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Abstract 

Background: Immune checkpoint inhibitors (ICIs) has shown remarkable benefit in the treatment of a range of can-
cer types, although it may initiate immune related adverse events (irAEs) in patients. Some studies have shown that 
there is a close relationship between the occurrence of irAEs and prognosis. In present study, we have attempted to 
establish whether the occurrence of irAEs after the use of anti PD-1 antibodies is associated with treatment efficacy in 
people with advanced gastric cancer (AGC).

Methods: This study included patients treated with the anti-PD-1 antibodies for AGC patients at The Fourth Hospital 
of Hebei Medical University. IrAEs were identified clinically and graded as per the National Cancer Institute Common 
Terminology Criteria for Adverse Events ver. 4.03. Efficacy was evaluated with objective response rate (ORR), disease 
control rate (DCR), progression free survival (PFS) and overall survival (OS). The analysis was performed to determine 
the association between irAEs and clinical outcomes.

Result: Of the 74 AGC patients in our study, 24 developed irAEs. The DCR of the irAE displayed a trend better than 
that of non-irAE group but without statistical difference (41.70% VS 6.0%, p = 0.118). Median PFS in the irAE group 
was superior to that in the non-irAE group (176 days VS 94 days, p = 0.001). Median OS also showed this trend of 
difference at borderline statistical level (292 days VS 239 days, p = 0.057). Multivariate analysis also demonstrated 
irAE (HR = 0.269, 95%CI: 0.088 to 0.822, p = 0.021) were associated independently with the better prognosis for AGC 
patients.

Conclusion: In advanced gastric cancer treated with anti PD-1 antibodies, the occourence of irAEs might contribute 
to the improved prognosis.
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Introduction
Although the morbidity and mortality rate of gas-
tric cancer have been decreasing for the past decade, it 
remains an important cancer worldwide responsible 
for over 1,000,000 new cases with an estimated 769,000 
deaths, according to new data published by GLOBO-
CAN 2020 [1]. Systemic chemotherapy is an important 
method to relieve symptoms and prolong survival time 
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for unresectable or recurrent advanced gastric cancer 
(AGC). For patients with human epidermal growth factor 
receptor 2 (HER2)-negative AGC, multidrug combina-
tion chemotherapy combinations including fluoropyrimi-
dine, platinum agent and taxane is standard first-line 
chemotherapeutic regimen. But in HER2-positive AGC, 
the combination of fluoropyrimidine, platinum agent, 
and trastuzumab (an anti-HER2 antibody) is standard 
first-line chemotherapeutic regimen [2]. Even so, the 
prognosis for AGC patients remains poor with median 
survival times of 10–13 months [3, 4].

Immune checkpoint inhibitors (ICIs), a type of drug 
that increase the cytotoxicity of T cells by blocking intrin-
sic downregulators of immunity such as cytotoxic T-lym-
phocyte antigen 4 (CTLA-4) and programmed cell death 
1 (PD-1) or programmed cell death ligand 1 (PD-L1), 
have become a new dawn in cancer treatment recently 
[5]. Nivolumab over placebo has showed longer overall 
survival (OS) and lower risk of death in the ATT RAC 
TION-2 study or in the further exploration (ATT RAC 
TION-4 and CheckMate 649), nivolumab-chemother-
apy combination was well tolerated and demonstrated 
encouraging efficacy [6–8]. But compared with chemo-
therapy in AGC patients with PD-L1 CPS ≥ 1 or ≥ 10, 
the combination of pembrolizumab and chemotherapy 
was not superior to chemotherapy for the OS and PFS 
end points tested [9]. What’s more, camrelizumab plus 
apatinib and pembrolizumab plus lenvatinib have showed 
promising anti-tumour activity with an acceptable safety 
profile in AGC patients [10, 11]. All these mentioned 
above indicate that ICIs have more and more widely used 
in gastric cancer.

