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Background: The benefits of postoperative adjuvant chemoradiotherapy (CRT) for
pancreatic cancer remain controversial. The purpose of this study is to determine if
adjuvant CRT can improve the overall survival of postoperative pancreatic cancer patients
compared to adjuvant chemotherapy (CT).

Methods: Patients with resected pancreas adenocarcinoma were identified in the
Surveillance, Epidemiology, and End Results (SEER) database (2004–2016).
Multivariate Cox regression was used to determine the factors related to survival rate.
Selection bias was reduced to a minimum through propensity matching analysis.
Subgroup analyses by clinical characteristics were performed.

Results: This study identified 10,097 patients who received adjuvant CT (n = 5,454) or
adjuvant CRT (n = 4,643). On multivariate analysis, age, sex, tumor size, site, grade, stage,
T stage, and lymph node metastasis were independent risk factors for OS. The basic
clinical characteristics were well balanced after propensity matching. After propensity
matching, CRT can improve the survival rate compared with CT [median OS: 22 months
vs 23 months (HR, 0.928; 95% CI, 0.881–0.977; P = 0.004)]. Subgroup analysis indicated
that the survival benefit of adjuvant chemoradiotherapy was more significant in patients
with female (HR, 0.860; 95% CI, 0.798–0.926; P = 0.005 for interaction) or T3 (HR, 0.905;
95% CI, 0.855–0.957; P = 0.04 for interaction) or lymph nodes positive (HR, 0.883; 95%
CI, 0.832–0.938; P = 0.005 for interaction).
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Conclusion: Adjuvant CRT was associated with improved survival compared with
adjuvant CT in patients with resection of pancreatic ductal adenocarcinoma. The
benefit was more significant in patients with female or T3 or lymph nodes positive.
Keywords: adjuvant therapy, chemoradiotherapy, chemotherapy, pancreas, radiotherapy
BACKGROUND

Pancreatic cancer is one of the most aggressive tumors. It is the
seventh leading cause of cancer deaths among men and women
worldwide, with approximately about 459,000 new cases and
432,000 deaths, according to GLOBOCAN 2018 estimates (1).
The 5-year overall survival rate (OS) is 5 to 20%. The vast
majority of patients with pancreatic cancer present as locally
advanced unresectable tumors at the first diagnosis, and their
clinical treatment is complicated and the prognosis is poor. Only
10 to 20% of patients are resectable at the time of initial diagnosis
(2–5). Although surgical resection is performed, most patients
have local recurrence or distant metastasis within 2 years (6–8),
so postoperative systemic and local adjuvant therapy after
surgery is particularly important. Multiple studies have
confirmed the survival benefits of adjuvant CT in pancreatic
cancer (9–12). However, many studies on adjuvant CRT have not
reached a consistent conclusion (11, 13–15). The reason for the
contradiction may be that the lack of a standardized plan for
adjuvant CRT leads to defects in the design and implementation
of early clinical trials, as well as the use of antiquated techniques
(16–19).

In this retrospective analysis based on the SEER database, we
evaluated whether adjuvant CRT improved survival in patients
undergoing resection of pancreatic cancer. Propensity matching
analysis was used to minimize the confusion caused by non-
random treatment allocation. At the same time, we conducted a
subgroup analysis of patients to identify subgroups in which
CRT has potential or significant benefits compared with
adjuvant CT.
METHODS

Patients
We retrospectively studied the survival outcomes of adjuvant
therapy in patients with pancreatic cancer diagnosed in the
SEER database. We identified patients with non-metastatic
pancreatic adenocarcinoma who underwent surgical resection
between 2004 and 2016. Patients who received adjuvant CT or
adjuvant CRT after surgery were included. Neuroendocrine
tumors and other histological types were excluded. Patients
who received neoadjuvant therapy, unknown lymph node
status, the survival time of less than 90 days, and less than
40 years old were excluded. We incorporate clinical features
including age, sex, race, primary site, tumor size, tumor
differentiation, tumor stage, T staging, lymph node status,
and type of adjuvant treatment.
2

