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Introduction

Pancreatic cancer is a disease with dismal prognosis even 
after curative resection and adjuvant treatments [1]. Most 
patients present with advanced disease at diagnosis, with 
only 10%-20% of patients have resectable disease. With the 
improvement in operative techniques, postoperative com-
plication and mortality has declined significantly, however,  
despite curative resection for pancreatic cancer, the survival 
rate in these patients still remains poor. Five-year overall sur-
vival (OS) for pancreatic cancer is less than 10%, ranked at the 
lowest survival across all cancer types [2].

Chemoradiotherapy with 5-fluorouracil (5-FU) has been 

tested in the adjuvant setting after resection, but results dif-
fer with trials showing positive (GITSG) [3], no (EORTC) [4], 
or negative (ESPAC-1) [5] effects on survival. But ESPAC-1 
trial has been criticized for possible selection bias derived 
from its original 2×2 factorial design, a concern of suboptimal  
radiotherapy without adequate quality assurance, lack of 
post-radiotherapy adjuvant chemotherapy, and allowing 
the final radiotherapy dose to be left to the judgement of the 
treating physician [1,6]. Also, the high risk of local failure  
after resection of pancreatic cancer, which ranges from 19.3% 
to 34.0% [4,7-10], and the high rate of positive retroperitoneal 
margins constitutes the rationale for chemoradiotherapy as 
an adjuvant treatment. Furthermore, the potential therapeu-
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Purpose  Despite curative resection, the 5-year survival for patients with resectable pancreatic cancer is less than 20%. Recurrence 
occurs both locally and at distant sites and effective multimodality adjuvant treatment is needed.
Materials and Methods  Patients with curatively resected stage IB-IIB pancreatic adenocarcinoma were eligible. Treatment consisted 
of chemotherapy with gemcitabine 1,000 mg/m2 on days 1 and 8 and cisplatin 60 mg/m2 on day 1 every 3 weeks for two cycles, 
followed by chemoradiotherapy (50.4 Gy/28 fx) with weekly gemcitabine (300 mg/m2/wk), and then gemcitabine 1,000 mg/m2 on 
days 1 and 8 every 3 weeks for four cycles. The primary endpoint was 1-year disease-free survival rate. The secondary endpoints were 
disease-free survival, overall survival, and safety. 
Results  Seventy-four patients were enrolled. One-year disease-free survival rate was 57.9%. Median disease-free and overall survival 
were 15.0 months (95% confidence interval [CI], 11.6 to 18.4) and 33.0 months (95% CI, 21.8 to 44.2), respectively. At the median 
follow-up of 32 months, 57 patients (77.0%) had recurrence including 11 patients whose recurrence was during the adjuvant treat-
ment. Most of the recurrences were systemic (52 patients). Stage at the time of diagnosis (70.0% in IIA, 51.2% in IIB, p=0.006) were 
significantly related with 1-year disease-free survival rate. Toxicities were generally tolerable, with 53 events of grade 3 or 4 hemato-
logic toxicity and four patients with febrile neutropenia. 
Conclusion  Adjuvant gemcitabine and cisplatin chemotherapy followed by chemoradiotherapy with gemcitabine and maintenance 
gemcitabine showed efficacy and good tolerability in curatively resected pancreatic cancer.
Key words  Pancreatic neoplasms, Chemoradiotherapy, Gemcitabine, Cisplatin 

Kyung-Hun Lee1,2, Eui Kyu Chie3,4, Seock-Ah Im1,2, Jee Hyun Kim5, Jihyun Kwon6, Sae-Won Han1,2, Do-Youn Oh1,2, Jin-Young Jang7, 
Jae-Sung Kim8, Tae-You Kim1,2, Yung-Jue Bang1,2, Sun Whe Kim7, Sung W. Ha3,4,† 
1Department of Internal Medicine, Seoul National University Hospital, Seoul National University College of Medicine, Seoul, 2Cancer Research 
Institute, Seoul National University, Seoul, 3Department of Radiation Oncology, Seoul National University Hospital, Seoul National University College 
of Medicine, Seoul, 4Institute of Radiation Medicine, Medical Research Center, Seoul National University, Seoul, 5Department of Internal Medicine, 
Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam, 6Department of Internal Medicine, 
Chungbuk National University College of Medicine, Cheongju, 7Department of Surgery, Seoul National University Hospital, Seoul National University 
College of Medicine, Seoul, 8Department of Radiation Oncology, Seoul National University Bundang Hospital, Seoul National University College of 
Medicine, Seongnam, Korea 

