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Background: Pancreatic cancer is a deadly disease with a low five years survival rate, and chemotherapy remains the standard 
treatment for advanced cases. However, the efficacy of chemotherapy alone is limited, and there is a need for new treatment options. 
Recently, immune checkpoint inhibitors (ICIs), particularly programmed death-1 (PD-1) inhibitors, have shown promising results in 
various cancers, including pancreatic cancer. In this study, we explore the safety and efficacy of PD-1 inhibitors in combination with 
chemotherapy for advanced pancreatic cancer.
Materials and Methods: A retrospective analysis was conducted on clinical data from 27 patients with advanced pancreatic cancer 
who were administered a combination of anti-PD-1 antibody and gemcitabine plus nab-paclitaxel (GnP) regimen. The study evaluated 
the safety of the treatment as well as the objective response rate (ORR), disease control rate (DCR), progression-free survival (PFS), 
and overall survival (OS).
Results: In this study, treatment with a combination of anti-PD-1 antibody and GnP regimen for pancreatic cancer resulted in partial 
response (PR) for 10 out of 27 (37.04%) patients, stable disease (SD) for 10 (37.04%) patients, and progressive disease (PD) for 7 
(25.92%) patients. The study found that the median OS (mOS) for these patients was 16.4 months [standard error (SE) = 1.117, 95% 
confidence interval (CI) 14.211–18.589], while the median PFS (mPFS) was 6.4 months (SE = 1.217, 95% CI 3.981–8.752). Subgroup 
analysis revealed that pancreatic cancer patients’ Eastern Cooperative Oncology Group (ECOG) performance status (PS) (0 vs 1) and 
treatment cycles (≤6 cycles vs >6 cycles) significantly affected OS and PFS. Patients experienced mostly grade 1–2 adverse events 
(AEs), which were relieved through clinical treatment.
Conclusion: The combination of GnP with anti-PD-1 antibodies shows promise as a potential treatment option for advanced 
pancreatic cancer.
Keywords: pancreatic cancer, immune checkpoint inhibitors, PD-1, gemcitabine, nab-paclitaxel, chemotherapy

Introduction
Pancreatic cancer is one of the first malignant cancers of the digestive system with the highest mortality.1,2 Pancreatic 
ductal adenocarcinoma (PDAC), the twelfth most common human malignant tumor and the seventh-leading cause of 
cancer-related deaths worldwide, is the major pathological subtype of pancreatic neoplasms.2,3 Cigarette smoking, 
alcohol consumption, chronic pancreatitis, family history of pancreatic cancer, diabetes and obesity are the well- 
recognized risk factors linked to this malignancy.4–8 Surgical resection and lymph node dissection is currently considered 
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to be the most potential treatment to achieve a favorable prognosis, yet only approximately 25% of patients with 
pancreatic cancer are operable at first diagnosis.9,10 For patients with metastatic, recurrent, or advanced pancreatic cancer, 
comprehensive treatment including chemotherapy, radiotherapy, targeted therapy, and immunotherapy is extremely 
important to improve survival.11,12 However, there was no consensus about optimal multimodality treatment for patients 
with unresectable pancreatic cancer.

