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Simple Summary: The optimal treatment strategy following neoadjuvant therapy and
curative resection in early-stage pancreatic cancer remains inconclusive. We retrospectively
evaluated the clinicopathologic features and survival outcomes of patients with curatively
resected pancreatic cancer treated with neoadjuvant chemotherapy. Receiving adjuvant
chemotherapy (ACT) was associated with favorable survival outcomes. Subgroup analyses
showed that ACT appeared to benefit patients who did not achieve a major pathologic
response, pN0, or R0 status following neoadjuvant therapy, whereas those who achieved
a major response with pN0/R0 showed no survival benefit. The specific neoadjuvant
chemotherapy regimen (FOLFIRINOX vs. GEM-NAB) and changes in ACT from NACT
did not significantly influence survival outcomes in our cohort.

Abstract: Background: In patients with curatively resected pancreatic adenocarcinoma
who have undergone neoadjuvant chemotherapy (NACT), evidence supporting the ben-
efit of additional adjuvant chemotherapy (ACT) remains limited. We aim to identify
favorable factors contributing to survival benefits in resected pancreatic adenocarcinoma
after NACT. Methods: This is a retrospective cohort study of pancreatic adenocarci-
noma patients who underwent NACT followed by curative surgical resection between
2008 and 2023 at a single academic institution. Univariate and multivariable analy-
ses were conducted to identify factors contributing to disease-free survival (DFS) and
overall survival (OS). Results: A total of 230 patients with a median age of 68 years
(IQR, 62–72 years) were included. All patients underwent curative surgical resection. Of
these, 42% received neoadjuvant modified (m) FOLFIRINOX (96/230), 15% received gemc-
itabine plus nab-paclitaxel (GEM-NAB) (34/230), and 43% received gemcitabine, docetaxel,
and capecitabine (GTX) (100/230). In univariate analysis, lower College of American Pathol-
ogists (CAP) tumor regression grade (TRG) (0–1 vs. 2–3, median DFS: 29.8 vs. 14.2 months,
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p = 0.0081) and receipt of ACT (Yes vs. No, median DFS: 22.2 vs. 12.4 months, p < 0.0001)
demonstrated significant associations with superior DFS. Multivariable analysis identified
receipt of ACT as an independent predictor of superior DFS (HR 0.55, 95% CI: 0.39–0.78,
p = 0.0007) and OS (HR 0.49, 95% CI: 0.33–0.71, p = 0.0002). However, the NACT regimen
(mFOLFIRINOX vs. GEM-NAB) and the transition between neoadjuvant and adju-
vant therapy (de-escalation vs. continuation vs. change) did not correlate with DFS
or OS. The duration of perioperative chemotherapy showed a trend toward improved
survival outcomes, though not statistically significant (6 months vs. <6 months: DFS,
19.4 vs. 16.2 months, p = 0.1448; OS, 49.6 vs. 30.4 months, p = 0.0623). In the following
subgroup analyses, receipt of ACT provided DFS/OS benefits in patients who did not
achieve a major pathologic response, pN0, or R0 resection (DFS: p = 0.0003; OS: p < 0.0001).
However, it did not provide DFS/OS benefits in those who achieved a major pathologic
response with pN0/R0 to NACT (DFS: p = 0.8036; OS: p = 0.1877). Conclusions: In resected
pancreatic adenocarcinoma following NACT, receiving ACT was associated with favorable
survival outcomes. Additional ACT appears to benefit patients who did not achieve a major
pathologic response (pN0 or R0) to neoadjuvant therapy, with limited benefit for those who
achieved a major response with pN0/R0. The specific NACT regimen (mFOLFIRINOX
vs. GEM-NAB) and changes in ACT from NACT did not significantly influence survival
outcomes in our cohort.

