjected to gemcitabine (3/31) (P=0.001). With respect to
multimodal treatment, the overall recurrence rate of 38.1% for
patients subjected to radiotherapy and adjuvant chemotherapy
with gemcitabine was significantly less than the recurrence
rate of 89.2% observed for patients not subjected to
multimodal treatment (P<0.001). The local recurrence rate of
cancer after surgery for patients not subjected to radiotherapy
was 33.3%. This is significantly greater than the 15.0% local
recurrence rate observed for patients not subjected to
radiotherapy (P=0.075). The site of cancer recurrence did not
differ between patients subjected to and not subjected to
radiotherapy for ordinary pancreatic carcinoma. Postoperative
local recurrence around the nerve plexus of celiac and superior
mesenteric arteries was better controlled in patients subjected
to external beam radiotherapy following intra-operative
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Table II. Operative characteristics and pathological features of pancreatic carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gemcitabine (-) Gemcitabine (+)
–––––––––––––––––––––––– –––––––––––––––––––––––

RT (-) RT (+) RT (-) RT (+)
Characteristics (n=18) (n=13) (n=6) (n=21) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Operative procedures
DHP/DPS 10/8 10/3 4/2 18/3 NS

Operation time 455±125 393±119 384±174 485±110 NS

Estimated blood loss 1288±1044 1117±658 947±588 726±284 NS

Cumulative stage
III/IVa/IVb 6/7/5 2/9/2 1/4/1 9/9/3 NS

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
DHP, duodenohemipancreatectomy, including pancreaticoduodenectomy and pylorus-preserving pancreaticoduodenectomy. DPS, distal
pancreatectomy with splenectomy and RT, radiotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Survival curves for the 58 patients. Cumulative 1-, 3- and 5-year
survival rates after surgery for ordinary pancreatic carcinoma in the current
study were 62.2, 20.3 and 20.3%, respectively.
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radiotherapy after curative resection (n=17) than in patients not
subjected to radiotherapy (P=0.044, Pearson correlation value).

Fig. 1 shows the survival curves for the 58 patients. At
the time of the present study, 17 patients were alive with four
surviving for >5 years after surgery. Cumulative 1-, 3- and
5-year survival rates after surgery for ordinary pancreatic
carcinoma in the current study were 62.2, 20.3 and 20.3%,
respectively. Fig. 2 shows the survival curves for patients
subjected to and not subjected to multimodal treatment for
ordinary pancreatic carcinoma. The patient group treated with
adjuvant chemotherapy using gemcitabine following curative
surgical resection for ordinary pancreatic carcinoma had a

4-year cumulative survival rate of 39.1% and a median
survival period of 24 months. By comparison, the patient
group not treated using adjuvant chemotherapy with
gemcitabine following curative resection had a median
survival period of 13 months and a 4- and 5-year cumulative
survival rate of 12.5% (P=0.035). This result shows that
adjuvant chemotherapy with gemcitabine for ordinary
pancreatic carcinoma provides a significantly improved
survival outcome following curative surgical resection.
Although the survival curve was more favorable for patients
subjected to radiotherapy than not, the difference is not
statistically significant (P=0.054).
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Table III. Pattern of recurrence after surgery.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gemcitabine (-) Gemcitabine (+)
–––––––––––––––––––––––– –––––––––––––––––––––––

RT (-) RT (+) RT (-) RT (+)
Characteristics (n=16) (n=12) (n=5) (n=8) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Liver only 5 4 3 4 NS

Liver +
Peritoneum 3 4 0 1 NS
Local 1 0 1 0

Local 5 2 0 1 NS

Peritoneum 1 1 0 0 NS

Lung 1 1  0  1 NS

Others 0 0 1 1 NS

No recurrence 2/18 1/13 1/6 13/21 0.001
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
RT, radiotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Survival curve for patients in the presence and absence of multimodal treatment for ordinary pancreatic carcinoma. (a) Patients undergoing curative
surgical resection with adjuvant chemotherapy using gemcitabine for ordinary pancreatic carcinoma had a significantly better outcome than patients undergoing
potentially curative resection without adjuvant chemotherapy by gemcitabine for pancreatic carcinoma (P=0.035). (b) The survival curve for patients subjected to
radiotherapy tended to be more favorable than for patients not subjected to radiotherapy; however there was no statistically significant difference (P=0.054).
Gem, gemcitabine and RT, radiotherapy.
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Discussion

Pancreatic carcinoma is the most aggressive malignancy of the
gastrointestinal tract. The reported incidence of ordinary
pancreatic carcinoma has gradually increased with advances in
diagnostic techniques and equipment. Surgical treatment
remains the only curative management option for ordinary
pancreatic carcinoma. Extended lymphadenectomy in
pancreaticoduodenectomy for pancreatic carcinoma does not
benefit overall survival and prospective trials indicate a trend
towards increased morbidity (16,17). Extended aggressive
surgery for distal pancreatectomy has also been attempted
(18). Standard pancreatectomy with regional lymphadenectomy
for ordinary pancreatic carcinoma was performed in our
department. Limitations of the present study include the
associated errors and biases inherent in a small retrospective
study design. We showed that adjuvant chemotherapy using
gemcitabine may not only improve the long-term survival of
patients subjected to curative resection for pancreatic
carcinoma, but also reduce postoperative recurrence when
used in combination with radiotherapy.

