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Summary

Background With the increased use of immune checkpoint inhibitors (ICIs) in advanced lung cancer, adverse
events (AEs), particularly immune-related AEs (irAEs), have garnered considerable interest. We conducted a compre-
hensive assessment of the toxicity profile in advanced lung cancer using multi-source medical data.

Methods First, we systematically searched the PubMed, Embase, and Cochrane Library databases (from inception to
10 August 2021) for relevant randomised controlled trials (RCTs) involving ICI-based treatments for advanced lung
cancer. The primary outcomes were treatment-related AEs and irAEs, including events that were assigned grade 1—35
and 3—j5. The secondary outcomes were grade 5 AEs and irAEs (grade 1—5 and grade 3—s3) in specific organs. Network
comparisons were conducted for 11 treatments, including chemotherapy (CT), ICI monotherapy (three regimens:
programmed death-1 receptor [PD-1] inhibitors, programmed death ligand-1 [PD-L1] inhibitors, and cytotoxic T lym-
phocyte-associated antigen [CTLA-4] inhibitors), dual-ICI combination therapy (two regimens), and treatment using
one or two ICI drugs administered in combination with CT (five regimens). We also conducted a disproportionality
analysis by extracting reports of various irAEs associated with ICIs from the FDA Adverse Event Reporting System
(FAERS) database. The reporting odds ratios and fatality proportions of different irAEs were calculated and com-
pared. PROSPERO: CRD42021268650.

Findings Overall, 41 RCTs involving 23,121 patients with advanced lung cancer were included. Treatments contain-
ing chemotherapy increased the risk of treatment-related AEs compared to ICI-based regimens without chemother-
apy. Concerning irAEs, PD-L1 + CTLA-4 + CT was associated with the highest risk of grade 1—s5 irAEs, followed by
two regimens of dual ICI combination, three regimens of ICI monotherapy, and three regimens of one ICI com-
bined with CT. For 3—5 irAEs, CTLA-4 accounted for most AEs. Detailed comparisons of ICI-based treatment
options provided irAE profiles based on specific organs/systems and AE severity. Insights from the FAERS database
revealed that signals corresponding to pneumonitis, colitis, thyroiditis, and hypophysitis were observed across all
ICI regimens. Further analyses of the outcomes indicated that myocarditis (163 of 367, 44.4%), pneumonitis (1610
of 4497, 35.8%), and hepatitis (290 of 931, 31.1%) had high fatality rates.

Interpretation Included RCTs showed heterogeneity in a few clinical factors, and reports derived from the FAERS
database might have involved inaccurate data. Our results can be used as a basis for improving clinical treatment
strategies and designing preventive methods for ICI treatment in advanced lung cancer.
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Real-world data

Research in context

Evidence before this study

We searched the PubMed, Embase, and Cochrane
Library databases on Aug 10, 2021 using search terms
related to lung cancer and immune checkpoint inhibitor
(ICl). To date, no especially ad-hoc designed randomised
controlled trials (RCTs) have been conducted to assess
the irAE risk in various ICI—based regimens, and several
high-quality meta-analyses or disproportionality analy-
ses were limited by number of included RCTs, ignora-
tion of discrepancy in ICls with different mechanisms,
and inclusion of patients with unclassified cancer type,
possibly introducing bias and leading to under- or over-
estimation of irAE risk.

Added value of this study

We assessed toxicity profile of ten ICl—based treatments
among patients with advanced lung cancer based on
the network comparison of RCTs, as well as the dispro-
portionality analysis of pharmacovigilance database.
The results from pooled analysis suggested that treat-
ments involving one ICl, especially anti—PD—1/ PD—L1
ICl, seemed to be safer options in terms of overall irAEs.
Within the various organ systems and irAE severities,
differences in rankings were observed among ICI regi-
mens. Additional evidence from disproportionality anal-
ysis indicated that myocarditis, pneumonitis and
hepatitis portended poorest outcomes.

Implications of all the available evidence

Comprehensive understanding of irAEs is a basis for
clinical decision—making to tailor the best immunother-
apy strategy for each patient with lung cancer. Further-
more, active monitoring and vigilant screening are
encouraged for ICl—associated irAEs, especially those
with a high incidence or poor prognosis.

Introduction

Immunotherapy has revolutionised the therapeutic
landscape for patients with lung cancer by turning lon-
ger survival times into a reality." Immune checkpoint
inhibitors (ICIs), including programmed death-1 recep-
tor (PD-1) inhibitors, programmed death ligand-1 (PD-
L1) inhibitors, and cytotoxic T lymphocyte-associated
antigen (CTLA-4) inhibitors, are designed to block the
co-inhibitory molecules of immune checkpoints to

enhance immune attack on malignant cells.” Given the
impressive clinical effects of ICIs, they are administered
to a substantial proportion of patients with lung cancer.

