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Purpose: The purpose of this study was to evaluate the efficacy and safety of PD-1 inhibitor combined with nab-paclitaxel plus
gemcitabine (AG) chemotherapy versus AG chemotherapy in the first-line treatment of advanced pancreatic cancer.
Patients and Methods: This study included the application of AG treatment and PD-1 combined with AG treatment with advanced
pancreatic ductal adenocarcinoma at the Affiliated Hospital of Qingdao University from September 2018 to July 2020. Clinical
information and next-generation sequencing (NGS) reports of patients were collected to compare the effectiveness and adverse events
of the two treatments and analyze the risk factors affecting the prognosis of patients.
Results: There was no difference in PFS between the AG group and the PD-1+AG group (4.9 months vs 5.0 months, P = 0.154), but
the difference in OS was statistically significant (9.3 months vs 12.1 months, P < 0.001). Compared with the AG group, the PD-1+AG
group reduced the risk of death about 20.0% (HR = 0.203, 95% CI, 0.090−0.459, P < 0.001). In terms of safety, the incidence of
hypothyroidism and reactive skin capillary hyperplasia in PD-1 + AG group was higher than that in AG group (P < 0.050) in grade 1–
2; grade 3–4 adverse reactions were mainly hematologic AEs and abnormal liver function. The incidence of grade 3–4 adverse
reactions in the two groups was 38.7% (95% CI, 20.5–56.9%) and 35.3% (95% CI, 10.0–60.6%), respectively. In addition, PD-1+ AG
regimen improved the OS of patients with KRAS and TP53 co-mutations (8.0months vs 10.2 months, P = 0.004).
Conclusion: PD-1 inhibitors combined with AG chemotherapy have shown good efficacy and safety in the first-line treatment of
patients with advanced pancreatic ductal adenocarcinoma. This regimen similarly improved OS in patients with KRAS and TP53 co-
mutations.
Keywords: pancreatic cancer, immunotherapy, chemotherapy, KRAS, TP53

Introduction
Pancreatic cancer is hidden in location and difficult to diagnose at an early stage.1 About 50% of pancreatic cancer is
accompanied by distant metastasis at diagnosis, and the 5-year survival rate is only 9%.2 According to National Cancer
Comprehensive Network (NCCN) guidelines, chemotherapy is recommended as a first-line treatment for metastatic
pancreatic cancer.3 FOLFIRINOX or gemcitabine-based chemotherapy is the mainstream first-line chemotherapy for
advanced pancreatic cancer.4,5 However, pancreatic cancer is not sensitive to chemotherapy, targeted therapies have not
made significant progress in the treatment of advanced pancreatic cancer.6
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In recent years, PD-1/PD-L1 immune checkpoint inhibitors (ICIs) have made remarkable advances in the treatment of
solid tumors, but previous immune-monotherapy for pancreatic cancer has mostly ended in failure.7,8 At present, only
Pembrolizumab has been recommended by NCCN guidelines for second-line treatment of patients with microsatellite
instability-high (MSI-H) and/or defect mismatch repair genes (dMMR),9 s, while MSI-H/dMMR incidence in pancreatic
cancer is less than 1%.10 The presence of a large number of dense stromal components in the tumor microenvironment
(TME) of pancreatic cancer and the dense fibrous tissue make it difficult for immune effector cells such as CD8 +T cells
and NK cells to infiltrate in the tumor tissue and form a unique immunosuppressive microenvironment.11 The lack of
infiltrating T cells makes it difficult for single-agent immunotherapy to reverse the immunosuppressive
microenvironment.12

Fortunately, the research data of PD-1 inhibitors combined chemotherapy in clinical research are exciting. In a 2017
phase Ib/II study of Pembrolizumab, gemcitabine, and nab-paclitaxel for patients with metastatic pancreatic cancer, the
disease control rate (DCR) reached 100%.13 A retrospective study result in 2020 ASCO reported that the median PFS of
Toripalimab in combination with chemotherapy in the first-line treatment of advanced pancreatic cancer was 7.0
months.14

