
Citation: Aoki, T.; Mori, S.; Kubota, K.

Neoadjuvant and Adjuvant

Chemotherapy for Pancreatic

Adenocarcinoma: Literature Review

and Our Experience of NAC-GS.

Cancers 2024, 16, 910. https://

doi.org/10.3390/cancers16050910

Academic Editor: Ernest

Ramsay Camp

Received: 28 January 2024

Revised: 16 February 2024

Accepted: 21 February 2024

Published: 23 February 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Review

Neoadjuvant and Adjuvant Chemotherapy for Pancreatic
Adenocarcinoma: Literature Review and Our Experience
of NAC-GS
Taku Aoki * , Shozo Mori and Keiichi Kubota

Department of Hepato-Biliary-Pancreatic Surgery, Dokkyo Medical University, Mibu 321-0293, Tochigi, Japan;
shozomori@hotmail.co.jp (S.M.); kubotak@dokkyomed.ac.jp (K.K.)
* Correspondence: aoki-2su@dokkyomed.ac.jp; Fax: +81-282-86-6317

Simple Summary: Recent observations have led to an expansion of the role of neoadjuvant treatment
(NAT) as a component of a multidisciplinary approach to the treatment of pancreatic ductal adeno-
carcinoma (PDAC). However, some issues related to this treatment remain unclear, including (1) the
appropriate indications for NAT (as opposed to up-front surgery); (2) predictors of response to NAT;
(3) the effect of the response to NAT on the efficacy of postoperative adjuvant chemotherapy (AC);
and (4) the establishment of an adjuvant treatment policy based on post-neoadjuvant therapy/surgery
histopathological findings. In this article, we discuss these issues based on a review of the literature
and the authors’ own experience of NAT using gemcitabine plus S-1.

Abstract: In addition to established evidence of the efficacy of adjuvant chemotherapy (AC) for
pancreatic ductal adenocarcinoma (PDAC), evidence of the effects of neoadjuvant treatments (NATs),
including chemotherapy and chemoradiotherapy, has also been accumulating. Recent results from
prospective studies and meta-analyses suggest that NATs may be beneficial not only for borderline
resectable PDAC, but also for resectable PDAC, by increasing the likelihood of successful R0 resection,
decreasing the likelihood of the development of lymph node metastasis, and improving recurrence-
free and overall survival. In addition, response to NAT may be informative for predicting the
clinical course after preoperative NAT followed by surgery; in this way, the postoperative treatment
strategy can be revised based on the effect of NAT and the post-neoadjuvant therapy/surgery
histopathological findings. On the other hand, the response to NAT and AC is also influenced by
the tumor biology and the patient’s immune/nutritional status; therefore, planning of the treatment
strategy and meticulous management of NAT, surgery, and AC is required on a patient-by-patient
basis. Our experience of using gemcitabine plus S-1 showed that this NAT regimen achieved tumor
shrinkage and decreased the levels of tumor markers but failed to provide a survival benefit. Our
results also suggested that response/adverse events to NAT may be predictive of the efficacy of AC,
as well as survival outcomes.

Keywords: pancreatic ductal adenocarcinoma; neoadjuvant; adjuvant; gemcitabine; S-1

1. Introduction

Pancreatic ductal adenocarcinoma (PDAC), the incidence of which appears to be in-
creasing worldwide, is associated with a high mortality rate due to its aggressive biological
behavior [1]. PDAC was rated as the third leading cause of cancer-related mortality in
the USA in 2023 [2]. In Japan, about 39,000 deaths were attributed to PDAC in 2022, and
pancreatic cancer was estimated to be the fourth most common cause of cancer death in men
and the third in women [3]. While surgical resection is the only hope for cure in patients
with PDAC, the resection rate has remained at approximately 20% in recent years [4,5].
In addition, surgery, as the lone treatment strategy, has reportedly been associated with
a high recurrence rate and early cancer death. As such, multidisciplinary approaches,
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including R0 surgical resection combined with neoadjuvant and adjuvant therapies, have
been proposed.

With recent advances in chemotherapeutic and chemoradiotherapeutic regimens,
evidence of the benefits of neoadjuvant/adjuvant therapies using these novel regimens
has been accumulating. Recent prospective studies have suggested that all patients with
resectable or borderline resectable (BR) PDAC are candidates for adjuvant treatments
(ATs) [6,7]. However, AT cannot be applied in all patients undergoing surgical resection,
mainly due to postoperative complications and/or the frailty of patients, or early recur-
rence. In addition, dose reduction during AT is frequently needed in postoperative patients,
resulting in a weakened efficacy of the treatment. From this standpoint, neoadjuvant
therapies (NATs) might be more reasonable, because NATs can be applied to more pa-
tients scheduled for curative resections, with more reliable treatment intensity [8]. On
the other hand, complications associated with NATs may also preclude curative resection
in potentially resectable patients, and, at present, there are no measures to predict the
benefits/disadvantages of NATs. A number of excellent reviews and meta-analyses have
traced the development of NAT/AT for PDAC and discussed its significance [8–11]. Herein,
we discuss some unresolved issues associated with NAT/AT for PDAC. We also provide a
review of our experience with neoadjuvant chemotherapy (NAC) using gemcitabine plus
S-1 for PDAC.

2. Evidence of the Benefits of Adjuvant/Neoadjuvant Chemotherapy for
Pancreatic Adenocarcinoma

Evidence for the benefit of adjuvant chemotherapy (AC) for PDAC is well established,
and virtually all patients with resectable and BR disease are considered as candidates for
AC [6,7]. Various regimens have been utilized for AC, including gemcitabine monotherapy,
S-1 monotherapy, combined therapy with gemcitabine plus capecitabine, and modified
FOLFIRINOX [12–15]; evidence of the benefit of gemcitabine plus nab-paclitaxel is, how-
ever, still limited [16]. In the SWOG-S1505 study, although the survival outcomes of patients
who received adjuvant gemcitabine plus nab-paclitaxel therapy were similar to those of
patients who received adjuvant mFOLFIRINOX therapy, the primary endpoints were not
met statistically. Therefore, the National Comprehensive Cancer Network (NCCN) guide-
lines and the European Society for Medical Oncology (ESMO) Clinical Practice Guidelines
recommend modified FOLFIRINOX or gemcitabine plus capecitabine as the preferred
regimens for AC for patients with PDAC [6,17]. Meanwhile, in Japan, S-1 monotherapy is
the mainstay of AC for PDAC [13], mainly due to concerns about the adverse events associ-
ated with more powerful and toxic regimens. Regarding AC, completion of the scheduled
regimen (usually lasting six months) with a maintained dose intensity is considered to
be of critical importance to prevent recurrence and prolong patient survival. Therefore,
the selection of the regimen should be patient-based, and meticulous management of the
patient during AC is important.

