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Abstract
Background Adjuvant therapy is a standard treatment for resected pancreatic cancer, and a variety of
regimens are now used in clinical practice. We aimed to compare the e�cacy of adjuvant chemotherapy
and chemoradiation therapy in R0 resected pancreatic cancer. Methods Patients who underwent
complete microscopic resection and subsequent adjuvant treatment for pancreatic ductal
adenocarcinoma (N=277) at Seoul National University Hospital from September 2005 to December 2017
were retrospectively included. Patients were divided into two groups; systemic chemotherapy (SCT) and
combined chemotherapy plus chemoradiation therapy (SCT-CRT). The primary outcomes were
differences in overall survival (OS) between the two groups. Survival differences were compared using
the log-rank test. Patients receiving either SCT or SCT-CRT were matched 1:1 on the propensity scores.
Results Patients received SCT (n=78) and SCT-CRT (n=199). There was no signi�cant difference in
completion rate of planned regimens between the two groups (73.1% and 76.9%, respectively; P=0.534).
In the propensity score-matched cohort, there was no signi�cant difference in the median OS between the
SCT and SCT-CRT groups (35.1 [95% CI, 26.9-82.1] months and 34.8 [95% CI, 26.2-69.2] months,
respectively; P=0.993). The median RFS was 15.4 (95% CI, 12.1-31.1) months in the SCT group and 17.0
(95% CI, 13.2-37.3) months in SCT-CRT group (P=0.789). There were no signi�cant differences in the
incidence of loco-regional and distant recurrence between the two groups (P=0.833 and P=0.491,
respectively). Adverse events greater than or equal to moderate grade occurred more frequently in the
SCT-CRT group than in the SCT group (P=0.042). Conclusion Considering its e�cacy and safety, adjuvant
SCT alone might be a reasonable choice over SCT-CRT in R0 resected pancreatic cancer.

Introduction
Pancreatic cancer occurs in 458,918 people annually worldwide [1]. The 5-year survival rate has been
lower than 7% over the past 30 years; it is now 8.5%, which is still low compared to other cancers [2].
Currently, pancreatic cancer is the fourth leading cause of cancer-related deaths, and it is expected to rank
second by 2030 [3]. The only curative treatment is surgery; however, only 15%~20% of patients are
diagnosed in a resectable state at initial diagnosis [4]. Even after curative resection, over 80% of patients
experience relapse [5].

Since curative resection is not su�cient for complete resolution of pancreatic cancer, adjuvant therapy
after surgery has become a standard treatment; this has signi�cantly increased the 5-year survival rate
[6,7]. Based on extensive previous studies regarding diverse adjuvant treatment methods in resected
pancreatic cancer [8-12], various regimens including chemoradiation therapy and chemotherapy are
implemented in real clinical practice. In a clinical trial of adjuvant treatment in 2010, there was no
signi�cant difference in e�cacy between 5-�uorouracil plus folinic acid (FFA) and gemcitabine alone
chemotherapy [13]. More recently, combination chemotherapy with 5-�uorouracil, leucovorin, irinotecan,
and oxaliplatin (FOLFIRINOX) and gemcitabine plus capecitabine showed signi�cantly longer survival
than gemcitabine alone [9,14]. A de�nite standard chemotherapy regimen has not been established, and
there are several ongoing clinical trials regarding various adjuvant chemotherapy regimens [8].
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Currently, the National Comprehensive Cancer Network (NCCN) guidelines recommend systemic
chemotherapy (SCT) or a combination of SCT and chemoradiation therapy (SCT-CRT) for resected
pancreatic cancer [15]. Compared to chemotherapy, the e�cacy of adjuvant chemoradiation therapy is
debatable [16]. In 1985, chemoradiation therapy was �rst reported to increase overall survival in a clinical
trial [6]. Recently, Rutter et al [14] reported that chemoradiation therapy was more effective than
chemotherapy alone in resected pancreatic adenocarcinoma. Chemoradiation therapy is also known to
signi�cantly reduce loco-regional recurrence [18]. On the other hand, a recent clinical trial in Europe
reported no signi�cant difference in e�cacy between chemoradiation therapy and chemotherapy groups
[10]. To date, several studies regarding the e�cacy of CRT have not shown consistent results, while the
previous randomized controlled trials have consistently demonstrated the e�cacy of adjuvant SCT [9,12-
14,19].