Immune checkpoint inhibitors cause immune tolerance 
imbalance leading to inflammatory side effects known as 
immune-related adverse events (irAEs) [12]. The occur-
rence of immune-related adverse events was thought to 
be related to the disruption of immune homeostasis by 
immune checkpoint inhibitors. The mechanism of irAEs 
is unclear, but it considered be related to the following 
factors: increasing T-cell activity against antigens present 
in tumors and healthy tissue, increasing levels of pre-
existing autoantibodies or inflammatory cytokines and 
enhanced complement-mediated inflammation due to 
direct binding of an antibody against CTLA-4 [5]. IrAE 
is different from the system-specific or organ-specific 
adverse events associated with chemotherapy, it can 
occour in any organ of the body such as skin, gastrointes-
tinal tract, lung and so on [13].

Some recent studies have shown that the occourence 
of irAEs maybe associated with better prognosis in 
patients with various cancers [14]. A previous study has 
shown an association between irAEs and prognosis in 
AGC patients treated with nivolumab [15]. However, this 

evidence is not sufficient in AGC patients treated with 
ICIs plus targeted medicine or chemotherapeutic medi-
cine. Thus, we collected information from AGC patients 
treated with different anti-PD-1 antibody (monotherapy 
or combine with targeted medicine/chemotherapeutic 
medicine) and investigated the correlation between irAEs 
and ICIs efficacy in AGC patients.

Methods
Patients
AGC patients who received anti-PD-1 antibody (mono-
therapy or combine with targeted medicine/chemo-
therapeutic medicine) at The Fourth Hospital of Hebei 
Medical University from February 2019 to April 2020 
were included in this study. Patients with a history of 
other immunotherapy were excluded. All data were col-
lected retrospectively from electronic medical records. 
The clinical information we collected were as follows: 
age, gender, Eastern Cooperative Oncology Group per-
formance status (ECOG PS), treatment line number, 
number of metastatic sites, histologic type, HER2 status, 
disease status, baseline blood cell count, alkaline phos-
phatase (ALP) and neutrophilto-lymphocyte ratio (NLR) 
before initiating treatment. IrAEs were defined as those 
inflammatory side effects which were caused by imbal-
ances in immunological tolerance because of the immune 
checkpoint inhibitors. For the irAEs assessment, the 
National Cancer Institute Common Terminology Crite-
ria for Adverse Events ver. 4.03 (https:// ctep. cancer. gov/ 
proto colDe velop ment/ elect ronic_ appli catio ns/ ctc. htm# 
ctc_ 40) was used and we assessed the irAEs by at least 2 
or more clinical oncologists, one of whom was a senior-
level physician. We divided the patients into two groups 
as irAE group and non-irAE group based on occurrence 
of irAEs and compared the efficacy between these two 
groups.

Due to the retrospective nature of this study and this 
analysis was conducted using only existing information, 
waiver of informed consent was applied for participat-
ing patients. All procedures were confirmed by the eth-
ics committee of the Fourth Hospital of Hebei Medical 
University.

Treatment and assessment
Patients received standard anti-PD-1 antibody (mono-
therapy or combine with targeted medicine/chemo-
therapeutic medicine) every 21  days until disease 
progression, clinical deterioration, unacceptable tox-
icity, or patient’s refusal. Type of anti-PD-1 antibodys, 
targeted medicine and chemotherapeutic medicine 
were listed in Table S1. After starting treatment, clini-
cal and laboratory tests were carried out as clinically 
indicated each cycle before drug administration. Body 
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computed tomography (CT) scans were taken every 2–3 
cycles. Objective tumor response was evaluated accord-
ing to the RECIST version 1.1.

Statistical analysis
Classified variables were compared using the Fisher’s 
exact tests and Mann–Whitney U tests for continuous 
variables. For continuous variables, means and standard 
deviations (SDs) are shown in the case of variables have a 
normal distribution, and median and interquartile range 
(IQR) in the case of variables that do not. The PFS data 
were calculated from the first dose until progression or 
death or censured at the last date of the follow-up. The 
OS data were calculated from the diagnosis until death or 
censored at the last date of the follow-up. To determine 
the association between the incidence of irAEs and prog-
nosis, ORR, DCR and Chisquared test were performed. 
The association between the presence of irAEs with PFS, 
and OS was analysed using the Kaplan–Meier method 
and Cox regression. All statistical analyses were per-
formed using SPSS (IBM SPSS 20.0, NY, USA). All P val-
ues are two-sided, and p < 0.05 was considered to indicate 
a statistically significant difference [16].