Published randomised controlled trials (RCTs) have
demonstrated that the toxicity profile of ICIs appears
more favorable than that of chemotherapy. However,
immune-related adverse events (irAEs) are more fre-
quently observed with ICI-based treatment regimens.’
Low incidence of irAEs may be observed in various
organs or systems, including the skin, lungs, gastroin-
testinal tract, liver, heart, kidneys, muscles, and endo-
crine system.* Without early identification and proper
management, irAEs can develop into severe complica-
tions, resulting in treatment discontinuation or failure
and even death, which poses a considerable challenge
in daily clinical care.®

Isolated RCTs and their meta-analyses present the
highest quality of evidence and are the basis for guide-
lines issued by healthcare organisations.” However, the
evaluation of entire profiles of rare irAEs derived from
RCTs data is difficult owing to their stringent diagnostic
standards and selection criteria, relatively small sample
sizes, and limited follow-up duration.® The Food and
Drug Adverse Event Reporting System (FAERS), one of
the largest pharmacovigilance databases with a large
number of reported AEs and patient information, could
provide data to verify and supplement the findings of
RCTs.2"° In the present study, we conducted a compre-
hensive assessment to examine the toxicity spectrum of
ICIs in patients with advanced lung cancer by summa-
rising evidence from RCTs and performing a dispropor-
tionality analysis with the data obtained from the
FAERS database.

Methods

Pooled-analysis

Search strategy and selection criteria. According to the
previously  established  protocol =~ (PROSPERO:
CRD42021268650), as well as the Preferred Reporting
Items for Systematic Reviews and Meta-analyses guide-
lines" and its extension statement for network meta-
analyses (NMA), we systematically searched the
PubMed, Embase, and Cochrane Library databases
from inception to Aug 10, 2021. The detailed search
strategies are listed in Table S1. Potential studies listed
as references in the retrieved articles and unpublished
data from ClinicalTrials.gov were also identified.
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Studies were included if they met the following criteria:
(I) phase II and III RCTs conducted in patients with
advanced lung cancer; (II) comparing two or more treat-
ments comprising at least one ICI drug; and (III) with
detailed data of AE or irAE. Studies published only in
the form of posters, conference abstracts, or presenta-
tions of ongoing RCTs were excluded. If several studies
were based on the same trial, the one with comprehen-
sive safety data was included. Eligible studies were
screened by two authors (YY and YZ) based on the
aforementioned criteria.

Study outcomes, data extraction, and quality
assessment

The primary outcomes were overall safety outcomes,
viz. treatment-related AEs and irAEs, as defined in each
study, including grade 1—5 and grade 3—s, respectively.
The secondary outcomes were grade 5 AEs as well as
irAEs (grade 1—5 and grade 3—s) in specific organ sys-
tems (pneumonitis, colitis, hepatitis, myocarditis,
nephritis, and myositis) and the endocrine system
(hyperthyroidism, hypothyroidism, thyroiditis, hypo-
physitis, and diabetes). AEs were graded according to
the Common Terminology Criteria for Adverse Events
(CTCAE)," as reported in each study. Two authors (YY
and YZ) applied a predesigned format to extract data
independently, containing study characteristics, demo-
graphics, clinical characteristics, and data of reported
safety outcomes. All information was extracted from the
main text and supplementary files, and only extractable
data were analysed. The methodological quality of the
involved trials was appraised using the Cochrane Col-
laboration Risk of Bias Tool.” Disagreements during
study selection, data extraction, and quality assessment
processes were resolved by consultation with the corre-
sponding investigator (ZG).

Statistical analysis

To illustrate direct and indirect comparisons among the
treatments, a plot of the network geometry was gener-
ated. CT was used as the reference comparator for net-
work comparisons among treatment regimens. Relative
risks (RRs) and confidence intervals (95% Cls) were cal-
culated using random effects and consistency models.
The ranking probability was used to provide a hierarchy
of treatments. For different outcomes, surface under
the cumulative ranking curve (SUCRA) values were cal-
culated to rank treatments based on the cumulative
probability plots. According to the SUCRA, treatment
regimens were ranked from worst (i.e., associated with
the highest risk of AEs) to best (i.e., associated with the
lowest risk of AEs)."* Transitivity was appraised in con-
sistency and coherence: first, interaction analyses were
performed to evaluate the comparability of results
derived from consistency and inconsistency models;
second, node-splitting analyses were used to assess
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coherence in the network.” To further test the robust-
ness of the findings, scenario analyses were performed
based on the heterogeneity in the RCTs. When an analy-
sis of head-to-head comparisons involved more than or
equal to 10 studies, publication bias was evaluated qualita-
tively using funnel plots and quantitatively using Begg'’s
test and Egger’s test. The trim-and-fill method was used
to assess the outcomes with potential publication bias.
Data were analysed using the STATA versionis.o (Stata-
Corp, College Station, Texas, United States).