Keywords: pancreatic cancer; adjuvant chemotherapy; neoadjuvant therapy; pathologic
response

1. Introduction
In recent years, the global incidence of pancreatic cancer has been increasing, par-

ticularly among younger individuals; however, the overall 5-year relative survival rate
remains poor, ranging from 7.2% to 14.3% [1–3]. Approximately only 15–20% of pancreatic
cancer patients present with resectable disease [4–6]. Approximately half of resections for
pancreatic cancer are microscopically incomplete (R1), placing patients at a high risk of
recurrence [7–9]. An increasing number of cases are being treated with upfront neoadju-
vant therapy (NACT) to facilitate downstaging, achieve microscopically negative margin
(R0) resection, control early systemic spread, and ultimately improve survival outcomes
in early-stage pancreatic cancer [10]. Currently, for borderline resectable and locally ad-
vanced pancreatic ductal adenocarcinoma (PDAC), NACT is considered the standard
approach [11].

Despite the growing use of NACT in PDAC, very limited data are available to guide
adjuvant chemotherapy (ACT) strategies following NACT and curative resection. Key
clinical questions remain, including determining the optimal ACT regimen and identifying
patients who derive genuine clinical benefit from additional adjuvant therapy following
neoadjuvant therapy and surgical resection. Several retrospective studies have reported
mixed results regarding the benefit of ACT in PDAC patients treated with upfront NACT,
with some studies demonstrating benefit across the entire patient population, while others
suggest that the benefit is primarily observed in subpopulations such as patients showing
lymph-node-metastases [12–14].

In this study, we present the experience of a single academic institution in managing
PDAC patients who underwent curative surgical resection following NACT. Our aim is
to evaluate prognostic factors associated with survival outcomes and identify potential
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predictive factors that could optimize adjuvant therapy strategies for early-stage PDAC
treated with curative resection after NACT.

2. Materials and Methods
2.1. Patients and Study Population

This nonrandomized, retrospective study was conducted at Moffitt Cancer Center and
included patients treated between June 2008 and December 2023. Inclusion criteria com-
prised individuals with (1) histologically confirmed localized PDAC, (2) who underwent
NACT, and (3) who underwent curative surgical resection. Patients with (1) other histologic
types, (2) distant metastasis at the initial presentation, (3) upfront surgery without NACT,
or (4) limited related data, such as the absence of a pathology report for surgical resection,
were excluded. This study received approval from the relevant Ethical and Independent
Institutional Review Board at Moffitt Cancer Center and adhered to the principles outlined
in the Declaration of Helsinki.

2.2. Treatment Evaluation and Outcome Definitions

Patients in this study were treated with one of the following NACT regimens:
(1) modified FOLFIRINOX (mFOLFIRINOX), (2) gemcitabine and nab-paclitaxel (GEM-
NAB), or (3) gemcitabine, docetaxel, and capecitabine (GTX). Curative pancreatic cancer
surgery was performed following NACT based on the decision of a multidisciplinary
team. Tumor resectability was assessed according to the National Comprehensive Cancer
Network (NCCN) criteria [11]. For the transition from neoadjuvant to adjuvant therapy,
patients were categorized into three groups: (1) Same, where the ACT regimen was identical
to the NACT regimen; (2) De-escalation, in which the ACT regimen consisted of fewer
chemotherapy agents but included components of the NACT regimen; and (3) Conversion,
where the ACT regimen was switched to a different regimen, such as gemcitabine-based
chemotherapy from mFOLFIRINOX. The transition from NACT to ACT was based on the
discretion of the treating physician without a pre-specified protocol.

Disease-free survival (DFS) was defined as the interval from the date of curative
surgery to the date of recurrence, death from any cause, or the last follow-up date. Overall
survival (OS) was defined as the period from the date of surgery to the date of death
or the last follow-up. Patients who remained event-free at the time of the last follow-
up were censored. The response to NACT was evaluated using the Tumor Regression
Grade (TRG) system established by the College of American Pathologists (CAP), which
employs a four-tier grading system: grade 0 (no viable cancer cells), grade 1 (single
cells or rare small clusters of cancer cells), grade 2 (residual cancer with evident tumor
regression but more than single cells or rare small clusters), and grade 3 (extensive residual
cancer with no evidence of tumor regression) [15]. Various scoring systems exist for
assessing tumor response following NACT in resected pancreatic cancer; however, a recent
systematic review identified the CAP scoring system as having the lowest risk of bias [14,16].
Postoperative tumor staging was determined using the American Joint Committee on
Cancer (AJCC) Eighth Edition guidelines [17]. The major pathological response (MPR) was
defined as TRG-CAP 0-1 [18].