Currently, chemotherapy is still the dominant and most effective treatment for patients with metastatic and advanced 
pancreatic cancer based on National Cancer Comprehensive Network (NCCN) guidelines.13 FOLFIRINOX (5-fluorour-
acil + Leucovorin + Irinotecan + Oxaliplatin) or gemcitabine-based chemotherapy has been commonly used as first-line 
chemotherapy in clinical practice.13,14 Numerous clinical trials involving patients with unresectable pancreatic cancer 
have reported promising results; however, chemotherapy alone did not significantly improve outcome.15 Meanwhile, the 
clinical application of FOLFIRINOX is restricted due to high incidence of severe toxicity, including grade 3 or 4 
neutropenia and febrile neutropenia.16,17 Furthermore, a previous clinical trial demonstrated that gemcitabine plus nab- 
paclitaxel therapy (GnP) had superior overall survival (OS) and median progression free survival (mPFS) of 8.5 and 5.5 
months, respectively, compared to gemcitabine alone for patients with unresectable locally advanced or metastatic 
pancreatic cancer.15 In recent years, immune-oncology (IO) therapies is a therapeutic treatment option for cancer patients 
by stimulating patient immune systems to fight cancer. Of all the IO therapies, immune checkpoint inhibitors (ICIs), 
a monoclonal antibodies (mAbs) that block immunosuppressive pathways, are extensively used in clinical practice as 
antineoplastic drugs, with multiple Food and Drug Administration (FDA) approvals across solid tumors.18 Programmed 
death-1 (PD-1) have been studied for years as one of the most promising ICIs and used in the treatment of solid tumors to 
bring significant benefit.19 While pancreatic cancer is generally regarded as an immunologically cold tumor resistant to 
immunotherapy, clinical observations have shown that there can be instances of efficacy.20 The role of anti-PD-1 
antibody combined with GnP regimen for advanced pancreatic cancer remains debatable due to the conflicting results 
from different clinical trials and retrospective studies. Based on previous studies, advanced pancreatic cancer is selected 
as the research object in present study for the exploration of the efficacy, safety, and impact on patient survival of PD-1 
blockade combined with GnP regimen.

Despite the ongoing emergence of promising results and the accumulation of clinical data on the combination of GnP 
therapy with PD-1 inhibitors in the clinical treatment of pancreatic cancer, existing clinical guidelines have refrained 
from recommending it due to its inconsistent efficacy. Therefore, the present study retrospectively collected clinical data 
on the GnP regimen in pancreatic cancer combined with immunotherapy, aiming to provide additional clinical evidence 
for future assessments of the suitability of immunotherapy for pancreatic cancer patients.

Materials and Methods
Patients
For the current retrospective study, a total of 27 unresectable locally advanced or metastatic pancreatic cancer patients with 
PD-1 plus GnP from Shulan (Hangzhou) hospital between February 20, 2019 and June 21, 2021. Patients with postoperative 
relapse PDAC were eligible for inclusion in present study. The inclusion criteria were as follows: (i) diagnosed with 
unresectable locally advanced or metastatic PDAC by pathology according to the NCCN clinical practice guideline.21 (ii) 
age between 18 and 70 years. (iii) received PD-1 in combination with GnP treatment as the first-line regimen. (iiii) at least 1 
measurable lesion in line with Response Evaluation Criteria in Solid Tumors (RECIST, version 1.1). The exclusion criteria 
were as follows: (i) The patients with other malignant tumors including primary solid tumors or hematologic malignancies. 
(ii) incomplete patient clinical data. (iii) Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 2 to 4.

Treatment
In our study, all patients received PD-1 in combination with GnP treatment in a 21 days cycle. PD-1 was administered 
once every 3 weeks. All PD-1 information and dosage are summarized in Table 1. The GnP regimen involved 
gemcitabine at 1000 mg/m2 and nab-paclitaxel at 125 mg/m2 on days 1, 8 of a 21 days cycle. Treatment continued 
until disease progression or death, occurrence of uncontrollable adverse events (AEs), self-termination of treatment.
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Follow-Up and Outcome Evaluation
Patients were followed up until October 28, 2022 or until death via hospitalization, outpatient, or telephone. The follow- 
up included routine history, physical examination, routine blood, liver, kidney and thyroid functions, tumor markers and 
abdominal computed tomography (CT) or magnetic resonance imaging (MRI). AEs were graded using National Cancer 
Institute Common Terminology Criteria for Adverse Events22 (NCI-CTCAE, version 4.0) (The work was completed by 
two senior clinicians). Radiographic results were evaluated according to RECIST (version 1.1) every 3 cycles of the 
treatment (The work was completed by two senior imaging diagnosis physicians). The OS, progression free survival 
(PFS), disease control rate (DCR), objective response rate (ORR) and AEs were evaluated. The OS period was defined as 
the time period between the time of surgery and the time of death, or it was censored at the time of the last follow-up. 
The PFS was defined as the time until clinical-proven tumor progression.