Pharmacovigilance study

Data processing and exposure definition. A retrospec-
tive, disproportionality, pharmacovigilance study was
performed from Quarter 1 (QI) in 2004 to Q2 in 2021
using the FAERS database. MICROMEDEX (Index
Nominum) was used as the dictionary for ICIs names.
Both generic and brand names were used as keywords
for FAERS database retrieval (Table S2). Indications
and AEs in the FAERS database were coded in terms of
preferred terms (PTs) from the Medical Dictionary for
Regulatory Activities (MedDRA) and all AEs of interest
PTs (pneumonitis, colitis, hepatitis, myocarditis,
nephritis, myositis, hyperthyroidism, hypothyroidism,
thyroiditis, hypophysitis, and diabetes) were substotaled
in the AEs (REAC) files (Table S3). Exposure assessment
was considered when ICIs were recorded as ‘primary
suspect’.

Disproportionality analyses

In pharmacovigilance study, disproportionality emerges
when a specific adverse event is associated with a given
drug. We used the reporting odds ratio (ROR) to identify
statistical associations between ICIs and AEs of interest.
The ROR is the ratio of the odds of reporting one inter-
esting event to all other events for a given drug com-
pared to the reporting odds for other drugs present in
the FAERS database.”® A statistically significant ROR
was defined as a lower limit of the 95% CI (ROR,,;)
exceeding one, with at least three cases.” To determine
the prognosis of patients with different AEs after ICI
use, we assessed the outcomes in the reports. Reports of
fatal events attributed to AEs were counted, and the
fatality proportion for each AE was calculated by divid-
ing the fatal outcomes by the total number of reports
with outcome data. All statistical analyses were per-
formed using SAS, version 9.4 (SAS Institute Inc,
Cary, NC, USA).

Ethical statement
Ethical approval is not necessary for this study.

Role of the funding source
Funders had no role in the study design, data collection,
data analysis, data interpretation, preparation of the
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manuscript, or decision to publish. All authors had full
access to all data in the study and had final responsibil-
ity for the decision to submit for publication.

Results

Characteristics and quality of studies included in the
pooled-analysis

Our initial search identified 1816 articles from databases
and 914 trials from the ClinicalTrials.gov platform; 1455
articles were excluded after screening titles and
abstracts, and 894 trials were excluded because of
unavailable data. The remaining 108 records were thor-
oughly reviewed, and 67 were excluded for reasons
depicted in Figure 1 and Table S4. Ultimately, 41 studies
fulfilled the inclusion criteria, and their characteristics
are listed in Table S5. Of these 41 studies, 33 were phase
I11 trials, six were phase II trials, one was a phase II/II1
trial, and one was a phase I/II trial. Regarding the indi-
cation, 32 RCTs involved patients with non-small cell
lung cancer (NSCLC), and the remaining nine RCTs
included patients with small cell lung cancer (SCLC).
As shown in the network map (Figure 2), 11 treatment
regimens were analysed in this study. A total of 23,121
patients with advanced lung cancer were included and
treated with CT (9o5y patients), PD-1 inhibitors (4342),
PD-L1 inhibitors (1782), CTLA-4 inhibitors (60), PD-1
inhibitors + CT (2305), PD-L1 inhibitors + CT (1925),
CTLA-4 inhibitors + CT (1089), PD-1 + CTLA-4 inhibi-
tors (1386), PD-Lt + CTLA-4 inhibitors (546), PD-
1 + CTLA-4 inhibitors + CT (361), and PD-L1 + CTLA-4
inhibitors + CT (268). Detailed patient demographics
and clinical characteristics are summarised in Table SG.
Among the included RCTs, 29 open-label trials did not
meet the criteria for allocation concealment or blinding
of participants and personnel, resulting in a high risk of
bias in the study assessment. The remaining 12 studies
were considered to have a low risk of bias. Details of the
quality assessment are presented in Table S7.

Network comparison for overall AEs

As shown in Figure 3A, the established NMA based on
the consistency model indicated that CT-independent
treatment or in combination with ICIs (one or two ICI
agents) had a higher risk of causing grade 1—5 AEs than
ICI monotherapy and dual-ICI therapy. Compared with
CT, the combination of ICI monotherapy with cytotoxic
drugs resulted in more AEs. Among similar treatment
regimens, the PD-1 + CTLA-4 arm was associated with a
higher risk of AEs than the PD-L1 + CTLA-4 arm. This
significant difference was not observed in the ICI mono-
therapy group (PD-1, PD-L1, and CTLA-4 inhibitors),
ICI monotherapy + chemotherapy group (PD-1 + CT,
PD-L1 + CT, and CTLA-4 + CT), or dual-ICI
therapy + chemotherapy group (PD-1 + CTLA-4 + CT
and PD-L1 + CTLA-4 + CT). Regarding grade 3—5 AEs,
patients using PD-1 or PD-L1 inhibitors experienced