Phase II Trial of Postoperative Adjuvant Gemcitabine and Cisplatin 
Chemotherapy Followed by Chemoradiotherapy with Gemcitabine in Patients 
with Resected Pancreatic Cancer

Correspondence: Seock-Ah Im 
Department of Internal Medicine, Seoul National University College of Medicine, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea 
Tel: 82-2-2072-0850  Fax: 82-2-762-9662  E-mail: moisa@snu.ac.kr  
Received  September 14, 2020  Accepted  December 29, 2020  Published Online  December 30, 2020
*Kyung-Hun Lee and Eui Kyu Chie contributed equally to this work. †Deceased.

http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2020.928&domain=pdf&date_stamp=2021-10-15


tic benefit of adjuvant chemoradiotherapy has been reported 
[11,12].

Recent trials of adjuvant chemotherapy in pancreatic cancer 
showed prolonged disease-free survival (DFS) and OS with 
intensified multi-agent regimens such as FOLFIRINOX or 
gemcitabine/capecitabine [7,8,13,14]. In the era of the prov-
en benefit of adjuvant chemotherapy, the benefit of chemo-
radiotherapy when added to chemotherapy remains less  
understood [15]. Indeed, recent guidelines still include chem-
oradiotherapy as a viable option for patients with curatively 
resected pancreatic cancer [16,17]. Disease recurrence of pan-
creatic cancer occurs both locally and at the distant sites; thus, 
appropriate combination of local and systemic modalities is 
needed. This study was designed to test the efficacy and safe-
ty of postoperative adjuvant treatment regimen consisting of 
initial gemcitabine plus cisplatin chemotherapy followed by 
chemoradiotherapy with gemcitabine followed by adjuvant 
chemotherapy with gemcitabine. This study was designed 
before the results of intensified chemotherapy as an adjuvant 
treatment are available and the optimal treatment remained 
controversial [7,8,13,14]. Initial chemotherapy was designed 
to eliminate micrometastasis, to spare unnecessary chemora-
diotherapy in patients with early progression who develop 
metastasis shortly after operation, and to allow for recovery 
of nutritional balance and surgical healing. Gemcitabine plus 
cisplatin was chosen based on preclinical data and clinical  
efficacy in pancreatic cancer [18,19]. Concurrent chemoradio-
therapy and adjuvant chemotherapy were intended to pre-
vent both local and systemic recurrences.

Materials and Methods
 
1. Patients

Patients who had R0 resection of a stage IB-IIB pancreatic 
ductal adenocarcinoma according to American Joint Com-
mittee on Cancer staging 6th edition, with 18-75 years of age, 

and of Eastern Cooperative Oncology Group performance 
status grade 0-2 were eligible. 

Treatment had to start within 8 weeks from surgery;  
adequate bone marrow (leukocytes at least 3,000/mm3 or 
absolute neutrophil count at least 1,500/mm3. Platelet count 
at least 100,000/mm3), liver (aspartate aminotransferase 
less than 3 times upper limit of normal [ULN]), and kidney 
(creatinine no greater than 1.5 times ULN) functions were  
required. 

Patients were excluded if they were exposed to prior 
chemotherapy or radiotherapy, had recurrent or metastatic 
pancreatic cancer. Those with previous or concurrent malig-
nancies except for cured basal cell carcinoma of skin and 
carcinoma in situ of the uterine cervix, active infections or 
heart failure, body weight reduction more than 10% from 
pre-morbid baseline, and pregnant or breast feeding women 
were also excluded. 