On the other hand, the significance of adjuvant chemoradiotherapy (CRT) has not yet
been established. The ESPAC-1 and EORTIC trial 40,891 showed no additional benefit of
adjuvant CRT in patients with PDAC [18]; however, in one retrospective cohort study, some
patients benefited more from adjuvant CRT than from adjuvant CT [19].

It should be noted that in an AT setting, the response to or effectiveness of the selected
regimens cannot be monitored or evaluated, as the tumor has already been removed. In
other words, many patients who undergo up-front resection may receive ineffective ATs
with significant toxicity without biological information about the tumor. It is from this
viewpoint that the concept of neoadjuvant therapy was conceived, as the effect of the
selected chemotherapy regimens can be evaluated, at least in part, by the radiological or
biological responses.

The necessity of NAT in patients with BR disease has come to be well recognized,
and several clinical guidelines recommend NAT for patients with BR PDAC [6,7,17]. Re-
cent meta-analyses have shown the survival benefit of NAT (NAC or NACRT) for BR
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PDAC [20,21], while any additional benefit of one over the other of NACRT versus NAC re-
mains unclear. In a retrospective analysis of 884 Japanese patients with BR PDAC, NACRT
was associated with a lower resection rate, but also a lower rate of lymph node metastasis
and lower rate of local recurrence; however, the overall survival was comparable between
the NACRT and NAC groups [22].

Recently, the application of NAC has been expanded to resectable PDAC [11,23]. The
Prep-02/JSAP05 study showed that NAC using gemcitabine plus S-1 provided significant
survival benefit, while the PREOPANC study showed that NACRT using gemcitabine-
based NAC and radiotherapy was associated with an improved median survival pe-
riod [24,25]. Unno et al. conducted a randomized controlled trial of Neoadjuvant Chemother-
apy Using Gemcitabine Plus S-1 (NAC-GS) in 362 patients with resectable or BR PDAC with
portal vein involvement. Those authors demonstrated a significantly higher median OS in
the NAC-GS arm than in the up-front surgery arm and concluded that NAC-GS could be a
new standard treatment strategy for potentially resectable PDAC [24]. The PREOPANIC
trial assigned patients with resectable or BR PDAC in a randomized manner to treatment
with adjuvant chemotherapy (control arm) or perioperative NACRT (test arm). The pa-
tients in the control arm received up-front surgery followed by adjuvant gemcitabine-based
chemotherapy, while the patients in the test arm received neoadjuvant gemcitabine-based
conformal radiation therapy followed by surgery, followed again by another four months of
adjuvant gemcitabine-based chemotherapy. The five-year overall survival rates were 20.5%
in the test arm and 6.5% in the control arm [25]. However, the results of meta-analyses
have been conflicting [8,11]. More recently, the effectiveness of modified FOLFIRINOX in
a neoadjuvant setting has been examined [26]. Based on these observations, the current
NCCN guidelines recommend up-front surgery followed by AT for patients with resectable
PDAC, but they also advise considering NAT in PDAC patients with high-risk features,
e.g., equivocal or indeterminate imaging findings, markedly elevated serum CA19-9, large
primary tumors, large regional lymph nodes, excessive weight loss, and extreme pain. Re-
cently, BR PDAC has been re-defined using anatomical (A), biological (B), and conditional
(C) factors [27]. Biological factors include elevated serum CA19-9 levels, i.e., exceeding
500 U/mL, and/or regional lymph node metastasis, as diagnosed by biopsy or PET-CT.
Based on these circumstances, PDAC patients with elevated serum CA19-9 levels are, even
if their tumors are anatomically resectable, candidates for NAT and re-assessment of the
expected outcome prior to surgery.

Monitoring of the trends of tumor markers, especially the serum levels of CA19-9,
is of great importance in patients receiving NAT. The monitoring of serological markers
is simple and provides important information regarding the tumor biology. It has been
reported that normalization of serum CA19-9 is not achieved in 30% of patients undergoing
up-front surgery, and that the beneficial effect of surgery was reduced in these patients.
Another retrospective study showed that patients with a normalized serum CA19-9 level
during NAT showed better long-term survival than those with persistently elevated serum
CA19-9 levels [28]. Thus, normalizing of the CA19-9 level during NAT could be a potential
and ideal goal in patients receiving NAT in order to extract the maximum benefit from
surgery and to improve survival outcomes. In cases of CA19-9 non-producing tumors,
serum DUPAN-2 can be an alternative target for monitoring.

3. Association between the Responses to Neoadjuvant and Adjuvant Therapies

Whether patients should receive AC following curative resection after NAT remains
under debate. Another issue that remains controversial is whether the effect of NAT and/or
the post-neoadjuvant histopathological findings can provide additional information which
could be used when selecting appropriate treatment regimens for AC or not. Reports have
been conflicting; currently, it may be a common understanding that patients with patho-
logically proven node-positive disease or larger tumor sizes are candidates for AC [29,30].
The current NCCN guidelines recommend that in patients who have undergone surgery
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following prior neoadjuvant chemotherapy, additional postoperative chemotherapy and/or
chemoradiation should be considered in those with a positive-margin or R1 resection [7].

As six months of adjuvant chemotherapy is a well-established strategy for PDAC,
it would be reasonable to assign some part of the total duration of chemotherapy to the
neoadjuvant setting and the rest to the postoperative adjuvant setting. In such cases, the
response to NAT, as determined in the post-NAT histopathological findings, could help
determine the indications and recommended regimens for AC. When the histopathological
response is significant, it would be reasonable to resume the same chemotherapy as the
NAT regimen for the remainder of the six months. On the other hand, when the response
is minimal, alternative AC regimens may be recommended. The NCCN guidelines also
state that the adjuvant therapy options are dependent on the response to the neoadjuvant
therapy and other clinical considerations, and that the total duration of systemic therapy is
typically six months [7]. In Western countries, FOLFIRINOX or modified FOLFIRINOX is
widely used as the regimen for AC; recently, intensive regimens including FOLFIRINOX or
gemcitabine plus nab-paclitaxel have been introduced in the NAC setting for resectable
disease. As the regimens and potencies of NAT advance, the overall treatment strategies
for PDAC will inevitably change.

4. Experience at Dokkyo Medical University
4.1. Results of Neoadjuvant Chemotherapy Using Gemcitabine Plus S-1

We applied neoadjuvant chemotherapy using gemcitabine plus S-1 (NAC-GS) for all
patients with PDAC scheduled to undergo surgery with curative intent between December
2013 and December 2019, with the approval of the local ethical committee of Dokkyo
Medical University (Review number: R-27-14J; Study Number: UMIN00041189). We
selected this regimen based on the encouraging results of a prospective multi-institutional
phase 2 trial by Motoi et al. [31]. The exclusion criteria were patients who refused enrollment
in the study and patients who could not take S-1 due to gastric/duodenal stricture caused
by the tumor.