Statistical Analysis
The Chi-square test or Fisher’s exact test were used for the analysis
of categorical variables. Survival estimates were calculated using
Kaplan–Meier survival curves and compared using the log-rank test.
Univariable and multivariable regression analyses were performed
in all patients using a Cox proportional hazard model. To manage
the confounding factors of treatment selection bias, a propensity
score-matched analysis was carried out. To perform 1:1 nearest
neighbor propensity score matching (PSM) without substitution.
The balanced distribution of two groups of matched patients was
verified by the chi-square test for classified variables. All statistical
tests were two-sided, and a P value <0.05 was considered statistically
significant. All statistical analyses and graphics were performed
using the software SPSS Statistics (IBM, Armonk, NY, USA) and the
statistical software package R version 4.0.1.
RESULTS

We included 10,097 patients with pancreatic adenocarcinoma
who met the criteria. A majority of patients aged 60 to 79 years
(65.6%) and 51% were male. Most patients had T3 tumors
(78.1%), were stage II (85.9%), and had nodal involvement
(67.5%) and moderately differentiated tumor (48.3%). Most of
the tumors occurred in the head of the pancreas (73.6%), and
most of them were between 2 and 4 cm (58.3%) in size. Of these
patients, 5,454 (54%) received adjuvant CT and 4,643 (46%)
received adjuvant CRT.When the patients receiving adjuvant CT
and adjuvant CRT were compared, there was a significant
difference in age, gender, and tumor size, tumor differentiation,
T stage, and lymph node status among the patients. Table 1
displays the demographic and clinical characteristics.

Association of Adjuvant
Chemoradiotherapy With Survival
Table 2 summarizes the univariate and multivariate analyses of
factors associated with overall survival. Univariate Cox
proportional hazards modeling analysis showed that age, gender,
race, and tumor size, primary site, tumor differentiation, and stage,
T stage, and lymph node status were correlated with survival. The
significant correlation variables of univariate analysis were
incorporated into multivariate Cox regression. In multivariate
analysis, there was no statistical difference between race and OS,
and other variables were still statistically significant. For the overall
cohort, median survival was 23 months. In the cohort before
propensity matching analysis, adjuvant CRT did not show survival
benefits compared with adjuvant CT [median OS: 23 months vs 23
months (HR, 0.964; 95% CI, 0.920–1.010; P = 0.123)] (Figure 1A).
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The Influence of Propensity Matching
on Survival
Before the entire queue is matched, there is an imbalance in most
of the variables between the two groups. Therefore, to build a
well-balanced queue, the confounding factors are controlled by
propensity matching. The independent factors related to OS,
such as age, sex, tumor size, location, grade, stage, T stage, and
lymph node metastasis, were matched at 1:1. Table 3 shows the
baseline characteristics after matching, and the difference
between the two groups has been balanced. The median
survival of the tendentious matching queue is 23 months.
Patients who received adjuvant CRT had an advantage in
survival compared with patients receiving adjuvant CT
[median OS: 22 months vs 23 months (HR, 0.928; 95% CI,
0.881–0.977; P = 0.004)] (Figure 1B).

Subgroup analysis was performed to determine the clinical
features with more significant benefits. It was found that the
survival benefit of adjuvant CRT was more significant in female
[HR, 0.860 (95% CI, 0.798–0.926) vs HR, 0.997 (95% CI, 0.929–
1.071); P = 0.005 for interaction]. In the high-risk pathological
Frontiers in Oncology | www.frontiersin.org 3
factors, it was found that the survival benefits of adjuvant CRT
were more significant in T3 [HR, 0.905 (95% CI, 0.855–0.957);
P = 0.04 for interaction] and lymph nodes positive [HR, 0.883
(95% CI, 0.832–0.938) vs HR, 1.045 (95% CI, 0.944–1.157);
P = 0.005 for interaction] (Figure 2).
DISCUSSION

Pancreatic cancer is one of the most invasive tumors with poor
prognosis. At present, the only cure is surgical resection.
However, more than 90% of patients will have local recurrence
or distant metastasis after the operation (8, 9, 20). After years of
research, it has been proved that postoperative adjuvant therapy
can reduce recurrence. However, there is still no consensus on
the best adjuvant treatment. Clinical trials of CONKO-001 and
the European Study Group for Pancreatic Cancer (ESPAC-1)
have demonstrated that adjuvant CT after pancreatic cancer
resection can gain survival benefits compared with observation
(9, 12, 14). The role of radiotherapy in adjuvant therapy is
TABLE 1 | Demographic and clinicopathological features of patients receiving adjuvant chemotherapy and adjuvant chemoradiotherapy.