Statistical Analysis
All statistical analyses were performed using R Software (version 4.2.2) and SPSS (version 25). Categorical variables 
were described using frequencies and percentages, and non-normally distributed data were expressed as medians with 
interquartile range (IQR). Both OS and PFS were estimated using the Kaplan–Meier method. Meanwhile, Hazard Ratio 
(HR) and 95% Confidence Interval (CI) were obtained using Cox regression analysis. The ORR was defined as the 
proportion of the total number of complete responses (CR) and partial responses (PR), whereas DCR was defined as the 
sum of ORR and stable disease (SD). Time to response (TTR) was calculated from the start of treatment to the 
achievement of response. The time to disease progression (TTP) was defined as the period between the start of treatment 
and the onset and advancement of the tumor. The duration of response (DOR) was defined as the time from the first 
documented response to the date of progression or death.

Results
Clinical Characteristics
A total of 27 patients with locally advanced or metastatic pancreatic cancer received PD-1 in combination with GnP 
treatment between February 20, 2019 and June 21, 2021 in Shulan (Hangzhou) Hospital. The basic clinical characteristics 
of these patients are listed in Table 2. The median age of 27 analyzed PDAC patients was 64 years (range from 46 to 77 
years) and included 9 (9/27 33.3%%) women and 18 (18/27 66.7%) men. This was associated with the fact that 
pancreatic cancer is an aged male-dominant cancer. Among all patients, 6 cases (6/27, 22.2%) had the tumor in the 
head of the pancreas while for 21 (21/27, 77.8%) cases it was in the body and tail of the pancreas. All the patients were 
well ECOG PS (0 or 1). Sixteen (59.2%) patients could not be operated due to locally advanced stage and 11 patients 
(40.8%) had liver metastasis. Among these patients, 9 patients received pembrolizumab, 9 patients received sintilimab, 4 
patients received camrelizumab, 3 patients received tislelizumab, 1 patient received toripalimab, and 1 patient received 
nivolumab.

Table 1 The Immune Checkpoint Inhibitors (ICIs) Information and Dosage

ICIs Trade Name Date of Approval Drug-Dose

Pembrolizumab Keytruda July 2018 200mg
Nivolumab Opdivo June 2018 240mg

Toripalimab TuoYi December 2018 240mg

Sintilimab Daboshu December 2018 200mg
Tislelizumab Baizean December 2019 200mg

Camrelizumab AiRuiKa May 2019 200mg

Abbreviation: ICIs, Immune checkpoint inhibitors.
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Best Treatment Response
The follow-up was ended in December 28, 2022. After treatment, 10 (37.04%) patients achieved PR, 10 (37.04%) patients got 
SD and 7 (25.92%) patients achieved PD. No pancreatic cancer patient had a CR from PD-1 in combination with GnP 
treatment. Of note, one patient had a remarkable tumor shrinkage after receiving 4 times of PD-1 in combination with GnP 
treatment, and received surgical treatment after multi-disciplinary treatment (MDT) discussion (Figure 1). Furthermore, ORR 

Table 2 Clinical Characteristics of 27 Patients with 
Pancreatic Cancer

Characteristics Number of Cases (n)

Total cases 27

Age Median (Range) 64Y (46–77)

Sex
Male 18 (66.7%)

Female 9 (33.3%)

Performance status
0 22 (81.5%)

1 5 (18.5%)
Primary tumor site

Head 6 (22.2%)

Body and tail 21 (77.8%)
Site of metastasis

Liver 11 (40.7%)

Lymph nodes 23 (85.2%)
No metastasis 3 (11.1%)

CA19-9

>37.0 U/mL 24 (88.9%)
<=37.0 U/mL 3 (11.1%)

CEA

>5.0 ng/mL 13 (48.1%)
<=5.0 ng/mL 14 (51.9%)

ICIs

Pembrolizumab 9 (33.3%)
Nivolumab 1 (3.7%)

Toripalimab 1 (3.7%)

Sintilimab 9 (33.3%)
Tislelizumab 3 (11.1%)

Camrelizumab 4 (14.9%)

Abbreviations: CA19-9, carbohydrate antigen 19–9; CEA, carcinoem-
bryonic antigen; ICIs, Immune checkpoint inhibitors.

