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ABSTRACT
Background  Immune checkpoint inhibitors (ICIs) have 
dramatically revolutionized lung cancer treatment, 
providing unprecedented clinical benefits. However, 
immune-related pneumonitis (IRP) caused by ICIs has 
aroused widespread concern due to its high rate of 
discontinuation and mortality. This network meta-analysis 
(NMA) aims to compare the risks of IRP among different 
regimens for advanced lung cancer.
Methods  Phase II and III randomized clinical trials (RCTs) 
were searched from electronic databases. The rates of 
grade 1–5 IRP and grade 3–5 IRP were systematically 
extracted. An NMA was conducted among chemotherapy, 
ICIs monotherapy, dual ICIs combination, and 
ICIs+chemotherapy. Subgroup analysis was also compared 
based on specific types of ICIs.
Results  Twenty-five RCTs involving 17,310 patients 
were eligible for inclusion. Compared with chemotherapy, 
ICI-based regimens were associated with an increased 
risk of grade 1–5 IRP and grade 3–5 IRP. Compared with 
ICIs+chemotherapy, ICIs monotherapy (grade 1–5: OR 
2.14, 95% credible interval 1.12 to 4.80; grade 3–5: 3.03, 
1.491 to 6.69) and dual ICIs combination (grade 1–5: 
3.86, 1.69 to 9.89; grade 3–5: 5.12, 2.01 to 13.68) were 
associated with a higher risk of grade 1–5 IRP and grade 
3–5 IRP. No significant difference was found between 
dual ICIs combination and ICIs monotherapy in grade 1–5 
IRP (1.85, 0.91 to 3.37) or in grade 3–5 IRP (1.65, 0.81 
to 3.37). Besides, compared with programmed cell death 
protein 1 (PD-1) inhibitors (2.56, 1.12 to 6.60), a lower risk 
of grade 1–5 IRP was observed in programmed cell death 
ligand 1 (PD-L1) inhibitors.
Conclusion  Compared with chemotherapy, using 
ICIs is associated with an increased risk of IRP. 
ICIs+chemotherapy is associated with a lower risk 
of IRP compared with dual ICIs combination and ICIs 
monotherapy. PD-1 inhibitors are associated with a higher 
risk of 1–5 grade IRP compared with PD-L1 inhibitors.

INTRODUCTION
Chemotherapy alone is gradually falling 
out of favor in the treatment of advanced 
lung cancer due to the rapid development 
of immune checkpoint inhibitors (ICIs). In 
recent years, ICIs alone, as well as in a combi-
nation regimen have succeeded in changing 

the treatment landscape of advanced lung 
cancer, with longer survival made possible 
by their emergence.1 2 With dramatically 
increased drug availability, a large propor-
tion of patients now receive ICIs. However, 
immune-related adverse effects (irAEs) 
commonly emerge as side effects which exist 
on a uniquely variable spectrum. One partic-
ular worrying irAE is the development of 
immune-related pneumonitis (IRP), which 
is more common in non-small-cell lung 
cancer (NSCLC).3 4 One possible reason may 
be related to patients with lung cancer and 
the high number of those that smoke, along 
with those with underlying pulmonary condi-
tions such as chronic obstructive pulmonary 
disease (COPD), and those who have under-
gone prior thoracic radiation.5–7

IRP is an inflammatory infiltrative lung 
disease associated with ICIs that results in a 
high rate of treatment discontinuation and 
mortality in patients with lung cancer thus 
arousing great concerns among clinicians.8 9 
Previous pairwise meta-analyses have reported 
the incidence of IRP in NSCLC was between 
3.6% and 4.1%, and that it also has a higher 
rate of IRP with the use of programmed cell 
death protein 1 (PD-1) inhibitors compared 
with programmed cell death ligand 1 (PD-L1) 
inhibitors.3 10 11 Recently, with increasingly 
diverse therapeutic options for advanced 
lung cancer, ICIs+chemotherapy, or dual ICIs 
combination have become the standard first-
line treatment regimens.12 Yet, whether these 
combination regimens increase the incidence 
of IRP remains unknown.