Variable Adjuvant Chemotherapy (n = 5,454) Adjuvant Chemoradiotherapy (n = 4,643) P Value

Age <0.001
40–59 1,378 (25.3%) 1,442 (31%)
60–79 3,637 (66.7%) 2,989 (64.4%)
>80 439 (8%) 212 (4.6%)

Sex 0.007
Female 2,738 (50.2%) 2,206 (47.5%)
Male 2,716 (49.8%) 2,437 (52.5%)

Race 0.162
White 4,520 (82.9%) 3,817 (82.2%)
Black 503 (9.2%) 478 (10.3%)
Other 431 (7.9%) 348 (7.5%)

Primary Site 0.015
Head 3,952 (72.5%) 3,476 (74.9%)
Body/tail 1,009 (18.5%) 763 (16.4%)
Other 493 (9%) 404 (8.7%)

Grade <0.001
1 541 (10%) 432 (9.3%)
2 2,522 (46.2%) 2,350 (50.6%)
3 1,910 (35%) 1,552 (33.4%)
4 65 (1.2%) 42 (0.9%)
Unknown 416 (7.6%) 267 (5.8%)

Tumor Size 0.018
≤2 cm 929 (17%) 697 (15%)
2–4 cm 3,156 (57.9%) 2,726 (58.7%)
>4 cm 1,369 (25.1%) 1,220 (26.3%)

Stage <0.001
I 610 (11.2%) 364 (7.8%)
II 4,612 (84.6%) 4,061 (87.5%)
III 232 (4.2%) 218 (4.7%)

T <0.001
T1 344 (6.3%) 179 (3.9%)
T2 670 (12.3%) 564 (12.1%)
T3 4,208 (77.2%) 3,682 (79.3%)
T4 232 (4.2%) 218 (4.7%)

Nodal status <0.001
N0 1,877 (34.4%) 1,402 (30.2%)
N1 3,577 (65.6%) 3,241 (69.8%)
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controversial. The Gastrointestinal Tumor Study Group
(GITSG) trials have proved that adjuvant CRT has advantages
in survival. However, the subsequent ESPAC-1 and the European
Organization for Research and Treatment of Cancer (EORTC)
trials did not repeat the results of the GITSG trials, and adjuvant
CRT did not show survival benefits compared with the
observation (13–15). In this retrospective study, we analyzed
10,092 patients from the SEER database. This research shows
that adjuvant CRT does not improve patient survival compared
with adjuvant CT without adjusting clinical characteristics.
However, adjuvant CRT can improve patient survival after
adjustment for confounders in the propensity matching
analysis. Subgroup analysis showed that the survival benefit of
adjuvant CRT was more significant in patients with females (HR,
0.860; P = 0.005) and T3 (HR, 0.905; P = 0.04) and lymph nodes
positive (HR, 0.883; P = 0.005).
Frontiers in Oncology | www.frontiersin.org 4
There have been many twists and turns in the exploration of
adjuvant radiotherapy in the past 30 years. The earliest clinical
trial of adjuvant radiotherapy was a small-sample prospective
randomized trial conducted by GITSG in 1974. A total of 43
patients with negative incisal margin were randomly divided into
two groups: operation + observation group (n = 22) and
operation + adjuvant radiotherapy group (n = 21). The results
demonstrated that adjuvant CRT can improve the survival rate
compared with surgery alone (median OS 11 vs. 21.0 months, P =
0.03) (13). After that, 30 patients were non-randomly enrolled in
the adjuvant CRT group and achieved the same results (21).
Although the trial got positive results, its limitation lies in its small
sample size and the use of outdated split course radiotherapy.

To verify the positive results of the GITSG trial, the EORTC
III phase trial was carried out subsequently, but the results were
not as good as expected. A total of 218 patients were randomly
TABLE 2 | Univariate and multivariate analysis of overall survival rate.