The NAC-GS regimen has been described previously [32]. In brief, gemcitabine is
given at the dose of 1000 mg/m2 on days 1 and 8 of each course. S-1 is administered
orally at a dose of 40, 50, or 60 mg/m2 twice daily, according to the body surface area
(<1.25 m2, 1.25–1.5 m2, or >1.5 m2) for the first 14 consecutive days, followed by a 7-day
rest period. Each course is repeated every 21 days. Our patients received two courses of
neoadjuvant NAC-GS.

In the Classification of Pancreatic Carcinoma published by the Japan Pancreas Society,
BR-PDAC is subclassified into BR-PV disease (SMV/PV invasion only) and BR-A disease
(arterial invasion) [33]. BR-PV is defined as follows: No evidence of contact with or invasion
of the superior mesenteric artery (SMA), celiac axis (CA), or the common hepatic artery
(CHA), but tumor contact with or invasion of the superior mesenteric vein (SMV)/portal
vein (PV) of 180 degrees or greater or occlusion of the SMV/PV, not exceeding the inferior
border of the duodenum. BR-A is defined as tumor contact with or invasion of the SMA
and/or CA of less than 180 degrees, with no stenosis or deformity, or tumor contact or
invasion of the CHA without tumor contact or invasion of the proper hepatic artery (PHA)
and/or the CA. In our analyses, we divided our patients into three subgroups according to
the above classification.

During the study period, 95 patients (65 patients with resectable disease, 20 patients
with BR-PV disease, and 7 patients with BR-A disease) received NAC-GS. The study cohort
included 48 males and 47 females, with a median age of 69 years. The impact of NAC-GS
was evaluated in terms of the tumor size, as determined using enhanced CT scans, and
levels of the tumor markers (serum CEA [34], CA19-9, DUPAN-2 [35], Span-1 [36], and
ealastase-1 [37]) (Table 1). NAC-GS resulted in a significant decrease in tumor size (pre-
NAC GS: median 24.6 mm, range 2.4–70.0 mm; post-NAC GS: median 18.2 mm, range
1.4–64.0 mm, p < 0.0001), and the median post/pre-NAC GS tumor size ratio was 0.82. The
reduction ratio was similar among the resectable, BR-PV, and BR-A groups (p = 0.80). In
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addition, NAC-GS also resulted in significant decreases in serum levels of CA19-9, DUPAN-
2, Span-1, and elastase-1 (pre-NAC GS CA19-9: median 203.0 U/mL, range 2–12,000 U/mL,
post-NAC GS CA19-9: median 84.5 U/mL, range 2–12,000 U/mL, median reduction ratio:
0.63, p < 0.0001; pre-NAC GS DUPAN-2: median 220.0 U/mL, range 25–14,000 U/mL,
post-NAC GS DUPAN-2: median 97.0 U/mL, range 4–3400 U/mL, median reduction
ratio: 0.66, p < 0.0001; pre-NAC GS Span-1: median 52.0 U/mL, range 1–1600 U/mL, post-
NAC GS Span-1: median 25.0 U/mL, range 1–1100 U/mL, median reduction ratio: 0.68,
p < 0.0001; pre-NAC GS elastase-1: median 218.0 ng/dL, range 25–8620 ng/dL, post-NAC
GS elastase-1: median 150.0 ng/dL, range 40–3613 ng/dL, median reduction ratio: 0.61,
p < 0.0001). On the other hand, the level of CEA was similar before and after NAC-GS
therapy (p = 0.72). The reduction ratios of CA19-9, DUPAN-2, Span-1, and elastase-1 were
similar among the resectable, BR-PV, and BR-A groups.

Table 1. Impact of NAC-GS therapy (n = 95).

Variable Pre-NAC-GS
(n = 95)

Post-NAC-GS
(n = 95) p Value Post/Pre Ratio

Tumor size
(mm)

24.6
(2.4–70.0)

18.2
(1.4–64.0) <0.0001 0.82

(0.40–1.90)

CEA (ng/mL) 3.0
(0.8–163.0)

3.4
(0.7–97.5) 0.72 1.02

(0.25–4.92)

CA19-9 (U/mL) 203.0
(2–12,000)

84.5
(2–12,000) <0.0001 0.63

(0.01–55.0)

DUPAN-2
(U/mL)

220.0
(25–14,000)

97.0
(4–3400) <0.0001 0.66

(0.03–10.8)

Span-1 (U/mL) 52.0
(1–1600)

25.0
(1–1100) <0.0001 0.68

(0.01–9.57)

Elastase-1
(ng/dL)

218.0
(25–8620)

150.0
(40–3613) <0.0001 0.61

(0.01–8.17)
Data expressed as median (range). Wilcoxon signed rank test.

Next, we compared the resection rate, R0 resection rate, and rate of administration
of postoperative adjuvant therapy in the NAC-GS group as compared with the historical
control group with resectable, BR-PV, and BR-A PDAC that received up-front surgery in our
department (n = 104). The results revealed that NAC-GS was associated with an increased
R0 resection rate in the patients with BR-PV disease (p = 0.03) and an increased rate of
administration of adjuvant chemotherapy in patients with resectable disease (p = 0.01)
(Table 2). Furthermore, the results were comparable between the NAC-GS group and the
up-front surgery group.

The five-year overall survival rate was the best in patients with resectable disease
(28.1%), followed by patients with BR-PV disease (19.3%), and the worst in patients with
BR-A disease (0%). NAC-GS failed to improve the overall survival rate (p = 0.37) (Figure 1).
The results of subgroup analyses were similar (resectable disease: p = 0.38; BR disease:
p = 0.49). On the other hand, the overall survival rate tended to be better in patients who
also received adjuvant chemotherapy (p = 0.06) (Figure 2).

Our experience showed that two cycles of NAC-GS induced tumor shrinkage and a
decrease in the serum levels of the tumor markers and was also associated with an increased
R0 resection rate among patients with BR-PV disease; however, this NAC regimen failed to
improve the survival outcomes. Our results suggest that a more powerful NAC regimen
might be more successful; therefore, since January 2020, we have introduced an updated
NAC regimen using gemcitabine plus nab-paclitaxel in patients with BR-PV disease and
added radiotherapy in patients with BR-A disease (Registration ID: UMIN000041189).
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Table 2. Comparison between the NAC-GS (n = 95) and up-front surgery (n = 104) groups, stratified
by resectable (R), borderline resectable-PV (BR-PV), and borderline resectable-A (BR-A) classifications.
(+) = Yes; (−) = No.