What is known, is that pairwise meta-
analyses only make comparisons between 
two treatment arms, thus failing to cover all 
possible treatment regimen comparisons. 
Whereas, a network meta-analysis (NMA) has 
the advantage of comparing multiple treat-
ments simultaneously by combining direct 
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and indirect evidence, and enables the ranking of inter-
ventions. Therefore, we conducted an NMA with all the 
available up-to-date ICI-related lung cancer patients to 
compare the risk of IRP in regards to various regimens.

METHODS
Data sources and searches
PubMed, Embase and the Cochrane Library were 
searched for relevant articles up to April 20, 2020 in the 
English languages using a combination of the following 
main research terms ‘lung cancer’ and ‘checkpoint 
inhibitors’ with the searches restricted to ‘randomized 
controlled trials (RCTs)’ only. The search strategy is as 
described in online supplementary table S1.

Next, we searched for unpublished data at ‘​Clinical-
Trials.​gov’. In order to include as many available results as 
possible, we extracted data from the results part of ​Clini-
calTrials.​gov and reviewed the abstracts and presentations 
on lung cancer from the recent oncology congress ASCO 
(American Society of Clinical Oncology); ESMO (the 
European Society for Medical Oncology); ESMO-Asia; 
and the WCLC (World Conference on Lung Cancer) 
up to December 30, 2019. The detailed search terms are 
listed in online supplementary table S2.

Selection criteria
This study compared the risk of IRP among all kinds of 
ICI-based regimens and chemotherapy for patients with 
advanced lung cancer. The inclusion criteria included 
the following: head-to-head phase II and phase III RCTs 
which had enrolled patient with pathologically confirmed 
advanced lung cancer, patients should have received ICI 
treatment (on at least one treatment arm), and trials 
must have reported the incidence of IRP and its grading. 
Trials not adhering to the above criteria were excluded.

Data extraction and risk of bias assessment
Two authors (XC and ZZ) reviewed all trials from the 
search results and extracted the following data inde-
pendently: trial name, National Clinical Trial number, 
publication year, tumor types, study phase, treatment 
drugs, line of therapy, sample size, age, gender, smoking 
status, performance status (PS), prior radiotherapy, and 
incidence of 1–5 grade and grade 3–5 IRP. Other related 
pulmonary diseases listed as pneumonia or interstitial 
lung disease were not extracted.

The Cochrane Risk of Bias Tool was used to assess the 
risk of bias for each RCT.13 The quality of the studies were 
assessed independently by our two reviewers (XC and 
XH) and a consensus reached following any concerns.

Data synthesis and statistical analyses
First, we generated loops to illustrate the network geom-
etry using Stata V.13.0 to depict which treatments were 
compared directly or indirectly. Second, pair-wise meta-
analyses on head-to-head comparisons by using Review 
Manager V.5.3 (Cochrane Collaboration) were carried 

out to make direct estimates. Pooled ORs with the corre-
sponding 95% CI was used to present the results. The 
heterogeneity of the included studies were evaluated 
by I2 statistics and p value within a visual forest plot. 
Values of I2 under 25%, between 25% and 50%, and 
over 50% were regarded as low, moderate, and high 
heterogeneity, respectively.14 A random effects model 
was used if heterogeneity existed; otherwise, the fixed 
effects model was applied. Then, a random-effects model 
within a Bayesian framework was established using the 
Markov chain Monte Carlo methods in Aggregate Data 
Drug Information System 1.16.8 (​Drugis.​org).15 The 
Brooks-Gelman-Rubin method was applied to assess the 
model’s degree of convergence. This method compared 
chain and between-chain variance to calculate the poten-
tial scale reduction factor (PSRF).16 17 The more PSRF 
approximate to 1, the better convergence was obtained, 
and a PSRF ≤1.05 was deemed acceptable. More detailed 
parameters are presented in online supplementary tables 
S3 and S4. The results are reported as ORs and CI. If 
there were no inconsistencies in the evidence, a consis-
tency model was used to conclude the relative effect of 
the included treatments; otherwise, an inconsistency 
model would be applied.