fewer AEs than those receiving CT, ICI
monotherapy + CT, and dual-ICI therapy with or with-
out CT. Compared with dual-ICI therapy, additional CT
with ICI monotherapy or PD-L1 + CTLA-4 regimens
resulted in more grade 3—5 AEs. The rankings of AEs
ranged from least safe to safest as follows: (1), PD-
1+ CT, PD-1 + CTLA-4 + CT, CTLA-4 + CT, PD-L1 + CT,
PD-L1 + CTLA-4 + CT, CT, PD-1 + CTLA—4, PD-
L1 + CTLA-4, CTLA-4, PD-L1, and PD-1 for grade 1—s5;
(2), PD-L1 + CTLA-4 + CT, CTLA-4 + CT (tied for first
place), PD-1 + CT, PD-1 + CTLA-4 + CT, PD-L1 + CT,
CT, CTLA-4, PD-1 + CTLA-4, PD-L1 + CTLA-4, PD-L1,
and PD-1 for grade 3—j5 (Figure 4, Table S8).

As for overall irAEs, the safety profiles (Figure 3B) of
10 treatment methods indicated a remarkably decreased
risk favoring CT over other nine treatment strategies
with respect to both grade 1—5 and grade 3—j5 irAEs.
Among ICI therapeutic schedules, PD-1 + CT had a
lower risk of grade 1—5 irAEs than PD-1 (RR: 2.47, 95%
CI: 1.11—5.53 for PD-1 vs. PD-1 + CT) and PD-L1 + CTLA-
4 (RR: 034, 95% CI: o.a2—0.93). ICI
monotherapy + CT regimens, including PD-1 + CT (RR:
0.28, 95% CI: 0.09—0.86), PD-L1 + CT (RR: 0.29, 95%
CI: o.11—0.78), and CTLA-4 + CT (RR: 0.27, 95% CI:
0.08—0.95), seemed safer than PD-L1 + CTLA-4 + CT.
With respect to grade 3—j5 irAEs, ICI monotherapy + CT
regimens had a lower risk compared with CTLA-4
inhibitors, PD-1/ PD-Lt + CTLA-4 combination, and
PD-1 + CTLA-4 + CT regimen. Similarly, CT + PD-1
(RR: 2.05, 95% CI: 0.10—0.65) or PD-L1 (RR: 0.37, 95%
CI: 0.14—0.99) demonstrated less serious irAEs than
anti-PD-1 agents. Compared to anti-PD-L1 agents, the
addition of CTLA-4 significantly increased the risk of
grade 3—5 irAEs (RR: 3.44, 95% CI: 1.79—6.62). Among
similar treatments, CTLA-4 inhibitors were associated
with a higher risk of irAEs than PD-L1 inhibitors (RR:
5.06, 95% CI: 1.83—13.99), and the CTLA-4 + CT arm
had a higher risk of irAEs than the PD-1 + CT arm (RR:
2.87, 95% CI: 1.43—5.76). In the safety ranking, PD-
L1 + CTLA-4 + CT was associated with the highest risk
of grade 1—5 irAEs, followed by PD-1 + CTLA-4, PD-
L1 + CTLA-4 (tied for second place), CTLA-4, PD-1, PD-
L1, PD-L1 + CT, PD-1 + CT, CTLA-4 + CT, and CT. The
risk of grade 3—s5 irAEs was ranked from high to low as
follows: CTLA-4, PD-Lt + CTLA-4, PD-1 + CTLA-4, PD-
L1 + CTLA-4 + CT, PD-1, CTLA-4 + CT, PD-L1, PD-
L1 + CT, PD-1 + CT, and CT (Figure 4, Table S8).

The results obtained via the inconsistency model
showed a generally satisfactory fit compared to those
obtained using the consistency model, except for minor
comparisons based on CT (Table Sg). Following the
node-splitting analysis, no significant inconsistencies
were observed (Table S10). Given the heterogeneity in
terms of the trial phase, subtypes of cancer, and treat-
ment line, scenario analyses were conducted with
respect to phase III RCTs, patients with NSCLC, and
first-line treatment. The ranking orders were consistent
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1,816 records identified through
database searching
Pubmed (n=834)
Embase (n=704)
Cochrane (n=278)

273 duplicates removed

914 phase II/IIT RCTs identified through
ClinicalTials.gov
Ipilimumab (n=79); Tremelimumab (n=27);
Nivolumab (n=190); Pembrolizumab (n=236);
Camrelizumab (n=23); Sintilimab (n=34);
Toripalimab (n=21); Tislelizumab (n=15);
Atezolizumab (n=127); Durvalumab (n=134);
Avelumab (n=21); Cemiplimab (n=7);

\ 4
1,543 records screened based on
titles and abstracts v
¢ 894 trials are recruiting or without data

1,455 records excluded by titles
and abstracts screening

\ \ 4

108 full-text articles assessed for eligibility

67 full-text articles excluded

\ 4

y

Overlapping studies (n=50)