R
Up-Front
(n = 77)

R
NAC-GS
(n = 65)

p Value
BR-PV

Up-Front
(n = 20)

BR-PV
NAC-GS
(n = 16)

p Value
BR-A

Up-Front
(n = 7)

BR-A
NAC-GS
(n = 14)

p Value

Resection
0.14 0.16 0.99(+) 72 64 18 15 5 10

(−) 5 1 2 1 2 4

R0 resection
0.60 0.03 0.67Yes 60 48 13 14 2 5

No 7 4 5 0 2 3

Adjuvant
chemotherapy

0.01 0.34 0.69(+) 49 55 15 13 3 7
(−) 22 9 4 2 2 3
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4.2. Factors Predictive of the Response to NAC-GS

In patients who underwent resection after NAC-GS (n = 81), the response to the
preoperative therapy was evaluated according to the Evans Classification. The results have
been reported previously [38]. In brief, the responses were classified into Evans Grade I
(<10% tumor cell destruction) in 19 (23.5%) patients, Evans Grade IIa (10–50% tumor cell
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destruction) in 49 (60.5%) patients, Evans Grade IIb (51–90% tumor cell destruction) in
11 (13.6%) patients, and Evans Grade III (<10% viable-appearing tumor cells) in 2 (2.4%)
patients. No significant differences were found between patients showing Evans Grade I
and Grade II/III responses in terms of the relative dose intensity of the NAC-GS, incidence
of severe adverse events of NAC-GS, or rate of administration of AC.

The operation time was significantly longer in patients who showed Evans Grade I
response to NAC-GS versus Evans Grade II/III (p = 0.016). The survival outcomes were
unfavorable in patients showing Evans Grade I response as compared with those who
showed Evans Grade II/III response to NAC-GS (p < 0.001). The one- and three-year overall
survival rates in patients who showed Evans Grade I and Evans Grade II/III responses
to NAC-GS were 56.7% and 17.6%, and 76.7% and 50.2%, respectively (p = 0.001). The
one- and three-year relapse-free survival rates in patients who showed Evans Grade I
and Evans Grade II/III responses to NAC-GS were 23.4% and 0%, and 57.9% and 34.1%,
respectively (p = 0.001). Pre-treatment factors that were predictive of an Evans Grade I
response were a serum CEA level of >3.6 ng/mL and serum C-reactive protein to albumin
ratio of >0.062. In other words, no other tumor markers were significantly related to the
response to NAC-GS [38].

4.3. Impact of NAC-GS on the Outcomes of Adjuvant Chemotherapy

As mentioned above, our retrospective results showed that NAC-GS exerted no
significant influence on the survival outcomes in patients with PDAC, while administration
of AC after surgery following NAC-GS was associated with a tendency toward better
survival outcomes. We use gemcitabine monotherapy or S-1 monotherapy as adjuvant
chemotherapy under these circumstances. In our previous investigation, we estimated
the impact of adverse events (AEs) emerging during AC on clinical outcomes in patients
who received up-front surgery (n = 72) and patients who underwent surgery following
NAC-GS (n = 77) [39]. The results showed that the development of grade 3/4 AEs during
AC were associated with a lower relative dose intensity, lower completion rate of AC, and
unfavorable survival outcomes in patients who underwent surgery after receiving NAC-GS.
However, the development of grade 3/4 AEs during AC did not have a similar impact on
patients in the up-front surgery group. In addition, the development of grade 3/4 AEs
during NAC-GS was also significantly associated with the development of grade 3/4 AEs
during adjuvant chemotherapy. Our analyses of survival outcomes showed that among
patients undergoing up-front surgery, the five-year survival rates in the patients developing
grade 0/1/2 during AC (n = 41), patients developing grade 3/4 during AC (n = 13), and
patients who did not receive AC (n = 17) were 25.3%, 20.5%, and 6.7%, respectively, with
a borderline significant difference between the group that developed grade 0/1/2 AEs
during AC and the no-AC group. On the other hand, in patients who underwent surgery
after receiving NAC-GS, the five-year survival rates in the patients developing grade
0/1/2 during AC (n = 50), patients developing grade 3/4 AEs during AC (n = 15), and
patients who did not receive AC (n = 11) were 33.0%, 0%, and 0%, respectively, with
significant differences between the groups developing grade 0/1/2 AEs and grade 3/4
AEs during AC, as well as between the group that developed grade 0/1/2 AEs during
AC and the no-AC group. A multivariate analysis identified the development of grade
3/4 AEs during NAC-GS, the use of a gemcitabine-based AC regimen, a serum albumin
level of <3.5 g/dL, and an estimated glomerular filtration rate of <90 mL/min/1.73 m2

prior to the initiation of AC as predictors of the development of grade 3/4 AEs during
AC [39]. Postoperative complications (Clavien-Dindo grade III or more) were encountered
in 26.8% of the patients, but major postoperative complications were not associated with
adverse events during AC. In this regard, careful management of adjuvant chemotherapy to
maintain an adequate relative dose intensity is needed, especially in patients who develop
significant AEs during NAC-GS.

Another previous study performed with the same patient cohort showed that adjuvant
chemotherapy using gemcitabine monotherapy or S-1 monotherapy was less effective in
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patients who had shown an Evans Grade I response to NAC-GS as compared with those
who showed an Evans Grade II/III response [32]. Among 79 patients who received NAC-GS
prior to surgery, the response to NAC-GS was Evans Grade I in 20 patients (25.3%), Grade
IIa in 46 patients (58.2%), Grade IIb in 11 patients (13.9%), and Grade III in 2 patients (2.6%).
Of the 79 patients, 65 (82.3%) received gemcitabine monotherapy or S-1 monotherapy as
AC. In patients whose pathological response to NAC-GS was Evans Grade I, the completion
rates of NAC and AC were low and the relative dose intensity of AC was also low. The
median survival time (MST) of patients who received up-front surgery followed by AC
was significantly longer than that of the patients who received surgery alone without
AC (23.7 months vs. 8.9 months, p = 0.004). Similarly, among patients who showed an
Evans Grade IIa response to NAC-GS prior to surgery, the MST was significantly longer
in patients who received AC after surgery than in those who did not (24.0 months vs.
10.2 months, p = 0.018). On the other hand, no such difference between patients who did or
did not receive AC was observed among patients who showed an Evans Grade I response
to NAC-GS prior to surgery (MST: 13.6 months vs. 6.7 months, p = 0.531). A multivariate
analysis revealed that an Evans Grade II/III response to NAC-GS and a relative dose
intensity during AC of ≥80% were associated with improved patient survival outcomes.
Our data suggested that patients showing an Evans Grade I response to NAC-GS could
be considered to be poor responders, and that therefore, other adjuvant regimes or other
adjuvant treatment strategies without chemotherapy may need to be considered in these
patients. In such situations, modified FOLFIRINOX or gemcitabine plus nab-paclitaxel
regimens may be alternative options for AC.

5. Discussion

Our results revealed no survival benefit of NAC-GS in patients with resectable disease.
In addition, they also showed that the resection rate and R0 resection rate were similar
in patients who did and did not receive NAC-GS, although the rate of administration of
AC was increased in the former group. Our results were in line with those of a previous
meta-analysis in some respects [8] but different from those of the Prep-02/JSAP05 study,
which showed a survival benefit of NAC-GS [25]. A recent meta-analysis also suggested
that NAT is associated with a lower risk of development of lymph node metastasis, an
improved R0 resection rate, and improved recurrence-free and overall survivals in patients
with resectable disease [11]. Our negative results may be ascribed to the small number of
patients, the different NAC regimens used, and the short duration of NAT. On the other
hand, the pathological response rates to NAC-GS in our series were similar with those in
a previous report [31] (Evans Grade I: 23.5% vs. 23%; Evans Grade IIa: 60.5% vs. 57%;
Evans Grade IIb: 13.6% vs. 20%). The response rate to NAT may be different based on the
regimen, duration, and additional use of radiotherapy. We have summarized the results of
neoadjuvant studies and our series in Table 3 [31,32,40–44].