Attempts to identify a standard adjuvant treatment for resected pancreatic cancer have continued, and a
variety of adjuvant treatment regimens are now used in real clinical practice. However, there is still a lack
of studies comparing the e�cacy of SCT and SCT-CRT. We aimed to evaluate the e�cacy of these
treatment modalities in patients with pancreatic cancer treated with R0 resection.

Methods
Study population

Retrospectively, medical records of patients who underwent complete microscopic resection for
pancreatic cancer at Seoul National University Hospital from September 2005 to December 2017 were
reviewed. Microscopic tumor clearance (R0) was de�ned according to the International Union Against
Cancer, and R1 was de�ned as the microscopic presence of tumor cells at de�nite resection margin [20].
After excluding patients who showed a histopathologic pattern other than pancreatic ductal
adenocarcinoma, and who were treated with other active tumors within 5 years, 361 patients were
analyzed. Additionally, patients who received only chemoradiation therapy, who received adjuvant therapy
at other centers, and who were treated with unknown or unveri�ed regimens of adjuvant treatment were
excluded. Finally, 277 patients were included in this study (Fig. 1). All patients signed an informed
consent before surgery, chemotherapy, and chemoradiation therapy. This study was approved by the
Institutional Review Board of Seoul National University Hospital, Seoul, Korea (1609-015-789).

 

Adjuvant treatment

Patients were evaluated for residual tumor at 1 month after R0 resection. If there was no residual tumor,
adjuvant treatment was initiated within 4 months after surgery. The adjuvant SCT and/or CRT regimen
was determined through multidisciplinary discussions with each patient. Regimens for SCT group
gemcitabine [12], FFA combination therapy [13], S-1 [19], and gemcitabine plus nab-paclitaxel
combination therapy [NCT01964430] based on the previous clinical trials. Radiation therapy was applied
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to the tumor bed, surgical anastomosis sites, and adjacent lymph node basins at 45-55 Gy over 5 to 8
weeks or at 20 Gy over 10 consecutive days two times repeatedly [21,22]. Chemotherapeutic agents for
CRT included 5-�uorouracil and gemcitabine. The SCT-CRT group included patients who received CRT
with induction and/or maintenance chemotherapy. Induction chemotherapy included gemcitabine [10] or
gemcitabine and cisplatin combination therapy [NCT01396681] and maintenance chemotherapy
included 5-�uorouracil [21], gemcitabine [12], and FFA combination therapy [13]. Supplementary Table S1
summarizes details of adjuvant treatment protocols according to the previous clinical trials. During the
�rst 2 years after surgery, patients were followed up at 3 to 6 month intervals. In the absence of
recurrence in the �rst two years, patients were evaluated every six months.

 

Outcome measures

The primary outcome was difference in overall survival (OS) between the SCT and SCT-CRT groups. OS
was de�ned as time from surgery to death from any cause. Patients alive at the point of �nal analysis
were censored at the date last seen alive. Secondary outcomes were differences in recurrence-free
survival (RFS), recurrence pattern, and adverse events between the SCT and SCT-CRT groups. RFS was
de�ned from the date of surgery to tumor recurrence, which was con�rmed histologically and/or
radiographically. Patients alive without tumor recurrence at the last date of follow-up or dead without
evidence of tumor recurrence were censored for RFS. Loco-regional recurrence was de�ned as recurrence
limited to the pancreas, retroperitoneum, periadventitial tissues around the resected pancreas, and
regional lymph nodes. Distant recurrence was de�ned as recurrence beyond the loco-regional area.

During adjuvant treatment, patients were monitored closely for evidence of toxicity. Adverse events were
assessed using the National Cancer Institute Common Toxicity Criteria for Adverse Events, version 4.03.
Patient demographics, underlying medical conditions, and tumor marker levels were evaluated
preoperatively. Pathologic �ndings included tumor location, diameter, differentiation, AJCC 8th edition
TNM stage, distance of margin from tumor, lymphovascular invasion, and perineural invasion. Mortality
data were collected from the database of Korean Ministry of the Interior and Safety.