Retrospective study, conference abstract or

41 articles included in quantitative synthesis

PD-1 vs. CT (n=9); PD-1+CT vs. CT (n=10)
PD-L1 vs. CT (n=5); PD-L1+CT vs. CT (n=4)
CTLA-4+CT vs. CT (n=4)

PD-1+CTLA-4 vs. PD-1 (n=4)

PD-1+CTLA-4 vs. PD-1 vs. CT (n=1%)
PD-1+CTLA-4 vs. PD-1+CT vs. CT (n=1")
PD-1+CTLA-4+CT vs. CT (n=1)
PD-L1+CTLA-4 vs. PD-L1 vs. CT (n=1)
PD-L1+CTLA-4 vs. PD-L1 vs. CTLA-4 (n=1)
PD-L1+CTLA-4+CT vs. PD-L1+CT vs. CT (n=1)

(33 in phase 111, 6 in phase II, 1 in phase II/III, 1 in phase I/II)

review (n=6)

Phase I or single arm trial (n=2)
Interventions were not involved in the
network map (n=4)

Placebo as control (n=4)

Not reported detailed safety data (n=1)

Figure 1. Flow diagram for the selection of eligible studies. RCT: randomised controlled trials; CT: chemotherapy; PD-1: pro-
grammed death—1 receptor inhibitor; PD—L1: programmed death ligand—1 inhibitor; CTLA—4: cytotoxic T lymphocyte associated
antigen inhibitor; n: number; *: one study involved two groups: PD-1+CTLA—4 vs. PD—1 vs. CT (group A) and PD—1+CTLA—4 vs. PD

—1+CT vs. CT (group B).

with those of the original NMA after removing phase I/
II RCTs, studies involving patients with SCLC, or stud-
ies with previously treated patients, irrespective of over-
all AEs and irAEs (Table Si11). Visual inspection of the
funnel plots and the results of Egger’s and Begg’s tests
showed relative asymmetry for AE when comparing
PD-1 + CT vs. CT, suggesting that publication bias
existed (Figure S1, Table S12). The trim-and-fill method
was adopted to mitigate publication bias, and the out-
comes were consistent with the primary results (P for
interaction > 0.05).
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Network comparison for grade 5 AEs and specific irAEs
NMAs and rankings for different treatment strategies in
grade 5 AEs and subgroups of irAEs are presented in
Figures S2—s, Figure 4 and Table S8. The top three reg-
imens that were most likely to cause grade 5 AEs were
PD-Lt + CTLA-4 + CT, CTLA-4 + CT, and PD-1 + CTLA-
4. Among ICI monotherapy, anti-CTLA-4 agents had
the highest risk of fatal AEs.

Among individual irAEs, the ranking results varied
according to organ system and severity, whereas tradi-
tional CT consistently presented the lowest risk for the
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A

Anti-PD-1+Anti-CTLA-4
(n=1,375)

Anti-PD-1+Anti-CTLA-4+CT

Anti-CTLA-4+CT
(n=1,088)

Anti-PD-1+CT

(n=2,252)
Anti-CTLA-4
(n=60)

Anti-PD-L1

(n=1,918)

Anti-PD-L1+Anti-CTLA-4
(n=544)
Anti-PD-L1+Anti-CTLA-4+CT
(n =266)

(n=8,879)
1 Anti-PD-L1+CT
(n=1,893)

Anti-PD-L1+Anti-CTLA-4

Anti-PD-1
(n=1,268)

Anti-PD-1+Anti-CTLA-4 1
(n=124)

Anti-PD-1+CT, Anti-CTLA-4+CT

(n=1,088)

Anti-CTLA-4
(n =60)

(n=544)

Anti-PD-L1+Anti-CTLA-4+CT
(n=266)

(n=1,029)

Figure 2. Network map of comparisons based on different treatments in grade 1—5 adverse events (A) and grade 1-5
immune—related adverse events (B). Each circular node represents a type of treatment. The node size is proportional to the total
number of patients administering a treatment (in parentheses). Each line represents a type of head—to—head comparison. The
width of lines is proportional to the total number of studies comparing the connected treatments. CT: chemotherapy; PD—1: pro-
grammed death—1 receptor inhibitor; PD—L1: programmed death ligand—1 inhibitor; CTLA—4: cytotoxic T lymphocyte associated

antigen inhibitor; n: number.

majority of irAEs. Among ICI-based treatments for
irAEs in specific organs, the PD-1 + CTLA-4 regimen
ranked first with respect to the risk of pneumonitis,
myocarditis, and myositis, and the PD-L1 + CTLA-4 regi-
men ranked first in the risk of grade 1—5 hepatitis and
nephritis. Notably, patients treated with CTLA-4 inhibi-
tors monotherapy had the highest risk of colitis, even
higher than those treated with dual-ICI therapy. For
endocrine irAEs, a dual-ICI regimen with or without CT
was associated with a high risk of hyperthyroidism,
hypothyroidism, hypophysitis, and diabetes. However, a
different trend was detected for irAEs associated with
thyroiditis. PD-L1 + CT ranked first in grade 1—j5 thy-
roiditis, and PD-1 + CT ranked first in grade 3—5 thy-
roiditis.

