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Abstract
Immune checkpoint inhibitors (ICIs) represent a major breakthrough for cancer treatment. However, evidence regarding the 
use of ICIs in pancreatic cancer (PC) remained scarce. To assess the efficacy and safety of ICIs plus chemotherapy, patients 
with advanced PC were retrospectively recruited and were treated with either chemotherapy alone or chemotherapy plus 
ICIs. Patients previously treated with any agents targeting T-cell co-stimulation or checkpoint pathways were excluded. The 
primary outcome was overall survival (OS). The secondary outcomes were progression-free survival (PFS), overall response 
rate (ORR) and safety. In total, 58 patients were included (combination, n = 22; chemotherapy, n = 36). The combination 
group showed a significantly longer OS than the chemotherapy group [median, 18.1 vs 6.1 months, hazard ratio (HR) 0.46 
(0.23–0.90), P = 0.021]. The median PFSs were 3.2 months in the combination group and 2.0 months in the chemotherapy 
group [HR 0.57 (0.32–0.99), P = 0.041]. The combination group and the chemotherapy group had similar ORRs (18.2% 
vs 19.4%, P = 0.906). All patients who achieved a partial response received a doublet chemotherapy regimen regardless of 
co-treatment with ICIs. Grade 3 or higher adverse events occurred in 31.8% of the patients in the combination group and in 
16.9% of those receiving chemotherapy. Although the incidence of serious treatment-related adverse events was higher in the 
combination group than in the chemotherapy group, the difference was not significant (P = 0.183). Our findings suggest that 
the combination of ICIs with chemotherapy is both effective and tolerable for advanced PC. ICIs combined with a doublet 
chemotherapy regimen might be a preferable choice.
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Introduction

Pancreatic cancer (PC), a highly lethal disease as reflected 
by its high incidence and mortality, is usually asympto-
matic and most patients are diagnosed with advanced dis-
ease [2–4]. Surgery provides the only potential possibility 
for a cure, however, only less than 20% of patients are 
eligible for resection, and most patients still eventually 
recur [3]. For advanced PC, gemcitabine or two combi-
nation therapies [gemcitabine with nab-paclitaxel and 
fluorouracil/leucovorin plus irinotecan plus oxaliplatin 
(FOLFIRINOX)] have been widely acknowledged as 
the standard systemic therapies since 2010 [5–7]. How-
ever, published data indicated that the clinical benefit of 
chemotherapy was still far from ideal. For example, among 
patients with advanced-stage PC, the 5-year survival 
rate after standard chemotherapy is only 2% [2]. Given 
the lack of effective treatment, considerable efforts have 
been devoted to improving the outcomes of patients with 
advanced PC.

Immune checkpoint inhibitors (ICIs) targeting pro-
grammed cell death protein 1 (PD-1) or PD-1 ligand (PD-
L1) have emerged as promising treatment strategies in 
cancer care that lead to durable antitumor activities and 
improved survival in various malignancies [8–10]. How-
ever, there is limited evidence on the efficacy of ICIs in 
PC. The PD-1 inhibitor pembrolizumab appeared to be 
efficacious in a subset of PC patients who were microsatel-
lite instability-high (MSI-H) or mismatch repair deficient 
(dMMR) [11]. However, the prevalence of dMMR/MSI-H 
is low in PC, as shown by genetic profiling of 385 PC 
cases where a hypermutated profile (all related to dMMR) 
was found in only less than 2% (4/385) of the cases [12]. In 
addition, two phase I trials and one phase II trial demon-
strated that anti-PD-1/PD-L1 monotherapy failed to elicit 
any response in unselected advanced PC patients [13–15]. 
Hence, overall, except for MSI-H tumors, PCs are consid-
ered resistant to single-agent immunotherapy. Based on 
published research, there are three major hurdles to over-
come before immunotherapy could be widely applied in 
PC treatment: a low level of mutational load [16], a largely 
immunosuppressive microenvironment [17], and few infil-
trating T cells [18]. Thus, the incorporation of additional 
therapies that can convert the “cold” microenvironment to 
a “hot” one becomes a key strategy to enhance the clinical 
activity of immunotherapy.