Our results also suggested that more effective regimens may be required for patients
with BR-PV or BR-A disease. In this regard, gemcitabine plus nab-paclitaxel or modified
FOLFIRINOX may be suitable alternative regimens. In addition, NACRT may be beneficial
for patients with BR-A disease to secure negative surgical margins. Our results also showed
that severe complications associated with NAC may affect the subsequent course of the
multidisciplinary approach, and that completion of AC while maintaining a sufficient
relative treatment intensity may be of importance to obtain longer patient survival periods.
As mentioned above, intensive regimens, including triplet regimens such as FOLFIRINOX,
have been widely introduced in the field of NAT; however, these regimens may not be
applicable to Asian patients because of their considerable toxicity. Careful and thorough
planning of the treatment strategy and meticulous management of NAT, surgery, and AT
are required on a patient-by-patient basis, and the strategies required may be different
between Eastern and Western countries.



Cancers 2024, 16, 910 9 of 12

Table 3. Results of neoadjuvant studies and our series.

Author Country Period Study
Design

Number
of Patients

NAT
Regimen Duration Pathological

Response
Median OS
(Months)

Motoi et al.
(2013) [31] Japan 2008–2010 Prospective

phase 2 35 Gemcitabine
plus S-1

2 cycles
(6 weeks)

Evans Grade I:
23%; Grade IIa:
57%; Garde IIb:

20%

19.7

Casadei et al.
(2015) [40] Italy 2007–2014 RCT 38

Gemcitaine
plus

radiation
12 weeks

Rebekah Grade
Minimal: 11.1%;

Small: 16.7%;
Moderate: 27.8%;

Large: 5.6%

22.4

Golcher et al.
(2015) [41] Germany 2003–2009 RCT 33

Gemcitabine
plus cisplatin

plus
radiatioon

30 days NR 17.4

Reni et al.
(2018) [42] Italy 2010–2015 RCT 29

Cisplatin
plus

epirubicin
plus

gemcitabine

3 months
Marked: 36%;

Moderate: 32%;
Poor: 32%

38.2

Versteijne
et al.

(2022) [43]
Netherlands 2013–2017 RCT 91

Gemcitabine
plus

radiation
10 weeks NR 15.7

Seufferlein
et al.

(2023) [44]
Germany 2015–2019 RCT 59

Gemcitabine
plus nab-
paclitaxel

2 cycles
(8 weeks)

Complete: 6.2%;
Moderate: 3.1%;
Minimal: 40.6%;

Poor: 50.0%

25.5

Our series
[32] Japan 2013–2019 Retrospective 95 Gemcitabine

plus S-1 2 cycles

Evans Grade I:
23.5%, Grade IIa:
60.5%; Grade IIb:
13.6%; Grade III:

2.4%.

22.0

NAT: Neoadjuvant Treatment; NR: Not reported; OS: Overall Survival; RCT: Randomized Controlled Trial; RFS:
Recurrence Free Survival.

Our previous results suggested clinical importance of the response to NAC. A fa-
vorable pathological response to NAC was linked with favorable patient outcomes after
surgery [38]. The relationship between the pathological response to NAC-GS and survival
outcome suggested that the tumor biological behavior could be assessed by the pathological
response to NAC-GS, and that down-staging could be obtained by a good pathological
response to NAC. In contrast, poor response, as well as the development of severe adverse
events during NAC, were associated with severe adverse events during AC, a reduced
dose intensity, and unfavorable outcomes. Our previous study also indicated that efforts
to maintain a relative dose intensity of ≥80% and/or to complete the planned AC are
of crucial importance [39]. Once again, careful management of adjuvant chemotherapy,
including dose reduction where needed, are recommended based on observations during
NAC. In this regard, short-term NAC may be beneficial as a tolerance test for the total
management course in patients with PDAC. The significance of NAC as a predictor of the
success rate of the total treatment has also been emphasized in previous systematic reviews
and meta-analyses [8–11,27], in line with the suggestions based upon our results.

Immunotherapy has been shown to be less effective for PDAC as compared with
other malignancies, and only a small subset of patients (mismatch repair-deficient or
microsatellite–unstable PDAC) responds to immunotherapies. The poor response to im-
munotherapy may be ascribed to (1) intertumoral and intratumoral heterogeneity, (2) the
composition of the tumor stroma, and (3) crosstalk with cancer cells [45]. Relevant re-
sults have shown that immunotherapy or even immunotherapy combined with standard
chemotherapy is not effective for patients with advanced PDAC; however, the use of
immunotherapy in an adjuvant or neoadjuvant setting may be worth considering in pa-
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tients with a minimal volume of residual tumor cells and/or maintained immunological
function. So far, the results of clinical trials of NACRT plus pembrolizumab, and GVAX
vaccine combined with a PD-1 antagonist and CD137 agonist antibodies have been pub-
lished [46,47]. More refinements of the combination regimens using immunotherapy and
chemo(radio)therapy could provide a breakthrough novel treatment for PDAC.

6. Conclusions

We have summarized the problems associated with NAT and AT for patients with
PDAC, partly based on our institutional experience. Accumulating evidence has revealed
the benefits, impact, and adverse effects of NAT in recent years. Wide adoption of NAT will
change the overall treatment strategies for PDAC. The results of ongoing clinical trials and
further studies in the near future are required to analyze the appropriate balance between
NAT and AT for patients with PDAC.
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10. Kwaśniewska, D.; Fudalej, M.; Nurzyński, P.; Badwska-Kozakiewicz, A.; Czerw, A.; Cipora, E.; Sygit, K.; Bandurska, E.; Deptala,
A. How A Patient with Borderline Resectable Pancreatic Cancer should Be Treated—A Comprehensive Review. Cancers 2023,
15, 4275. [CrossRef]

