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Background: Neoadjuvant therapy remains controversial in treating resectable pancreatic ductal adenocarcinoma (PDAC) patients.
This study aims to assess the impact of neoadjuvant therapy on survival in patients with PDAC according to their clinical stage.
Methods: Patients with resected clinical Stage I–III PDAC from 2010 to 2019 were identified in the surveillance, epidemiology, and
end results database. A propensity score matching method was utilized within each stage to reduce potential selection bias between
patients who underwent neoadjuvant chemotherapy followed by surgery and patients who underwent upfront surgery. An overall
survival (OS) analysis was performed using the Kaplan–Meier method and a multivariate Cox proportional hazards model.
Results: A total of 13 674 patients were included in the study. The majority of the patients (N=10 715, 78.4%) underwent upfront
surgery. Patients receiving neoadjuvant therapy followed by surgery had significantly longer OS than those with upfront surgery.
Subgroup analysis revealed that the neoadjuvant chemoradiotherapy group’s OS is comparable to neoadjuvant chemotherapy. In
clinical Stage IA PDAC, there was no difference in survival between the neoadjuvant treatment and upfront surgery groups before or
after matching. In stage IB-III patients, neoadjuvant therapy followed by surgery improved OS before and after matching compared to
upfront surgery. The results revealed the same OS benefits using the multivariate Cox proportional hazards model.
Conclusion: Neoadjuvant therapy followed by surgery could improve OS over upfront surgery in Stage IB-III PDAC but did not
provide a significant survival advantage in Stage IA PDAC.
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Introduction

Pancreatic cancer is one of the leading reasons of cancer death
worldwide, with an estimated 62 210 new cases and 49 830
deaths in the United States in 2021[1]. The most pathological type
of pancreatic cancer is pancreatic ductal adenocarcinoma
(PDAC)[2]. Over 80% of patients are diagnosed with advanced
pancreatic cancer at diagnosis, which significantly reduces the

likelihood of curative resection. In addition, the 5-year survival
rate for patients with resectable lesions that undergo surgical
resection is only 15–25%[3]. The role of adjuvant chemotherapy
has been considered standard management for PDAC after sur-
gical resection and has been shown to improve overall survival
(OS) significantly[4,5].

Decisions about the resectability status of PDAC should be
made in consensus at multidisciplinary discussions, which usually
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depends on radiological criteria for the contact between tumor
and peripheral blood vessels. Resectable PDAC is defined as no
arterial or venous tumor contact or tumor contact with the
superior mesenteric vein or portal vein less than or equal to 180°.
Solid tumor contact with the superior mesenteric artery less than
180°, or with arteries or venous invasion, which allows for safe
and complete resection and reconstruction belongs to borderline
resectable PDAC. Locally advanced disease is defined as solid
tumor contact greater than 180° with the arteries or unrecon-
structible venous invasion[6].

Neoadjuvant therapy is becoming increasingly prevalent in
treating several malignant tumors, such as nonsmall-cell lung
cancer and triple-negative and HER2-positive breast cancer[7,8].
Regarding PDAC, neoadjuvant therapy followed by surgery leads
to higher rates of R0 and N0 resection rates than surgery per-
formed immediately after diagnosis[9]. Neoadjuvant therapy
could significantly improve the OS in patients with borderline
resectable and locally advanced PDAC. Nevertheless, the optimal
treatment sequence for resectable PDAC remains controversial
since not all clinical trials indicate a statistically significant dif-
ference in OS[10–13]. As recently reported by Shoucair et al.[14],
matrix metalloproteinase seven expression in fine-needle aspira-
tion biopsies is associated with pathologic response to neoadju-
vant therapy in resected PDAC patients. As a result of this study,
we understood the different benefits of neoadjuvant therapy of
PDAC from the viewpoint of molecular biology. This result also
reminded us that more specific guidance might be obtained with
more detailed stratification of resectable patients.

This study aimed to perform a propensity-matched analysis
(PSM) comparing neoadjuvant therapy followed by resection
with upfront surgery in patients with resectable and borderline
resectable PDAC, with a stage-specific analysis for stage I–III
PDAC patients.

