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Abstract

Background: Immune checkpoint 'thEitors (ICIs) have shown promising efficacy in
treatment and clinical agement of advanced gastric and gastroesophageal junction
cancer. However, inhibitors (ICIs) also cause immune-related adverse events
(irAEs). The current systematic review and meta-analysis study aimed to investigate the

incidence and nature of irAEs caused by ICIs.

M

To investigate the incidence and nature of irAEsin advanced gastric and
gastroesophageal junction cancer.

Methods: This systematic review was registered with PROSPERO (Reg. number:
CRD/-I&20152291). Dataincluded in this study were collected from patients diagnosed
with advanced gastric cancer (GC) or gastroesophageal junction cancer (GEJC) and
treated with ICIs. A systematic literature search was conducted using the PubMed,
Embase, and Cochrane Library databgses. Meta-analysis was carried out using the
single sample rate method. Synthesis and analysis of the data was conducted using

Stata/SE and Review Manager Software.

Results: The patients enrolled in the present study included 14 patients from 14 case
reports, 326 _patients from 6 case series, and 1249 patients from 8 clinical trials. It was
found that the overall incidence of irAEs was 16 % (95 % CI, 11-20) for all grades and 3
% (95 % CI, 2-4) for the severe grade. It was evident that the incidepce of irAEs varied
with the type of inhibitor and organs. A comparative study of the anti-PD-1 and anti-
PD-L1 treatments showed that the anti-PD-1 group had a higher gyerall incidence of
irAEs (20 %) as compared with that of the anti-PD-L1 group (13 %). Results of this study
showed that endocrine system experienced the highest incidence of organ-specific irAEs
(74 %), including hypothyroidism, hyperthyroidism, thyroiditis, diabetes, and adrenal
insufficiency, followed by gastroenterology (2.2 %), pulmonology (1.8 %), neurology




(1.4 %), dermatology (1.4 %), hematology (0.8 %), and hepatology (0.7 %). In clinical
trials, it was found that the incidence of death related to irAEs was 1 % (95 % CI, 0-2.0)
whereby colitis and interstitial lung diseases were the leading causes of death.

Conclusions: It waﬁe\rident that the incidence and nature of irAEs are both organ- and
inhibitor-specific. The anti-PD-1 grouphad the highest incidence of all irAEs grades
including the severe grades of irAEs. Early identification and management of irAEs
allows clinical oncologists to effectively consider the pros and cons and hence enables

them to strike a balance.
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Core Tip: This systematic review shows that there is an increasing number of irAEs
associated with ICIs that are being reported in patients with GC or GEJC. This is
particularly severe organ-specific irAEs and death because of irAEs, which poses
significant challenges for clinical oncologists. Therefore, to help clinicians effectively
identify and manage irAEs as well as strike a balance, a comprehensive understanding,

systematic prediction, and appropriate management of the adverse events are critical.

troduction
Gastric cancer (GC) is one of the most prevalent malignancies of digestive tract in the
world whereby the global incidence and mortality of GC rank fifth and fourth of the

malignancies, respectivelyl!l. Furthermore, it has been found that the global incidence




and mortality rates of GC are 15.59 per 100,000 and 11.88 per 100,000, respectively as
well as 30.64 per 100,000 and 21.72 per 100,000, respectively in Chinal2l. Although the
most effective treatment for G(éor GEJC is surgical operation, majority of patients
cannot undergo radical surgery because of the advanced stage of the disease at the time
of diagnosis. Instead, the pati&ts receive chemotherapy, targeted therapy, and other
medical treatment. Recently, immune checkpoint inhibitors (ICIs) have also made
significant progress in the treatment and management of GC/GE]JC.