In China, independently developed PD-1 inhibitors are thriving. Sintilimab is the first innovative PD-1 inhibitor in
China and has been approved for indications in Hodgkin’s lymphoma, non-small cell lung cancer (NSCLC), and
hepatocellular carcinoma (HCC).15 Toripalimab is the first PD-1 immunotherapy approved worldwide for the treatment
of nasopharyngeal carcinoma, and its indications also include melanoma and urothelial carcinoma.16 Tislelizumab, which
remodels the Fc segment to abrogate antibody dependent cell-mediated phagocytosis, is the first PD-1 mAb approved for
urothelial cancer indications in China, with other indications including Hodgkin’s lymphoma, NSCLC as well as HCC.17

Camrelizumab is one of the most approved indications for a PD-1 inhibitor in China, including Hodgkin’s lymphoma,
HCC, NSCLC (squamous and non-squamous), esophageal squamous carcinoma, as well as nasopharyngeal carcinoma.18

These 4 PD-1 inhibitors all performed well in terms of safety. Findings from studies evaluating the safety of the 4 PD-1
inhibitors revealed that the majority of treatment-related adverse events (AEs) were grade 1 or 2, such as rash,
hypertension, fatigue, diarrhea, paresthesia, anaemia and elevated aspartate aminotransferase.19,20

Due to the good safety and effectiveness of previous clinical studies of immune combined chemotherapy, we also
observed benefits in patients with advanced pancreatic cancer using PD-1 combined chemotherapy in our center.
Compared with foreign drugs, domestic PD-1 has price advantages and strong accessibility, and is widely used in
Chinese patients. Therefore, this study retrospectively investigated the clinical efficacy of 4 Chinese domestic PD-1
inhibitors combined with chemotherapy (gemcitabine + nab-paclitaxel, AG) versus chemotherapy (AG) alone in
advanced pancreatic cancer and further explored the influencing factors associated with prognosis.

Methods
Study Subjects
This study retrospectively collected all clinical information of patients with advanced metastatic (stage IV) pancreatic
ductal adenocarcinoma who visited the cancer precision medicine center of the Affiliated Hospital of Qingdao University
from September 2018 to July 2020.

Inclusion criteria: 1. Diagnosed pathologically (surgical pathology slides or needle biopsies) as pancreatic ductal
adenocarcinoma; 2. Stage IV (according to the 8th edition of the TNM staging criteria for pancreatic cancer published
by the American Joint Committee on cancer); 3. Clinical stage I, II, or III, local recurrence or distant metastasis after
radical surgery; 4. Presence of evaluable lesions on imaging; 5. ECOG score of ≤2 points; 6. No previous chemor-
adiotherapy, or treatment discontinuation for at least 6 months; 7. Agree to provide a next-generation sequencing (NGS)
test report.

Exclusion criteria: 1. patients who had received previous immunotherapy with CTLA-4 inhibitors, PD-1/PD-L1
inhibitors; 2. ECOG > 2 and expected survival in less than 3 months; 3. recent presence of systemic active infection or
acute on chronic disease phase with inability to tolerate chemotherapy; 4. Previous autoimmune disease, hematologic
disease; 5. Patients with malignancies other than pancreatic cancer or severe, uncontrolled disease.
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Treatment Program
The specific medication of chemotherapy group: gemcitabine 1000 mg/m2 intravenous drip, nab-paclitaxel 125 mg/m2

intravenous drip, day 1–8, every 3 weeks as a treatment cycle. PD-1 + chemotherapy group: PD-1 inhibitors are one of
the following four: Toripalimab 240 mg (Junshi Biosciences Co., Ltd. Shanghai, China); Camrelizumab 200 mg (Hengrui
Pharma Co., Ltd. Jiangsu, China); Tislelizumab 200 mg (BeiGene Shenzhou Biotechnology Co., Ltd. Beijing, China);
Sintilimab 200 mg (Cinda Biopharmaceutical Co., LTD. Suzhou, China); All PD-1 inhibitors were administered
intravenously at day 1, every 3 weeks; nab-paclitaxel and gemcitabine at the same dose as the other arm.
Immunotherapy was applied before chemotherapy, and chemotherapy was given after an interval of at least 30 minutes,
the adverse reactions were observed and treated in time.