Patients were enrolled from Seoul National University 
Hospital and Seoul National University Bundang Hospital.

2. Treatment plan
Initial chemotherapy started 4-8 weeks after R0 resection 

of pancreatic cancer. Patients received two cycles of gemcit-
abine 1,000 mg/m2 on days 1 and 8 and cisplatin 60 mg/m2 

on day 1 repeated every 3 weeks. Then concurrent chemora-
diotherapy of 50.4 Gy in 28 fractions (field reduction at 45 Gy 
and boost field radiation 5.4 Gy) with weekly gemcitabine 
300 mg/m2 was given after completion of initial chemother-
apy, no later than 16 weeks after the operation. Chemoradio-
therapy was followed by maintenance chemotherapy with 
four cycles of gemcitabine 1,000 mg/m2 on days 1 and 8 eve-
ry 3 weeks. Overall treatment scheme is as shown in Fig. 1. 

3. Statistical methods
Primary endpoint was the probability of being disease-free 

at 1 year from surgery (1-year DFS rate), and secondary end-
points were 2-year DFS rate, median DFS, OS, and also safety 

Fig. 1.  Treatment scheme. CT, computed tomography; G, gemcitabine 1,000 mg/m2 on days 1 and 8 every 3 weeks; GP, gemcitabine 1,000 
mg/m2 on days 1 and 8 and cisplatin 60 mg/m2 on day 1 repeated every 3 weeks; Weekly gemcitabine, gemcitabine 300 mg/m2 every 
week.
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data. DFS and OS were measured from the date of surgery to 
the date of disease recurrence or death, or to the last follow-
up assessment, as appropriate.

The null hypothesis was 1-year DFS rate of 40%, and the 
alternative hypothesis was that of 55%, and 63 patients were 
needed for significance level of 0.05, statistical power of 0.80 
and a one-sided test. Considering drop-out rate of 10%, cal-
culated accrual goal was 70 patients. The intention-to-treat 
population comprised all eligible patients. The survival anal-
yses were performed by the Kaplan-Meier method. All the 
probability values were from 2-sided tests. 

Relative dose intensity (RDI, %) was calculated as deliv-
ered dose intensity (DDI)/planned dose intensity (PDI)×100. 
DDI was calculated as (delivered total dose, in mg/m2)/
(actual time to complete chemotherapy with imputation for 
missed cycles, in days). PDI was calculated as (planned total 
dose, in mg/m2)/(standard time to complete chemotherapy, 
in days).

Results

1. Patients’ characteristics
Between October 2005 and September 2009, 74 patients 

were enrolled; whose median age was 61 years old (range, 
35 to 76 years). Baseline characteristics of the enrolled  
patients are shown in Table 1. The median time from resec-
tion to the start of adjuvant treatment was 6.4 weeks (range, 

3.4 to 8 weeks). Chemoradiotherapy with gemcitabine 
was given to 68 patients, excluding four patients who had  
relapsed after two cycles of initial chemotherapy and two 
patients who withdrew the consent. Sixty-three patients  
underwent maintenance gemcitabine, as four patients had  
recurrent disease found after the chemoradiotherapy, and 
one patient withdrew consent with grade 3 nausea and vom-
iting during chemoradiotherapy. Finally, 57 patients com-
pleted the planned treatment, as three patients had recur-
rent cancer during maintenance chemotherapy and three 
withdrew consent due to one gastrointestinal bleeding, one 
urosepsis, and one unknown cause (Fig. 2). 

RDI for gemcitabine and cisplatin during initial chemo-
therapy was 81.3% and 83.7%, respectively. RDI for gemcit-
abine during chemoradiotherapy and maintenance chemo-
therapy was 83.7% and 88.9%, respectively.