11. Roesel, R.; Deantonio, L.; Bernardi, L.; Garo, M.L.; Majno-Hurst, P.; Vannelli, A.; Cefalì, M.; Palmarocchi, M.C.; Valli, M.C.;
Pesola, G.; et al. Neo-Adjuvant Treatment in Primary Resectable Pancreatic Cancer: A Systematic Review—Compliant Updated
Metanalysis of Oncological Outcomes. Cancers 2023, 15, 4627. [CrossRef]

https://doi.org/10.5114/aoms.2020.94845
https://www.ncbi.nlm.nih.gov/pubmed/32542083
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2023/2023-cancer-facts-and-figures.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2023/2023-cancer-facts-and-figures.pdf
https://ganjoho.jp/public/qa_links/report/statistics/pdf/cancer_statistics_2023.pdf
https://ganjoho.jp/public/qa_links/report/statistics/pdf/cancer_statistics_2023.pdf
https://doi.org/10.1016/S0140-6736(04)15841-8
https://www.ncbi.nlm.nih.gov/pubmed/15051286
https://seer.cancer.gov/statfacts/html/pancreas.html
https://seer.cancer.gov/statfacts/html/pancreas.html
https://doi.org/10.1200/JCO.19.00946
https://www.ncbi.nlm.nih.gov/pubmed/31180816
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://doi.org/10.3390/cancers15082377
https://doi.org/10.5582/bst.2021.01459
https://www.ncbi.nlm.nih.gov/pubmed/34759120
https://doi.org/10.3390/cancers15174275
https://doi.org/10.3390/cancers15184627


Cancers 2024, 16, 910 11 of 12

12. Oettle, H.; Neuhaus, P.; Hochhaus, A.; Hartmann, J.T.; Gellert, K.; Ridwelski, K.; Niedergethmann, M.; Zülke, C.; Fahike, J.;
Arning, M.B.; et al. Adjuvant chemotherapy with gemcitabine and long-term outcomes among patients with resected pancreatic
cancer: The CONKO-001 randomized trial. JAMA 2013, 310, 1473–1481. [CrossRef]

13. Uesaka, K.; Boku, N.; Fukutomi, A.; Okamura, Y.; Konishi, M.; Matsumoto, I.; Kaneoka, Y.; Shimizu, Y.; Nakamori, S.; Sakamoto,
H.; et al. Adjuvant chemotherapy of S-1 versus gemcitabine for resected pancreatic cancer: A phase 3, open-label, randomised,
non-inferiority trial (JASPAC 01). Lancet 2016, 388, 248–257. [CrossRef]

14. Neoptolemos, J.P.; Palmer, D.H.; Ghaneh, P.; Psarelli, E.E.; Valle, J.W.; Halloran, C.M.; Faluyi, O.; O’Reilly, D.A.; Cunningham, D.;
Wadsley, J.; et al. Comparison of adjuvant gemcitabine and capecitabine with gemcitabine monotherapy in patients with resected
pancreatic cancer (ESPAC-4): A multicentre, open-label, randomised, phase 3 trial. Lancet 2017, 389, 1011–1024. [CrossRef]

15. Conroy, T.; Hammel, P.; Hebbar, M.; Ben Abdelghani, M.; Wei, A.C.; Raoul, J.L.; Choné, L.; Francois, E.; Artru, P.; Biagi, J.J.; et al.
FOLFIRINOX or Gemcitabine as Adjuvant Therapy for Pancreatic Cancer. N. Engl. J. Med. 2018, 379, 2395–2406. [CrossRef]

16. Sohal, D.P.S.; Duong, M.; Ahmad, S.A.; Gandhi, N.S.; Beg, M.S.; Wang-Gilliam, A.; Wade, J.L., 3rd; Chiorean, E.G.; Guthrie, K.A.;
Lowy, A.M.; et al. Efficacy of Perioperative Chemotherapy for Resectable Pancreatic Adenocarcinoma: A Phase 2 Randomized
Clinical Trial. JAMA Oncol. 2021, 7, 421–427. [CrossRef]

17. ESMO. Clinical Practice Guidelines: Gastrointestinal Cancers, Pancreatic Cancer. Available online: https://interactiveguidelines.
esmo.org/esmo-web-app/gl_toc/index.php?GL_id=8 (accessed on 3 January 2024).

18. Smeenk, H.G.; van Eijck, C.H.; Hop, W.C.; Erdmann, J.; Tran, K.C.; Debois, M.; van Cutsem, E.; van Dekken, H.; Klinkenbijl, J.H.;
Jeelel, J. Long-term survival and metastatic pattern of pancreatic and periampullary cancer after adjuvant chemoradiation or
observation: Long-term results of EORTIC trial 40891. Ann. Surg. 2007, 246, 734–740. [CrossRef] [PubMed]

19. Shi, X.; Peng, J.; Jiang, H.; Gao, Y.; Wang, W.; Zhou, F. Impact of adjuvant chemoradiotherapy on survival of resected pancreatic
adenocarcinoma cancer: A Surveillance, Epidemiology and End Results (SEER) analysis. Front. Oncol. 2021, 13, 36. [CrossRef]
[PubMed]

20. Janssen, Q.P.; Buettner, S.; Suker, M.; Beumer, B.R.; Addeo, P.; Bachellier, P.; Bahary, N.; Bekkai-Saab, T.; Bali, M.A.; Besselink, M.G.;
et al. Neoadjuvant FOLFIRINOX in patients with borderline resectable pancreatic cancer: A systematic review and patient-level
meta-analysis. J. Natl. Cancer Inst. 2019, 111, 782–794. [CrossRef]

21. Van Dam, J.L.; Janssen, Q.P.; Besselink, M.G.; Homs, M.Y.V.; van Santvoort, H.C.; van Tienhoven, G.; de Wilde, R.F.; Wilmink, J.W.;
van Eijck, C.H.J.; Groot Koerkamp, B. Neoadjuvant therapy or upfront surgery for resectable and borderline resectable pancreatic
cancer: A meta-analysis of randomized controlled trials. Eur. J. Cancer 2022, 160, 140–149. [CrossRef]

22. Nagakawa, Y.; Sahara, Y.; Hosokawa, Y.; Murakami, Y.; Yamaue, H.; Satoi, S.; Unno, M.; Isaji, S.; Endo, I.; Sho, M.; et al. Clinical
impact of neoadjuvant chemotherapy and chemoradiotherapy in borderline resectable pancreatic cancer: Analysis of 884 patients
at facilities specializing in pancreatic surgery. Ann. Surg. Oncol. 2019, 26, 1629–1636. [CrossRef]

23. Nassour, I.; Parrish, A.; Baptist, L.; Voskamp, S.; Handoo, K.; Rogers, S.; Fabregas, J.; George, T.; Hitchcock, K.; Paniccia, A.; et al.
National adoption of neoadjuvant chemotherapy: Paradigm shift in the treatment of pancreatic cancer. HPB 2023, 25, 1323–1328.
[CrossRef] [PubMed]

24. Unno, M.; Motoi, F.; Matsuyama, Y.; Satoi, S.; Matsumoto, I.; Aosasa, S.; Shirakawa, H.; Wada, K.; Fujii, T.; Yoshitomi, H.; et al.
Randomized phase II/III trial of neoadjuvant chemotherapy with gemcitabine and S-1 versus upfront surgery for resectable
pancreatic cancer (Prep-02/JSAP-05). J. Clin. Oncol. 2020, 37 (Suppl. 4), 189. [CrossRef]