Chemotherapy may promote the release of tumor neo-
antigens by inducing tumor cell death, which in turn 
triggers an anticancer immune response [19]. Immuno-
therapy administered alongside chemotherapy is predicted 
to synergistically enhance the antitumor effects of either 
therapy alone [20]. For advanced PC, ICIs combined with 

chemotherapy have been investigated. In a phase II study, 
pembrolizumab plus doublet chemotherapy in metastatic 
PC achieved an overall response rate (ORR) of 20.0% 
(3/15) and a disease control rate (DCR) of 86.7% (13/15) 
[21]. Another study presented at the 2018 American Soci-
ety of Clinical Oncology-gastrointestinal cancer (ASCO-
GI) meeting showed that nivolumab combined with three 
chemotherapeutic drugs produced a DCR of 100% and 
an ORR of 80% [22]. However, these two studies were 
both single armed. A prospective cohort study of two 
ICIs (PD-1 inhibitor and CTLA-4 inhibitor) plus chemo-
therapy compared with chemotherapy alone showed that 
combination therapy was both effective and tolerable [23]. 
Although this strategy significantly improved the thera-
peutic effect, it was unclear which drug played a major role 
since two different ICIs were utilized. Moreover, such a 
complex treatment regimen might also increase cost and 
toxicity.

Herein, we evaluated the efficacy and safety of ICIs 
plus chemotherapy compared with chemotherapy alone for 
advanced PC. This study may improve our understanding of 
the effects of immunotherapy combined with chemotherapy 
on PC.

Patients and methods

Participants and study design

Patients with unresectable advanced PC having been treated 
with at least one cycle of anti-PD-1/PD-L1 combination 
therapy or chemotherapy between June 2015 and May 2018 
at the People’s Liberation Army General Hospital (Beijing) 
were retrospectively included. To ensure data quality, the 
protocol, case report form (CRF), and standard operating 
procedure (SOP) of data collection were prospectively 
designed before the launch of this study.

Patients were identified via electronic medical records 
based on the following eligibility criteria: (1) biopsy con-
firmed metastatic PC and (2) received at least one cycle of 
ICIs plus chemotherapy or chemotherapy. Patients who had 
been previously exposed to any agent targeting T-cell co-
stimulation or immune checkpoints were excluded from this 
study.

Data collection and study objectives

Two investigators independently extracted and verified 
information on the clinico-pathological characteristics and 
treatment histories of the patients. All imaging data were 
independently assessed by two physicians. Any inconsistent 
evaluation results were further determined by the director 
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of the imaging center. The data were last edited on Oct 30, 
2018.

Overall survival (OS) was the primary outcome and was 
defined as the time from the treatment initiation to death 
for any reason. The secondary outcomes included progres-
sion-free survival (PFS), ORR, DCR and safety (treatment-
related adverse events). PFS was defined as the time from 
the treatment initiation to disease progression or death by 
any cause. ORR [the percentage of patients with a confirmed 
complete/partial response (CR/PR)] and DCR [the propor-
tion of patients with CR, PR, or stable disease (SD)] were 
assessed according to the RECIST criteria [24]. Data on 
adverse events were collected according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events, version 4.0 [25]. Patients who were alive and did not 
experience any of these events were censored on the date of 
the last follow-up. The study was reported according to the 
Transparent Reporting of Evaluations with Nonrandomized 
Designs (TREND) [26].

Statistical analysis

Patients who did not complete the first cycle of treatment 
were replaced in the final study outputs. The baseline 
characteristics and response data between the two groups 
were compared using the Chi-square test or Fisher’s exact 
test for categorical variables and the Mann–Whitney U 
test for continuous or ordinal variables. OS and PFS were 
analyzed using the Kaplan–Meier method with a P value 
determined by the log-rank test. Hazard ratios (HR) were 
estimated using Cox proportional hazards regression. Two-
sided P values were evaluated and P < 0.05 was consid-
ered statistically significant. All statistical analyses were 
performed with SPSS statistical software (version 20.0, 
IBM Corporation, USA) and GraphPad Prism (version 6, 
GraphPad Software Inc., USA).

Fig. 1  Flow diagram of the study
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Results

Patient and tumor characteristics

A total of 58 patients with metastatic PC were enrolled in 
this study, 36 patients treated with chemotherapy (chemo-
therapy group) and 22 patients treated with a combination 
of ICIs and chemotherapy (combination group) (Fig. 1). In 
the chemotherapy group, the most common regimen was 
nab-paclitaxel plus tegafur (47.2%, 17/36), and only three 

patients received a single chemotherapeutic drug. In the 
combination group, 17 patients were treated with nivolumab 
plus chemotherapy, 4 with pembrolizumab plus chemother-
apy, and 1 with atezolizumab plus chemotherapy. The treat-
ment strategy for each individual is shown in Supplementary 
Table S1. The patients’ baseline characteristics are shown 
in Table 1, and most demographics and disease characteris-
tics were in general well balanced between the two groups. 
Both groups had a higher percentage of males than females. 
The majority of patients never smoked or consumed alco-
hol, and most of the patients had an ECOG performance 
status (PS) of 0–2. The liver and lymph nodes were the most 
common sites of metastases. Approximately one-third of the 
patients in both groups had undergone surgery. In addition, 
treatment-naive patients were more common in the chem-
otherapy group than in the combination group (97.7% vs 
72.3%, P = 0.016).