Inconsistency appraisal was achieved via two steps. 
First, we made a general comparison between the consis-
tency model and the inconsistency model, calculating 
for inconsistency factors (IF), inconsistency standard 
deviation (ISD) and random effects standard deviation 
(RESD). If the 95% CI of IF contained ‘0’ and the 95% 
CI of ISD included ‘1’, and the RESD between the consis-
tency model and the inconsistency model was roughly 
equal; it was considered to have strong data consistency. 
Second, node-splitting models were adopted to identify 
any inconsistencies, significant inconsistency was defined 
as a p value less than (<) 0.05. The probability of treat-
ment ranking was based on the surface under the cumu-
lative ranking curve (SUCRA), and higher SUCRA scores 
correlated with a higher risk of IRP.

Transitivity assumption was evaluated by comparing 
the distribution of potential modified treatment effects 
(effect modifiers) across treatment comparisons.18 Since 
all included studies were those that enrolled patients with 
advanced lung cancer, and all studies were RCTs without 
significant methodological heterogeneity, the base-
line parameters were the crucial factors in determining 
transitivity.

Sensitivity analyses were performed to assess the robust-
ness of each study by restricting the following factors: 
phase III RCTs, published studies, studies that included 
ICI-based first-line therapy only, and studies that enrolled 
patients with NSCLC. Owing to the low number of patients 
who were treated with second and later line treatments, 
the sensitivity analysis was not conducted in this subgroup 
of patients.

A ‘comparison-adjusted’ funnel plot was used to assess 
publication bias (eg, small-study effects) within a network 
of interventions.
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RESULTS
Study selection
A total of 168 studies with full-text articles accessed for 
eligibility from the three electronic databases, and 22 
RCTs19–33 with 15,641 patients meeting this NMA’s inclu-
sion criteria (figure 1). There were 132 RCTs involving 
ICIs retrieved from ‘​ClinicalTrials.​gov’. After reviewing 
their characteristics, three RCTs were eligible for inclusion 
with 1669 patients included in this NMA (figure 1). The 
incidence of IRP from two trials (CheckMate-331, Check-
Mate-451) were extracted from ​ClinicalTrials.​gov and one 
trial from the 2018 WCLC meeting abstract (IMpower-
132). In total, 25 randomized trials that contained the 
occurrence rate of IRP were included in this study.

The Cochrane tool for risk of bias was used to measure 
the quality of each study. All 25 studies were evaluated 
and random sequence generation performed. One study 
displayed an unclear risk of bias in regards to alloca-
tion concealment. With respect to performance bias, 19 
studies were conducted as open-label with a high risk of 
performance bias and only six studies with double-blind 
design. Two studies had incomplete outcome data due to 
a lack of 3–5 IRP data. Three unpublished studies had an 
unclear risk of reporting bias, and other bias. The detailed 
assessment results were shown in online supplementary 
figure S1. No obvious publication bias was observed in 
this NMA; the funnel plots were roughly symmetrical and 

near the zero line (online supplementary figures S2 and 
S3).

Study characteristic and treatment group description
Online supplementary table S5 summarizes the main 
characteristics of all the trials included in this NMA. 
There were 22 phase III trials, 2 phase II trials, and one 
phase II/III trial. Twenty studies had data from patients 
with NSCLC and five studies from patients with small-
cell lung cancer (SCLC). There were 32 two arms RCTs, 
with two studies having three arms; the most common 
treatment arm was chemotherapy (n=24, 96.0%). The 
incidence of grade 1–5 IRP and grade 3–5 IRP was avail-
able in almost all RCTs, except for two studies (Check-
Mate-331, CheckMate-451) from ​ClinicalTrials.​gov 
without the data for grade 3–5 IRP provided. The median 
follow-up time was 14.8 months (ranging from 7.8 to 42.6 
months). The study sample size ranged from 123 to 1271 
patients. The median age was 64 years (ranging from 18 
to 90 years old), 32.8% were female, 85.9% had a history 
of smoking, and 97.6% with a PS score 0–1. Information 
on the history of prior radiotherapy was not reported 
in 60% of the studies (n=15). Across comparisons, the 
distribution of baseline characteristics by treatment was 
generally balanced (online supplementary tables S6 and 
S7). Therefore, we accepted the assumption of transi-
tivity for our NMA.