Methods

Study population and study design

This study used a retrospective cohort collected from the
Surveillance, Epidemiology, and End Results (SEER) database, a
program that records cancer diagnoses, treatment, and survival
data for the population of the United States. Our analysis has
been approved by SEER Research Plus Data (November 2021
submission) (Username:14376-Nov2018). To include patients
who have undergone a more standardized neoadjuvant treat-
ment, only PDAC patients with positive histopathology between
2010 and 2019 have been included in the study. Additional
information included basic patient information, the American
Joint Committee on Cancer (AJCC) TNM stage, tumor size,
tumor site, treatment options, surgical type, and follow-up
information. Furthermore, the eighth edition clinical stage was
calculated based on the tumor size and positive lymph nodes’
presence. We excluded the following patients from this study:
those whose survival time was less than one month, those with
distant metastases, patients who did not undergo surgery or with
an unclear surgical type, those whose T or N stage was unclear,

Figure 1. Procedures for inclusion and exclusion of the cohort.

HIGHLIGHTS

• The benefits of neoadjuvant therapy for pancreatic ductal
adenocarcinoma (PDAC) vary depending on the stage.

• Patients with stage IB-III PDAC benefited from neoadju-
vant therapy before surgery.

• Neoadjuvant treatment does not improve survival in stage
IA PDAC patients.

• More accurate staging is needed when neoadjuvant ther-
apy is used.
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and those undergoing only neoadjuvant radiotherapy (Fig. 1).
The term neoadjuvant therapy refers to the administration of
chemoradiotherapy or chemotherapy before surgery. Following
subgroup stratification, these patients were analyzed according to
Stages IA, IB, IIA, IIB, III-N2, and III-T4. The study was complied
with the 1964 Helsinki Declaration, and the work had been
reported in line with the strengthening the reporting of cohort,
cross-sectional and case-control studies in surgery (STROCSS)
Criteria[15], Supplemental Digital Content 1, http://links.lww.
com/JS9/A431. This study was exempted by the ethics committee
of the Tianjin Medical University Cancer Institute and Hospital
because the SEER database is publicly available, and all patient
data have been unlabeled.

Statistical Analyses

The continuous variables were compared using the student t-test
and expressed as the mean and SD. Categorical variables were
summarized as numbers and percentages and compared using
χ2-tests or Fisher’s exact tests. A PSM (1:1 or 2:1, without
replacement) was conducted to eliminate the influence of baseline
variables in each subgroup. This study’s primary objective was to
determine OS. OS is defined as the time from the diagnosis to the
death. We evaluated the significance of the difference in survival
among the upfront surgery and neoadjuvant therapy groups
using Kaplan–Meier survival curves with the Log-Rank test and
multivariable Cox proportional hazard regression analyses. The
statistical analyses were conducted using R version 4.2.1 (http://
www.r-project.org/). P-values less than 0.05 in a two-tailed test
were considered statistically significant.

Results

Demographic characteristics and survival of the whole
cohort and resectable patients

The cohort of this study consisted of 13 674 patients with stage
I–III PDAC. A total of 10 715 patients underwent upfront sur-
gery, and 2959 underwent neoadjuvant therapy. There were
significant differences in baseline characteristics factors among
upfront surgery and neoadjuvant therapy groups (Table 1). The
mean age of patients in the upfront surgery group was older than
the neoadjuvant therapy group (67.6 years vs. 64.4 years,
P< 0.001). The ratio of tumors in the head of the pancreas was
significantly higher in the neoadjuvant therapy group compared
to the upfront surgery group, and a higher ratio of patients in the
neoadjuvant therapy group underwent pancreatoduodenectomy
(P< 0.001). T4 tumor accounted for 16.3% of the neoadjuvant
therapy group, which was significantly higher than the upfront
surgery group (3.1%) (P< 0.001). Regarding adjuvant therapy, a
higher proportion of patients undergoing upfront surgery
(70.5%) and radiotherapy (23.6%) receive it than those receiving
neoadjuvant therapy.