25. Versteijne, E.; Suker, M.; Groothuis, K.; Akkermans-Vogelaar, J.M.; Besselink, M.G.; Bonsing, B.A.; Buijsen, J.; Busch, O.R.;
Creemers, G.M.; van Dam, R.M.; et al. Preoperative chemoradiotherapy versus immediate surgery for resectable and borderline
resectable pancreatic cancer: Results of the Dutch Randomized Phase III PREOPANC Trial. J. Clin. Oncol. 2020, 38, 1763–1773.
[CrossRef]

26. Schwartz, L.; Vernerey, D.; Bachet, J.B.; Tuech, J.J.; Portales, F.; Michel, P.; Cunha, A.S. Correction to: Resectable pancreatic
adenocarcinoma neo-adjuvant FOLF(IRIN)OX-based chemotherapy—A multicenter, non-comparative, randomized, phase II trial
(PANACHE01-PRODIGE48 study). BMC Cancer 2020, 20, 168. [CrossRef] [PubMed]

27. Tzeng, C.W.D.; Balachandran, A.; Ahmad, M.; Lee, J.E.; Krishnan, S.; Wang, H.; Crane, C.H.; Wolff, R.A.; Varadhachary, G.R.;
Pisters, P.W.T.; et al. Serum carbohydrate antigen 19-9 represents a marker of response to neoadjuvant therapy in patients with
borderline resectable pancreatic cancer. HBP 2014, 16, 430–438. [CrossRef] [PubMed]

28. Isaji, S.; Mizuno, S.; Windsor, J.A.; Bassi, C.; Fernández-Del Castillo, C.; Hacket, T.; Hayasaki, A.; Katz, M.H.G.; Kim, S.W.;
KIshiwada, H.; et al. International consensus on definition and criteria of borderline resectable pancreatic ductal adenocaecinoma
2017. Pancreatology 2018, 18, 2–11. [CrossRef] [PubMed]

29. Van Roessel, S.; van Veldhuisen, E.; Klompmaker, S.; Janssen, Q.P.; Abu Hilal, M.; Alseidi, A.; Balduzzi, A.; Balzano, G.; Bassi,
C.; Berrevoetr, F.; et al. Evaluation of adjuvant chemotherapy in patients with resected pancreatic cancer after neoadjuvant
FOLFIRINOX treatment. JAMA Oncol. 2020, 6, 1733–1740. [CrossRef] [PubMed]

30. Maggino, L.; Malleo, G.; Crippa, S.; Belfiori, G.; Bannone, E.; Lionetto, G.; Gasparini, G.; Nobile, S.; Luchini, C.; Mattiolo, P.; et al.
Pathological staging in psotneoadjuvant pancreatectomy for pancreatic cancer: Implications for adjuvant surgery. Br. J. Surg.
2023, 110, 973–982. [CrossRef] [PubMed]

31. Motoi, F.; Ishida, K.; Fujishima, F.; Ottomo, S.; Oikawa, M.; Okada, T.; Shimamura, H.; Takemura, S.; Ono, F.; Akada, M.; et al.
Naoadjuvant chemotherapy with gemcitabine and S-1 for resectable and borderline pancreatic ductal adenocarcinoma: Results
from a prospective multi-institutional phase 2 trial. Ann. Surg. Oncol. 2013, 20, 3794–3801. [CrossRef]

https://doi.org/10.1001/jama.2013.279201
https://doi.org/10.1016/S0140-6736(16)30583-9
https://doi.org/10.1016/S0140-6736(16)32409-6
https://doi.org/10.1056/NEJMoa1809775
https://doi.org/10.1001/jamaoncol.2020.7328
https://interactiveguidelines.esmo.org/esmo-web-app/gl_toc/index.php?GL_id=8
https://interactiveguidelines.esmo.org/esmo-web-app/gl_toc/index.php?GL_id=8
https://doi.org/10.1097/SLA.0b013e318156eef3
https://www.ncbi.nlm.nih.gov/pubmed/17968163
https://doi.org/10.3389/fonc.2021.651671
https://www.ncbi.nlm.nih.gov/pubmed/34277405
https://doi.org/10.1093/jnci/djz073
https://doi.org/10.1016/j.ejca.2021.10.023
https://doi.org/10.1245/s10434-018-07131-8
https://doi.org/10.1016/j.hpb.2023.06.018
https://www.ncbi.nlm.nih.gov/pubmed/37453814
https://doi.org/10.1200/JCO.2019.37.4_suppl.189
https://doi.org/10.1200/JCO.19.02274
https://doi.org/10.1186/s12885-020-6678-x
https://www.ncbi.nlm.nih.gov/pubmed/32126964
https://doi.org/10.1111/hpb.12154
https://www.ncbi.nlm.nih.gov/pubmed/23991810
https://doi.org/10.1016/j.pan.2017.11.011
https://www.ncbi.nlm.nih.gov/pubmed/29191513
https://doi.org/10.1001/jamaoncol.2020.3537
https://www.ncbi.nlm.nih.gov/pubmed/32910170
https://doi.org/10.1093/bjs/znad146
https://www.ncbi.nlm.nih.gov/pubmed/37260079
https://doi.org/10.1245/s10434-013-3129-9


Cancers 2024, 16, 910 12 of 12

32. Mori, S.; Aoki, T.; Sakuraoka, Y.; Shimizu, T.; Yamaguchi, T.; Park, K.H.; Matsumoto, T.; Shiraki, T.; Iso, Y.; Kubota, K. Efficacy of
adjuvant chemotherapy according to the pathological response to neoadjuvant chemotherapy among patients with pancreatic
ductal adenocarcinoma. Anticancer Res 2021, 41, 1629–1639. [CrossRef]

33. The Japan Pancreas Society. Classification of Pancreatic Carcinoma, 4th ed.; Kanehara & Co., Ltd.: Tokyo, Japan, 2017.
34. Luo, G.; Liu, C.; Guo, M.; Cheng, H.; Lu, Y.; Jin, K.; Liu, L.; Long, J.; Xu, J.; Lu, R.; et al. Potential Biomarkers in Lewis Negative

Patients With Pancreatic Cancer. Ann. Surg. 2017, 265, 800–805. [CrossRef]
35. Omiya, K.; Oba, A.; Inoue, Y.; Kobayashi, K.; Wu, Y.H.A.; Ono, Y.; Sato, T.; Sasaki, T.; Ozaka, M.; Sasahira, N.; et al. Serum

DUPAN-2 could be an Alternative Biological Marker for Ca19-9 Nonsecretors with Pancreatic Cancer. Ann. Surg. 2023, 277,
e1278–e1283. [CrossRef]

36. Shimizu, T.; Asakuma, M.; Tomioka, A.; Inoue, Y.; Hirokawa, F.; Hayashi, M.; Uchiyama, K. Span-1 and CA19-9 as Predictors of
Early Recurrence and Lymph Node Metastasis for Patients with Invasive Pancreatic Cancer after Pancreatectomy. Am. Surg. 2018,
84, 109–113. [CrossRef]