A B

Figure 1 Enhanced computed tomography images of the abdomen. (A) Before treatment, there was a malignant tumor located in the head of the pancreas. (B) A malignant 
tumor has been detected in the pancreatic head of a patient who underwent gemcitabine plus nab-paclitaxel (GnP) chemotherapy along with immunotherapy.
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and DCR were 37.04% and 74.08%, respectively. The TTR, TTP, and DOR were 2.87 (IQR 2.17–3.30), 4.87 (IQR 3.57–8.13), 
and 4.15 (IQR 2.61–6.02), respectively (Table 3). In this swimmer plot, each bar indicates the duration of response status of 
each patient (Figure 2).

Survival
Until the final follow-up time, 27 patients (100%) experienced disease progression after received PD-1 in combination 
with GnP treatment and 22 patients (81.5%) had died. The median treatment cycle was 7.0 cycles (range, 3–14 cycles). 
Among these pancreatic cancer patients, the median OS was 16.4 months [standard error (SE) = 1.117, 95% confidence 
interval (CI) 14.211–18.589] (Figure 3A), and the median PFS was 6.4 months (SE = 1.217, 95% CI 3.981–8.752) 
(Figure 3B). The 1-year OS rates were 66.7%, and 2-year OS rates were 18.5%, whereas the 6-months PFS rates were 
51.9% and 12-months PFS rates were 0.

Predictors of Survival
In terms of the relationship between patients’ different characteristics with OS, we found that hepatic metastasis [yes vs 
no, p < 0.001, Hazard Ratio (HR) = 5.643, 95% CI 1.577–20.193, Figure 4A], treatment cycles (<= 6 cycles vs >6 cycles, 
p = 0.008, HR = 0.262, 95% CI 0.092–0.751, Figure 4B) and ECOG PS (0 vs 1, p = 0.003, HR = 8.470, 95% CI 2.513– 
28.544, Figure 4C) were significantly associated with the OS of pancreatic cancer. However, sex (male vs female, p = 
0.776, HR = 0.869, 95% CI 0.329–2.295, Figure 4D), age (<= 62y vs >62y, p = 0.163, HR = 0.480, 95% CI 0.168–1.373, 
Figure 4E), Carbohydrate antigen 19–9 (CA19-9) level (high vs low, p = 0.518, HR = 1.619, 95% CI 0.371–7.072, 
Figure 4F), carcinoembryonic antigen (CEA) level (high vs low, p = 0.851, HR = 0.920, 95% CI 0.386–2.194, 
Figure 4G), and tumor location (body and tail of pancreas vs pancreatic head, p = 0.950, HR = 0.959, 95% CI 0.265– 
3.471, Figure 4H) were not related to OS. In terms of PFS, ECOG PS (0 vs 1, p = 0.029, HR = 3.159, 95% CI 1.061– 
9.411, Figure 5A) and treatment cycles (<= 6 cycles vs >6 cycles, p < 0.001, HR = 0.003, 95% CI 0.000005–1.464, 
Figure 5B) were correlated with PFS of pancreatic cancers, while sex (male vs female, p = 0.498, HR = 0.717, 95% CI 
0.272–1.889, Figure 5C), age (<= 62y vs >62y, p = 0.667, HR = 0.826, 95% CI 0.345–1.978, Figure 5D), CA19-9 level 
(high vs low, p = 0.681, HR = 1.361, 95% CI 0.310–5.966, Figure 5E), CEA level (high vs low, p = 0.808, HR = 0.896, 
95% CI 0.369–2.175, Figure 5F), tumor location (body and tail of pancreas vs pancreatic head, p = 0.223, HR = 2.111, 
95% CI 0.616–7.241, Figure 5G), and hepatic metastasis (yes vs no, p = 0.331, HR = 1.615, 95% CI 0.607–4.294, 
Figure 5H) were not associated with PFS.