Figure 1  Flowchart of study selection. ICIs, immune checkpoint inhibitors; IRP, immune-related pneumonitis; WCLC, World 
Conference on Lung Cancer.
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The rate of grade 1–5 IRP in different treatment 
regimens was compared among four groups including 
chemotherapy, ICIs monotherapy, dual ICIs combination 
and ICIs+chemotherapy. Given that bevacizumab has 
little impact on the occurrence of IRP,34 35 only one study 
(IMpower-150) in the ICIs+chemotherapy group added 
bevacizumab to both the experimental and control arm 
was included in the NMA. Furthermore, we subdivided 
the four treatment groups into seven subgroups based 
on the different types of ICIs: chemotherapy, PD-1 mono-
therapy, PD-L1 monotherapy, PD-1/PD-L1+cytotoxic T 
lymphocyte-associated antigen 4 (CTLA-4), PD-1+che-
motherapy, PD-L1+chemotherapy, CTLA-4+chemo-
therapy. Considering the relatively small sample size of 
PD-1+CTLA-4 and PD-L1+CTLA-4, they were combined 
into one group. Networks for multiple treatment groups 
are presented in figure  2 and online supplementary 
figure S4.

NMA for IRP based on four treatment groups
According to the established NMA based on the consis-
tency model, conventional chemotherapy had the lowest 
risk of grade 1–5 IRP compared with ICIs monotherapy 
(OR, 0.16, 95% CI, 0.09 to 0.25), dual ICIs combination 
(0.09, 0.04 to 0.18) and ICIs+chemotherapy (0.34, 0.21 

to 0.59; table 1). Interestingly, ICIs monotherapy (2.14, 
1.12 to 4.80) and dual ICIs combination (3.86, 1.69 to 
9.89) showed a noticeably higher risk of grade 1–5 IRP 
compared with ICIs+chemotherapy. For grade 3–5 IRP, a 
total of 23 RCTs were enrolled in the NMA based on the 
consistency model. The results showed that chemotherapy 
was associated with a lower risk of IRP compared with ICIs 
monotherapy (0.20, 0.12 to 0.33) and dual ICIs combina-
tion (0.12, 0.06 to 0.25), while no significant difference 
was found in the ICIs+chemotherapy group (0.62, 0.35 
to 1.06; table 2). In line with grade 1–5 IRP, ICIs mono-
therapy (3.03, 1.49 to 6.69) and dual ICIs combination 
(5.12, 2.01 to 13.68) also presented a higher risk of grade 
3–5 IRP than ICIs+chemotherapy. However, a compa-
rable result was observed between ICIs monotherapy and 
dual ICIs combination in grade 1–5 IRP (1.85, 0.91 to 
3.37), and in grade 3–5 IRP (1.65, 0.81 to 3.37). SUCRA 
provided a ranking of each treatment group according 
to its incidence of IRP. The ranking probability based 
on the four treatment groups is shown in figure  3 and 
online supplementary table S8. For the grade 1–5 IRP, 
it is notable that dual ICIs combination had the highest 
ranking (0.99) followed by ICIs monotherapy (0.68), 
ICIs+chemotherapy (0.34) and chemotherapy (0). For 
grade 3–5 IRP, the ranking was consistent with grade 
1–5 IRP from high to low: dual ICIs combination (0.97), 
ICIs monotherapy (0.69), ICIs+chemotherapy (0.31) and 
chemotherapy (0.02).