2.3. Statistical Analysis

Baseline patient characteristics were summarized as median values with interquartile
range (IQR) for continuous variables and as frequencies and proportions (%) for categorical
variables. The Kaplan–Meier method was used to estimate DFS and OS, with comparisons
performed using the log-rank test. Both univariate and multivariable Cox proportional haz-
ards regression analyses were performed to evaluate hazard ratios (HR) and corresponding



Cancers 2025, 17, 1797 4 of 12

95% confidence intervals (CI) based on various candidate prognostic clinicopathologic
factors. A two-sided p-value of ≤0.05 was considered statistically significant. All statistical
analyses were conducted using R software, version 4.2.3.

3. Results
3.1. Baseline Characteristics

A total of 230 patients were included in the study, with a median follow-up of
21.4 months (range, 0.3–107.3 months). Table 1 summarizes the baseline characteristics
of the cohort. The study population consisted of 51% males (117/230) and 49% females
(113/230), with a median age of 68 years (IQR, 62–72 years). Patients received NACT
regimens as follows: mFOLFIRINOX in 42% (96/230), GEM-NAB in 15% (34/230), and
GTX in 43% (100/230). Only 3% (7/230) completed the 6-month-long NACT. Additionally,
67% (155/230) of patients received ACT following curative resection. MPR with pN0/R0
was achieved in 20% (46/230) of patients.

Table 1. Patient baseline characteristics and treatment details.

Characteristics N = 230 % or IQR

Age (years) Median 68 62–72

Gender
Male 117 51

Female 113 49

Race

Black 11 5

White 216 94

Other 2 1

Not Available 1 0

NACT Regimen

mFOLFIRINOX 96 42

GEM-NAB 34 15

GTX 100 43

Duration of NACT

≤2 months 97 42

>2 to ≤4 months 25 11

>4 months 108 47

Neoadjuvant RT
No 6 3

Yes 224 97

Path T-Stage

0 13 6

1 59 26

2 82 36

3 74 32

4 2 1

Path N-Stage

0 136 59

1 81 35

2 13 6

Surgical Margin Status
R0 216 94

R1 14 6
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Table 1. Cont.

Characteristics N = 230 % or IQR

Histologic Grade

1 15 7

2 142 62

3 54 23

N/A 19 8

TRG-CAP
0–1 67 29

2–3 163 71

Receipt of ACT
No 75 33

Yes 155 67

NACT vs. ACT *

De-escalate 86 56

Same 39 25

Conversion 30 19

Duration of
Perioperative
chemotherapy

<6 months 180 78

6 months 50 22

Recurred
No 115 50

Yes 115 50

Died
No 109 47

Yes 121 52
* Among patients who received ACT (N = 155). Abbreviations: ACT, adjuvant chemotherapy; N/A, not available;
NACT, neoadjuvant chemotherapy; path, pathologic; RT, radiation therapy.

3.2. Prognostic Factors Associated with Survival Outcomes

In the analysis of candidate prognostic factors, univariate analysis demonstrated
that lower TRG-CAP (0–1 vs. 2–3; median DFS: 29.8 vs. 14.2 months, p = 0.0081) and
receipt of ACT (Yes vs. No; median DFS: 22.2 vs. 12.4 months, p < 0.0001) were signif-
icantly associated with superior DFS (Figure 1). Both lower TRG (0–1 vs. 2–3; median
OS: 48.0 vs. 30.1 months, p = 0.0321) and receipt of ACT (Yes vs. No; median OS: 48.0 vs.
23.9 months, p < 0.0001) were also significantly associated with increased OS (Figure 1).
Multivariable analysis identified receipt of ACT as an independent predictor of superior
DFS (hazard ratio [HR]: 0.55, 95% confidence interval [CI]: 0.39–0.78, p = 0.0007) and OS
(hazard ratio [HR]: 0.49, 95% confidence interval [CI]: 0.33–0.71, p = 0.0002) (Figure 2).