Table 3 The Treatment Response of 27 
Pancreatic Cancers Received PD-1 in 
Combination with GnP Treatment

Variable Patients (N = 27)

CR 0 (0%)

PR 10 (37.04%)
SD 10 (37.04%)

PD 7 (25.92%)

ORR (CR+PR) 37.04%
DCR (CR+PR+SD) 74.08%

TTR 2.87 (IQR 2.17–3.30)
TTP 4.87 (IQR 3.57–8.13)

DOR 4.15 (IQR 2.61–6.02)

Abbreviations: CR, complete response; PR, partial 
response; SD, stable disease; PD, progressive disease; 
ORR, objective response rate; DCR, disease control rate; 
TTP, Time To Progression; TTR, time to response; IQR, 
interquartile range; DOR, duration of response; GnP, gem-
citabine plus nab-paclitaxel.
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Figure 2 Swimmer plot that displays the response status of pancreatic cancer patients treated with gemcitabine plus nab-paclitaxel (GnP) chemotherapy in conjunction with 
immunotherapy.

A B

Figure 3 The Kaplan-Meier survival curves of patients with pancreatic cancer who were treated with a combination of gemcitabine plus nab-paclitaxel (GnP) chemotherapy 
and immunotherapy were evaluated. (A) The overall survival (OS) of all patients with pancreatic cancer who were treated with a combination of gemcitabine plus nab- 
paclitaxel (GnP) chemotherapy and immunotherapy was evaluated. (B) The progression-free survival (PFS) of all patients with pancreatic cancer who were treated with 
a combination of gemcitabine plus nab-paclitaxel (GnP) chemotherapy and immunotherapy was evaluated.
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CA19-9 Level
The tumor marker CA19-9 showed a statistically significant decrease trend after PD-1 in combination with GnP 
treatment in patients with pancreatic cancer (p < 0.01, Figure 6). However, the reduced CA19-9 level did not exert an 
effect on OS (p = 0.858, HR = 0.911, 95% CI 0.330–2.517, Figure 7A) and PFS (p = 0.250, HR = 0.550, 95% CI 0.195– 
1.552, Figure 7B).

AEs
The main AEs observed during treatment with PD-1 blockade combined with the GnP regimen in 27 patients with 
pancreatic cancer are presented in Table 4. The most common AEs were leukopenia (88.9%), neutropenia (88.9%), 
thrombocytopenia (59.3%), weakness (63.0%), and nausea or vomiting (100%).

A

HR = 5.643
95%CI 1.577-20.193

HR = 0.262
95%CI 0.092-0.751

HR = 8.470
95%CI 2.513-28.544

HR = 0.869
95%CI 0.329-2.295

HR = 0.920
95%CI 0.386-2.194

HR = 0.959
95%CI 0.265-3.471

HR = 0.480
95%CI 0.168-1.373

HR = 1.619
95%CI 0.371-7.072

B C

D

G H

E F

Figure 4 Kaplan-Meier survival curves were plotted to analyze the overall survival (OS) of patients with pancreatic cancer who received a combination of gemcitabine plus 
nab-paclitaxel (GnP) chemotherapy and immunotherapy, stratified by different clinical subgroup. (A) OS according to the hepatic metastasis (yes vs no, p < 0.001). (B) OS 
according to the treatment cycles (<= 6 cycles vs >6 cycles, p = 0.008). (C) OS according to the Eastern Cooperative Oncology Group (ECOG) performance status (PS) (0 
vs 1, p = 0.003). (D) OS according to the sex (male vs female, p = 0.776). (E) OS according to the age (<= 62y vs >62y, p = 0.163). (F) OS according to the carbohydrate 
antigen 19–9 (CA19-9) level (high vs low, p = 0.518). (G) OS according to the carcinoembryonic antigen (CEA) level (high vs low, p = 0.851). (H) OS according to the tumor 
location (body and tail of pancreas vs pancreatic head, p = 0.950).
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A