2. DFS and OS
Median follow-up time was 32 months (range, 6 to 115 

months), and 57 patients (77.0%) had recurrence of pan-
creatic cancer, 52 with systemic metastases, and five with  
locoregional relapse. Among five patients with locoregional 
relapse, one could not commence chemoradiotherapy due to 
disease progression after initial chemotherapy and the others 
finished the planned treatment. Among patients with distant 
metastases, involved organs were liver in 29 patients, lung 
in eight, distant intra-abdominal lymph nodes in eight, peri-
toneum in 12, and others in five. One patient had recurrent 
cancer in both local and distant site. 

Kaplan-Meier curve for DFS and OS are presented in Fig. 
3A and B, respectively. One-year DFS rate, which was the pri-
mary endpoint, was 57.9%. Two-year DFS rate was 36.7%. 
Median DFS was 15.0 months (95% confidence interval [CI], 

Table 1. Baseline characteristics of enrolled patients

 No. (%)

Age, median (range, yr) 61 (35-76)
Sex 
    Female 26 (35.1)
    Male 48 (64.9)
ECOG performance status 
    0 37 (50.0)
    1 36 (48.6)
    2 1 (1.4)
Stage 
    IB 1 (1.4)
    IIA 30 (40.5)
    IIB 43 (58.1)
Primary tumor (T category) 
    2 2 (2.7)
    3 72 (97.3)
Nodal status (N category) 
    0 31 (41.9)
    1 43 (58.1)
ECOG, Eastern Cooperative Oncology Group.

Fig. 2.  Disposition of the patients. CCRT, concurrent chemora-
diotherapy; GP, gemcitabine 1,000 mg/m2 on days 1 and 8 and 
cisplatin 60 mg/m2 on day 1 repeated every 3 weeks.
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11.6 to 18.4). DFS was significantly associated with stage 
(p=0.006). One-year DFS rate for stage IIA patients was 70.0 
%, and 51.2 % for stage IIB (Fig. 3C).

Fifty-four patients (73.0%) died and median OS was 33.0 
months (95% CI, 21.8 to 44.2). Median OS for stage IIA and 

IIB was 46 months (95% CI, 24.5 to 67.5) and 26 months (95% 
CI, 17.2 to 34.8), respectively (p=0.189).

3. Safety
Neutropenia was the most common side effect throughout 

the study treatment. Twenty-three patients (31.1%) suffered 
from transient grade 3-4 neutropenia during initial chemo-
therapy period, nine (13.2%) during chemoradiotherapy, and 
13 (20.6%) during maintenance gemcitabine. However, there 
were only four events (5.4%) of febrile neutropenia and the 
study treatment was generally tolerable. Febrile neutropenia 
occurred during initial and maintenance chemotherapy, and 
not during chemoradiotherapy. Safety data are summarized 
in Table 2. 

Discussion

Optimal adjuvant therapy remains a challenge and better 
strategies to decrease both local and distant recurrences are 
eagerly needed for patients suffering from pancreatic cancer. 
We evaluated the efficacy of the combined modality treat-
ment comprised of initial chemotherapy followed by chemo-
radiotherapy and maintenance chemotherapy. DFS rate at 1 
year, which is the primary endpoint, of 57.9% is numerically 
high in the context of previous adjuvant trials in pancreatic 
cancer (Table 3), although direct comparison is not feasible.

Our study combines both initial and maintenance chemo-
therapy before and after the chemoradiotherapy with gemcit-
abine. The purpose of initial chemotherapy with gemcitabine 
and cisplatin doublet is to eradicate micrometastasis earlier 
in the adjuvant treatment period, to allow patient’s postop-
erative recovery period before chemoradiotherapy, and also 
to screen out patients with early relapse not requiring chem-
oradiotherapy. In the present study, there were four patients 
with relapse out of 74 enrolled patients during the initial  
period. Chemoradiotherapy with gemcitabine was intended 
to reduce locoregional recurrences, and local recurrences 
were present in only six patients (8.1%), including one with 
both local and distant recurrences. The local recurrence rate 
in this study is much lower than those in the other studies 
ranging from 19.3% to 34.0% [4,7-10]. Although direct com-
parison is not possible due to different enrollment criteria, 
especially the inclusion of patients with positive resection 
margin, the efficacy of chemoradiotherapy is shown by the 
low local recurrence rate. Maintenance chemotherapy with 
gemcitabine was intended to reduce both local and distant 
recurrences and gemcitabine is considered as one of standard 
adjuvant treatment currently. 