Efficacy

The median follow-up for all patients after the com-
mencement of study treatment was 6.9 months (range 
2.0–29.1  months). In total, 56 (96.6%) patients expe-
rienced disease progression and 48 (82.6%) patients 
died. The median OS (mOS) was 18.1  months (95% 

Table 1  Baseline characteristics

ECOG Eastern Cooperative Oncology Group

Characteristics Combina-
tion group 
(n = 22)

Chemotherapy 
group (n = 36)

P value

Median age, years (range) 56.0 (34–73) 54.0 (30–77) 0.573
Sex, n (%) 0.955
 Male 13 (59.1%) 21 (58.3%)
 Female 9 (40.9%) 15 (41.7%)

Alcohol history, n (%) 0.967
 Former or current 6 (27.3%) 10 (27.8%)
 Never or unknown 16 (72.7%) 26 (72.2%)

Pancreatic tumor location, 
n (%)

0.484

 Head 12 (54.5%) 23 (63.0%)
 Body or tail 10 (45.5%) 13 (36.1%)

Smoking history, n (%) 0.673
 Former or current 5 (22.7%) 10 (27.8%)
 Never or unknown 17 (77.3%) 26 (72.2%)

ECOG performance status, 
n (%)

0.261

 0–2 21 (95.5%) 31 (86.1%)
 > 2 1 (4.5%) 5 (13.9%)

Previous surgery, n (%) 0.092
 Yes 8 (36.4%) 6 (16.7%)
 No 14 (63.6%) 30 (83.3%)

Number of prior lines of 
treatment for metastatic 
disease, n (%)

0.016

 0 17 (72.3%) 35 (97.2%)
 ≥ 1 5 (22.7%) 1 (2.8%)

Site of metastases, n (%)
 Liver 20 (90.9%) 29 (80.6%) 0.295
 Lymph node 20 (90.9%) 31 (86.1%) 0.590
 Lung 5 (22.7%) 4 (11.1%) 0.240
 Peritoneal 4 (18.2%) 6 (16.7%) 0.883
 Other 5 (22.7%) 8 (22.2%) 0.965

Number of metastases 0.484
 0–2 12 (54.5%) 23 (63.9%)
 ≥ 3 10 (45.5%) 13 (36.1%)

Fig. 2  Kaplan–Meier estimates of overall survival (a) and progres-
sion-free survival (b) comparing chemotherapy alone and chemo-
therapy combined with immune checkpoint inhibitors (ICIs). mOS 
median overall survival, HR hazard ratio, ICI + chemo the group of 
patients receiving immune checkpoint inhibitors and chemotherapy, 
Chemo the group of patients receiving chemotherapy
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CI 4.0–32.2) in the combination group and 6.1 months 
(95% CI 5.0–7.3) in the chemotherapy group (HR 0.46, 
95% CI 0.23–0.90, P = 0.021, Fig. 2a). The median PFS 
(mPFS) was 3.2 months (95% CI 2.0–4.5) in the combina-
tion group compared with 2.0 months (95% CI 1.9–2.0) 
in the chemotherapy group with an HR of 0.57 (95% CI 
0.32–0.99) (P = 0.041, Fig. 2b). OS and PFS analyses of 
subgroups stratified according to baseline demographics 
and disease characteristics showed that most subgroups 
obtained greater clinical benefits from ICIs plus chemo-
therapy than from chemotherapy alone (Supplementary 

Figure S1). In particular, patients with no prior surgi-
cal treatment or fewer metastases presented with a sig-
nificantly longer mOS with combination treatment, and 
patients with liver metastases also had a significantly 
longer mPFS when treated with ICIs plus chemotherapy 
rather than chemotherapy alone.

As of data cut-off, the ORRs were similar between the 
combination group and the chemotherapy group (18.2% 
vs 19.4%), and the difference was not statistically signifi-
cant (P = 0.906, Table 2 and Fig. 3). In addition, 59.1% 
(13/22) of the patients who received ICIs plus chemo-
therapy achieved disease control while the DCR for the 
chemotherapy group was 58.3% (21/36) (P = 0.955). The 
median change from baseline was 10% (range − 86 to 68%) 
for the combination immunotherapy group and 13% (range 
− 83 to 70%) for the chemotherapy group.