HR = 3.159
95%CI 1.061-9.411

HR = 0.826
95%CI 0.345-1.978

HR = 2.111
95%CI 0.616-7.241

HR = 1.615
95%CI 0.607-4.294

HR = 1.361
95%CI 0.310-5.966

HR = 0.896
95%CI 0.369-2.175

HR = 0.003
95%CI 0.000005-1.464

HR = 0.717
95%CI 0.272-1.889

B C

D

G H

E F

Figure 5 Kaplan-Meier survival curves were plotted to analyze the progression-free survival (PFS) of patients with pancreatic cancer who received a combination of 
gemcitabine plus nab-paclitaxel (GnP) chemotherapy and immunotherapy, stratified by different clinical subgroup. (A) PFS according to the Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) (0 vs 1, p = 0.029). (B) PFS according to the treatment cycles (<= 6 cycles vs >6 cycles, p < 0.001). (C) PFS according to the sex 
(male vs female, p = 0.498). (D) PFS according to the age (<= 62y vs >62y, p = 0.667). (E) PFS according to the carbohydrate antigen 19–9 (CA19-9) level (high vs low, p = 
0.681). (F) PFS according to the carcinoembryonic antigen (CEA) level (high vs low, p = 0.808). (G) PFS according to the tumor location (body and tail of pancreas vs 
pancreatic head, p = 0.223). (H) PFS according to the hepatic metastasis (yes vs no, p = 0.331).

Figure 6 Variation of carbohydrate antigen 19–9 (CA19-9) before and after treatment in pancreatic cancer patients; two asterisks (**) indicates statistical significance at p < 0.01.
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Discussion
Pancreatic cancer is considered one of the most aggressive and deadly forms of cancer due to its tendency to spread 
rapidly to other parts of the body, the lack of noticeable symptoms in its early stages, and its resistance to traditional 
chemotherapy.23–25 The survival rate for pancreatic cancer is also among the lowest for all types of cancer, with only 
about 7% of patients surviving for 5 years or more after diagnosis.26 Nowadays, pancreatic cancer has been recognized as 
a systematic disease and a multimodality management is highly recommended in NCCN and the Chinese Society of 
Clinical Oncology (CSCO) practice guideline.12,27 GnP regimen or FOLFIRINOX are widely used as the first-line 
treatment for advanced pancreatic cancer, and proved to significantly improve survival outcome.13,27 In light of the 
significant adverse effects associated with the FOLFIRINOX chemotherapy regimen, which can be challenging for 
patients to tolerate, we opted to utilize the GnP regimen in this study. PD-1 is an immune checkpoint molecule expressed 
on the surface of T cells, B cells, and Natural killer (NK) cells. It inhibits the immune response of T cells by binding with 
its ligands PD-L1 and PD-L2.28,29 Immunotherapy targeting the PD-1 signaling pathway has become a hot spot in the 
field of cancer treatment. Anti-PD-1 monoclonal antibodies (such as nivolumab, pembrolizumab) have been developed as 
important drugs for cancer immunotherapy. Pancreatic cancer is considered an immunologically cold tumor that is 

A

HR = 0.911
95%CI 0.330-2.517 HR = 0.550

95%CI 0.195-1.552

B

Figure 7 The relationship between the decline of carbohydrate antigen 19–9 (CA19-9) and the prognosis of pancreatic cancer who received a combination of gemcitabine 
plus nab-paclitaxel (GnP) chemotherapy and immunotherapy, (A) overall survival (OS); (B)progression-free survival (PFS).