Efficacy Evaluation Criteria
The efficacy was evaluated every 6 weeks, and the maximum diameter of the target lesion was measured by CT or MRI.
According to the guideline of response evaluation solid tumors (RECIST) 1.1, the evaluation standard is: complete
response (CR): all target lesions disappear completely and the maintenance time is not less than 4 weeks; Partial response
(PR): the reduction of the sum of the maximum diameters of all target lesions after treatment, which is greater than or
equal to 30%; Stable disease (SD): the sum of the maximum diameters of the target lesions decreased by less than 30% or
increased by less than 20% compared with baseline; Progressive disease (PD): the sum of the maximum diameters of the
target lesions increased by more than 20% compared with the baseline or new lesions appeared. Progression-free survival
(PFS) was defined as the time from the beginning of treatment to disease progression; overall survival (OS) is defined as
the time from the beginning of treatment to death. Objective response rate (ORR) refers to the proportion of the total
number of CR + PR patients in the total number of evaluable cases after treatment. The disease control rate (DCR) is the
ratio of the sum of all CR, PR, and SD patients to the total number of all patients. Adverse events were evaluated using
the common terminology criteria adverse events (CTCAE) version 5.0. The primary end points of this study were PFS
and OS; The secondary end points were adverse reactions, ORR and DCR.

Clinical Information Collection and Follow Up
Factors that may be associated with patient outcomes were collected, including: gender, age, ECOG score, time of first
diagnosis, tumor stage at the time of medication, primary tumor site, distant metastasis site, whether surgery was
performed, treatment regimen, efficacy and adverse effects (AEs). Telephone follow-up was conducted for patients who
did not come to the outpatient clinic for review or admission at 3 months intervals.

The NGS of the 48 patients collected in this study were all reported from Guangzhou Burning Rock Medical Institute
Co., Ltd. A total of 520 genes closely related to cancer mechanism and targeted therapy were examined, and probe
hybridization and high-throughput sequencing were used to examine the whole exonic regions of 310 genes and the
hotspot mutation regions (exons, introns, or promoter regions) of 210 genes. The test report includes somatic gene
variants and abundance, tumor mutation burden (TMB), and MSI.

Statistic Analysis
Patient information was collected by Microsoft Excel, and the collected data were processed with SPSS 23.0 and
GraphPad Prism 8.0. The baseline characteristics of patients were assessed by χ2 test. PFS and OS survival curves were
obtained by Kaplan–Meier method, and the differences between groups were compared by Log rank nonparametric test.
Univariate and multivariate analyses were performed using Cox proportional hazards models. In all analyses, two-sided
P < 0.05 were considered statistically significant.

Results
Patient Characteristics
The enrollment period of this study was from September 2018 to July 2020, during which time a total of 126 advanced
pancreatic cancer patients were hospitalized in our center, and a total of 48 patients met the enrollment criteria after strict
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screening. Thirty-one patients were included in AG chemotherapy group, and 17 patients were included in PD-1+AG group.
In the PD-1+AG group, 7 patients used Camrelizumab, 4 patients used Toripalimab, 3 patients used Tislelizumab, and 3
patients used Sintilimab. The baseline characteristics were no statistically significant differences, as shown in Table 1.

NGS Test Results
A total of 21 types of mutation were detected in the 48 patients in this study, with the highest frequency of KRAS
mutations (36/48, 75.0%), followed by TP53 mutations (32/48, 66.7%), 20 patients had both KRAS and TP53 mutations.
Other relatively rare mutations include: CDKN2A, ARID1A, FANCA, APC, KDM6A, FGFR1, SMAD4, and so on. The
mutation types and abundances of all patients are presented in Figure 1. TMB was less than or equal to 10 mutations/MB
in all patients, and MSI was microsatellite stable (MSS).

There are 4 KRAS mutation subtypes: G21D mutation, G12V mutation, G12C mutation and K117N mutation. The
types of TP53 gene mutations varied, including p.H214R missense mutation in exon 6, p.Y327fs frameshift mutation in
exon 9, p.R249M missense mutation in exon 7, p.C141R missense mutation in exon 5, p.R715H missense mutation in
exon 5, nonsense mutation in exon 6, and so on.20 patients had both KRAS and TP53 mutations, the specific mutation
types and mutation abundance of patients as shown in Table 2.