Toxicity profiling of immunotherapy in
disproportionality analysis

A total of 37,915 reports related to ICI immunotherapy
were documented in the FAERS database. Of these
reports, 4685 were pneumonitis, 1638 were colitis, 1160
were hepatitis, 407 were myocarditis, 486 were nephri-
tis, 868 were myositis, 409 were hyperthyroidism, 849
were hypothyroidism, 236 were thyroiditis, 186 were
hypophysitis, and 998 were diabetes. As shown in
Table 1, the majority of the selected complications were
associated with the use of PD-1 inhibitors (n = 8519,
71.5%), and strong signals were observed for these
irAEs. As for anti-PD-L1 agents (n = 2388, 20.0%), dis-
proportionality analysis also detected strong signals in
different irAEs, except for myositis and hypophysitis. In
contrast, anti-CTLA-4 drugs contributed a small propor-
tion (n = 183, 1.5%), and only held strong signals in
pneumonitis, colitis, thyroiditis, and hypophysitis. For
combination therapy with PD-1 and CTLA-4 inhibitors

(n = 832, 7.0%), disproportionality analysis failed to
detect signals of nephritis, myositis, or hypothyroidism.
With respect to the outcome of ICI-associated AEs
(Figure 5), myocarditis accounted for the highest fatality
rate (44.4%, 163 deaths in 367 cases), followed by pneu-
monitis (35.8%, 1610 deaths in 4497 cases), hepatitis
(31.1%, 290 deaths in 931 cases), and the lowest one was
diabetes (10.6%, 66 deaths in 622 cases). The detailed
fatality rates of irAEs associated with various ICIs are
summarised in Table S13.

Discussion

The current study highlights the toxicity profile of ICI-
based treatments in patients with advanced lung cancer
based on the pooled analysis of 41 RCTs involving
23,121 patients, as well as the disproportionality analysis
of the pharmacovigilance database containing 37,915
reports. The results of the pooled analysis suggested
that ICI monotherapy (anti-PD-1, anti-PD-L1, and anti-
CTLA-4 agents) was associated with relatively fewer AEs
among ICl-based treatments, whereas the combination
of ICI monotherapy with CT appeared to be a safer
option in terms of irAEs. Differences in rankings were
observed among ten ICI regimens in various organ sys-
tems and the severity of irAEs. Additional evidence
from the FAERS database indicated that signals corre-
sponding to pneumonitis, colitis, thyroiditis, and hypo-
physitis were generated across all ICI regimens. Of the
irAEs, myocarditis and pneumonitis portended poor
outcomes, with deaths reported in more than one third
of the cases.

Extensive clinical application of ICIs in advanced
lung cancer results in a noticeable increase in irAEs
that can affect any tissue or organ. Several meta-analy-
ses have evaluated profiles of ICI-associated irAEs. Berti
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Figure 3. Toxicity profiles based on adverse events (A) and immune-related adverse events (B). Pooled incidences and 95%
confidence intervals of grade 1—5 events for each treatment are at bottom and that of grade 3—5 events are at top of the figure.
Each cell of the safety profiles shows pooled relative risks and 95% confidence intervals for grade 1—5 (light grey cell) and grade 3
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programmed death—1 receptor inhibitor; PD—L1: programmed death ligand—1 inhibitor; CTLA—4: cytotoxic T lymphocyte associ-

ated antigen inhibitor.

et al. compared irAEs between immunotherapy and
immunochemotherapy in lung cancer based on 16
phase III RCTs and demonstrated that ICI alone
showed a significantly lower risk of irAEs."® However,
the investigators excluded phase II RCTs and ignored
discrepancies between individual ICIs with different
immune mechanisms. In 2021, an NMA of 12 RCTs
was conducted for five ICI agents (nivolumab, pembroli-
zumab durvalumab, atezolizumab, and ipilimumab) in
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advanced NSCLC, and compared their irAEs, including
colitis, endocrine irAEs, pneumonitis and hepatitis.”
Another updated NMA involving 14 RCTs further
assessed severe irAEs across these ICI agents.*® These
two studies was considered flawed because of the lim-
ited number of included trials and omission of ICI
agents and specific irAEs, which inevitably led to insta-
bility in network construction as well as insufficient evi-
dence for a conclusion. Given these limitations, we
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Figure 4. Evidence maps of adverse events based on eleven treatments. The risk ranking was generated based on the surface
under the cumulative ranking curves values, with a smaller value of ranking indicating a higher risk of adverse events. For instance,
as for overall adverse events, chemotherapy ranked sixth in causing grade 1-5 adverse events among the 11 treatments. AE: adverse
event; irAE: immune—related adverse event; G: grade; CT: chemotherapy; PD—1: programmed death—1 receptor inhibitor; PD—L1:
programmed death ligand—1 inhibitor; CTLA—4: cytotoxic T lymphocyte associated antigen inhibitor.

previously performed an NMA involving 38 RCTs to
compare the risk of irAEs across different ICI-based reg-
imens and found that ICI monotherapy + CT might be a
better choice in advanced lung cancer.”’ Nevertheless,
the characteristics of irAEs in various ICIs with different
immunological mechanisms are yet to be elucidated.