The median survival was higher in the neoadjuvant therapy
group compared with the upfront surgery group (29 months vs.
22 months, P<0.001, Fig. 2A). In addition, we removed patients
with the T4 stage to get cohorts with resectable disease. The
Kaplan–Meier survival curves revealed that the median survival
of the neoadjuvant therapy group was also significantly higher
than the upfront surgery group in patients with resectable disease
(29 months vs. 22 months, P<0.001, Fig. 2B). Then we

compared the survival impact of neoadjuvant chemotherapy with
neoadjuvant chemoradiotherapy. The results show that the sur-
vival impact of neoadjuvant chemotherapy is comparable to that
of neoadjuvant chemoradiotherapy in the whole neoadjuvant
cohort (29 months vs. 29 months, P= 0.678, Fig. 2C) and
resectable cohort (29 months vs. 28 months, P=0.244, Fig. 2D).

Subgroup analysis of the survival outcomes

We conducted PSM in the stage-specific analysis of stage I–III
patients to balance the distribution of baseline variables

Table 1
Baseline variables, intraoperative information, and adjuvant
treatment between neoadjuvant therapy followed by surgery
and upfront surgery Groups in the whole original cohort

Neoadjuvant
Therapy

(N= 2959) %
Upfront Surgery
(N= 10 715) % P

Marital status < 0.001
Married 2012 (68.0) 6641 (62.0)
Unmarried 947 (32.0) 4074 (38.0)

Race 0.021
White 2467 (83.4) 8749 (81.7)
Black 262 (8.9) 958 (8.9)
Other 230 (7.8) 1008 (9.4)

Age < 0.001
Mean (SD) 64.4 (9.54) 67.6 (10.2)

Gender 0.755
Female 1447 (48.9) 5275 (49.2)
Male 1512 (51.1) 5440 (50.8)

Site < 0.001
Head 2255 (76.2) 7685 (71.7)
Body/Tail 429 (14.5) 2140 (20.0)
Other/Overlapping 275 (9.3) 890 (8.3)

Surgery < 0.001
Pancreatoduodenectomy 2312 (78.1) 7858 (73.3)
Partial pancreatectomy 315 (10.6) 1648 (15.4)
Total pancreatectomy 332 (11.2) 1209 (11.3)

Examined nodal number < 0.001
< 10 539 (18.2) 2089 (19.5)
11–19 1133 (38.3) 4464 (41.7)
20+ 1287 (43.5) 4162 (38.8)

Adjuvant chemotherapy < 0.001
No 1767 (59.7) 3159 (29.5)
Yes 1192 (40.3) 7556 (70.5)

Adjuvant radiotherapy < 0.001
No 2524 (85.3) 8184 (76.4)
Yes 435 (14.7) 2531 (23.6)

T < 0.001
T1 275 (9.3) 1733 (16.2)
T2 1652 (55.8) 6218 (58.0)
T3 551 (18.6) 2445 (22.8)
T4 481 (16.3) 319 (3.0)

N < 0.001
N0 1515 (51.2) 3548 (33.1)
N1 973 (32.9) 4202 (39.2)
N2 471 (15.9) 2965 (27.7)

Stage < 0.001
IA 148 (5.0) 962 (9.0)
IB 826 (27.9) 1831 (17.1)
IIA 260 (8.8) 660 (6.2)
IIB 825 (27.9) 4084 (38.1)
III 900 (30.4) 3178 (29.7)
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(Supplement Table 1s–6 , Supplemental Digital Content 2, http://
links.lww.com/JS9/A432). After PSM, there was no significant
difference between upfront surgery and neoadjuvant therapy
groups at baseline characteristics of each stage of patients. To
further investigate the survival outcome between the patients who
underwent upfront surgery and neoadjuvant therapy in different
disease stages, the Kaplan–Meier survival analysis was performed
in each subgroup both before and after PSM.