Clinical Efficacy
The follow-up was ended in October 2021. Among the 31 patients in AG group, 8 patients achieved PR, 15 patients were
maintained SD, and 8 patients were PD, as shown in Figure 2A. The ORR was 25.8% (95% CI, 9.5–42.1%), DCR was
74.2% (95% CI, 57.9–90.5%). Among the 17 patients in PD-1 combined with AG group, PR was observed in 6 patients,
SD in 8 patients, and PD in 3 patients, as shown in Figure 2B. ORR in this group was 35.0% (95% CI,10.0–60.6%), and
DCR was 82.4% (95% CI, 62.1–100.0%). There was no significant difference in ORR and DCR between PD-1 combined
with AG group and AG group by χ2 test (P > 0.050).

Table 1 Baseline Characteristics

Characteristics Number (%) P

AG Group PD-1+AG Group

Gender Male 16(51.6%) 10(58.8%) 0.632
Female 15(48.4%) 7(41.2%)

Age ≤60 11(35.48%) 20(64.52%) 0.119

>60 10(58.82%) 7(41.18%)
ECOG 0–1 26(83.9%) 12(70.6%) 0.476

2 5(16.1%) 5(29.4%)

Surgery Yes 16(51.6%) 9(52.9%) 0.161
No 15(48.4%) 8(47.1%)

Location Head 17(54.8.7%) 8(47.1%) 0.281

Body 8(25.8%) 6(35.3%)
Tail 6(19.4%) 3(17.6%)

Metastatic Local recurrence 5(16.2%) 2(11.8%) 0.413
Liver 6(19.4%) 7(41.2%)

Retroperitoneal lymph node 8(25.8%) 2(11.8%)

Multiple metastases 12(38.7%) 6(35.3%)
KRAS Mutant type 24(77.4%) 12(70.6%) 0.862

Wild type 7(22.6%) 5(29.4%)
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Survival Analysis
Kaplan–Meier curves were used to compare the survival of the two groups. The study found that the median PFS was 4.9
months (95% CI, 4.1–5.7 months) in the AG group and 5.0 months (95% CI, 3.3–6.7 months) in the combination therapy
group. There was no significant difference in PFS between the two groups (P = 0.154), as shown in Figure 3A. But the
median OS was 2.8 months longer in the combination therapy group than in the AG group. The median OS was 9.3
months (95% CI, 8.8–9.8 months) in AG group, whereas the median OS reached 12.1 months (95% CI, 8.1–16.1 months)
in the combination group, and the difference between the two groups was statistically significant (P < 0.001), see
Figure 3B.

Univariate and Multivariate Analysis of Patients’ Prognosis
Next, Cox univariate analysis model was used to explore the factors that may affect patients’ OS. Age, gender, ECOG
score, surgery, metastasis site, treatment and KRAS types were analyzed, respectively. The results showed that ECOG
score (P < 0.001), treatment regimen (P < 0.001) and KRAS types (P < 0.001) were closely related to patients’ OS, and
other variables had no significant effect on OS (P > 0.200), as shown in Figure 4A.

The three variables were then included to construct a multifactor Cox proportional risk model. The results showed
that the risk of death in patients with an ECOG score of 2 was nearly 4 times higher than that in patients with an ECOG
score of 0–1 (HR = 4.015, 95% CI 1.784–9.032, P = 0.001). Patients with KRAS wild types had a significantly lower risk
of death (HR 0.3.938; 95% CI,1.356–11.434; P = 0.012). In addition, immunotherapy combined with chemotherapy
reduces the risk of death in advanced pancreatic cancer by about 20.0% compared with chemotherapy alone (HR = 0.203,
95% CI, 0.090–0.459, P < 0.001). See Figure 4B.

AEs
Reactive cutaneous capillary hyperplasia is an adverse effect specific to the immunotherapy group. The majority of AEs
reported in this study were grade 1–2, with no statistically significant differences in the incidence of leukopenia,

Figure 1 Next generation sequencing heat map of 48 patients.
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neutropenia, anemia, thrombocytopenia, transaminase elevations, rash, diarrhea, nausea and vomiting, fatigue, and fever
between the two groups (P > 0.05). The incidences of hypothyroidism and reactive cutaneous capillary hyperplasia were
higher in the immunochemotherapy group than in the chemotherapy alone group (P < 0.05) and are shown in Table 3.
The incidence of grade 3–4 AEs in the two groups was 38.7% (95% CI, 20.5–56.9%) and 35.3% (95% CI, 10.0–60.6%),
respectively. Grade 3–4 adverse reactions were mainly hematologic AEs and abnormal liver function, which are shown in
Table 4. There were no fatal adverse events in either group, which were well tolerated and safe by patients.