NMA for IRP by different ICIs based on seven treatment 
groups
Online supplementary table S9 for grade 1–5 IRP in seven 
treatment groups based on the consistency model showed 
that chemotherapy had the lowest incidence of IRP 
compared with the other six treatment groups without 
being influenced by the type of ICIs. Of note, compared 
with PD-L1 inhibitors, a higher risk of grade 1–5 IRP 
was observed in PD-1 inhibitors. The corresponding 
ranking of these seven groups from high to low was: 
PD-1/PD-L1+CTLA-4 (0.96), PD-1 (0.86), PD-L1+chemo-
therapy (0.50), PD-L1 (0.48), PD-1+chemotherapy (0.47), 
CTLA-4+chemotherapy (0.15) and chemotherapy (0.09) 
(online supplementary table S10). In terms of grade 3–5 
IRP, based on the consistency model, less difference was 
found among treatment groups (online supplementary 

Figure 2  Network established for comparisons based 
on four treatment groups. Each circular node represents 
a type of treatment. The node size is proportional to the 
total number of patients receiving a treatment (in brackets). 
Each line represents a type of head-to-head comparison. 
The width of the lines is proportional to the number of 
trials comparing the connected treatments. ICIs, immune 
checkpoint inhibitors.

Table 1  Multiple treatment comparison for IRP based on network consistency model. (OR＞1 means the treatment in top left 
is worse)

OR with 95% CI for grade 1–5 IRP

Chemotherapy  �

0.09 (0.04 to 0.18) Dual ICIs combination  �

0.16 (0.09 to 0.25) 1.85 (0.91 to 3.37) ICIs monotherapy  �

0.34 (0.21 to 0.59) 3.86 (1.69 to 9.89) 2.14 (1.12 to 4.80) ICIs+chemotherapy

Bold values denote statistical significance.
ICIs, immune checkpoint inhibitors; IRP, immune-related pneumonitis.
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table S11). There was no significant difference between 
PD-1 inhibitors and PD-L1 inhibitors. The ranking from 
high to low was: PD-1/PD-L1+CTLA-4 (0.94), PD-1 (0.85), 
PD-L1 (0.60), PD-1+chemotherapy (0.47), PD-L1+chemo-
therapy (0.36), chemotherapy (0.16) and CTLA-4+che-
motherapy (0.13) (online supplementary table S10).

Heterogeneity and inconsistency assessment
Four feasible pairwise comparisons with heterogeneity 
estimates are presented in online supplementary figures 
S5 and S6. Three comparisons were (ICIs monotherapy, 
dual ICIs combination and ICIs+chemotherapy) versus 
chemotherapy. One comparison was ICIs monotherapy 
versus dual ICIs combination. Almost all comparisons 
suggested a low heterogeneity either in grade 1–5 IRP 
or grade 3–5 IRP, and only one comparison (ICIs mono-
therapy vs dual ICIs combination in grade 3–5 IRP) showed 
high heterogeneity. The results of these four comparisons 
also demonstrated remarkable consistency in tendency in 
relation to the corresponding NMA results. The results 
of the inconsistency evaluation are presented in online 
supplemental tables 12–15. Both the consistence models 
fitted well with the inconsistency model. The node split-
ting analyses also showed no significant inconsistency.

Sensitivity analysis
There were 22 phase III RCTs, 22 published studies, of 
which 16 studies included ICI-based first-line therapy 
only, and 20 studies that enrolled patients with NSCLC 

were included into the sensitivity analyses separately. The 
ranking order of grade 1–5 IRP and grade 3–5 IRP in the 
four treatment groups showed remarkable consistency 
with the original NMA (online supplementary table S16). 
With respect to seven treatment groups, only the ranking 
order of grade 1–5 IRP in 16 studies that included patients 
who received ICI-based first-line treatment showed a 
slight difference in which PD-1 inhibitors were higher 
than that of a PD-1/PD-L1+CTLA-4 combination (online 
supplementary table S17).

DISCUSSION
ICIs have emerged as one of the most significant treat-
ment choices for advanced lung cancer, however, their 
expanded use comes with noticeable growth in IRP.32 36 
Past binary meta-analyses have demonstrated that IRP inci-
dence was higher with ICIs combination immunotherapy 
versus monotherapy and might be different among 
various types of ICIs.3 37–39 Besides, few sparse NMA have 
evaluated the risk of irAEs among different ICIs. More-
over all these studies were not IRP specific and limited 
by small trails sizes necessitating the pooling of different 
tumor types and types of irAEs.40–42 With more treatment 
options now approved for advanced lung cancer, a robust 
NMA is urgently needed to comprehensively analyze 
and compare the risk of IRP for all kinds of treatment 
regimens. This current NMA included 25 head-to-head 
phase II and III RCTs (17,310 patients), and to our knowl-
edge, is the first and the latest NMA to compare the risk 
of IRP among ICI-based regimens and chemotherapy for 
advanced lung cancer. In particular, current studies on 
extensive SCLC were also included in our NMA.