The total duration of perioperative chemotherapy showed a trend toward im-
proved survival outcomes, although statistical significance was not reached (6 months
vs. <6 months: DFS, 19.4 vs. 16.2 months, p = 0.1448; OS, 49.6 vs. 30.4 months, p = 0.0623)
(Supplement Figure S1). However, the NACT regimen (mFOLFIRINOX vs. GEM-
NAB), NACT duration, and treatment transition from neoadjuvant to adjuvant therapy
(de-escalation vs. continuation vs. conversion) were not significantly correlated with DFS
or OS (Supplement Figure S2).
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Figure 1. Comparison of survival outcomes by Tumor Regression Grade College of American
Pathologists (TRG-CAP) score and Receipt of Adjuvant Chemotherapy: (A) DFS and (B) OS based
on TRG-CAP, and (C) DFS and (D) OS based on receipt of adjuvant chemotherapy in patients with
pancreatic ductal adenocarcinoma treated with curative resection following neoadjuvant therapy.

 

Figure 2. Forest plots for multivariable Cox regression of (A) DFS and (B) OS.

3.3. Subgroup Analyses by Pathologic Response

Among the 46 patients who achieved an MPR with N0 and R0 (TRG-CAP 0–1,
pN0, R0 resection), receipt of ACT did not significantly impact DFS (p = 0.8036) or OS
(p = 0.1877) (Figure 3). Conversely, among the 184 patients who did not achieve an
MPR, pN0, or R0 resection, receipt of ACT was significantly associated with both DFS
(median: 9.9 vs. 17.4 months, p = 0.0003) and OS (median: 19.4 vs. 41.7 months, p < 0.0001)
(Figure 3).
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Figure 3. Survival outcomes by major pathologic response with pN0/R0. (A) DFS and (B) OS
based on receipt of adjuvant chemotherapy in patients who achieved a MPR with pN0/R0 following
neoadjuvant chemotherapy. (C) DFS and (D) OS by receipt of adjuvant chemotherapy in patients
who did not achieve a MPR, pN0 or R0 from neoadjuvant therapy.

Forty patients had TRG-CAP 3 with a median DFS of 15.4 months (IQR 8.4–29.3).
Among them, thirty patients received ACT, including 14 who converted ACT from NACT,
with a median DFS of 18.4 months (IQR 15.1–not reached); 14 who de-escalated ACT, with
a median DFS of 15.1 months (IQR 10.6–40.2); and 2 who received the same ACT as NACT,
with DFS of 16.2 and 9.8 months, respectively.

4. Discussion
The use of NACT has been increasing in early-stage pancreatic cancer, aimed at control-

ling potential early systemic spread, facilitating tumor downstaging to achieve R0 resection,
and ultimately improving survival outcomes [10]. This approach is now considered the
standard of care for borderline resectable and locally advanced PDAC and is also an option
for patients with high-risk resectable disease [11]. Despite the growing adoption of NACT,
very limited data are available to guide post-operative management in resected PDAC
following NACT. Current guidelines, including those from the NCCN and the European
Society for Medical Oncology (ESMO), do not provide specific recommendations regarding
ACT in this setting [11,19]. The American Society of Clinical Oncology (ASCO) guidelines
recommended completing a total of six months of perioperative chemotherapy, based
primarily on extrapolated data from ACT trials [20]. Given the fact that recurrence rates
remain high with poor long-term survival outcomes despite neoadjuvant therapy followed
by resection, there is an unmet need to establish management for optimizing adjuvant
treatment in this setting [10,21].