Present study used gemcitabine in combination with radi-
ation. Gemcitabine has been shown to be a potent radiosensi-

Fig. 3.  Kaplan-Meier plots of disease-free survival (DFS) and 
overall survival (OS). (A) DFS of patients. One-year DFS rate, 
which was the primary endpoint, was 57.9%. Median disease-
free survival was 15.0 months (95% confidence interval [CI], 11.6 
to 18.4). (B) OS of patients. Median OS was 33.0 months (95% 
CI, 21.8 to 44.2). (C) DFS according to stage (stage IIA vs. IIB). 
One-year DFS rate for stage IIA and IIB was 70.0% and 51.2%, 
respectively (p=0.006).
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tizer and easily combined with radiation in pancreatic cancer 
[20-22]. Recommended doses for phase II trials range from 
150 to 400 mg/m2/wk depending on radiation volume and 
timing of gemcitabine administration. But no data indicate a 
dose-response relationship of radiosensitizing effect of gem-
citabine [23]. To minimize toxicities of the concurrent gem-
citabine and radiation, gemcitabine was preferably given on 
the beginning of each radiation treatment week at a dose of 
300 mg/m2/wk. Concurrent chemoradiotherapy with gem-

citabine was well tolerated with no grade 4 or higher toxicity 
in the present study. 

Cisplatin, when combined with antimetabolites such as 
gemcitabine or 5-FU, showed more favorable response rate 
and progression-free survival, although failed to demon-
strate the OS benefit compared with gemcitabine in patients 
with pancreatic adenocarcinoma [24-26]. Gemcitabine plus 
cisplatin provides the response rate of 11%-31% and median 
survival of 7.1-9.6 months in advanced pancreatic cancer [19]. 

Table 3.  Summary of recent adjuvant trials

Trial Regimen of adjuvant therapy
 Median 1-Year   2-Year 3-Year 5-Year

  OS (mo) survival (%)  survival (%) survival (%) survival (%)

GITSG [27] RT/FU 21 - 43 - 19
EORTC [9] RT/FU 17.1 - 34 - -
ESPAC-1 [5] CCRT/FU  15.9 - 29 - 13
 CCRT/FU+FL 19.9 - - - 10
CONKO-001 [10]  Gemcitabine 22.1 72.5 47.5 34 22.5
RTOG 97-04 [4] Gemcitabine+CCRT/FU+gemcitabine 20.5 - - 31 -
ESPAC-3 [28] Gemcitabine 23.6 80.1 49.1 - -
 FL 23 78.5 48.1 - -
JASPAC-01 [8] S-1 - - 59.7 - 44.1
 Gemcitabine - - 38.8 - 24.4
PRODIGE [13] Modified FOLFIRINOX 54.4 - - 63.4 -
 Gemcitabine 35.0 - - 48.6 -
ESPAC-4 [7] Gemcitabine/Capecitabine 28.0 84.1 53.8 - -
 Gemcitabine 25.5 80.5 52.1 - -
APACT [14] Nab-paclitaxel/Gemcitabine 40.5 - - - -
 Gemcitabine 36.2 - - - -
Present study GP+CCRT/gemcitabine+gemcitabine 33.0 91.6 63.5 47.0 -
CCRT, concurrent chemoradiotherapy; FL, fluorouracil and leucovorin; FU, fluorouracil; GP, gemcitabine 1,000 mg/m2 on days 1 and 8 and 
cisplatin 60 mg/m2 on day 1 repeated every 3 weeks; OS, overall survival; RT, radiotherapy. 