The first ICI, ipilimumab (Yervoy, anti-CTLA-4), was approved by the FDA in 2011 for
the treatment of metastatic melanomabBl. Following the approval of the first PD-1/PD-
L1 inhibitor (pembrolizumab) in 2014, several ICIs have later been utilized in clinical
practicel*5l. In 2021, the FDA approved two anti-PD-1 drugs (pembrolizumab and
nivolumab) for treatment of different forms of GC. Generally, ICIs are divided into
three categories: inhibitors of programmed cell death receptor-1 (PD-1), PD-1 ligand
(PD-L1), and cytotoxic T lymphocyte-associated antigen-4 (CTLA-4). Activation of PD-1
or PD-L1 signaling acts as the principal mechanism by which tumors evade antigen-
specific T-cell immunologic responses. However, antibody blockage of PD-1 or PD-L1
reverses this process and enhances anti-tumor immune activityl°l.
Cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) possesses uctural homology
with CD28 and Eds to the B7 molecules on APC with a higher affinity than the CD28.
This results in a competitive inhibition of costimulatory CD28 signgling and damage to
the T cell signalingl”®]. Immune checkpoint inhibitors (ICIs) exerts anti-tumor effects by
damaging co-inhibitory T cell signaling (Figure 1, source: Beida Pharmaceutical official

ebsite).

Immune checkpoint inhibitors (ICIs) offer patients with GC or GEJC a glimmer of hope.
A previous study suggested that pembrolizumab monotherapy may provide a potential
treatment benefit for GC or GEJCI°l. However, ICIs results in severe or even fatal irAEs
whereby they causes immune system hyperactivation in the normal tissues, which may

be the underlying cause of irAEs[l. Organ-specific irAEs associated with ICIs mainly




occur in endocrinopathy, gastroenterology, hepatology, neurology, hematology,
dermatology, pulmonology, nephrology, cardiology, and rheumatic immunology.

The irAEs can result in a reduction in dosage, drug withdrawal, a decrease in
compliance, delayed treatment, organ function damage, and eventual death. These
adverse events have been reported in other tumors, but there has beehno systematic
review of the events in GC or GEJC. Therefore, this&eta-analysis was aimed to assess
the incidence and nature of irAEs by condugting a systematic review of their adverse
events in patients with GC or GEJC. The objective of the current systematic
review and meta-analysis study was to assist clinicians in effective identification, and

strike a balance by considering the pros and cons in management approaches of irAEs.

MATERIALS AND METHODS

Literature sources and searches
Three major databases (PubMed, Embase, and Cochrane Ljbrary) were used to perform
a systematic literature search for the present study. The search was conducted for the
studies published between January, 2000 and January, 2022. Population, Intervention,
Comparison, Outcome, and Study design (PICOS) was utilized as a framework to
conduct the lErature search(table 1). The relevant searching terms corresponded to
terms of the Medical Subject Heading. In addition, the searches were immediately
eated before the final analyses to identify any additional studies for inclusion(!!l.
This study adhered to the guide&es of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses a as registered with PROSPERO (Registration number:
CRD42020152291)112l. Detailed search strategies in the three major databases (PubMed,
Embase, and Cochrane Library) were as shown in the attached files: Tables S1, S2, and

S3. The retrieved documents were lastly managed using the EndNote 20.

Eligibility criteria and study selecti(%
Inclusion criteria of the participants of this systematiwview and meta-analysis study

were: adults diagnosed with advanced gastric cancer, gastroesophageal junction cancer,




and trgated with immune checkpoint inhibitors. On the other hand the included studies
were randomized controlled trials (RCTs), case series, and case reports published in
peer-reviewed jou&nals without language or time restrictions. In addition, there were no
set restrictions on sa race, ethnicity, education, and economic status in the study.
Exclusion criteria of this systematic review and meta-analysis study were: patients
receiving other therapies such as chemotherapy, radiothﬁa)y, targeted therapy, or
other immunotherapy. Further, the studies excluded were: cohort studies, case-control
studies, cross-sectional studies, and other nonrandomized studies.

First, duplications was filtered using the automatic screening function of EndNote 20.
The unqualified documents were then filtered after reading the title and abstract.
Finally, the studies were further filtered by reading their full text via the online
databases and school libraries. Corresponding authors were also contacted foré:rther
clarification during the filtering process. The search was carried out by two
independent reviewers. Differences were resolved through consensus after discussion

and consultation with a senior third party.