As some delayed or rare irAEs cannot be observed
within the clinical timeframe, evidence from large-sam-
ple real-world data could fill this gap. To date, several
disproportionality analyses have investigated irAEs asso-
ciated with ICIs with respect to pulmonary,>® endo-
crine,® renal,** neurological,” cardiovascular,*® and

musculoskeletal®” toxicity. However, these studies
focused on one specific irAE, rendering the assessment
of toxicity associated with IClIs difficult. Recently, Chen
et al. characterised overall irAEs related to each ICI regi-
men and found that pembrolizumab had the highest
fatality proportion.*® Notably, the aforementioned dis-
proportionality analyses involved all patients with ICI
treatment, whose risk of irAEs may vary according to
cancer type. Thus, the current study comprehensively
estimated the overall and organ-specific toxicity spec-
trum of 10 ICI-based regimens by pooling available
phase [II/IIl clinical trials and performing a
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Outcomes Anti-PD-1 Anti-PD-L1 Anti-CTLA-4 Anti-PD-1+Anti-CTLA-4
N ROR (95% CI) N ROR (95% CI) N ROR (95% CI) N ROR (95% CI)

Pneumonitis 2994 1.60 (1.53, 1.68) 1347 3.7 (3.47,3.95) 68 1.69 (1.31, 2.18) 276 1.65 (1.45, 1.88)
Colitis 1202 2.81 (2.58, 3.06) 216 1.51(1.31,1.74) 63 6.22 (4.77,8.12) 157 3.30(2.79, 3.90)
Hepatitis 795 1.45(1.32, 1.58) 248 1.94(1.70, 2.23) 12 1.08 (0.61,1.91) 105 2.24 (1.83,2.74)
Myocarditis 315 7.44 (5.95, 9.30) 64 2.35(1.80, 3.08) 0 28 3.04 (2.06, 4.46)
Nephritis 373 2.48 (2.15, 2.87) 91 2.05 (1.64, 2.56) 1 0.27 (0.04, 1.93) 21 1.23(0.80, 1.91)
Myositis 728 2.33(2.10, 2.58) 110 1.18 (0.97, 1.44) 5 0.66 (0.27, 1.59) 25 0.71 (0.48, 1.06)
Hyperthyroidism 325 8.80 (6.96, 11.13) 50 1.84(1.37, 2.48) 2 1.01 (0.25, 4.08) 32 3.54 (2.46, 5.09)
Hypothyroidism 722 10.56 (8.92, 12.50) 95 1.58 (1.27, 1.96) 3 0.70(0.22,2.17) 29 1.42(0.98, 2.05)
Thyroiditis 177 6.53 (4.91, 8.68) 29 1.78(1.21, 2.63) 5 4.47 (1.84, 10.88) 25 4.86 (3.21,7.37)
Hypophysitis 114 4.26 (3.14,5.79) 21 1.79(1.13, 2.83) 12 15.28 (8.46, 27.62) 39 11.92 (8.34, 17.05)
Diabetes 774 2.57 (2.32, 2.85) 17 1.20 (1.00, 1.46) 12 1.49 (0.84, 2.65) 95 2.90 (2.35, 3.59)

Table 1: Primary disproportionality analysis of treatments.

PD-1: programmed death—1 receptor inhibitor; PD-L1: programmed death ligand—1 inhibitor; CTLA-4: cytotoxic T lymphocyte associated antigen inhibitor; N:

number; ROR: reporting odds ratio; CI: confidence interval.

disproportionality analysis from the FAERS database in
patients with advanced lung cancer.

The present study confirmed the findings of our
prior NMA that the extra addition of CT to ICI mono-
therapy decreased the risk of irAEs compared to ICI
monotherapy and dual ICIs therapy, even if ICIs were
sorted by different mechanisms. This finding might be
attributed to the immunosuppression mediated by CT,
as discussed in the previous study.?" Focusing specifi-
cally on ICIs with different mechanisms, we revealed
that anti-CTLA-4 agent monotherapy was associated
with the highest risk of irAEs, followed by anti-PD-1 and
anti-PD-L1 agents. Following analyses based on specific
irAEs, we recognised that the toxicity of the anti-CTLA-
4 agents was primarily attributed to colitis. The mecha-
nisms of anti-CTLA-4 and anti-PD-1/PD-L1 differ in
terms of the stage of T-cell activation, impact on down-
stream pathways and localisation of action. Recently,
anti-CTLA-4 and anti-PD-1/PD-L1 antibodies have been
termed ‘immune enhancers’ and ‘immune normal-
isers’, respectively.”® The latter terminology is in line
with the hypothesis that anti-PD-1/PD-L1 agents
‘normalise’ T-cell immunity in the tumour microenvi-
ronment.’® Consistent with the differences in their
mechanisms, anti-PD-1/PD-L1 ICIs showed more
potent effects and less toxicity than anti-CTLA-4 ICIs in
clinical trials of melanoma.*"3*