Table 4 Adverse Reactions During Treatment of the 27 Patients

Adverse Reactions Grade 1 Grade 2 Grade 1 + 2 Grade 3 Grade 4 Grade 3 + 4

Leukopenia 20(74.1%) 3(11.1%) 23(85.2%) 1(3.7%) 0(0%) 1(3.7%)
Neutropenia 18(66.7%) 6(22.2%) 24(88.9%) 0(%) 0(0%) 0(0%)

Thrombocytopenia 14(51.9%) 2(7.4%) 16(59.3%) 0(%) 0(0%) 0(0%)

Anemia 7(25.9%) 10(37.1%) 17(63.0%) 1(3,7%) 0(0%) 1(%)
Nausea or Vomiting 22(81.5%) 5(18.5%) 27(100.0%) 0(0%) 0(0%) 0(0%)

Fever 5(18.5%) 5(18.5%) 10(37.0%) 0(0%) 0(0%) 0(0%)
Hypothyroidism 12(44.5%) 4(14.9%) 16(59.3%) 0(0%) 0(0%) 0(0%)

Muscle or joint pain 7(25.9%) 1(3.7%) 8(28.6%) 0(0%) 0(0%) 0(0%)

Hepatic dysfunction 12(44.5%) 8(29.6%) 20(74.1%) 0(0%) 0(0%) 0(0%)
Interstitial pneumonia 0(0%) 1(3.7%) 1(3.7%) 0(0%) 0(0%) 0(0%)

Peripheral sensory neurotoxicity 18(66.7%) 3(11.1%) 21(77.8%) 0(0%) 0(0%) 0(0%)

Weakness 15(55.6%) 2(7.4%) 17(63.0%) 0(0%) 0(0%) 0(0%)
Rash 2(7.4%) 1(3.7%) 3(11.1%) 0(0%) 0(0%) 0(0%)

Hair loss 3(11.1%) 0(0%) 3(11.1%) 0(0%) 0(0%) 0(0%)
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resistant to immunotherapy. It remains controversial whether additional adjuvant immunotherapy would bring a survival 
benefit.

Pancreatic cancer is known to have a poor response to immunotherapy. There are several reasons why pancreatic 
cancer has a limited response to immunotherapy, including the immunologically “cold” nature of the tumors, low tumor 
mutational burden, suppressive immune microenvironment, and tumor heterogeneity.30–32 These challenges make it 
difficult for the immune system to recognize and attack pancreatic cancer cells, reducing the effectiveness of immu-
notherapy. In early clinical trials, patients with pancreatic cancer who received PD-1 inhibitors alone did not show 
a significant improvement in PFS and OS compared to those who did not receive the treatment.33,34 Chemotherapy can 
enhance the efficacy of immunotherapy for pancreatic cancer by weakening their immune evasion mechanisms, releasing 
tumor antigens and reducing the number of tumor cells, making it easier for the immune system to identify and attack 
cancer cells. In the phase Ib/II study (NCT02331251), pembrolizumab combined with GnP resulted in a 27% ORR (3 out 
of 11 patients with PR) in treatment-naïve metastatic pancreatic cancer patients and 0% ORR in previously treated 
patients.35 Some recent retrospective study with either single center cohort indicated patients with pancreatic cancer who 
received PD-1 inhibitors and chemotherapy showed a significant improvement in OS and PFS compared to those who did 
not receive the treatment.36,37 Del Re et al38 conducted a comparative study to assess the impact of two standardized 
chemotherapy regimens, FOLFIRINOX (a combination of fluorouracil, irinotecan, and oxaliplatin) and GnP, on the 
levels of PD-L1 mRNA expression in plasma-derived microvesicles (MVs) of pancreatic cancer patients. They observed 
that, in comparison to the FOLFIRINOX group, patients in the GnP group exhibited a significant increase in PD-L1 
mRNA expression levels in MVs both at baseline and after three months of treatment. These findings provide 
a theoretical basis for the potential of the GnP regimen to enhance the efficacy of PD-1 inhibitors in pancreatic cancer 
therapy.38 After observing the positive safety and efficacy results of previous clinical studies involving immune 
combined chemotherapy, we have also noted similar benefits in patients with advanced pancreatic cancer at our center 
when using PD-1 combined chemotherapy. Thus, we conducted the present retrospective study to the efficacy, safety, and 
impact on patient survival of PD-1 blockade combined with GnP regimen.