Variable Univariate Multivariate

HR 95% CI P Value HR 95% CI P Value

Age <0.001 <0.001
40–59 1 1
60–79 1.094 1.037–1.153 0.001 1.101 1.044–1.161 <0.001
>80 1.261 1.140–1.394 <0.001 1.271 1.148–1.408 <0.001

Sex 0.002
Female 1 1
Male 1.086 1.037–1.138 0.001 1.078 1.028–1.130

Race 0.031 0.109
White 1 1
Black 1.035 0.958–1.119 0.383 1.081 0.999–1.169 0.053
Other 0.894 0.815–0.980 0.016 0.970 0.884–1.064 0.516

Primary Site <0.001 0.009
Head 1 1
Body/tail 0.866 0.812–0.923 <0.001 0.905 0.847–0.967 0.003
Other 0.935 0.860–1.016 0.114 0.943 0.866–1.026 0.172

Grade <0.001 <0.001
1 1 1
2 1.375 1.259–1.502 <0.001 1.295 1.185–1.415 <0.001
3 1.833 1.675–2.006 <0.001 1.660 1.516–1.818 <0.001
4 1.498 1.172–1.914 0.001 1.505 1.177–1.923 0.001
Unknown 1.232 1.086–1.398 0.001 1.232 1.085–1.399 0.001

Tumor Size <0.001 <0.001
≤2 cm 1 1
2–4 cm 1.421 1.325–1.524 <0.001 1.246 1.150–1.350 <0.001
>4 cm 1.675 1.550–1.809 <0.001 1.470 1.347–1.606 <0.001

Stage <0.001 <0.001
I 1 1
II 2.062 1.882–2.258 <0.001 1.269 1.111–1.451 <0.001
III 3.204 2.796–3.671 <0.001 2.390 1.981–2.884 <0.001

T <0.001 0.027
T1 1 1
T2 1.540 1.340–1.769 <0.001 1.064 0.899–1.239 0.445
T3 2.091 1.847–2.368 <0.001 1.180 1.000–1.371 0.040
T4 3.224 2.478–3.784 <0.001 2.390 1.981–2.884 <0.001

Nodal status <0.001
Negative 1 1
Positive 1.661 1.576–1.750 <0.001 1.441 1.358–1.530

Adjuvant therapy 0.124 0.003
Chemotherapy 1 1
Chemoradiotherapy 0.964 0.920–1.010 0.931 0.888–0.976
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A B

FIGURE 1 | Comparison of overall survival for patients treated with chemotherapy alone and patients treated with chemoradiotherapy in (A) unmatched and
(B) propensity score–matched analyses.
TABLE 3 | Demographic and clinicopathological features of patients receiving adjuvant chemotherapy and adjuvant chemoradiotherapy after propensity
score matching.

Variable Adjuvant Chemotherapy (n = 4,081) Adjuvant CRT (n = 4,081) P Value

Age 0.976
40–59 1,126 (27.6%) 1,125 (27.6%)
60–79 2,771 (67.9%) 2,776 (68%)
>80 184 (4.5%) 180 (4.4%)

Sex 0.877
Female 1,978 (48.5%) 1,971 (48.3%)
Male 2,103 (51.5%) 2,110 (51.7%)

Primary Site 0.970
Head 3,131 (76.7%) 3,125 (76.6%)
Body/tail 647 (15.9%) 655 (16%)
Other 303 (7.4%) 301 (7.4%)

Grade 0.963
1 346 (8.5%) 337 (8.3%)
2 2,081 (51%) 2,086 (51.1%)
3 1,421 (34.8%) 1,423 (34.9%)
4 25 (0.6%) 30 (0.7%)
Unknown 208 (5.1%) 205 (5%)

Tumor Size 0.987
≤2 cm 564 (13.8%) 567 (14%)
2–4 cm 2,499 (61.2%) 2,492 (61%)
>4 cm 1,018 (25%) 1,022 (25%)

Stage 0.977
I 312 (7.6%) 314 (7.7%)
II 3,647 (89.4%) 3,642 (89.2%)
III 122 (3%) 125 (3.1%)

T 0.984
T1 155 (3.8%) 160 (4%)
T2 434 (10.6%) 438 (10.7%)
T3 3,370 (82.6%) 3,358 (82.3%)
T4 122 (3%) 125 (3%)

Nodal status 0.942
Negative 1,219 (30%) 1,216 (30%)
Positive 2,862 (70%) 2,865 (70%)
Frontiers in Oncology | www.frontiersin
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assigned to the observation group (n = 108) and the adjuvant
CRT group (n = 110). The results of the pancreatic cancer
subgroup study showed that there was no significant difference
in survival rate between the observation group and the adjuvant
radiotherapy group (2-year survival rate 26 vs. 34% P = 0.099)
(14). However, the reanalysis showed that the survival rate was
statistically significant in a 1-sided analysis (P = 0.049) (22).