Outcomes

Incidences of irAEs and organ-specific adverse events associated with ICIs in the
treatment of GC/&E]C were documented in the present meta-analysis. The irAEs were
described using version 2, 3, or 4 of the Common Terminology Criteria for Adverse
Events of the National Cancer Institute. Adverse events were graded on a scale of 1 to 5

and grades 3 to 5 were regarded as the severe grade.

Data extraction .

The data for each study were dependently extracted_and recorded by the two
reviewers. The data collected for clinical trials were: author(s), year, clinical trial
information, study design, enrollment size, types of tumor, type and dose of

monoclonal antibodies, version of the Common Terminology Criteria for Adverse

Events, frequency of irAEs and organ-specific irAEs, and the median time.




The data collected for case reports and case series were: patient characteristics, previous

oncologic treatment, cancer outcome (oncologic response or progressive disease), the
nature of each irAE, as well as irAE onset, treatment, and outcome. The final results
were cross-chec&d and any disagreements(Kappa score: 0.76) were resolved through

consensus after discussion or consultation with a senior third party.

uality assessment
Cochrane Risk of Bias Tool was useéto assess the risk of bias and quality of the
RCTsIBL The tool consists of seven aspects: random sequence generation (selection
bias), allocation concealment (selection bias), blinding of participants and personnel
(performance bias), blinding of outcome assessment (detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias), and other biases. Each
aspect of the Cochrane Risk_of Bias Tool was assigned a high, low, or unclear risk of
bias/®l. Quality assessment was conducted using Review Manager Software (version
5.4.1). This quality assessment was independently conducted by two reviewers who

reached an agreement through consensus.

Data synthesis and analysis

Y y
All analyses in the present systemic review and meta-analysis were performed using
Stata/SE (version 12.0) and Review Manager (version 5.4.1) software. The following

was the procedure involved in conducting the statistical analysis in the study.

Effect values combination

First, the incidence of irAEs was determined in each study based on the sample size and
total number of irAEs. The incidence of irAEs was then combined, and the effect value
was determined based on a meta-analysis of sample rate and standard error. Stata/SE
software(version 12.0) was used to draw the forest map and obtain the 95 % confidence

intervals for the weighted average of all studies™l. The combined effect value was




conducted using Stata/SE(version 12.0) with the metan and metafunnel commands of

meta-analysis.

terogeneity test
Statistical heterogeneity between the selected studies was analyzed using the Q test and
I2 statistic. When the P-value of Q statistic was > 0.10 or 12 £ 50 %, there was no
heterogeneity or acceptable heterogeneity between the studies. Further, when P value
was < 0.10 or I > 50 %, there was a greater degree of heterogeneity between the
studies!'5]. The random-effect model, which accounts for the heterogeneity between the
studies was used to examine the effect size because the heterogeneity between the
studies was greater[’®l. A Galbraith plot for heterogeneity was drawn to evaluate
heterogeneity in the present study. The heterogeneity test was conducted using

Stata/SE with the galbr command of meta-analysis.

Publication bias test

Initially, the risk of publication bias was evaluated using a nel plot with pseudo 95
% confidence limits and the publication bias was then assessed in the present study by
observing the symmetry of the funnel plot. Furthermore, the funnel plot was evaluated
using both the Begg and Egger methods. Therefore, the funnel plot was quantified and

publication bias was assessed by examining the P-value. The test of publication bias

was conducted using Stata/SE with the metabias command of meta-analysis.

Subgroup analysis

Subgroup analysis is a common method for addressing heterogeneity. The studies in
the present review were grouped according to the types of ICIs and organ-specific
adverse events studied. The analysis was conducted using Stata/SE with the metan
command of meta-analysis.

Sensitivity analysis




A new meta-analysis was conducted to determine whether the effect size had changed
whenever a research was deleted. However, the deleted study was considered when
result of the new meta-analysis differed from that of the previous one to influence the
total effect size. Influence analysis was conducted using Stata/SE with the metaninf

command of meta-analysis.