Our study showed that ICI-based regimens were asso-
ciated with a higher risk of grade 1–5 and grade 3–5 IRP 
compared with conventional chemotherapy. Consistent 
with a recent binary meta-analysis carried out by Magee 
and colleagues, the results showed that patients with 
lung cancer had more cases of pneumonitis compared 
with other solid-organ malignancies, and exposure 
to immunotherapy increased the risk of pneumonitis 
compared with chemotherapy.43 Interestingly, another 
unique finding we observed was that ICI+chemotherapy 
decreased the risk of grade 1–5 IRP compared with ICIs 
monotherapy and dual ICIs combination. This trend was 

Table 2  Multiple treatment comparison for IRP based on network consistency model. (OR＞1 means the treatment in top left 
is worse)

OR with 95% CI for grade 3–5 IRP

Chemotherapy  �

0.12 (0.06 to 0.25) Dual ICIs combination  �

0.20 (0.12 to 0.33) 1.65 (0.81 to 3.37) ICIs monotherapy  �

0.62 (0.35 to 1.06) 5.12 (2.01 to 13.68) 3.03 (1.49 to 6.69) ICIs+chemotherapy

Bold values denote statistical significance
ICIs, immune checkpoint inhibitors; IRP, immune-related pneumonitis.

Figure 3  Rank probabilities with SUCRA value for immune-
related pneumonitis (IRP) in four treatment groups based on 
the network consistency model. Higher SUCRA scores are 
correlated with higher risk of IRP. ICIs, immune checkpoint 
inhibitors; SUCRA, surface under the cumulative ranking 
curve.

https://dx.doi.org/10.1136/jitc-2020-001170
https://dx.doi.org/10.1136/jitc-2020-001170
https://dx.doi.org/10.1136/jitc-2020-001170
https://dx.doi.org/10.1136/jitc-2020-001170
https://dx.doi.org/10.1136/jitc-2020-001170
https://dx.doi.org/10.1136/jitc-2020-001170
https://dx.doi.org/10.1136/jitc-2020-001170
https://dx.doi.org/10.1136/jitc-2020-001170
https://dx.doi.org/10.1136/jitc-2020-001170
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also detected in the grade 3–5 IRP. Contrary to our study, 
one NMA concerning multiple cancer types reported by 
Xu and colleagues found that the risk of IRP in ICIs with 
conventional therapies ranked first, followed by dual ICIs 
combination and ICIs monotherapy.44 The reason for 
this, might be explained by the types of tumors included 
in such NMA, only 12 out of 26 trials were NSCLC, and 
most of the studies had not been published at that time 
(by the end of February 2018). Our NMA focus on lung 
cancer and a population group susceptible to IRP, which 
may be helpful for clinicians in selecting appropriate ICI 
regimens. Though we cannot neglect other irAEs when 
ICI drugs are being prescribed. One possible reason for 
the decreased risk of IRP when chemotherapy is used in 
combination with ICIs may lie in the fact that conven-
tional chemotherapy consists of cytotoxic agents that 
are believed to cause chemotherapy-induced immuno-
suppression; adding further stress on the whole immune 
system and resulting in lower responding immune func-
tion.45 46 Another important factor that may be involved 
in the decreased risk of IRP is the use of corticosteroids, 
as binding pretreatment is commonly used for antiemetic 
and antiallergy purpose in chemotherapy regimens 
containing platinum, pemetrexed and taxanes. Also, it 
is well known that corticosteroids possess the ability to 
suppress the immune system47 48 and play a significant 
role in the therapy of certain underlying pulmonary 
conditions like asthma and COPD, radiation pneumonitis 
caused by thoracic radiation and even in IRP treatment 
according to various guidelines.49 50 Unfortunately, how 
cytotoxic agents and corticosteroids precisely suppress 
and regulate the immune system remains unclear and 
needs further exploration. More detailed basic research 
and prospective RCTs are still warranted to address this 
important clinical issue.