The disproportionality analysis provided unique
insights. In the present study, pneumonitis was the
most frequently reported ICI-associated irAE, and gen-
erated signals in all ICI regimens. However, Chen et al.
indicated that colitis was the most commonly reported
AE in patients with unclassified cancers. This finding
may be related to patients with lung cancer, with attrib-
utes such as a high percentage of patients with smoking
habits, underlying pulmonary conditions such as
chronic obstructive pulmonary disease, and prior anti-
cancer treatments, such as thoracic radiation.’*** With
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respect to outcomes in the spectrum of irAEs, pneumo-
nitis with a 35.8% (1610 of 4497) fatality rate ranked
next to myocarditis. Although myocarditis is a relatively
rare irAE, it is a serious outcome with death reported in
approximately half of the cases (163 of 367, 44.4%),
which is similar to the conclusions of previous studies
(43—51%).7°%

As the application of immune therapies continues to
rise in oncology, our results provide insights into the
safety of therapies, thereby aiding in clinical decision-
making to develop tailored immunotherapy strategies
for each patient with lung cancer. For instance, admin-
istration of anti-PD-1/PD-L1 ICI plus anti-CTLA-4 ICI
appeared to significantly enhance the risk of pneumoni-
tis (grade 1—j5 and grade 3—j5) compared to ICI mono-
therapy with or without CT and could be avoided in
selected cases of lung fibrosis or severe chronic obstruc-
tive pulmonary disease. In addition, treatments without
anti-CTLA-4 ICI were associated with the lowest risk for
colitis and may be preferred in selected patients for
whom gastrointestinal irAEs could be a concern. These
results should be confirmed in prospective registries or
cohorts to better understand the safety of novel ICI
—based options in this subset of patients. After deciding
to administer immunotherapy, active monitoring and
vigilant screening for ICI-associated irAEs are encour-
aged, particularly for those with a high incidence or
poor prognosis. The present findings should be consid-
ered in clinical decisions regarding ICI treatment and
in further clinical trials.

The main strength of this study was the scientific
and systematic quantification of the potential risks asso-
ciated with ICIs, with the steady support of big data
in clinical trials and real-world databases. Second, we
provided a full view of the toxicity profile of ICIs in
different dimensions, including the type, severity,
location, and prognosis of AEs. Third, given the dif-
ferences in toxicity spectra based on cancer type, we
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Figure 5. Fatality proportion for ICl-associated adverse events from FAERS database. Each irAE contain cases resulted in death
(red bar) and others (blue bar), and the fatality proportions are at top of the bars.

focused on a specific population of patients (i.e.,
those with lung cancer). Fourth, except for the com-
bination of ICIs and targeted agents, we comprehen-
sively evaluated and characterised AEs in all available
ICI-based regimens, serving as a reference for the
further prevention and management of irAEs in
patients with lung cancer.

However, our study had several limitations. In the
pooled analysis, descriptions of irAEs differed among
the included RCTs. In clinical settings, AEs or irAEs are
typically recognised based on the evaluation of a physi-
cian and diagnosed based on their experience. There-
fore, the identification of irAEs might not be completely
accurate and may lead to bias in the assessment. Sec-
ond, the included studies showed heterogeneity in can-
cer subtypes, pharmacological strategies, treatment
line, and other factors. Thus, scenario analyses were
performed to control the effect of possible confounders.
Third, we could not access comorbidity data, which may
be a high-risk factor for certain irAEs. In addition, sev-
eral inherent limitations in pharmacovigilance studies
were also noted. Primarily, data mining from the
FAERS database cannot avoid the shortcomings of
under- or over-reporting, false reporting, missing data,
inaccuracy, and arbitrariness. Meanwhile, dispropor-
tionality analysis can neither quantify the risk nor prove
causality. The ROR is an indicator of an increased risk
of AE reporting. Given these limitations, further studies
are needed to confirm our findings.

This study contributes to the clarification of the
characteristics of AEs associated with ICI-based regi-
mens in patients with advanced lung cancer. In

general, the combination of two ICIs was associated
with a higher risk of irAEs than the use of a single
ICI. In addition, treatments involving anti-CTLA-4
ICI contributed to more irAEs, especially colitis.
After the initiation of immunotherapy, irAEs that are
frequently reported (pneumonitis and colitis) or
those associated with high mortality (myocarditis,
pneumonitis, and hepatitis) should be closely moni-
tored by clinicians.
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