Table 2 KRAS/TP53 Co-Mutation Patients (N = 20)

ID KRAS Mutation TP53 Mutation

Mutation
Site

Mutation
Subtypes

Mutation
Frequency

Mutation
Site

Mutation
Subtypes

Mutation
Frequency

P01 Exon 2 p.G12V 19.48% Exon 10 Nonsense
mutations

27.93%

P02 Exon 2 p.G12D 23.83% Exon 7 Missense

mutation

23.46%

P03 Exon 2 p.G12D 15.91% Exon 7 Missense

mutation

20.87%

P04 Exon 2 p.G12D 17.49% Exon 5 Missense
mutation

5.94%

P05 Exon 2 p.G12V 26.00% Exon 5 Missense

mutation

33.10%

P06 Exon 4 p.K117N 24.10% Exon 8 Missense

mutation

10.50%

P07 Exon 2 p.G12V 5.25% Exon 4 Frameshift
mutation

28.10%

P08 Exon 2 p.G12V 18.50% Exon 8 Missense

mutation

26.90%

P09 Exon 2 p.G12V 39.27% Exon 2 Missense

mutation

21.75%

P10 Exon 2 p.G12D 34.84% Exon 8 Nonsense
mutations

51.33%

P11 Exon 2 p.G12V 5.75% Exon 9 Frameshift

mutation

3.97%

P12 Exon 2 p.G12D 7.63% Exon 5 Missense

mutation

12.23%

P13 Exon 2 p.G12V 4.95% Exon 7 Missense
mutation

4.72%

P14 Exon 2 p.G12C 3.71% Exon 3 Frameshift

mutation

7.64%

P15 Exon 2 p.G12D 14.78% Exon 6 Missense

mutation

8.63%

P16 Exon 2 p.G12V 5.52% Exon 6 Frameshift
mutation

7.28%

P17 Exon 2 p.G12D 7.30% Exon 6 Nonsense

mutations

6.50%

P18 Exon 2 p.G12V 18.90% Exon 5 Missense

mutation

27.20%

P19 Exon 2 p.G12V 17.80% Exon 5 Frameshift

mutation

2.60%

P20 Exon 2 p.G12D 31.50% Exon 5 Missense
mutation

73.20%
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Subgroup Analysis of KRAS and TP53 Co-Mutated Patients
Among the 20 patients with KRAS and TP53 co-mutation, there were 13 patients treated with AG chemotherapy and 7
patients treated with PD-1 + AG chemotherapy. PFS and OS were compared between the two groups, see Figure 5A and
B. The results showed that the addition of immunotherapy did prolong the OS of patients with KRAS and TP53 co-
mutation (8.00 months vs 10.20 months, P = 0.004). There was no difference in PFS between the two groups (3.70
months vs 4.50 months, P = 0.373).

Discussion
Pancreatic cancer remains one of the most aggressive and intractable human malignancies. Over the past few decades,
chemotherapy has been the main treatment for metastatic pancreatic adenocarcinoma. Compared with gemcitabine
chemotherapy, AG regimen significantly improved the overall survival rate, progression-free survival rate and remission
rate of patients with advanced pancreatic cancer.21 Both FOFIRINOX and AG regimens are internationally recognized
first-line chemotherapy regimens for advanced pancreatic cancer.22 In consideration of the large side effects of

Figure 2 Comparison of efficacy between the two groups. (A) Efficacy evaluation results of AG group; (B) Efficacy evaluation results of PD-1+AG group.

Figure 3 (A) Kaplan–Meier PFS curves of patients treated with PD-1 +AG versus AG (P=0.154); (B) Kaplan–Meier OS curves of patients treated with PD-1+AG versus AG
(P<0.001).
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chemotherapy regimen with FOLFIRINOX, which are often difficult to be tolerated by patients, we chose the AG
regimen in this study. Previous studies have shown that the combination of immunotherapy and chemotherapy has
achieved better results than chemotherapy alone in the treatment of various solid tumors.23–25 Clinical trials are also
being carried out in combination with PD-1 inhibitors for advanced pancreatic cancer. This study mainly retrospectively
collected the patients treated with AG chemotherapy alone and PD-1 + AG for follow-up observation, and compared the
curative effect and the incidence of adverse events. The results showed that compared with the AG chemotherapy
regimen, the addition of PD-1 inhibitor effectively prolonged the OS of patients with advanced pancreatic cancer and had
good safety and reduced the risk of death by about 20.0% (HR = 0.203, 95% CI, 0.090−0.459, P < 0.001).