Results
Patient characteristics
Seventy-four AGC patients with a median PFS of 98 days 
(95% CI, 94 to 102  days) and a median OS of 239  days 
(95% CI, 208 to 270  days) were involved in this study. 
The clinical characteristics were listed in Table 1, the per-
centage for male was 68.9%, while for age over 65 years 
old was 44.6%. As shown in Table  2, two patients were 
observed with complete response (CR) and two with par-
tial response (PR), and stable disease (SD) was achieved 
in nine patients, which resulted in an ORR of 5.4% 
(95%CI: 0.1% to 10.7%) and DCR of 17.6% (95%CI: 8.7% 
to 26.4%).

Comparison between irAE and non‑irAE groups
As the patient background shows in Table  1, no signifi-
cant differences in clinical profiles of the irAE group and 
non-irAE group, apart from treatment line, NLR, the 
counts of lymphocyte and hemoglobin.

An ORR of 16.7% (95%CI: 4.7% to 37.4%) and DCR 
of 41.7% (95%CI: 20.4% to 62.9%) was observed for 
all 24 irAE patients (2 CR, 2 PR, 6 SD), whereas only 3 
SD patients with DCR of 6.0% (95%CI: 0.0% to 12.8%) 
archeived in non-irAE group. The difference in DCR 
between the two groups was significant (p = 0.001).

The Kaplan–Meier curves of PFS and OS in the irAE 
and the non-irAE groups are shown in Table 3 and Fig. 1. 
The median PFS rates with and without irAEs were 
176  days (95%CI: 72 to 280  days) and 94  days (95%CI: 

77 to 113  days) (Fig.  1A), respectively. Median OS was 
292 days (95%CI: 211 to 372 days) in the irAE group and 
239 days (95%CI: 152 to 326 days) in the non-irAE group 
(Fig.  1B). PFS was significantly prolonged in the group 
that developed irAEs (p = 0.001). This survival advantage 
in irAE group also obtained for OS, but p value of OS is 
at the borderline statistical level (p = 0.057).

In the multivariate analysis for OS using irAEs status, 
ECOG score, treatment line number, the number of met-
astatic sites, disease status, ALP and NLR as covariates in 
these AGC patients, the irAE group were associated with 
longer OS at statistical levels (HR = 0.269, 95%CI: 0.088 
to 0.822, p = 0.021) (Table 4).

In addition, univariate and multivariate analyses were 
performed on the relationship between different types 
of irAEs and PFS or OS. We observed that patients with 
thyroid dysfunction (p = 0.013) and rash/pruritus/myal-
gia/fatigue (p = 0.009) had a significantly lower risk of 
death, associated with longer PFS. The analysis of OS also 
showed the same trend, but there was no statistical dif-
ference (Table 5).

Toxicity
The irAEs occurred in twenty-four of 74 patients (32.4%) 
in our study. Details of these irAEs are shown in Table 6. 
The most frequent adverse event was hypothyroidism 
(n = 6) and the second is hyperthyroidism (n = 5). There 
was a patient experienced grade 3 diarrhea/colitis related 
to toripalimab, we stopped the ICIs treatment timely and 
treat with corticosteroid at the same time (Table S2). We 
also stopped the ICIs treatment in patients two subtype 
of irAES as grade 2 hepatic dysfunction and myocardial 
toxicity.

Discussion
This study showed that irAEs were associated with effi-
cacy of anti-PD-1 antibody in patients with AGC, as 
determined by favorable prognosis. J. Rogado et  al. 
reported the relation of irAEs with patient characteristics 
and outcomes in a series of tumors (lung cancer, mela-
noma, head and neck carcinoma, renal carcinoma, Hodg-
kin’s lymphoma, urothelial carcinoma and gallbladder 
adenocarcinoma, hepatocellular carcinoma and Merkel 
cell carcinoma), the ORR was 16.6% in patients with non-
irAEs and 82.5% in patients with irAEs [17]. Our previous 
study also found that irAEs can also serve as a marker of 
good prognosis in hepatocellular carcinoma (HCC) [16]. 
The results that the irAEs associated with better treat-
ment efficiency including DCR, PFS and OS in AGC 
was consistent with previous reports. But the ORR and 
DCR in our study were lower than the previous study, it 
maybe because a large proportion of patients in our study 
treated with anti-PD-1 antibody in 3–4 treatment line. 