 

Statistical analysis

Categorical variables were expressed as the number of patients and percentages. Continuous variables
were presented as mean ± standard deviation. Categorical data between two groups were compared
using Fisher's exact test. Survival analysis was based on the Kaplan–Meier method with median and 95%
con�dence interval (CI). Associations between several variables and OS were evaluated using Cox
proportional hazard regression models calculating hazard ratios and 95% CIs. Using variables with P<0.1
in the univariable analysis, multivariable-adjusted Cox proportional hazard regression analysis was
performed. Survival differences between groups were compared using the log-rank test. Regarding the
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variation of clinicopathologic characteristics between groups, propensity score-matching analysis was
performed. A caliper size of 0.2 X log (standard deviation of the propensity score) was implemented, and
individual scores were calculated through logistic regression modeling based on the following 10
covariates: age, sex, ECOG, Charlson comorbidity index, safety margin, tumor histology, perineural
invasion, lymphovascular invasion, AJCC stage, and CA 19-9 [22,23]. Patients receiving either SCT or SCT-
CRT were matched 1:1 on the propensity scores. After propensity score matching, OS, RFS, recurrence
pattern, and adverse events between the two groups were examined. All statistics were evaluated using R
version 3.5.0 for Windows (Institute for Statistics and Mathematics, Vienna, Austria; http://www.R-
project.org).

Results
Patient characteristics

Baseline characteristics are summarized in Table 1. Seventy-seven (27.8%) patients were older than 70.
Mean Charlson’s comorbidity index was 4.6±1.3, and it was more than or equal to 6 in 63 (22.7%)
patients. AJCC stage was most commonly stage IIB in 100 (36.1%) patients, followed by IB in 81 (29.2%),
IA in 37 (13.4%), III in 53 (19.1%), and IIA in 6 (2.2%) patients. One hundred and eight (39.0%) patients had
a safety margin of less than or equal to 0.1 cm. Preoperative CA19-9 was more than or equal to 100
U/mL in 153 (55.4%) patients. The mean follow-up duration was 32.2 ± 28.6 months.

 

Prognostic factors for OS

In total cohort, median OS was 35.1 (95% CI, 30.6-44.4) months. In univariable Cox proportional hazard
regression analysis, variables that showed P<0.1 included safety margin ≤0.1 cm, poorly differentiated or
undifferentiated histology, high AJCC stage, preoperative CA19-9≥100 U/mL, and lymphovascular or
perineural invasion. In multivariable-adjusted Cox proportional hazard regression analysis,
lymphovascular invasion and preoperative CA19-9 level were independent prognostic factors (P<0.001
and P=0.007, respectively). The number of patients and OS classi�ed by each variable are summarized in
Table 2. In the unmatched cohort, the proportion of patients with age≥70 and safety margin≤0.1 cm was
higher in the SCT group than in the SCT-CRT. After propensity score-matching, there were no signi�cant
differences in variables associated with OS between the two groups (Table 3).

 

Therapeutic outcomes between SCT and SCT-CRT groups in the unmatched cohort

Adjuvant SCT was performed in 78 patients, including 44 patients receiving gemcitabine, 22 patients
receiving FFA, 11 patients receiving gemcitabine plus nab-paclitaxel, and 1 patient receiving S-1. In the
SCT group, the median treatment duration was 139.9 ± 49.1 days and 57 (73.1%) patients completed
planned adjuvant protocols. Overall, 199 patients received adjuvant SCT-CRT; the most frequent
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chemotherapeutic agent for CRT was 5-�uorouracil (119/199, 59.8%), followed by gemcitabine (80/199,
40.2%). In the SCT-CRT group, 51 patients underwent induction chemotherapy with gemcitabine plus
cisplatin and 10 patients with gemcitabine. After CRT, patients received gemcitabine most frequently
(116/199, 58.3%), followed by FFA (70/199, 35.2%) for maintenance adjuvant chemotherapy. The median
treatment duration was 196.9 ± 46.7 days in the SCT-CRT group, and 153 (76.9%) patients completed
planned adjuvant protocols. The median treatment duration was signi�cantly longer in the SCT-CRT
group than in the SCT group (P<0.001), while there was no signi�cant difference in completion rate of
planned regimens between the two groups (P=0.534).