37. Hamano, H.; Hayakawa, T.; Kondo, T. Serum immunoreactive elastase in diagnosis of pancreatic diseases. A sensitive marker for
pancreatic cancer. Dig. Dis. Sci. 1987, 32, 50–56. [CrossRef]

38. Mori, S.; Aoki, T.; Sakuraoka, Y.; Shimizu, T.; Yamaguchi, T.; Park, K.H.; Matsumoto, T.; Shiraki, T.; Iso, Y.; Kubota, K. Predictors of
poor pathological response to neoadjuvant gemcitabine plus S-1 chemotherapy in patients with pancreatic ductal adenocarcinoma.
Pancreas 2021, 50, 744–750. [CrossRef]

39. Mori, S.; Aoki, T.; Sakuraoka, Y.; Shimizu, T.; Yamaguchi, T.; Park, K.H.; Matsumoto, T.; Shiraki, T.; Iso, Y.; Kubota, K. Impact of
adverse events of adjuvant and neoadjuvant chemotherapies on outcomes of patients with pancreatic ductal adenocarcinoma.
Cancer Chemother. Pharmacol. 2021, 88, 109–120. [CrossRef]

40. Casadei, R.; Di Marco, M.; Ricci, C.; Santini, D.; Serra, C.; Calculli, L.; D’Ambra, M.; Guido, A.; Morselli-Labate, A.M.; Minni,
F. Neoadjuvant Chemoradiotherapy and Surgery Versus Surgery Alone in Resectable Pancreatic Cancer: A Single-Center
Prospective, Randomized, Controlled Trial Which Failed to Achieve Accrual Targets. J. Gastrointest. Surg. 2015, 19, 1802–1812.
[CrossRef]

41. Golcher, H.; Brunner, T.B.; Witzigmann, H.; Marti, L.; Bechstein, W.O.; Bruns, C.; Jungnickel, H.; Schreiber, S.; Grabenbauer,
G.G.; Meyer, T.; et al. Neoadjuvant chemoradiation therapy with gemcitabine/cisplatin and surgery versus immediate surgery
in resectable pancreatic cancer: Results of the first prospective randomized phase II trial. Strahlenther. Onkol. 2015, 191, 7–16.
[CrossRef]

42. Reni, M.; Balzano, G.; Zanon, S.; Zerbi, A.; Rimassa, L.; Castoldi, R.; Pinelli, D.; Mosconi, S.; Doglioni, C.; Chiaravalli, M.; et al.
Safety and efficacy of preoperative or postoperative chemotherapy for resectable pancreatic adenocarcinoma (PACT-15): A
randomised, open-label, phase 2-3 trial. Lancet Gastroenterol. Hepatol. 2018, 3, 413–423. [CrossRef] [PubMed]

43. Versteijne, E.; van Dam, J.L.; Suker, M.; Janssen, Q.P.; Groothuis, K.; Akkermans-Vogelaar, J.M.; Besselink, M.G.; Bonsing, B.A.;
Buijsen, J.; Busch, O.R.; et al. Neoadjuvant Chemoradiotherapy Versus Upfront Surgery for Resectable and Borderline Resectable
Pancreatic Cancer: Long-Term Results of the Dutch Randomized PREOPANC Trial. J. Clin. Oncol. 2022, 40, 1220–1230. [CrossRef]
[PubMed]

44. Seufferlein, T.; Uhl, W.; Kornmann, M.; Algül, H.; Friess, H.; König, A.; Ghadimi, M.; Gallmeier, E.; Bartsch, D.K.; Lutz, M.P.; et al.
Perioperative or only adjuvant gemcitabine plus nab-paclitaxel for resectable pancreatic cancer (NEONAX)-a randomized phase
II trial of the AIO pancreatic cancer group. Ann. Oncol. 2023, 34, 91–100. [CrossRef] [PubMed]

45. Hilmi, M.; Delaye, M.; Muzzolini, M.; Nicolle, R.; Cros, J.; Hammel, P.; Cardot-Ruffino, V.; Neuzillet, C. The immunological
landscape in pancreatic ductal adenocarcinoma and overcoming resistance to immunotherapy. Lancet Gastroenterol. Hepatol. 2023,
8, 1129–1142. [CrossRef] [PubMed]

46. Katz, M.H.G.; Petroni, G.R.; Bauer, T.; Reilly, M.J.; Wolpin, B.M.; Stucky, C.C.; Bekaii-Saab, T.S.; Elias, R.; Merchant, N.; Dias
Costa, A.; et al. Multicenter randomized controlled trial of neoadjuvant chemoradiotherapy alone or in combination with
pembrolizumab in patients with resectable or borderline resectable pancreatic adenocarcinoma. J. Immunother. Cancer 2023,
11, e007586. [CrossRef] [PubMed]

47. Heumann, T.; Judkins, C.; Li, K.; Lim, S.J.; Hoare, J.; Parkinson, R.; Cao, H.; Zhang, T.; Gai, J.; Celiker, B.; et al. A platform trial of
neoadjuvant and adjuvant antitumor vaccination alone or in combination with PD-1 antagonist and CD137 agonist antibodies in
patients with resectable pancreatic adenocarcinoma. Nat. Commun. 2023, 14, 3650. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.21873/anticanres.14925
https://doi.org/10.1097/SLA.0000000000001741
https://doi.org/10.1097/SLA.0000000000005395
https://doi.org/10.1177/000313481808400130
https://doi.org/10.1007/BF01296687
https://doi.org/10.1097/MPA.0000000000001826
https://doi.org/10.1007/s00280-021-04267-5
https://doi.org/10.1007/s11605-015-2890-4
https://doi.org/10.1007/s00066-014-0737-7
https://doi.org/10.1016/S2468-1253(18)30081-5
https://www.ncbi.nlm.nih.gov/pubmed/29625841
https://doi.org/10.1200/JCO.21.02233
https://www.ncbi.nlm.nih.gov/pubmed/35084987
https://doi.org/10.1016/j.annonc.2022.09.161
https://www.ncbi.nlm.nih.gov/pubmed/36209981
https://doi.org/10.1016/S2468-1253(23)00207-8
https://www.ncbi.nlm.nih.gov/pubmed/37866368
https://doi.org/10.1136/jitc-2023-007586
https://www.ncbi.nlm.nih.gov/pubmed/38040420
https://doi.org/10.1038/s41467-023-39196-9
https://www.ncbi.nlm.nih.gov/pubmed/37339979

	Introduction 
	Evidence of the Benefits of Adjuvant/Neoadjuvant Chemotherapy for Pancreatic Adenocarcinoma 
	Association between the Responses to Neoadjuvant and Adjuvant Therapies 
	Experience at Dokkyo Medical University 
	Results of Neoadjuvant Chemotherapy Using Gemcitabine Plus S-1 
	Factors Predictive of the Response to NAC-GS 
	Impact of NAC-GS on the Outcomes of Adjuvant Chemotherapy 

	Discussion 
	Conclusions 
	References