Analysis of our single-institution experience revealed that achieving TRG-CAP
0–1 from NACT, and receiving additional ACT were associated with improved survival
outcomes. However, the type of NACT regimen, duration of NACT, and the transition
from NACT to ACT did not demonstrate a significant correlation with survival outcomes.
Subgroup analyses revealed that ACT provided a survival benefit in patients who did
not achieve an MPR (TRG-CAP 0–1), pN0, or R0 resection but showed no benefit in those
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who achieved MPR with pN0/R0. This suggests that MPR with pN0/R0 may serve as a
potential predictive factor to guide the decision on whether to administer additional ACT
in patients undergoing NACT followed by resection in PDAC. In our cohort, 20% (46/230)
of patients achieved MPR with pN0/R0 from NACT.

Various retrospective studies have evaluated the association between ACT and sur-
vival outcomes in PDAC patients who underwent curative resection following NACT.
These studies have generally demonstrated that ACT is most likely to provide a sur-
vival benefit in patients with aggressive, residual disease and a suboptimal response to
NACT [12,13,22]. Roessel et al. conducted a retrospective study evaluating the benefit
of ACT in patients who received neoadjuvant FOLFIRINOX [12]. No significant survival
difference was observed between patients who received ACT and those who did not [12].
However, in a subgroup analysis, ACT was associated with improved survival in patients
with pathology-proven lymph node metastases (26 vs. 13 months), whereas no survival
benefit was found in patients with lymph node–negative disease [12]. Similarly, a retro-
spective study by Sugawara et al. demonstrated that ACT was associated with significantly
improved survival in patients with ypT3/ypT4, R1/R2 resections, and moderately/poorly
differentiated tumors [13]. Another study reported a survival benefit associated with ACT
in patients with tumoral surgical margins at microscopy evaluation [22]. In our study, ACT
was associated with improved survival outcomes in patients with a suboptimal response
to NACT but not in those who achieved an optimal response, characterized by MPR with
pN0/R0, which is consistent with previous findings [12,13,22]. In summary, our findings,
along with those from prior studies, suggest that ACT may improve clinical outcome in
patients with limited response to NACT including significant residual disease (ypT3/4,
ypN1/2, positive surgical margins) but not in patients achieving MPR (TRG-CAP 0–1) with
pN0/R0. Further research is warranted to better define the subgroups of residual disease
that benefit from ACT.

In our cohort, only 29% of patients achieved MPR, which is consistent with historical
data [18,23]. Achieving a TRG-CAP 0–1 was associated with better survival outcomes, as
expected, given that TRG is a well-established prognostic factor [18,23]. TRG-CAP became
statistically non-significant but showed a trend toward correlation with DFS (p = 0.0892)
and OS (p = 0.1142), most likely due to the limited sample. Although not statistically
significant, a trend toward improved OS was observed in patients who received 6 months
of perioperative chemotherapy compared with <6 months (p = 0.0623). This lack of sig-
nificance may be due to the limited sample size and underpowered analysis. Another
retrospective study found that ACT was associated with improved survival in patients who
had received less than 4 months of neoadjuvant therapy [22]. These findings may support
ASCO guideline recommendations to complete 6 months of perioperative chemotherapy if
feasible [20]. Optimizing ACT regimens based on the pathologic response to NACT is a
topic of significant interest in the field; however, few studies have evaluated the correlation
between the transition of therapy from NACT to ACT and survival outcomes. Our find-
ings indicate that this transition does not significantly correlate with survival outcomes.
Whether to escalate or convert adjuvant therapy and extend the duration of perioperative
chemotherapy, particularly in cases of poor response to neoadjuvant treatment such as
TRG-CAP 3, is a major area of interest in the field [24]. However, due to the limited sample
size, we were not able to perform statistical analyses.