The results of this study showed that PD-1 plus chemotherapy significantly prolonged OS without prolonging PFS in
patients with advanced pancreatic cancer. The reasons may be as follows: First of all, both PFS and OS are two key
observations in the clinical application of antineoplastic drugs, PFS focuses on observing the effect of drugs on reducing
patients’ symptoms, improving patients’ quality of life, and reflecting the short-term efficacy of drugs. And OS focuses
on observing the effect of medication on the overall survival time of patients.26 In addition, chemotherapy works quickly

Figure 4 (A) Forest plot for univariate analysis. (B) Forest plot of multivariate analysis.
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and is prone to drug resistance. Immunotherapy responds slowly but has a special trailing effect that continues to affect
subsequent survival and has a greater impact on OS.27 Furthermore, there was pseudoprogression with immunotherapy in
terms of efficacy assessment, leading to a possible misjudgment of PFS.28 Therefore, the efficacy of immunotherapy
cannot be assessed solely by conventional imaging and hematologic indices. More attention should be paid to patients’

Table 3 Comparison of Grade 1–2 Adverse Events

Adverse Events Number (%) Total P

AG Group (n=31) PD-1+AG Group (n=17)

Leukopenia 13(41.9%) 7(41.2%) 20(41.7%) 0.959

Neutrophilia 11(35.5%) 5(29.4%) 16(33.3%) 0.670
Anemia 23(74.2%) 13(76.5%) 36(75.0%) 0.862

Thrombocytopenia 7(22.6%) 6(35.3%) 13(27.1%) 0.543

Transaminase elevation 12(38.7%) 5(29.4%) 17(35.4%) 0.519
Rash 12(38.7%) 10(58.8%) 22(45.8%) 0.181

Diarrhea 3(9.7%) 3(17.6%) 6(12.5%) 0.651

Nausea and vomiting 10(32.3%) 5(31.3%) 15(31.3%) 0.839
Fatigue 10(32.3%) 6(35.3%) 16(33.3%) 0.831

Fever 4(12.9%) 5(29.4%) 9(18.8%) 0.310

Hypothyroidism 2(6.5%) 6(35.3%) 8(16.7%) 0.031
Reactive cutaneous capillary hyperplasia 0(0.0%) 5(29.4%) 5(10.4%) 0.004

Table 4 Comparison of Grade 3–4 Adverse Events

Adverse Events Number (%) Total P

AG Group (n=31) PD-1+AG Group (n=17)

Leukopenia 12(38.7%) 6(35.3%) 18(37.5%) 0.815

Neutrophilia 2(6.5%) 3(17.6%) 5(10.4%) 0.471

Anemia 4(12.9%) 3(17.6%) 7(14.6%) 0.686
Thrombocytopenia 7(22.6%) 6(35.3%) 13(27.1%) 0.543

Transaminase 8(25.8%) 6(35.3%) 14(29.2%) 0.719

Reactive cutaneous capillary hyperplasia 0(0.0%) 2(11.7%) 2(4.2%) 0.121

Figure 5 (A) Kaplan–Meier PFS curves of patients with KRAS and TP53 co-mutations (P=0.323); (B) Kaplan–Meier OS curves of patients with KRAS and TP53 co-
mutations (P=0.004).
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systemic symptoms and physical performance status when assessing efficacy. In this study, Immunotherapy makes
a significant contribution in prolonging the OS, and patients who originally survived for a shorter period of time were
given the opportunity to live longer.