Results

Study selection

Literature search was conducted in the current systematic review based on the pre-
established strategy. A total of 285 pieces of literature were searched including 38, 146,
and 101 in the PubMed, Embase, and Cochrane databases,respectively. Initially, a total
of 62 duplicated literature were excluded. A total of 155 articles that did not meet the
criteria were then excluded after reading their titles and abstracts. A total of 28 articles
(8 clinical trials, 14 case reports, and 6 case series) that met the inclusion griteria were
finally selected after reading the full text (Figure 2). A reference list of all the excluded
studies and reasons for their exclusion was as shown in the attached file 2.

Nature of irAEs: data from clinical trials

General characteristics

A total of 8 clinical trials were included in this meta-analysis including 2 PD-1
(pembrolizumab)l17-18], 5 PD-L1 (avelumab)9-23], and 1 CTLﬁJ—l (ipilimumab)l4. All
reviewed trials showed total irAEs, with 6 of them describing organ-specific irAEs. The
remaining 2 trials only reported total irAEs. The general characteristics of the ingluded
studies were as shown in Table 1, which included a total of 1249 participants from 8
clinical trials. All trials included in the meta-analysis were open-label, multicenter, and
randomized trials. Further, it was found that there was only one phase II clinical trial,
three phase I clinical trials, and four phase IIl clinical trials. The average
immunotherapy duration for the all included trials was 2.9 months (IQR 2.4 to 3.1

months), whereas the median follow-up time was 15.5 months (IQR 9.9 to 20.5 months).




The median OS of these trials ranged between 4.6 (95 % CI, 3.6 to 5.7) to 12.7 months (95
% CI,10.5 to 18.9) whereas the median PFS ranged between 1.4 (95 % CI, 1.4 to 1.5) and
3.2 months (95 % CI, 2.8 to 4.1).

lobal incidence of irAEs

The global incidence of irAEs for overall grades was 20.% (95 % CI, 16 to 23) in the anti-
PD-1 group, 13 % (95% CI, 8 to 19) in th ti-PD-L1 group, and 18 % (95 % CI, 8 to 27)
in the anti-CTLA-4 group, whereas 4 % (95 % CI, 2 to 5) in the anti-PD-1 group and 3 %
(95 % CI, 1 to 4) in the apti-PD-L1 group for severe grade [Attached file 3; Figure S1, S2,
S3]. It was found that the anti-PD-1 group had the highest incidence of irAEs at all
grades and severe grades as compared with that of the other three inhibitors. In
addition, the overall incidence of irAEs was 16.% (95 % CI, 11 to 21) for all grades and 3
% (95% CI, 2 to 4) for severe grade in the anti-PD-1 combined with the anti-PD-L1
group [Attached file 3: Figure S4], which was comparable with that in the anti-PD-1

combined with anti-PD-L1, and anti-CTLA-4 groups (Figure 3A and 3B).

Incidence of organ-specific irAEs

Organ-specific irAEs and their incidence were described as shown in Figure 3C. It was
found that only one article documented an irAEs associated with dermatology [21]. In
addition, it was noted that there were only two articles that showed the incidence of
total irAEs without describing organ-specific irAEs(223]. The most common organ-
specific irAEs occurred in the endocrine system, accounting for 7.4 % (95 % CI, 5.9-8.8),
and included hypothyroidism, hyperthyroidism, thyroiditis and diabetes, followed by
gastroenterology, pulmonology, neurology, and dermatology, accounting for 2.2 % (9
5% CI,1.4-3.1), 1.8 % (95 % CI, 1.0-2.5), 1.4 % (95 % , 0.8-2.1) and 1.4 % (95 % CI, 0.8-
2.1), respectively.

On the other hand, it was found that organ-specific irAEs with a lower incidence

occurred in hematology and hepatology, accounting for 0.8 % (9&% CI, 0.3-1.3) and 0.7

% (95 % ClI, 0.3-1.2), respectively. However, it was evident that the incidence of severe




grade organ-specific irAEs was higher in hematology and hgpatology than in other
systems which was comparable with the results observed in the anti-PD-1 group
Eigure 3C). In the group of anti-PD-1 combined with the anti-PD-L1, it was found that
the most common organ-specific irAEs occurred in endocrinology accounting for 7.7 %
(95 % CI, 6.2-9.2), whereas the rarest organ-specific irAEs occurred in hepatology and
accounted for 0.7 % (95 % CI, 0.4-1.0). Incidence of organ-specific irAEs related to
endocrinopathy, gastroenterology, hepatology, neurology, hematology, dermatology,
pulmonolo nephrology, cardiology, and rh atic immunology was displayed in
forest plots for all grade and severe grade in anti-PD-1, anti-PD-L1, anti-CTLA-4, or
anti-PD-1 combined with anti-PD-L1 groups [Attached file 3: Figure S5- 523].