Median OS in the SCT group and the SCT-CRT group was 31.1 (95% CI, 26.9-47.4) months and 35.9 (95%
CI, 30.7-47.8) months, respectively (P=0.681). During follow-up, recurrence occurred in 170 (61.4%)
patients, and median RFS was 16.8 (95% CI 15.0-21.9) months. There was no signi�cant difference in
RFS between the SCT and SCT-CRT groups (15.4 [95% CI, 11.6-24.8] months and 17.7 [95% CI, 15.0-23.6]
months, respectively; P=0.453). Figure 2A and 2B illustrate the differences in OS and RFS between the
SCT and SCT-CRT groups in the unmatched cohort.

 

Therapeutic outcomes between SCT and SCT-CRT groups in the propensity score-matched cohort

The propensity score-matched cohort was comprised of 142 patients; 71 patients each were classi�ed as
SCT group and SCT-CRT group. The median OS was 35.1 (95% CI, 26.9-82.1) months in the SCT group
and 34.8 (95% CI, 26.2-69.2) months in the SCT-CRT group (P=0.993). The median RFS of the patients
who underwent SCT was 15.4 (95% CI, 12.1-31.1) months, which was not signi�cant different from that
of patients who received SCT-CRT (17.0 [95% CI, 13.2-33.9] months; P=0.789). Figure 3A and 3B show the
differences in OS and RFS between the two groups in the propensity score-matched cohort

Differences in the recurrence pattern between SCT and SCT-CRT groups are summarized in Table 4.
Recurrence was con�rmed in 40 (56.3%) patients in the SCT group and 43 (60.6%) in the SCT-CRT group
(P=0.734). There were no signi�cant differences in the incidence of loco-regional and distant recurrence
between the two groups (P=0.833 and P=0.491, respectively). The liver was the most common site of
distant recurrence in both groups. There was no signi�cant difference in the number of patients who
could undergo further lines of treatment after relapse between SCT and SCT-CRT groups (42.1% and
47.9%, respectively; P=0.613).

Details of adverse events greater than or equal to moderate grade during adjuvant treatment are
summarized in Table 5. No somatic adverse events were signi�cantly different between the two groups.
The incidences of neutropenia, anemia, and hypertransaminesemia were higher in the SCT-CRT group
than in the SCT group. In total, adverse events greater than or equal to moderate grade occurred more
frequently in the SCT-CRT group than in the SCT group (P=0.042.

Discussion
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A wide variety of regimens has been studied as adjuvant treatment for resected pancreatic cancer [8-10].
However, adjuvant treatment for pancreatic cancer is not yet standardized. There are discrepancies
among previous studies comparing the e�cacy of adjuvant CRT and SCT [6,10,17]. This study
demonstrated no signi�cant differences in OS and RFS between the SCT and the SCT-CRT groups. In
addition, there were no signi�cant differences in recurrence pattern between the two groups. Adverse
events greater than or equal to moderate grade occurred more frequently in the SCT-CRT group than in the
SCT group.

CRT did not show a signi�cant increase in OS compared with the control group in ESPAC-1 and EORTC
clinical trials [10,24,25]. On the other hand, recent studies showed that CRT combined with SCT was
superior to SCT alone [17,26]. However, recent large-scale studies are limited by lacking of pathologic
information including surgical free margin, T stage, and N stage [17,26]. In this study, SCT-CRT did not
show signi�cantly better survival outcomes compared with SCT alone in both the unmatched and the
propensity score-matched cohorts. These results are consistent with the previous clinical trials that did
not demonstrate the signi�cant e�cacy of CRT [10,24,25].