Table 2  Tumor response 
to treatment for the overall 
population

Combination group (n = 22) Chemotherapy group (n = 36) P value

Objective response, n (%; 95% CI) 4 (18.2%; 6.5–36.9) 7 (19.4%; 9.5–33.5) 0.906
Disease control rate, n (%; 95% CI) 13 (59.1%; 39.5–76.7) 21 (58.3%; 67.0–88.9) 0.955
Best overall response, n (%)
Complete response 0 0
Partial response 4 (18.2) 7 (19.4%)
Stable disease 9 (40.9%) 14 (38.9%)
Progressive disease 9 (40.9%) 15 (41.7%)

Fig. 3  Waterfall plots of the best percentage change. a The best per-
centage change in tumor size from baseline for individual patients in 
the combination immunotherapy group. b The best percentage change 
in tumor size from baseline for individual patients in the chemo-
therapy group. ICI + chemo the group of patients receiving immune 
checkpoint inhibitors and chemotherapy, Chemo the group of patients 
receiving chemotherapy

Table 3  Treatment-related adverse events

AST aspartate aminotransferase, ALT alanine aminotransferase
a Listed are all adverse events that occurred during the whole treat-
ment process regardless of attribution to any treatment regimens

Combination group 
(n = 22)

Chemotherapy group 
(n = 36)

Grade 1–4 Grade 3–4 Grade 1–4 Grade 3–4

Any  terma 19 (86.4%) 7 (31.8%) 30 (83.3%) 6 (16.7%)
Nausea 6 (27.3%) 1 (4.5%) 15 (41.7%) 1 (2.8%)
Diarrhea 1 (4.5%) 0 0 0
Fever 1 (4.5%) 0 0 0
Fatigue 1 (4.5%) 0 0 0
Anemia 1 (4.5%) 0 4 (11.1%) 0
Creatinine 0 0 2 (5.6%) 0
Skin rash 0 0 1 (2.7%) 0
Neurotoxicity 0 0 8 (22.2%) 1 (2.8%)
Pulmonitis 1 (4.5%) 0 0 0
AST elevation 2 (4.5%) 0 0 0
ALT elevation 0 0 0 0
Thrombocytopenia 5 (22.7%) 2 (9.1%) 3 (8.3%) 2 (5.6%)
Leukopenia 1 (9.1%) 0 0 0
Neutropenia 9 (40.9%) 3 (13.6%) 22 (61.1%) 3 (8.3%)
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Safety

All the treatment-related adverse events (TRAEs) are shown 
in Table 3. Most TRAEs were grades 1–2 with a predomi-
nance of neutropenia (6 out of 13 patients on ICIs plus 
chemotherapy and 19 out of 36 patients on chemotherapy). 
The incidence of grade 3–4 TRAEs was higher in the com-
bination group (31.8%) than in the chemotherapy group 
(16.7%), but the difference was not statistically significant 
(P = 0.183). In the combination group, the most common 
serious TRAEs were neutropenia (3/22, 13.6%), thrombo-
cytopenia (2/22, 9.1%), and nausea (1/22, 4.5%) and the 
chemotherapy group followed a similar pattern with 8.3% 
(3/36) neutropenia, 5.6% (2/36) thrombocytopenia, and 2.8% 
(1/36) nausea. No autoimmune events or drug-related deaths 
occurred in either group.

Discussion

This retrospective study evaluated the efficacy and safety 
of chemotherapy alone or in combination with ICIs in PC 
patients who were treatment-naive or had progressed on 
prior chemotherapy. Our study demonstrated in a cohort of 
58 such patients that adding ICIs to conventional chemo-
therapy resulted in an approximately 50% reduction in the 
risk of death. Although ICIs combined with chemotherapy 
was not associated with a higher ORR or DCR, the mOS and 
mPFS were significantly prolonged. The trend of greater sur-
vival benefits associated with the ICI combination was also 
observed in all subgroups. Significantly improved survival 
was observed in the subgroups with no previous surgical 
treatment or fewer metastatic sites. In addition, ICIs plus 
chemotherapy was tolerable without unexpected toxicity. 
Collectively, this retrospective study showed that introduc-
ing immunotherapy into conventional chemotherapy may 
have a favorable effect on patients’ outcomes.