Page 4 of 9Zhang et al. BMC Cancer         (2022) 22:1136 

This means that these patients may have fewer treatment 
options and poorer physical condition.

We could analyze only a limited number of patient 
samples, but it is speculated that occurrence of irAEs 
may be associated with longer PFS and OS. In addition, 
we found that patients with thyroid dysfunction and skin 
toxicity had a better prognosis, which is also consistent 

with previous meta-analysis for non-small cell lung can-
cer (NSCLC), melanoma and renal cell carcinoma (RCC) 
treated with anti-PD-1 antibody or anti-CTLA-4 anti-
body [18]. We were unable to further analyse the rela-
tionship between high-grade or low-grade irAEs and 
prognosis due to the small sample size. The distribu-
tion frequency for irAEs and non-irAEs was different 

Table 1 Characteristics of patients in irAE and non-irAE groups

Abbreviations: ECOG PS Eastern Cooperative Oncology Group performance status, NLR Neutrophilto-lymphocyte ratio, ALP Alkaline phosphatase, WBC White blood 
cell, Plt Platelet; non-adenocarcinoma, including undifferentiated carcinoma (n = 2), adeno-squamous carcinoma (n = 2) and squamous carcinoma (n = 1)

Total No. (%) non‑irAE No. (%) irAE No. (%) p‑value

Total N 74 50 24

Gender

 female 23 (31.1) 12 (24.0) 11 (45.8) 0.067

 male 51 (68.9) 38 (76.0) 13 (54.2)

Age

  < 65 41 (55.4) 26 (52.0) 15 (62.5) 0.460

  ≥ 65 33 (44.6) 24 (48.0) 9 (37.5)

ECOG PS

 0 11 (14.9) 5 (10.0) 6 (25.0) 0.159

  ≥ 1 63 (85.1) 45 (90.0) 18 (75.0)

Treatment Line

 1–2 25 (33.8) 12 (24.0) 13 (54.2) 0.017

 3–4 49 (66.2) 38 (76.0) 11 (45.8)

Number of Metastatic Sites

  < 2 66 (89.2) 46 (92.0) 20 (83.3) 0.424

  ≥ 2 8 (10.8) 4 (8.0) 4 (16.7)

Histologic Type

 non-adenocarcinoma 5 (6.8) 3 (6.0) 2 (8.3) 0.657

 adenocarcinoma 69 (93.2) 47 (94.0) 22 (91.7)

HER2 Status

 negative 66 (89.2) 44 (88.0) 22 (91.7) 1.000

 positive 8 (10.8) 6 (12.0) 2 (8.3)

Disease Status

 stage III 29 (39.2) 20 (40.0) 9 (37.5) 0.757

 Stage IV 33 (44.6) 23 (46.0) 10 (41.7)

 recurrence 12 (16.2) 7 (14.0) 5 (20.8)

ALP

 low 41 (55.4) 27 (54.0) 14 (58.3) 0.805

 high 33 (44.6) 23 (46.0) 10 (41.7)

NLR

 low (< 4) 49 (66.2) 38 (76.0) 11 (45.8) 0.017

 high (≥ 4) 25 (33.8) 12 (24.0) 13 (54.2)

Clinical Baseline Value (Median (IQR))

 WBC 5.82 (4.17, 7.20) 5.62 (4.17, 6.56) 6.56 (4.23, 8.00) 0.145

 Neutrophil 3.45 (3.09, 5.13) 3.45 (3.09, 5.03) 5.03 (2.81, 6.72) 0.282

 Lymphocyte 0.88 (0.75, 1.34) 1.01 (0.84, 1.76) 0.85 (0.74, 0.96) 0.049

 NLR 3.77 (2.57, 4.98) 3.68 (2.57, 3.93) 4.98 (3.26, 7.56) 0.081

 Plt 188.00 (135.25, 257.50) 196.50 (90.00, 262.00) 188.00 (148.00, 234.00) 0.826

 Hemoglobin 109.00 (101.00, 124.28) 114.00 (107.50, 131.68) 92.00 (76.00, 103.00) 0.001
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referring to treatment lines, but the fact that treatment 
lines didn’t influence the PFS and OS in our data could 
basically eliminate the impact on survival due to the dis-
tribution difference of irAEs.