Incidence of death related tg irAEs

Results of this study found that the ingidence of death related to irAEs was 1 % (95 %
CI, 0-2.0) in all the included trials and a total of 6 deaths were reported in the anti-PD-1
group [Attached file 3: Figure S24]. Further, it was evident that the main causes of death
were colitis and interstitial lung disease.

Nature of irAEs: data from case reports and case series

General characteristics

A total of 14 case reports!?®>38l and 6 case series[39“44]ere included in this meta-analysis.
In the case of reports, one pﬁient received pembrolizumab treatment and thirteen
received nivolumab treatme he general characteristics of the patients were as shown
in Attached file 4 (Table S4). The average age of the enrolled patients was 70 years and
79 % of them were male. Before receiving the anti-PD-1 therapy, it was found that 13
patients (93 %) had failed at least one course of chemotherapy. Twelve patients (86 %)
reported occurrence of irAEs in a single systeml25,27-33,3538], whereas two patients (14 %)
reported occurrence of irAEs in more than one system.

Results of case reports indicated an average immunotherapy duration of 14.6 cycles

(IQR 5.5 to 17.5) and a mean onset time of 8.2 months (IQR 3.0 to 6.0). Four patients (29




%) continued to receive anti-PD-1 treatment despite irAEs[2>27.29-30] In the case series,
all 326 patients received nivolumab treatment and their general characteristics were as
shown in Table 2. Furthermore, the median OS in these case series ranged from 2.5
months (95 % CI, 0 to 5.0) to 7.9 months (9 5% CI, 5.9 to 13.5), and the median PFS
ranged from 1.0 months (95 % CI, 0.9 to 1.1) to 2.3 months (95 % CI, 0.5 to 24.8).

cidence and nature of irAEs
Results of the present study showed that gan-specific irAEs in the case of reports
ere as described in the attached file 4: Table S5. It was found that the endocrine system
had the highest incidence of organ-specific irAEs, accounting for 36 % (n=>5), including
hyperthyroidism (n=1)57], thyroiditis (n=2)34 38], ACTH deficiency (n=2)030 3], and
diabetes (n=1)I3l. On the other hand neurology and dermatology had the lowest
incidence of organ-specific irAEs, accounting for 7 % for each (n=2)(2% 29, including
dizziness, nausea, truncal ataxia, rash, and sequential herpes zoster virus activation.
One patient experienced IrAEs in multiple systems[?l, including hematology,
nephrology, dermatology, cardiology, and pulmonology. Although the patient was
cured of irAE, after receiving steroid treatment, he later suffered severe irAEsbs],
developed grade 3 thyroiditis, and ACTH deficiency. It was found that treatment with
anti-PD-1 induced an oncologic response in three patients (21 %), and disease
progression in five patients (36 %). A total of 11 (79 %) patients with irAEs were treated
with steroids, 6 (43 %) had cured irAEs, 3 (21 %) had persistent irAEs, and 2 (14 %)
remained uncertain. Two (14 %) of the 3 patients who were not treated with steroids
veloped persistent irAEs, and 1 (7 %) died.
Results showed that the overall incidence of irAEs in the case series was 22 % (9 5% CI,
17 to 27) for all grades and 3 % (95 % CI, 1 to 6) for severe grade (Figure 4). It was noted
that®! the overall incidence of organ-specific irAEs was reported in only one article but

did not describe organ-specific irAEs. Further, 7.1 % of all grade organ-specific irAEs

occurred in the endocrine system, including hypothyroidism (n=6), hyperthyroidism




(n=2), thyroidiis (n=3), hypopituitarism (n=2), hyperglycemia (n=1), thyroid

insufficiency (n=3), type 1 diabetes mellitus (n=1) and others (n=5). This was then
followed by pulmonology (4.3 %, n=14), gastroenterology (3.7 %, n=12), and
dermatology (3.4 %, n=11), whereas organ-specific irAEs with a lower incidence
included, myocarditis, infusion reaction, arthritis, liver insufficiency, loss of appetite,
taste disorder, myopathy, adrenal insufficiency, and mucositis.