In line with the results from several binary meta-analyses, 
our large-scale NMA further confirmed that PD-L1 inhibi-
tors were safer than PD-1 inhibitors with respect to the risk 
of IRP, which may help clinicians when choosing different 
types of ICIs. A possible reason for a higher risk when 
using PD-1 inhibitors might be explained by research 
from Xiao and colleagues which demonstrates that PD-1 
inhibitors themselves may have the ability to change the 
balance in PD-L2 interaction with repulsive guidance 
molecule b, which could lead to pneumonitis; however, 
PD-L1 inhibitors are unable to disrupt this shift.51 But we 
should note that a comparable result of grade 3–5 IRP 
was found between PD-1 inhibitors and PD-L1 inhibitors. 
This might indicate that for severe IRP, and even for some 
fatal IRP, the pulmonary toxicity of the PD-1 inhibitors 
does not really outweigh the use of PD-L1 inhibitors.

It should be noted that some studies have pointed out 
that the incidence of IRP when using dual ICIs combina-
tion was higher than in ICIs monotherapy.3 37 In our study, 
no statistical differences were observed between these two 
groups; however, this trend can be seen from the ranking 
either in grade 1–5 IRP or grade 3–5 IRP. Given the fact 
that the number of studies directly compared dual ICIs 

combination and ICIs monotherapy was limited, we need 
to interpret these results with caution. More high-quality 
RCTs are needed to investigate the incidence of IRP 
between ICIs monotherapy and dual ICIs combination.

The present study has several limitations. One, the 
reporting incidence of IRP may have increased incre-
mentally over time as the number of patients receiving 
ICIs increased. A large proportion of studies in our NMA 
were continuously updated. Two, many RCTs enrolled 
in our NMA were open-label and only 24% of trials were 
assessed blindly. Besides, in the data extraction process, 
our study only included patients that were clearly noted 
as pneumonitis and excluded those listed as ‘pneumonia’ 
and ‘interstitial lung disease’. However, a consensus diag-
nostic criteria of IRP is still lacking, and some clinical 
symptoms, such as a cough, dyspnea, low oxygen satura-
tion, and fever, are non-specific. In clinical trials, a large 
proportion of patients diagnosed with IRP were based on 
the experience of each clinician and were not centrally 
reviewed. Therefore, the identification of IRP might not 
be completely accurate and might lead to bias for the eval-
uation of IRP. Three, the small sample sizes in some of 
the treatment arms such as dual ICIs combination versus 
ICIs monotherapy. Additionally, patients were not strati-
fied according to a larger variety of checkpoint inhibitors 
and chemotherapy drugs because of the limited sample 
sizes. Ideally, the analysis should differentiate between 
the classes of ICIs, for which some meta-analyses have 
come up with conclusions that different ICIs might have 
distinctive toxicity spectrums. Four, high-risk factors for 
IRP, such as a history of prior RT and smoking status, were 
not controlled for when our NMA was carried out. Finally, 
we only enrolled trials reported in English, given prac-
tical constraints with the translations of reports in other 
languages. Despite these limitations we found mean-
ingful results which may help clinicians choose suitable 
ICI-based regimens. Soon, we expect more double-blind 
RCTs highlighting head-to-head comparisons focusing on 
various ICIs or combination treatments and results from 
real-world studies are urgently needed to confirm our 
findings.

CONCLUSION
ICI-based regimens have a higher risk of IRP than chemo-
therapy in general. In terms of ICI-based regimens, 
ICIs+chemotherapy is associated with a lower risk of 
IRP than ICIs monotherapy and dual ICIs combination 
therapy. Moreover, subgroup analysis also showed that 
PD-1 inhibitors are associated with a higher risk of 1–5 
grade IRP compared with PD-L1 inhibitors. These find-
ings may be valuable in clinical decision-making in the 
absence of hard evidence from RCTs.
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