Adjuvant chemotherapy is the standard treatment following
resection for pancreatic carcinoma. Recent reports suggest that
adjuvant chemotherapy with gemcitabine provides a significant
increase in patient survival (9,19,20). In a randomized
control trial, Oettle et al (21) reported a disease-free survival
rate 3 years following surgery of 23.5% for patients treated
with adjuvant chemotherapy with gemcitabine and 7.5% in
the control group receiving no postoperative treatment. The
post-operative administration of gemcitabine significantly
delayed the development of recurrent disease after complete
resection of pancreatic cancer compared with observation
alone; however, there was no significant difference in overall
survival between the gemcitabine group and the control group
of patients (21). In the present study, patients who received
adjuvant chemotherapy with gemcitabine after surgery were
managed by an oncology specialist. Our study reports an
overall 4-year survival rate of 39.1% for patients receiving
postoperative adjuvant chemotherapy with gemcitabine.
The cumulative survival of patients undergoing curative
resection combined with adjuvant chemotherapy with
gemcitabine (4-year survival rate: 39.1%) was significantly
greater than those undergoing curative resection alone (4-year
survival rate: 12.5%) (Fig. 2a). We showed a significant
reduction in the postoperative recurrence of disease, including
liver metastases, peritoneal dissemination and/or local site
recurrence (P<0.001), when adjuvant chemotherapy with
gemcitabine is used to treat patients following curative
resection for pancreatic carcinoma and suggested this to be
the standard treatment option.

Evidence that adjuvant chemoradiotherapy for pancreatic
carcinoma improves local control is inconclusive and better
local control has not been shown to correlate with increased
survival (22). While extended resection or radiotherapy is a
treatment option for the local control of ordinary pancreatic
carcinoma, extended resection, typically performed with
retroperitoneal lymphadenectomy and circumferential
clearance of the celiac and superior mesenteric arteries, has
been associated with an increase in postoperative morbidity
and no improvement in survival (17,23). Adverse findings in

some patients following radical resection for pancreatic
carcinoma include impaired quality of life, postoperative
diarrhea, body weight loss and nutritional disturbances. Two
retrospective studies investigating the benefit of radiotherapy
following curative resection for pancreatic carcinoma showed
no significant difference in overall survival between patients
treated or not treated with radiotherapy (13,24). There are no
published prospective randomized trials investigating
radiotherapy for the treatment of pancreatic carcinoma
following curative resection. In the present study, postoperative
local recurrence around the nerve plexus of celiac and superior
mesenteric arteries was better controlled in patients subjected
to external beam radiotherapy following intra-operative
radiotherapy after standard pancreatic resection than those not
subjected to radiotherapy (P=0.044). Although radiotherapy
did not benefit cumulative survival (Fig. 2b), the overall
recurrence rate of 38.1% for patients subjected to multimodal
treatment of radiotherapy and adjuvant chemotherapy with
gemcitabine was significantly better than the recurrence rate
of 89.2% observed for patients not subjected to multimodal
treatment (Table III).

Malabsorption and maldigestion of nutrients induces
severe malnutrition in patients with pancreatic cancer. An
appropriate calorie intake is reported to prolong the survival of
patients with advanced pancreatic cancer and to achieve a
beneficial nutritional status related outcome for patients with
pancreatic cancer (25,26). In the present study, patients
subjected to adjuvant chemotherapy with gemcitabine had a
significantly better preoperative nutritional status, according to
BMI and laboratory investigations, including body total
protein and cholinesterase, than patients not subjected to
adjuvant chemotherapy with gemcitabine. These results
suggest that cumulative survival is significantly better for
patients subjected to adjuvant chemotherapy with gemcitabine
for resectable pancreatic cancer in the absence of symptoms of
malnutrition.

In conclusion, adjuvant chemotherapy with gemcitabine
after curative resection has a significant survival benefit for
patients with pancreatic carcinoma. Our results suggest that
overall recurrence after curative resection for ordinary
pancreatic carcinoma can be reduced by multimodal treatment
involving radiotherapy and adjuvant chemotherapy with
gemcitabine.
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