Interstitial pneumonia and myocarditis were the most common organ-specific irAEs for
severe grade. It was found that two patients died due to seygere myocarditis and
interstitial pneumonia. Furthermore, one articlel®l] reported that the incidencg of irAEs
in patients with advanced gastric cancer and a high ascites burden was 23 % (95 % CI, 5
to 40), as compared with 18 % (95 % CI, 7 to 29) in patients with a low ascites burden. In
addition, the median OS in the high and low ascites burden groups was 2.5 months (95
% CI, 0 to 5.0) and 5.3 months (95 % CI, 3.4 to 7.3), respectively. Comparatively, the
median PFS in the high and low ascites burden groups were 1.0 months (95 % CI, 0.9 to
1.1) and 1.5 months (95 % CI, 1.0 to 2.0), respectively.

ality of included studies and sensitivity analysis

Quality assess t: The risk of bias in each of the included RCTs was as shown in the
ached file 5. The risk of selection bias was rated as high in 3 studies (37.5 %) whereas
@e risk of reporting bias was rated as high in 5 studies (62.5 %) (Attached file 5: Figure
525 and S26).
Sensitivity analysis: The sensitivity analysis of all clinical trials was as shown in
Attached file 5. It was found that the influence of a single study on the total merger
effect was not significant except for one studyl2? (Attached file 5: Figure 527).
Heterogeneity test: Galbraith plot indicated that there existed_heterogeneity between
the included studies (Attached file 6: Figure S28). Therefore, sensitivity analysis was
used to explain the source of heterogeneity and the random effect model was used to

determine the effect quantity.




blication bias test: The Begg’s funnel plot and Egger’s publication bias plot showed

that there was existence of publication bias among the included studies (Attached file 6:

Figure S29 and Figure S30).

Discussion
This meta-analysis analyzed the irAEs of ICIs for advanced GC/GE]cording to
different targets, tumor types, drug types, doses, and organ specificity to improve the
understanding of the safety and efficacy of the emerging cancer drugs. A total of 8
clinical trjals, 14 case reports, and 6 case series were included in this study. It was
evident that the overall incidence of irAEs was high in patients with advanced
GC/GEJC, atarate of 16 % (95 % CIL, 11 to 21) in clinical trials and 22 % (95 % CI, 17 to
27) in case series. It noted that the most common organ-specific irAEs were endocrine
system disorders, including hypothyroidism, hyperthyroidism, thyroiditis, and
diabetes. The incidence of irAEs for severe grade (3 %), and egpecially the death rate (1
%) were relatively low whereas the interstitial pneumonia was the leading cause of
death.

Consistent with rea,llts of a previous study, it was found that treatment with anti-PD-1
was significantly associated with a higher prevalence of all irAEs grades and severe
grade irAEs as comEred with that of anti-PD-L1 treatment!®5]. This could be because
the variation in the irAEs associated with anti-PD-1 and anti-PD-L1. Anti-PD-1 drugs
may increase the risk of immune-related pneumonia whereas anti-PD-L1 drugs may
increase the risk of hypothyroidisml(45l. However, result of the current research showed
that both anti-PD-1 and anti-PD-L1 drugsaere associated with an increase in risk of
endocrinopathy, which could be caused by different types of cancer.
In addition, findings of a previous meta-analysis showed that the overall incidence of
irAEs with anti-CTLA-4 treatment was 72 % (95 % CI, 65 to 79) for all grade and 24 %
(95 % CI, 18 to 30) for severe gradel*l, which was higher than 18 % (95 % CI, 8 to 27) and

0 % in the present meta-analysis. This conclusion may have been caused by insufficient

sample sizes of our study, or that the definition of irAEs required to be further clarified.