Of the patients with Stage IA PDAC, the OS was similar between
upfront surgery and the neoadjuvant therapy group either in both
unmatched (53 months vs. 35 months, P=0.396, Fig. 3A) or mat-
ched data (49 months vs. 35 months, P=0.306, Fig. 4A). For Stage
IB patients, median OS was statistically significantly improved in the
neoadjuvant therapy group compared with the upfront surgery
subgroup before (32 months vs. 29 months, P=0.001, Fig. 3B)
and after PSM (32 months vs. 30 months, P=0.05, Fig. 4B).
Additionally, neoadjuvant therapy also significantly correlated with

a longer survival time in Stage IIA patients for both unmatched
(34months vs. 22months,P<0.001, Fig. 3C in the Supplement) and
matched patients (36 months vs. 24 months, P<0.001, Fig. 4C).
Likewise, for patients with stage IIB, patients who underwent
neoadjuvant therapy had significantly longer OS than patients who
receive upfront surgery before (26 months vs. 21 months, P<0.001,
Fig. 3D) and after PSM (26 months vs. 23 months, P=0.004,
Fig. 4D).

The patients with stage III-T4 belong to the borderline
resectable category. Notably, we also found that OS was sig-
nificantly improved for the neoadjuvant therapy group for both
unmatched (30 months vs. 13 months, P<0.001, Fig. 3E) and
matched patients (28 months vs. 13 months, P<0.001, Fig. 4E)
compared with those receiving upfront surgery. The double
median survival benefit also highlighted the important role of
neoadjuvant therapy in borderline resectable PDAC. Finally, in
patients with stage III-N2 disease, significant improvement in

A B

C D

Figure 2. Kaplan–Meier survival curves for overall survival between patients of the upfront resection group and patients of the neoadjuvant therapy followed by
surgery group for the whole cohort (A) and resectable cohort (B). Kaplan–Meier survival curves for overall survival between patients of the neoadjuvant che-
motherapy group and patients of the neoadjuvant chemoradiotherapy group for the whole cohort (C) and resectable cohort (D).
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medianOSwas also discovered before (22months vs. 17 months,
P< 0.001, Fig. 3F) and after PSM (22 months vs. 18 months,
P= 0.04, Fig. 4F). Therefore, except for patients with the IA
stage, patients in other specific stages could receive survival
benefits after neoadjuvant treatment.

Neoadjuvant therapy compared to upfront surgery plus
adjuvant chemotherapy

The NCCN guidelines recommend adjuvant chemotherapy for
patients with pancreatic cancer who have had initial surgery

A

C D

B

E F

Figure 3. Kaplan–Meier survival curves for overall survival between patients of the upfront resection group and patients of the neoadjuvant therapy followed by
surgery group for clinical stage IA (A), clinical stage IB (B), and clinical stage IIA (C), clinical stage IIB (D), clinical stage III-T4 (E), and clinical stage III-N2 (F) patients in
the unmatched data.
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because it can significantly improve survival. Though it is chal-
lenging in the real world for every patient who underwent upfront
surgery to receive adjuvant chemotherapy, we conduct a further
subgroup analysis to compare the survival impact of neoadjuvant
therapy with upfront surgery plus adjuvant chemotherapy in
order to improve the credibility of the benefits of neoadjuvant

therapy. As Figures 5A, B, D, and F showed, the OS was com-
parable between upfront surgery plus adjuvant chemotherapy
and neoadjuvant therapy group in patients with stage IA
(53 months vs. 35 months, P=0.086), stage IB (36 months vs.
32 months, P=0.287), stage IIB (26 months vs. 26 months,
P= 0.917), and stage IIIB (21 months vs. 22 months, P=0.556).

A B

C D

E F

Figure 4. Kaplan–Meier survival curves for overall survival between patients of the upfront resection group and patients of the neoadjuvant therapy followed by
surgery group for clinical stage IA (A), clinical stage IB (B), and clinical stage IIA (C), clinical stage IIB (D), clinical stage III-T4 (E), and clinical stage III-N2 (F) patients in
the matched data.
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However, the neoadjuvant therapy group could still achieve sig-
nificantly longer OS than the upfront surgery plus adjuvant
chemotherapy group in patients with stage IIA (36 months vs.
26 months, P= 0.010), III-T4 (28 months vs. 16 months,
P< 0.001). This result highlights the significance of neoadjuvant
therapy in the management of Stage IIA and III-T4 disease.