This was followed by a larger prospective clinical trial. The
ESPAC-1 trial included a total of 541 patients in the 2 × 2
factorial design who were randomly divided into observation and
adjuvant CT and observation versus adjuvant CRT. The results
showed that adjuvant CT had a better survival rate than surgery
alone, whereas adjuvant CRT led to a worse outcome than
surgery alone. The study has been criticized for its complexity
2 × 2 factorial design and lack of radiation quality control
(11, 15).

Several studies have assessed surveillance, epidemiological,
and final results data showing that adjuvant chemotherapy
combined with radiotherapy benefits the survival of pancreatic
cancer (23–25). A number of studies have used PSM to adjust the
effect of adjuvant therapy on the survival of pancreatic cancer. A
Frontiers in Oncology | www.frontiersin.org 6
large retrospective study of a total of 1,092 patients from Johns
Hopkins and Mayo Clinic showed that adjuvant CRT had
survival benefits compared with surgery alone (median OS 14.3
vs. 21.9 months, P < 0.001). Adjuvant CRT can improve the
survival rate of patients with negative and positive margins. In
addition, lymph nodes positive seemed to have significant
benefits in terms of adjuvant CRT while lymph nodes negative
did not benefit (26). Several studies based on the National Cancer
Database (NCBD) have shown that adjuvant radiotherapy is
associated with OS improvement in pancreatic cancer (27–29).
Rutter et al. (27) study of 6,165 patients showed that adjuvant
CRT was independently associated with OS improvement,
especially in patients with R1 resection and N1 disease. An
analysis of 12,472 patients from Kamarajah et al. (28) showed
that adjuvant radiotherapy can improve survival compared with
non-radiotherapy. In further analysis, significant survival
benefits were found in patients with positive lymph nodes, but
no survival benefits were found in patients with negative lymph
nodes. Moaven et al. (29) study included 16,709 patients showed
that in the presence of any high-risk pathologic features (nodal
or margin involvement or LVI), adjuvant chemotherapy
FIGURE 2 | Adjusted overall survival impact of chemotherapy and chemoradiotherapy among subgroups. RT indicates radiotherapy.
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followed by radiation provides a better survival advantage over
chemotherapy alone. It was found that radiotherapy alone had
no benefit to survival and the importance of treatment sequence.
Radiotherapy before chemotherapy was associated with a decline
in overall survival, which may be due to delays in systemic
treatment. Another single-center small sample retrospective
study of 146 patients demonstrated that adjuvant CRT had no
significant survival benefit compared with adjuvant CT (median
OS 16.8 vs. 21.5 months, P = 0.76) (30).

Although no large randomized controlled trials have
confirmed the survival benefits of CRT in resectable pancreatic
cancer, a large number of retrospective studies have shown that
CRT has survival benefits, especially in high-risk patients (lymph
nodes positive or cutting edge positive). Our research yielded
similar results indicating a more significant benefit of CRT in
lymph nodes positive and T3.

There are several limitations to our studies. First of all, this study
is a retrospective study of the database, which has treatment and
selection bias. This bias is reduced by propensity matching analysis.
Secondly, the SEER database does not provide other high-risk
information such as lymphatic invasion and marginal status. In
addition, the database does not have access to other information
about patients, including therapeutic toxicity, physical status, and
complications. Finally, the most important limitation is that the
database cannot provide accurate information about chemotherapy,
including specific chemotherapy regimens and chemotherapy
cycles. At the same time, it is impossible to obtain the relevant
information about radiotherapy, including the specific dose of
radiotherapy, the target area of radiotherapy, the technique of
radiotherapy, and the dose of organ at risk.
CONCLUSION

All in all, our studies have shown that adjuvant CRT has survival
benefits compared with adjuvant CT. The benefit was more
significant in patients with female or T3 or lymph nodes positive.
More reasonable and optimized prospective randomized clinical
trials are needed to further determine the benefits of radiotherapy in
resectable pancreatic cancer. In addition, our study provides
reference significance for the design of follow-up clinical trials.
Frontiers in Oncology | www.frontiersin.org 7
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