Based on the findings of this st there is need for additional research on irAEs with a

particular focus on comparing anti-PD-1 and anti-PD-L1 medications to provide future
guidance for clinical practices.

The relationship between irAEs and efficacy of ICI is the subject of current debate.
IrAEs haye been associated with improved outcomes and high heterogeneity#7l. A
previous meta-analysis showgd that anti-PD-1 or anti-PD-L1 treatment improved the
clinical benefits of long-term OS and prolonged duration of response in the patients as
compared with that of chemotherapy!*8l. The median OS for these trials was 9.2 months
and the median PFS was 2.3 months which was higher than the best supportive therapy
or placebo. However, _irAEs cannot be ignored when ICIs improve the clinical outcome
of oncology. It was found that the overall incidence of irAEs was particularly high in
patients with advanced GC/GE]JC. In addition, more than 50 % of patients experienced
intolerable toxicity caused by the reduction of irAEs or discontinuation of their
medication. Therefore, it is essential to predict and manage irAEs in cancer
immunotherapy.

The findings of the current study showed that incidencg of all grade organ-specific
irAEs in hematology and hepatology was low. However, the incidence of severe grade
irAEs was high. Although hypothyroidism is the most common irAE of the endoggine
system , its specific pathophysiological mechanism is still unknown. Furthanore, there
was no association between hypothyroidism and cancer outcomes and the strongest
associations for hypothyroidism were higher baseline thyroid-stimulating hormone and
female sex!#’]. Therefore, there is need for positive clinical tests, such as thyroid function
tests (T3, T4, and TSH) should be performed before and during treatment. Further
standardization and improvement are also required for the clinical indicators of other
irAEs.

Increasing numbers of drugs targeted on immunotherapy and molecularly are moving
from clinical trials to the clinic. However, the selection of the most appropriate therapy,

timing of drug administration, and management of adverse events remain a challenge




for severe toxicity and disease progression. Meanwhile, patients are treated with
steroids and it has been found that the irAEs either persists or disappears.

Several studies have demonstrated that use of steroid may inhibit the anti-tumor
immune response and hence cause poor prognosis!3-51l. Drug withdrawal and decrease
in compliance of patients may also contribute to occurrence of poor prognosis. On the
contrary, a different study has indicated that groups with poor prognoses were more
likely to receive steroid treatment and that steroids were less likely to affect the efficacy
of immunotherapy!2l. Theefore, there is need for more research to show the relationship
between toxicity and clinical outcomes.

In this systemic review, 14 case reports and 6 case series were included to qualitatively
supplement the quantitative findings of the meta-analysis. The statistical analysis is
usually constrained because the case studies typically reports only novel or rare irAEs.
Nonetheless, case studies included in the present review provide an opportunity to
assess and study the incidence and nature of irAEs.

Caseﬂudies demonstrated that endocrine-related irAEs were the most common, and
this was in agreement with the findings of another previous meta-analysis/®l. It was
evident that the incidence of irAEs was comparable in both case studies and clinical
trials of anti-PD-1 therapy. Similar situations apply to deaths caused by irAEs. IrAEs
resulted ina 2 % mortali%rate in case series and a 1 % mortality rate in clinical trials,
with colitis, myocarditis, and interstitial lung disease being the leading causes of death.

is meta-analysis showed a higher mortality rate than a previous one which involved
112 trials and 19,217 patients whereby toxicity-related deaths occurred at 0.36 % (anti-
PD-1), 0.38 % (anti-PD-L1), and 1.08 % (anti-CTLA-4)>4l.
This study had some advantages. First, it systematically evaluated the incidence of
global irAEs and organ-specific irAEs associated with the ICIs monotherapy for
advanced GC or GEJC. There are currently very feﬁneta-analyses on irAEs in patients
with GC and GEJC. Second, the trials selected for this meta-analysis were randomized
controlled trials, with large samples, and a high evidence-based value. In addition, a

random-effect model and subgroup analysis was used based on different targets, tumor




