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Abstract
Background: We put the meta-analysis into practice to reveal the relationship between the incidence risk of immune-related
pneumonitis and the use of programmed cell death-1 (PD-1) and ligand 1 (PD-L1) inhibitors related pneumonitis in cancer patients.

Method: The meta-analysis was put into practice according to the Preferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines. Odds ratio (OR) was evaluated by random effect model.

Results: After screening and eligibility assessment, 33 clinical trials involving 19,854 patients were selected and used for the final
meta-analysis after selection criteria checked. Compared with chemotherapy, the use of PD-1/PD-L1 inhibitors alone increased the
incidence risk of all-grade (OR = 4.29, 95% confidence interval: [2.97, 6.19], P< .00001) and grade 3 to 5 immune-related
pneumonitis (OR=3.53, 95% confidence interval: [2.04, 6.11], P< .00001). Similar trend could also be found when PD-1/PD-L1
inhibitors were prescribed alone or in combination with other anti-tumor therapies.

Conclusion: Whether PD-1/PD-L1 inhibitors were used alone or combined with other antitumor drugs, the incidence risk of
immune-related pneumonitis would be increased.

Abbreviations: CI = confidence interval, NSCLC = non-small cell lung cancer, OR = odds ratio, PD-1 = programmed cell death-
1, PD-L1 = programmed cell death ligand 1, PRISMA = preferred reporting items for systematic reviews and meta-analyses, RCC =
renal cell carcinoma, RE = random effect.
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1. Introduction

The programmed death 1 (PD-1) receptor, expressed on activated
T cells, binds to the ligands PD-L1 and PD-L2, which are
expressed by tumor cells and invasive immune cell.[1] The
expression of PD-L1 is common in non-small cell lung cancer
(NSCLC) patients, and the interaction of PD-1 with PD-L1 and
PD-L2 ligands suppress T cell activation and promotes tumor
immune escape.[2,3] Since the phase 1 study of nivolumab mono-
therapy displayed durable antitumor activity and encouraging
survival for metastatic melanoma, colorectal cancer, castrate-
resistant prostate cancer, NSCLC, or renal cell carcinoma
(RCC),[4–6] more and more clinical trials involving PD-1/PD-
L1 inhibitors were put into practice for all kinds of cancer
patients.[7–40] While many clinical trials had achieved encourag-
ing and satisfactory clinical results, a variety of therapeutic side
effects had also emerged and drawn our attention to deal with
them.[7–40] Pneumonitis was one of the PD-1/PD-L1 related
treatment side effects, which was reported in several studies.[7–40]

Pneumonitis, occurred in PD-1/PD-L1 inhibitor related therapy,
was considered to be a kind of interstitial pneumonia and referred as
a relatively uncommon but serious and potentially life threatening
side effects leading to treatment-relateddeath. It hadbeenconsidered
as one of the events of special interest in clinicalwork.[6,14,18,35,41–44]

Though it was a very low incidence of complications, it had an
important impact on the prognosis of patients with lung cancer,
especially for the discontinuation of PD-1 inhibitor related
treatment.[14,18,35] With more and more reports of the results of
phase III clinical trials, we are able to comprehensively evaluate the
incidence risk of immune-related pneumonitis.[7–40] In order to
reveal the relationshipbetween the incidence riskofpneumonitis and
the use of PD-1/PD-L1 drugs in clinical trials involving as many
tumor types as possible, we designed this meta-analysis study.
2. Methods

2.1. Search methods and study selection

Weput a systematic searchof the literature into practice, according
to the PreferredReporting Items for SystematicReviews andMeta-
Analyses (PRISMA) to search materials,[45] to select clinical trials
involving PD1/PD-L1 inhibitors in cancer patients. Original
studies, including information of clinical trials with PD1/PD-L1
related regimens for cancer patients, involving monotherapy or
combination therapy, were checked by a PubMed search. The
literature searching time range is limited from January 1, 2015 to
February 27, 2019 with keywords just as follows: “PD-1/PD1,”
“PD-L1/PDL-1,” “nivolumab/BMS-963558,” “pembrolizumab/
MK-3475,” “atezolizumab/MPDL3280A,” “PD-1 inhibitor,”
“PD-L1 inhibitor,” “cancer,” “random clinical trial,” “RCT,”
“CTLA-4,” “pneumonitis.” Selected studies were limited to
human beings displayed in full text, abstract, or poster form.
The specific searching history of PubMed, according to the
participants, interventions, comparisons, outcomes (PICOS)
searching strategy recommended by the Cochrane Collabora-
tion,[45] was provided in Supplemental Digital Content (Supple-
mental Material I, http://links.lww.com/MD/E973). Four
members of our team (Dongmei Xu, Hongmei Liu, Meiyi Xiang,
and Alei Feng) were designated for checking their eligibility.
The criteria for enrolled clinical trials:
(1)
 available information for PD1/PD-L1 related drugs and
controls;
2

(2)
 pneumonitis but pneumonia was collected for evaluating
odds ratio (OR) with 95% confidence interval (CI) or other
evaluable indicators such as risk ratio, hazard ratio, and so on;
(3)
 definite cancer diagnosis by typical imaging changes or
pathological biopsy.