This study mainly retrospectively collected the advanced pancreatic cancer patients treated with PD-1 blockade 
combined with GnP regimen for follow-up observation, and explored the curative effect and the incidence of AEs. The 
result disclosed that CR, PR, SD, and PD rates were 0.0%, 37.04%, 37.04%, and 25.92% in advanced pancreatic cancer 
patients treated with PD-1 plus GnP regimen chemotherapy, correspondingly. Furthermore, ORR and DCR were 37.04% 
and 74.08%, respectively. The TTR, TTP, and DOR were 2.87 (IQR 2.17–3.30), 4.87 (IQR 3.57–8.13), and 4.15 (IQR 
2.61–6.02). The findings reflected a certain efficacy of PD-1 plus GnP regimen chemotherapy in treating unresectable or 
advanced pancreatic cancer patients. The reasons may be as follows: First of all, the chemotherapy works by killing 
rapidly dividing cells, including cancer cells. As cancer cells die, they release antigens that can trigger an immune 
response.39 In addition, chemotherapy can help to counteract this immunosuppressive environment by reducing the 
number of regulatory T cells and myeloid-derived suppressor cells, which can prevent cancer cells from evading the 
immune system.40,41 Furthermore, chemotherapy can also increase the expression of PD-L1, the ligand that interacts with 
the PD-1 receptor, making cancer cells more vulnerable to PD-1 immunotherapy.41 After establishing the anti-tumor 
immune response, patients who received ICIs in addition to GnP chemotherapy demonstrated longer long-term survival 
compared to those who only received chemotherapy.42

The subgroup analysis, interestingly, showed that ECOG PS (0 vs 1) were significantly associated with the OS and PFS of 
pancreatic cancer. Similarly, patients who underwent six or more treatment cycles, as opposed to fewer than six, had longer OS 
and PFS. This result can be attributed to the fact that patients who have higher levels of ECOG PS may have a decreased ability to 
tolerate treatment, leading to a poorer prognosis. Nonetheless, it is possible that patients who undergo a sustained treatment 
regimen could potentially benefit more from this regimen. We have also discovered that patients with presence of liver metastasis 
tend to have a worse OS, but this does not seem to have any correlation with PFS. However, a meta-analysis conducted by Usón, 
which combined data from two Phase III studies, found no significant impact on OS based on the metastatic burden.15,43,44

The common toxic reactions observed during the treatment were bone marrow suppression (leukopenia, neutropenia, 
thrombocytopenia, and anemia), weakness and nausea. Most patients had grade 1–2 adverse reactions, and the symptoms 
were relieved after clinical treatment. Very few patients were evaluated as having grade 3–4 immune adverse reactions. 
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Intravenous hormone therapy and immunotherapy after symptom recovery did not affect the treatment cycle, indicating 
that the side effects are safe and effective in the controllable range.

There are several limitations to our study, primarily related to its retrospective design. Firstly, the study was 
conducted in a single institution, which may introduce bias regarding treatment choices made by the attending oncologist. 
Secondly, the interpretation of the subgroup analysis is limited by the relatively small sample size. Additionally, the 
heterogeneity of therapies applied in later treatment lines may have influenced the OS outcome.

Conclusion
The current study suggests that combining anti-PD-1 antibody with chemotherapy may offer some benefits in the 
treatment of advanced pancreatic cancer. However, as this was a small-scale retrospective clinical study, it has inherent 
limitations. Therefore, further research is necessary to determine the optimal use of PD-1 inhibitors in treating pancreatic 
cancer and to identify patients who are most likely to benefit from this treatment.
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