types, drug types, organ specificity, and irAE grade to reduce both Vﬁ'iance and bias.
Third, the study included both case reports and case series, as well as a comprehensive
aluation of the occurrence, treatment, and prognosis of irAEs. Therefore, these
improved the quality of the results and strengthening the validity of the conclusions
made in this study.
This study also had some limitations. First, there were selection, reporting, and
publication biases among the included studies. Second, common symptoms such as
fatigue, nausea, infusion reactions, and malaise were more likely to be diagnosed as
tr AEs rather than irAEs and hence missed the diagnoses. Therefore, there is urgent need
for standardization of the quantifiable standards between irAEs and trAEs, irAEs and
non-irAEs. To effectively diagnose and manage irAEs and trAEs, clinicians must also
avoid confusing clinical symptoms with test indicators. Third, our study was a meta-
analysis of irAEs with a single sample rate. Therefore, odds ratio could not be used for
statistical analysis. Lastly, the number of articles included in our analysis is limited.
Numerous indicators may be heterogeneous, angd_the outcome may readily amplify
research findings and inaccuracies. This was because of the limited number of
published clinical studies on im&motherapy for GC/GEJC and even fewer studies
describing irAEs. Consequently, the results of this study should be interpreted with

caution and there is for additional research to validate the obtained results.

Conclusion

This systematic review shows that there is an increasing number of irAEs associated
with ICIs that are being reported in patients with GC or GEJC. This is particularly
severe organ-specific irAEs and death because of irAEs, which poses significant
challenges for clinical oncologists. Therefore, to help clinicians effectively identify and
manage irAEs as well as strike a balance, a comprehensive understanding, systematic

prediction, and appropriate management of the adverse events are critical.
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In recent years, there has been a steep rise in the development and implementation of
anti-cancer Elmunotherapies. Although there has been a large amount of research
focusing on adverse events Esociated with immune checkpoint inhibitors, few studies

have focused specifically on advanced gastric and gastroesophageal junction cancer.

esearch motivation
By unbalancing the immune system, these new immunotherapies also generate
dysimmune toxicities, called immune-related adverse events (IRAEs) that mainly
involve the gut, skin, endocrine glands, liver, and lung but can potentially affect any
tissue. Although steroids can be used to treat these IRAEs, the associated
immunosuppression may compromise the antitumour response. To help clinicians

effectively identify and manage irAEs as well as strike a balance are critical.

Research obactives
This study focuses on the mechanisms of IRAEs generation, putative relationship

between dysimmune toxicity and antitumour efficacy.

Research methods

In the study, we systematically evaluated e incidence of global irAEs and organ-
ecific irAEs and proposed a random-effect model and subgroup analysis based on

different targets, tumor types, drug types, organ specificity, and irAE grade to reduce

variance and bias.

Research results
1

It was found that the overall incidence of irAEs was 16 % (95 % CI, 11-20) for all grades
and 3 % (95 % CI, 2-4) for the severe grade. It was evident that the incidence EirAEs

varied with the type of inhibitor and organs. In clinical trials, it was found &Aat the




incidence of death related to irAEs was 1 % (95 % CI, 0-2.0) whereby colitis and

interstitial lung diseases were the leading causes of death.

Research conclusions

This systematic review shows that there is an increasing number of irAEs associated
with ICIs that are being reported in patients with GC or GEJC. This is particularly
severe organ-specific irAEs and death because of irAEs, which poses significant
challenges for clinical oncologists. Therefore, to help clinicians effectively identify and
manage irﬁﬁs as well as strike a balance, a comprehensive understanding, systematic

prediction, and appropriate management of the adverse events are critical.

Research perspectives
In the study, we systematically evaluated the incidence of global irAEs and organ-

ecific irAEs and proposed a random-effect model and subgroup analysis based on
different targets, tumor types, drug types, organ specificity, and irAE grade to reduce
variance and bias. Another strengﬂ-hof our study is that both case reports and case
series were included, as well as a comprehensive evaluation of the occurrence,
treatment, and prognosis of irAEs. The study would be of great interest to a broad

range of readers including oncologists, clinical researchers, patients, and other

researchers in related fields.
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