Subgroup multivariate Cox analysis of the role of
neoadjuvant therapy

To further reduce the bias of baseline information and adjuvant
chemotherapy on neoadjuvant effects, subgroup multivariable
Cox proportional hazards regression analyses were conducted to
further evaluate the hazard ratio (HR) and 95% CI of OS of

A B

C D

E F

Figure 5. Kaplan–Meier survival curves for overall survival between patients of the upfront resection plus adjuvant chemotherapy group and patients of the
neoadjuvant therapy followed by surgery group for clinical Stage IA (A), clinical stage IB (B), and clinical stage IIA (C), clinical stage IIB (D), clinical stage III-T4 (E), and
clinical stage III-N2 (F) patients in the matched data.
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neoadjuvant therapy in different subgroups of specific stages in
matched patients. Except in patients with Stage IA HR=1.216;
95% CI, 0.874–1.692; P= 0.246; Fig. 6A), neoadjuvant therapy
was demonstrated as an independent prognosis factor which
could significantly improve OS in patients with stage IB

(HR= 0.737; 95% CI, 0.633–0.859; P< 0.001; Fig. 6B), IIA
(HR= 0.646; 95% CI, 0.497–0.840; P= 0.001; Fig. 6C), IIB
(HR= 0.660; 95% CI, 0.583–0.748; P< 0.001; Fig. 7A), III-T4
(HR= 0.394; 95% CI, 0.310–0.500; P<0.001; Fig. 7B), and III-
N2 (HR= 0.631; 95%CI, 0.537–0.742; P< 0.001; Fig. 7C). The

A

B

C

Figure 6. Multivariate Cox regression analysis with Hazard ratios represented for overall survival in matched data of clinical stage IA (A), clinical stage IB (B), and
clinical stage IIA (C) patients.
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OS benefits were independent of age, sex, tumor location, and
adjuvant therapy. Thus, these results further confirmed the role of
neoadjuvant treatment in improving OS in stage I–III PDAC
instead of patients with stage IA.

Discussion

It is essential to conduct multimodality therapy for the curative
treatment of PDAC. To the best of our knowledge, this study is

A

B

C

Figure 7.Multivariate Cox regression analysis with Hazard ratios represented for overall survival in matched data of clinical stage IIB (A), clinical stage III-T4 (B), and
clinical stage III-N2 (C) patients.
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the first to assess neoadjuvant therapy’s role in subgroups of
PDAC stratified by the eighth TNM stage. The result of our
study found that patients with stage IB-III PDAC who received
neoadjuvant therapy followed by surgery had a better OS than
those treated conventionally upfront surgery. It is noteworthy
that for patients with stage IA PDAC, the OS was comparable
for those who received neoadjuvant therapy followed by surgery
and those who underwent surgery upfront.

This study aimed to determine whether neoadjuvant therapy
improved the survival rate in nonmetastasized PDAC at stage-
specific stages. Evidence has increasingly refuted that neoadjuvant
therapy is essential for borderline resectable PDAC, as it may
enhance the R0 resection rate and prolong the patient’s survival
time[11,16,17]. In line with the above results, our data also
demonstrated that patients undergoing adjuvant therapy followed
by surgery had a more prolonged OS than those undergoing
upfront surgery for borderline resectable PDAC (stage III-T4).
Additionally, a tremendous improvement in median survival time
was observed in stage III-T4 patients (17 months in the unmat-
ched cohort and 15months in the matched cohort). However, this
study could only analyze the T4 tumors, which is the anatomical
definition of borderline resectable pancreatic cancer based on
anatomic criteria alone. The recent international consensus has
defined patients with borderline resectable pancreatic cancer
according to three distinct dimensions: anatomical, biological,
and conditional[18]. They are all associated with prognosis, which
in turn may help to decide treatment strategy[19]. It is also very
interesting to explore the role of neoadjuvant therapy in the
conditional and biological definitions of borderline resectable
pancreatic cancer in future studies.