Generally, a known prognostic index for AGC based on 
the clinical trial, Japan Clinical Oncology Group (JCOG) 
9912, consists of the following four independent risk 
factors for survival: performance status ≥ 1, number of 
metastatic sites ≥ 2, no prior gastrectomy, and elevated 
alkaline phosphatase (ALP) [19]. Previous studies have 
reported that NLR in clinical course correlated with 
prognosis in several cancers [20]. To analyze the impact 
of known prognostic factors, we adopted these five docu-
mented risk factors as covariates for multivariate analy-
sis, we were unable to find an association between these 
factors and prognosis in the case of statistical differences 

apart from ALP and the history of gastrectomy. These 
factors might not display their predictive value in very 
late advanced GC patient with small sample size.

In our study, we observed predominance in the number 
of patients with thyroid dysfunction, diarrhea or colitis, 
and skin toxicity. The distribution characteristics of irAEs 
were similar to those of previous studies [21]. All irAEs in 
our study were manageable, and only 1 patient with grade 
3 diarrhea/colitis related to toripalimab was observed, 
which probly due to our baseline examination including 
the function of relevant organs and related examination 
every three weeks so as to treat irAEs at early stage. Our 
results implied irAE particularly low grade irAE was in 
connection with better efficiency, so we might recom-
mend continuing use for anti-PD-1 antibody therapy in 
low grade irAE patients.

Table 2 Response to immunotherapy

Abbreviations: SD Stable disease, PR Partial response, PD Progressive disease, CR Complete response, ORR Objective response rate, DCR Disease control rate

Response Total irAE group Non‑irAE group p‑value

PD 61 14 47 -

SD 9 6 3 -

PR 2 2 0 -

CR 2 2 0 -

ORR 5.4% (95%CI: 0.1% to 10.7%) 16.7% (95%CI: 4.7% to 37.4%) - -

DCR 17.6% (95%CI: 8.7% to 26.4%) 41.7% (95%CI: 20.4% to 62.9%) 6.0% (95%CI: 0.0% to 12.8%) 0.001

Table 3 Kaplan–Meier survival curve of progression-free survival (PFS) and overall survival (OS)

Abbreviations: PFS Progression-free survival, OS Overall survival

Median PFS (days) p‑value Median OS (days) p‑value

irAE group 176 (95%CI: 72 to 280) 0.001 292 (95%CI: 211 to 372) 0.057

Non-irAE group 94 (95%CI: 77 to 113) 239 (95%CI: 152 to 326)

Fig. 1 The association of irAEs on the prognosis of AGC patients. A The Kaplan–Meier curve of progression free survival (PFS). B The Kaplan–Meier 
curve of overall survival (OS)
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There is a strong, dynamic and bidirectional link 
between autoimmunity and cancer. PD-1 interacts 
with its ligands PD-L1 and PD-L2 to generate negative 
costimulatory signal through the tyrosine phosphatase 
SHP2 so as to to weakened T cell activation, which 
allowing tumor cells to produce immune escape. ICIs 
can block the binding of PD-1 and PD-L1, increase T cell 
clones in the tumor microenvironment, and elicit their 
antitumor effects. The precise mechanisms of irAEs have 
not been fully uncovered, but they are thought to rep-
resent bystander effects from activated T-cells and are 

consistent with the mechanism of action of ICIs. Spe-
cifically, tumors inflamed with cytotoxic T lymphocytes 
prior to treatment then experience further inflammation 
and tumor-cell death when treated with ICIs. Similarly, 
the organs with surface antigens similar to tumors may 
experience pronounced, clinically apparent inflamma-
tion when these key negative regulators of T-cell func-
tion are removed [22–24]. However, the mechanisms 
why some toxicities occur in specific patients, and the 
relationship between toxicity and response, are not yet 
apparent.