It is particularly noteworthy that grade 3 AEs, abnormal liver function and bone marrow suppression will seriously
affect the quality of life of patients. Prompt attention should be paid to while enhancing supportive and symptomatic
treatment. Cutaneous AEs are one of the most common immune related AEs with ICIs. Reactive cutaneous capillary
hyperplasia is a typical AEs of Camrelizumab, which is closely related to efficacy. Patients who develop reactive
cutaneous capillary hyperplasia often have better clinical efficacy.29

Chemotherapy has a positive effect on the tumor immune microenvironment. Dendritic cells (DCs) play a key role in
the cross presentation of tumor antigens and are essential for the induction of tumor-specific cytotoxic T lymphocyte
(CTL) effects.30 However, tumor infiltrating DCs in the immune micro-environment exhibit defective cross presentation
of tumor antigens. Tumor infiltrating T cells (TILs) cannot be activated by DCs, deregulating tumor growth.31 Studies
have shown that gemcitabine can reverse this deficit in tumor infiltrating DCs.32 Gemcitabine can initiate the host
immune system, and its induced destruction by tumor cell apoptosis may expose the immune system to a large number of
tumor antigens, reduce immunosuppression, and aid immunotherapy. Gemcitabine enables tumor infiltrating CD8 +
T cells to exert full effector effects, a process that could be further exploited for cancer immunotherapy. The PD-1
inhibitors used by the patients in this study are self-developed products in China. The mechanism is the same as that of
PD-1 imported from abroad, but the antibody structure design is different. They can restore the killing effect of
T lymphocytes on tumor cells by inhibiting the binding of PD-1 and its ligand PD-L1.33 Therefore, it is a promising
option to synergize both chemotherapy and immunotherapy to treat advanced pancreatic cancer.

It has been previously reported in the literature that approximately 90% of pancreatic cancer patients are KRAS
mutant,34,35 but the KRAS mutation rate among the 48 patients in this study is only 75%. The first reason may be
geographical and ethnic differences. KRAS G12C mutation landscape analysis of 11,951 Chinese tumor samples showed
that the mutation frequency of KRAS in pancreatic cancer was 81.5%.36 Secondly, it may be because the sample size of
the people we included was small and screened. A portion of PDAC patients with KRAS mutation in our center received
gemcitabine plus TS-1 or TS-1 monotherapy or FOLFIRINOX or other treatments, and their KRAS mutation rate was
excluded, which may result in a mutation rate less than 90%. Thirdly, the low mutation frequency may be due to low
tumor cell numbers.

KRAS is the most common genetic mutation in pancreatic cancer,37 which is usually associated with poor
prognosis.38,39 KRAS mutation is a necessary condition for tumor initiation. KRAS and TP53 co mutations are potential
immunotherapy predictors in patients with EGFR/ALK wild-type non-squamous NSCLC.40 In pancreatic cancer, the co-
mutation of KRAS and TP53 was the most common, and the high co-mutation rate suggested that it might be related to
the carcinogenic mechanism of pancreatic cancer. Aman Chandra Kaushik et al analyzed the mutation interaction in
pancreatic cancer, and the results showed that KRAS gene mutations were associated with increased TGF-β pathway
activity, TP53 gene mutation was closely related to the activation of PI3K pathway. It is known that KRAS mediates
PI3K pathway. Therefore, KRAS and TP53 pathways may interfere with each other.41 According to a recent study, the
mutation of KRAS and TP53 promotes the escape of the immune system by promoting ARF6 pathway, high-level
expression of ARF6 and its downstream effector AMAP1 and promoting the expression of PD-L1 on the cell surface.42

The subgroup analysis of this study showed that chemotherapy combined with immunotherapy successfully improved the
prognosis of patients with KRAS and TP53 co-mutations. In addition, this study needs to explore the relationship
between the immunochemotherapy with the ARF6 pathway.

The main limitation of our study is the relatively small sample size. In this study, a total of 4 PD-1 inhibitors were
used, but the total number of cases was only 17. The cohort of patients for each PD-1 inhibitor was small, so the
conclusions may not be reliable for a certain PD-1 inhibitor alone. In other words, immune checkpoint inhibitors
combined with chemotherapy can lead to better overall survival. We should underline the fact that the study is only
hypothesis generating, due to the limitation in design, population and the fact that the population is only asiatic. This
study is necessary to increase the number of cases in further studies.
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Conclusion
In conclusion, combination therapy is the trend in the era of precision therapy. Combination regimens based on immune
or targeted therapy have shown better clinical outcomes in a variety of cancer treatments, and the combination of immune
and chemotherapy also brings a new opportunity to improve the prognosis of advanced pancreatic patients.
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