CRT is known to lower the risk of loco-regional relapse, whereas SCT reduces distant metastasis [27,28].
A previous study reported ~20% local only recurrence in resected pancreatic cancer [29]. In this study,
local only recurrence was more frequent in the SCT group, but the difference was not statistically
signi�cant. This is consistent with a previous clinical trial, indicating that conventional RT dose may not
be su�cient for improving loco-regional relapse [25]. There are many types of radiation therapies
currently available for pancreatic cancer, including new modalities such as stereotactic body radiation
therapy [30,31]. Efforts should be made to �nd the most effective radiotherapy method to reduce local
recurrence when combined with SCT.

A previous study showed that there is no signi�cant difference in e�cacy between gemcitabine and FFA
combination chemotherapy [13]. In JASPAC 01 trial, S-1 showed signi�cantly higher 5-years overall
survival rate than gemcitabine in Asian population [19]. Most recently, FOLFIRINOX showed a signi�cant
increase in OS compared with gemcitabine single therapy, and adverse events greater than or equal to
severe grade occurred in ~3/4 of patients [14]. Nab-paclitaxel, which has recently shown signi�cant
therapeutic effects in metastatic pancreatic cancer, is being studied to con�rm its effectiveness in
resected pancreatic cancer [NCT01964430]. Based on these clinical trials, this study included patients
receiving gemcitabine, FFA, gemcitabine plus nab-paclitaxel, or S-1 in the chemotherapy group. Since
various adjuvant treatment regimens have different spectra of e�cacy and toxicity, appropriate patient
strati�cation is essential to establish a proper treatment plan.

Surgical margins, lymph node metastasis, tumor differentiation, high level of preoperative CA19-9, and
perineural and lymphovascular invasion are well-known prognostic factors in resected pancreatic cancer
[32]. In accordance with previous studies, this study demonstrated several independent prognostic factors
for OS based on the Cox proportional hazard regression model. Patients should be thoroughly evaluated
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on the basis of an elaborate prognostication model to establish active treatment plans, such as intensive
systemic chemotherapy or clinical trials, in high-risk patients.

The limitations of this study are as follows. First, there is an inherent selection bias due to its single-
center retrospective study design. Second, the statistical power may be less than ideal because there was
a relatively small total number of patients in this study. Third, this study involved heterogeneous
chemotherapeutic regimens, and since our institution is active in radiation therapy, the proportion of
patients who received SCT was relatively small. However, adjuvant treatment protocols that were veri�ed
in previous clinical trials were included in this study. Additionally, propensity score-matched analysis was
performed between the two groups to reduce the bias from confounding variables. Since this study is
limited by the small sample size and retrospective design, a well-designed clinical trial that prospectively
compares SCT and/or CRT should be followed.

In conclusion, in R0 resected pancreatic cancer, there were no signi�cant differences in OS, RFS, and
recurrence pattern between SCT and SCT-CRT groups while SCT-CRT group showed signi�cantly longer
treatment duration and higher incidence of adverse events than SCT group. In terms of e�cacy and
safety, SCT alone might be a reasonable choice over SCT-CRT in R0 resected pancreatic cancer.

Abbreviations
PDAC, pancreatic ductal adenocarcinoma; FFA, 5-�uorouracil and folinic acid; FOLFIRINOX, 5-�uorouracil,
leucovorin, irinotecan, and oxaliplatin; AJCC, American Joint Committee on Cancer; CRT, chemoradiation
therapy; SCT, systemic chemotherapy; OS, overall survival; RFS, recurrence-free survival; CI, con�dence
interval
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Figure 1

Flowchart of patient inclusion. PDAC, pancreatic ductal adenocarcinoma; IPMC, intraductal papillary
mucinous neoplasm; RCT, randomized controlled trial; SCT, systemic chemotherapy; SCT-CRT,
combination therapy with chemoradiation and systemic chemotherapy
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Figure 2

Kaplan–Meier estimates of (A) overall survival and (B) recurrence-free survival, classi�ed by SCT and
SCT-CRT in the unmatched cohort
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Figure 3

Kaplan–Meier estimates of (A) overall survival and (B) recurrence-free survival, classi�ed by SCT and
SCT-CRT in the propensity score-matched cohort
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