While previous studies have typically defined major pathologic response (MPR) based
solely on TRG-CAP [18], our analysis incorporated pN0 and R0 resection into the clas-
sification. This composite approach was used given the well-established association
between residual nodal disease or positive margins and poorer prognosis [25–27]. Bi-
ologically, this classification may more comprehensively reflect the extent of pathologic
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response to neoadjuvant chemotherapy. Nonetheless, further validation of this composite
classification—including its prognostic and potential predictive value—should be pursued
in external cohorts.

Although our findings suggest that ACT may offer clinical benefit, particularly in pa-
tients who do not achieve a major pathologic response, pN0, or R0 resection, whether to give
adjuvant chemotherapy, as well as the duration and regimen of perioperative chemotherapy,
was determined at the discretion of the treating physician without a pre-specified institu-
tional protocol. Therefore, our results should be considered hypothesis-generating rather
than definitive. Prospective validation is warranted before ACT can be safely omitted in
patients who achieve a favorable pathologic response following neoadjuvant chemotherapy.

Although perioperative chemotherapy has become a well-established strategy in col-
orectal cancer with liver metastases [10,27–29], offering insights into treatment sequencing
and patient selection, its role in resected pancreatic cancer remains less clearly defined. This
contrast highlights the need for further refinement of perioperative treatment strategies in
pancreatic cancer, potentially informed by lessons learned from colorectal cancer [30].

Our study is not without limitations. First, it was a retrospective, single-center study.
There is a risk of overestimating the benefit of ACT due to potential selection bias, as some
patients may be ineligible for ACT following curative resection and NACT because of post-
operative complications or comorbidities, which can be related to poorer survival outcomes.
The study included heterogeneous NACT and ACT regimens, including NACT regimens
such as GTX, which were used in the past but have been replaced by more contemporary
regimens. This may influence the generalizability of the current study results, although
58% of patients still received contemporary NACT regimens such as mFOLFIRINOX or
GEM-NAB. The transition from NACT to ACT was based on the discretion of the treat-
ing physician without a pre-specified protocol. Additionally, neoadjuvant radiotherapy
(RT) was not controlled; however, the majority of patients (97%) received neoadjuvant
RT, making it unlikely to have an impact on the results. Due to the limited sample size,
subgroup analyses by NACT regimen (mFOLFIRINOX or GEMNAB) were not performed.
Given the exploratory nature of the subgroup analyses and the limited sample sizes within
certain subgroups, these findings should be interpreted with caution due to the potential
for type I error and limited statistical power. The intolerability to NACT and ACT was not
captured in the current analysis. Despite these limitations, our findings have the potential
to contribute valuable insights to the field, particularly given the scarcity of data. More-
over, our results are overall consistent with prior studies and may provide an additional
layer of evidence to support and enhance previously suggested findings, such as patho-
logical response to NACT being a potential predictive biomarker for ACT in pancreatic
cancer patients.

5. Conclusions
In conclusion, among PDAC patients undergoing NACT followed by curative resec-

tion, achieving TRG-CAP 0–1 and receiving ACT were associated with favorable survival
outcomes. Additional ACT appeared to benefit patients who did not achieve an MPR,
pN0, or R0 resection to NACT, with limited benefit for those who did MPR with pN0/R0,
suggesting that pathological response may serve as a potential predictive marker to guide
ACT decisions. In our cohort, the specific NACT regimen (mFOLFIRINOX vs. GEM-NAB)
and transitions from NACT to ACT did not significantly impact survival outcomes.
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Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/cancers17111797/s1, Figure S1: (A) DFS and (B) OS by
duration of perioperative chemotherapy; Figure S2. Survival outcomes by neoadjuvant chemotherapy
regimen, duration of neoadjuvant chemotherapy, and chemotherapy transition from neoadjuvant to
adjuvant therapy (A) DFS and (B) OS by neoadjuvant chemotherapy regimen; (C) DFS and (D) OS by
duration of neoadjuvant chemotherapy; and (E) DFS and (F) OS by chemotherapy transition from
neoadjuvant to adjuvant therapy.
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