In both groups, the patients who achieved PR were all 
treated with a doublet chemotherapy regimen rather than 
single-agent chemotherapy regimen, whether combined with 
ICIs or not. In previous research, gemcitabine-based chemo-
therapy or targeted therapy has generally not demonstrated 
a significant survival benefit over gemcitabine monother-
apy [27]. It was not until a decade ago that accumulating 
evidence started to show that combination chemotherapy 
regimens, e.g., nab-paclitaxel plus gemcitabine [6] or FOL-
FIRINOX [7], were associated with a survival advantage. 
We acknowledge the fact that the chemotherapy regimens 
adopted in our study were diverse, e.g., the proportion of 
tegafur or S-1 was relatively higher in the chemotherapy 
group than in the combination group. S-1 is an oral drug 
composed of tegafur, gimestat, and oteracil potassium [28], 
and S-1 monotherapy has been shown to be less toxic and 

well tolerable in PC [29]. The GEST study indicated that 
S-1 was non-inferior to gemcitabine and that adding S-1 
did not significantly improve the survival time compared 
to gemcitabine alone in PC patients [29]. A phase II trial 
of adjuvant chemotherapy revealed that tegafur/uracil and 
gemcitabine provided similar efficacy to gemcitabine alone 
in resected PC patients [30]. A meta-analysis evaluating 12 
different chemotherapeutic regimens revealed that except for 
FOLFIRINOX or gemcitabine monotherapy, the rest of the 
chemotherapy regimens, such as gemcitabine combined with 
S-1 (tegafur) or nab-paclitaxel, have similar efficacies [31]. 
Thus, it is unlikely that the heterogeneous chemotherapy 
regimens have significantly affected patients’ outcomes.

Currently, some oncologists believe that chemotherapy 
induces an immunosuppressive microenvironment. Although 
there is no direct evidence showing immunosuppression 
by chemotherapy, a previous publication indicated that 
the immune system could be reset by re-obtaining various 
immune cell subsets [32]. In addition, several observations 
have indicated that despite their immunosuppressive effects, 
some conventional chemotherapeutic agents rely on cancer 
cell-extrinsic molecular and cellular cascades to stimulate 
antitumour immunity [33]. For example, gemcitabine is one 
of the standard chemotherapy regimens for PC, and previous 
research has proven that it not only promotes the apoptosis 
of tumor cells to increase antigen presentation [34] but also 
elicits naive T-cell activation to reverse the immunosuppres-
sive microenvironment [35]. Paclitaxel may be a particularly 
strong immunostimulant, because it is able to both activate 
 CD8+ T cells and suppress immunosuppressive cells, such 
as regulatory T cells [36]. As the mechanisms of chemo-
therapeutic drugs are diverse, combining chemotherapies 
of different classes might maximize the clinical benefits. 
Thus, immunotherapy plus a doublet chemotherapy may be 
a preferable treatment regimen for PC.

The safety profile of ICIs combined with chemotherapy 
observed in this study was consistent with that seen previ-
ously for the treatment of other tumor types and advanced 
PC. The Keynote-189 trial showed that the incidence rates 
of grade 3 or higher TRAEs were similar between the pem-
brolizumab plus chemotherapy group and the placebo plus 
chemotherapy group (67.2% vs 65.8%) [37]. The results 
from a clinical study on pembrolizumab, gemcitabine, and 
nab-paclitaxel in metastatic PC indicated that grade 3 or 
higher events occurred in 53% of the patients and the most 
common adverse events were neutropenia (46.7%), throm-
bocytopenia (20%), hyponatremia (13.3%), AST elevation 
(6.7%), and ALT elevation (6.7%) [21]. In the current study, 
although the overall safety profile appeared to be worse with 
ICIs plus chemotherapy than with chemotherapy, the dif-
ference was not statistically significant and most immune-
related adverse events were mild and controllable without 
any treatment interventions.
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An important limitation of this study was the lack of 
patients receiving ICI monotherapy. Future studies should 
explore whether the addition of ICIs to chemotherapy also 
has greater efficacy than ICI monotherapy in these patients. 
In addition, although we prospectively designed the study, 
it was retrospective in nature. The small sample size might 
also have introduced selection bias and recall bias. Although 
these factors may have compromised the validity and reli-
ability of the conclusions, the real-world data will still shed 
some light on the performance of ICIs plus chemotherapy in 
advanced PC and these results are worth further investiga-
tion in a prospective manner.

In conclusion, ICIs combined with chemotherapy are both 
efficacious and tolerable for patients with advanced PC. A 
doublet chemotherapy in conjunction with ICIs may be a 
preferable choice for those who are refractory to conven-
tional therapy.
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