Table 2.  Toxicities according to the treatment phase 

 Grade
 Initial gemcitabine/cisplatin CCRT with gemcitabine  Maintenance gemcitabine

  (74 patients) (68 patients) (63 patients)

Hematologic
    Neutropeniaa) 3 17 (23.0) 9 (13.2) 8 (12.7)
 4 6 (8.1) 0 ( 5 (7.9)
    Thrombocytopenia    3 1 (1.4) 0 ( 2 (3.2)
    Anemia 3 0 ( 0 ( 4 (6.3)
Non-hematologic    
    Nausea/Vomiting 3 2 (2.8) 3 (4.4) 1 (1.6)
    Anorexia 3 1 (1.4) 0 ( 0 (
    Fatigue 3 1 (1.4) 3 (4.4) 0 (
    Abdominal pain 3 0 ( 3 (4.4) 0 (
    GI bleeding 3 0 ( 0 ( 1 (1.6)
Values are presented as number (%). CCRT, concurrent chemoradiotherapy; GI, gastrointestinal. a)Febrile neutropenia: 4 events.
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Intensified initial regimens are needed early in the course of 
adjuvant therapy for eradication of micrometastatic disease, 
and we adopted gemcitabine and cisplatin. The doublet regi-
men was feasible and tolerable for the patients after receiv-
ing operation as shown in the present study. 

Survival results of the present study is numerically better 
than other adjuvant trials (Table 3), although direct compari-
son is not feasible. These trials included patients regardless 
of R0 or R1 resection, including patients with microscopic 
residual disease. In contrast, only patients with R0 resection 
were eligible in the present study, excluding patients with 
microscopic residual disease. Moreover, our study enrolled 
only physically fit patients, as those with more than 10%  
reduction of body weight from pre-morbid usual weight 
were excluded. These could have contributed to the homo-
geneity of enrolled patients and better outcome compared 
to the previous studies. On the other hand, the effect of  
local modality such as chemoradiotherapy could have been  
underestimated in these patients whose cancer had been 
completely resected.

In the present study, initial chemotherapy was designed to 
eliminate micrometastasis and to spare unnecessary chemo-
radiotherapy in patients with early progression who develop 
metastasis shortly after operation. In the present study, how-
ever, patients with disease progression during initial phase 
was only about 5% (4 out of 74). Another potential benefit of 
upfront chemotherapy is earlier delivery of adjuvant treat-
ment. Systemic chemotherapy can be instituted somewhat 
sooner in the postoperative period than radiotherapy to the 
upper abdomen. In the past, it was not uncommon to have 
chemoradiotherapy delayed to the 7th or 8th postoperative 
week to allow for recovery of nutritional balance and surgi-
cal healing. Upfront chemotherapy could allow earlier initia-
tion of therapy with minimal delay for chemoradiotherapy. 
In fact, for patients starting chemotherapy in postoperative 
week 4, it is likely that chemoradiotherapy will begin in 
postoperative week 10, resulting in little delay over standard 
practice whatsoever and with a significantly earlier onset of 
postoperative therapy as a whole.

Stage is one of the most important prognostic indicator in 
pancreatic cancer. Moreover, DFS is known to be a surrogate 
endpoint for OS in adjuvant trials of pancreatic cancer [29]. 
Indeed, we observed significant difference in DFS accord-

ing to the stage at diagnosis in our homogenous patients.  
Although the median OS for stage IIA was numerically long-
er than stage IIB (46 months vs. 26 months), the difference 
in OS was not significant (p=0.189), which might reflect the 
lack of statistical power to validate OS according to the stage 
in these homogeneous population. The DFS curves diverged 
widely according to the stage in the present study (Fig. 3C) 
than in the previous reports [30]. One explanation could be 
the effectiveness of the treatment regimen in node-negative 
patients, which could not be fully analyzed in this single-arm 
study.

In conclusion, adjuvant gemcitabine and cisplatin chemo-
therapy followed by chemoradiotherapy with gemcitabine 
and maintenance gemcitabine showed efficacy and good tol-
erability in curatively resected pancreatic cancer.
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