Table 4 Univariate and multivariate analyses of OS with Cox regression models

Abbreviations: ECOG PS Eastern Cooperative Oncology Group performance status, NLR Neutrophilto-lymphocyte ratio, ALP Alkaline phosphatase

Covariate Univariate analysis (n = 74) Multivariate analysis (n = 74)

Exp(B) 95.0% CI Exp(B) 95.0% CI

Lower Upper P -value Lower Upper P -value

Group

non-irAE Reference Reference

irAE 0.515 0.254 1.044 0.066 0.269 0.088 0.822 0.021

ECOG PS

0 Reference Reference

 ≥ 1 1.207 0.502 2.900 0.674 1.418 0.557 3.611 0.464

Treatment line

1–2 Reference Reference

3–4 1.915 0.867 4.228 0.108 1.851 0.697 4.917 0.217

Number of Metastatic Sites

 < 2 Reference Reference

 ≥ 2 1.476 0.557 3.909 0.434 1.806 0.467 6.987 0.392

Disease Status

stage III-IV Reference Reference

recurrence 1.553 0.726 3.324 0.257 3.252 1.138 9.292 0.028

ALP

low Reference Reference

high 1.652 0.859 3.177 0.133 2.035 1.022 4.051 0.043

NLR

low (< 4) Reference Reference

high (≥ 4) 1.506 0.744 3.049 0.255 1.030 0.413 2.570 0.950

Table 5 Relationship between immune-related adverse events and PFS and OS

PFS OS

Univariable HR 
(95% CI)

P -value Multivariable HR 
(95% CI)

P -value Univariable HR 
(95% CI)

P -value Multivariable HR 
(95% CI)

P -value

Hypothyroidism/Hyperthyroidism 0.332 (0.131–0.842) 0.020 0.291 (0.110–0.768) 0.013 0.515 (0.199–1.334) 0.172 0.518 (0.197–1.361) 0.182

Diarrhea/Colitis 0.743 (0.181–3.060) 0.681 0.365 (0.083–1.610) 0.183 0.350 (0.048–2.562) 0.301 0.167 (0.020–1.403) 0.099

Rash/Pruritus/Myalgia/Fatigue 0.078 (0.011–0.579) 0.013 0.065 (0.008–0.501) 0.009 0.213 (0.029–1.558) 0.128 0.216 (0.029–1.590) 0.132

Hypohemoglobin/Thrombocyto-
penia

1.469 (0.356–6.057) 0.595 1.209 (0.290–5.038) 0.794 2.240 (0.573–10.218) 0.229 4.460 (0.935–21.279) 0.061

Damage of liver or kidney function/
Myocardial enzyme increased

1.970 (0.710–5.464) 0.193 2.778 (0.994–7.764) 0.051 1.261 (0.376–4.232) 0.707 1.066 (0.314–3.625) 0.918
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Although no grade 4–5 irAEs were observed in our 
study, it is necessary to explore biomarkers of irAEs in 
order to prevent the occurrence of severe irAEs. Previ-
ous studies have suggested that  CD8+ T cells [25], eosin-
ophils [26], regulatory T cells [27], auto-antibodies [28], 
inflammatory cytokines (such as interleukin-17) [29], and 
gut microbiome may be involved in the development of 
irAEs [30]. However, all biomarkers are controversial due 
to the limited research data and have not been verified 
in large-scale prospective clinical studies. The discovery 
of irAEs is usually detected only by detection of relevant 
indicators and clinical observation at present.

This study has some limitations. First, the sample size 
was small and the date were only collected from a single 
center, it was valuable to collect more data from a mul-
ticenter for stratified analysis to identify different types 
or grades of irAEs responsible for ICI efficiency. Second, 
we confirmed and evaluated irAEs carefully based on the 
combined medicine displayed a spectrum of different 
adverse events compared with ICIs, but the effect of com-
bined medicine on adverse reactions and prognosis in 
patients was not excluded completely in this study. Third, 
our study only included AGC patients with no preexist-
ing autoimmune disease, the correlation between irAEs 
and prognosis in patients with preexisting autoimmune 
disease needs further exploration. But as far as we know, 
this is the first work to reveal an association between 
irAEs and the efficacy in AGC patients who treated with 
various ICIs and almost all of our patients received com-
bination therapy. The result of our study has confirmed 
the value for irAEs as a biomarker on treatment efficiency 
of ICIs and built the foundation for future research with 
a larger population. It may inspire other researchers to 
look for predictive values of irAEs in other tumors.

Conclusions
The occurrence of irAEs was significantly associated with 
better clinical prognosis of the patients of advanced gas-
tric cancer treated with anti-PD-1 antibody. The mecha-
nism and biomarkers for irAEs should be clarified in the 
future.
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