However, neoadjuvant treatment of resectable PDAC remains
controversial[20,21]. We explored this further by stratifying the
subgroup analyses based on the eighth TNM stage. Neoadjuvant
therapy followed by surgery improved survival over stage IB-III
patients who underwent upfront surgery. However, we dis-
covered that neoadjuvant therapy followed by surgery did not
significantly improve OS in patients with very early-stage PDAC
(Stage IA) compared to the upfront surgery. Furthermore, the
medianOS of the neoadjuvant therapy group followed by surgery
was even lower than that of the upfront surgery group (35months
vs. 53 months in the matched and 35months vs. 49 months in the
unmatched cohorts, respectively). For the intention-to-treat
analysis, it is important to note that our cohort excluded those
patients who lost an opportunity to undergo surgery due to tumor
progression during neoadjuvant therapy, which might sig-
nificantly impact survival in the neoadjuvant therapy group.
Further multivariate Cox analysis of our study also revealed that
stage IA is the only subgroup that could not benefit from
neoadjuvant therapy independently. According to the above
analysis, neoadjuvant treatment may prove ineffective for
patients with stage IA pancreatic cancer. As a result, we do not
recommend undergoing neoadjuvant treatment for patients with
stage IA pancreatic cancer before applying a novel neoadjuvant
strategy with better therapeutic responses. As a result of these
different therapeutic efficacy differences, the molecular biology
and immune microenvironment of stage IA tumors may differ
from those of other stages, which has been proven to be corre-
lated with the efficacy of neoadjuvant therapy in other malignant
tumors[22–24]. This hypothesis is worthy of further exploration in
future research.

Another interesting finding in our study was that the OS of
patients who received neoadjuvant chemotherapy and chemor-
adiotherapy was comparable in this cohort. Several clinical trials
have recently been conducted to determine the optimal strategy of
neoadjuvant therapy for PDAC. Patients with PDAC who
received total neoadjuvant therapy (chemotherapy plus radia-
tion) achieved a higher rate of complete pathologic response than
those who received only neoadjuvant chemotherapy[25].
However, one study found that despite a higher rate of negative
margin resection with total neoadjuvant therapy, it was asso-
ciated with a more unfavorable 90-day mortality than classical
neoadjuvant chemotherapy and failed to demonstrate a survival
benefit over classical neoadjuvant chemotherapy alone[26].
Additionally, a recent randomized controlled trial found that
neoadjuvant mFOLFIRINOX treatment alone was associated
with a favorable OS in patients with borderline resectable PDAC
compared to mFOLFIRINOX treatment combined with hypo-
fractionated radiation[27]. It is, therefore, worth investigating
whether neoadjuvant chemotherapy alone or total neoadjuvant
therapy is the most effective therapeutic schedule.

It is important to note that our study has several limitations.
First, this is a retrospective cohort study that unmeasured factors
could confound. Second, we could not conduct an intention-
to-treat analysis in this study because patients who received
neoadjuvant therapy intending to undergo surgery and did not
undergo surgery could not be identified in the SEER database. As a
third critical bias, the specific chemotherapy and radiotherapy data
for neoadjuvant therapy are unavailable in the SEER database,
which leaves the treatment details regimens unclear. To ensure that
most patients in this study had received more standardized
neoadjuvant therapy, we included only patients diagnosed after
2010. Furthermore, our study did not evaluate the pathological
response to neoadjuvant treatment due to the lack of information in
SEER databases. In addition, due to the relevant information being
unavailable from the SEER database, we could not compare the
quality of life and postoperative morbidity between the two groups.
Finally, we could not analyze two significant surgical results, R0
and N0, due to insufficient permissions in the SEER database.

Conclusion

Neoadjuvant therapy followed by surgery would benefit all patients
with PDAC except those at stage IA. In the case of resectable
PDAC, a more precise staging would be beneficial in making a
clinical decision regarding the use of neoadjuvant therapy.
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