Exclusion criteria:
(1)
 single arm clinical trial;

(2)
 pneumonitis was not shown in any arm and/or cohort;

(3)
 studies were presented with incomplete results or data;

(4)
 involved combination regimens with other therapies other

than PD1/PD-L1 inhibitors.

Any discrepancies in trials selections were resolved through
consultation and the corresponding author was responsible for
the final decision.
2.2. Data extraction and outcome of interest

The collection of the data from all clinical trials was finished
referred to the criteria suggested by the Cochrane Collabora-
tion.[46] All involving patients prescribed with PD1/PD-L1
inhibitor drugs and the number of patients with pneumonitis
of all grades were collected from eligible studies. The trial phase,
National Clinical Trial (NCT) number, tumor type, drug type,
dose, and prescription regimen were gathered. If only pneumonia
but pneumonitis was displayed, we would ask for some help from
the corresponding author of the article to determine whether the
2 were deemed to be the same disease. If no data of pneumonitis
or pneumonia was found, the study would be excluded from the
final analysis. The treatment regimen was divided into subgroups
according to the type of experimental group and control group.
Sometimes, according to the actual situation, we divide the
extracted data into multiple subgroup types. The data collection
of PD1/PD-L1 involving drugswas performed independently by 2
members of our team, and then the comparison was made for
checking the conformity of the data selection. The corresponding
author of the meta-analysis was responsible for all discrepancies
and had the right for the final decision. The primary objectives
were pneumonitis of all grade and grade 3 to 5. Both all-grade
and grade 3 to 5 pneumonitis data would be used for the final
comprehensive meta-analysis.
2.3. Evaluation of study quality and publication bias

The qualities of all enrolled studies were evaluated by Newcastle–
Ottawa scale, Funnel plot, andEgger test, whichwere proposed by
theCochraneCollaboration.[45,47,50–52] Fourmembersof our team
(Dongmei Xu, Hongmei Liu, Meiyi Xiang, and Alei Feng) were
appointed to evaluate the quality of all enrolled clinical trials. The
content of the evaluation, including random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, and
selective outcome reporting, would be gathered and shown in
Supplemental Digital Content (Fig. S1, http://links.lww.com/MD/
E968).[7–39]Harbord test was used to check publication bias for all
enrolled clinical trials.[49]P< .05 was taken as publication bias.
2.4. Effect model and assessment of heterogeneity

As the existence of differences among all studies was inevitable,
random effect (RE) model was adopted for evaluating all the
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data.[48] OR of incidence and 95% CI were reported by RE
model. P< .05 was considered to be of statistical significance.
Heterogeneity was evaluated by Cochrane Q statistic and the I2

statistic which was proposed by Higgins and colleagues.[49]

Heterogeneity was deemed to be low, moderate or high according
to the range of I2 values (<25%, 25%–50%, and >50%). The
software of ReviewManager 5.3 was used for dealing with all the
data. Statistical tests were all 2-sided.
3. Results

3.1. Literature search results

Following our preliminary searching principles, 207 PD-1/PD-L1
related clinical trials were collected on the PubMed website, and
63 related literature were collected from other websites or
published articles. Thirty-three clinical trials involving 19,854
patients were selected and used for the final comprehensive meta-
analysis after selection criteria evaluation.[7–39] The PRISMA
Flow Diagram chart of the meta-analysis was shown in Figure 1,
Figure 1. Flow diagram o

3

and the risk of bias summary was displayed in Supplemental
Digital Content (Fig. S1, http://links.lww.com/MD/E968). A
control group was essential for all clinical trials enrolled in the
meta-analysis.[7–40] Results from different periods of the same
large clinical trial were reported in 2 separate articles.[21,40] Only
1 of them was enrolled for the final analysis as the data was
consistent with each other.[21,40]

According to different prescription regimens, all enrolled
trials were divided into 6 groups, which were shown just as
follows: Group A (PD-1/PD-L1 vs chemotherapy),[9,10,15,16–
18,22,23,25,26,28,29,31,32,34,37,38] Group B (PD-1/PD-L1 plus che-
motherapy vs chemotherapy),[11–14,24,35,39] Group C (PD-1/PD-
L1 vs placebo),[19,20,36] Group D (PD-1 vs PD-1 + CTLA-
4),[18,21,27] Group E (PD-1 + CTLA-4 vs CTLA-4),[21,30] Group F
(PD-1/PD-L1 + targeted therapy vs targeted therapy).[7,8]

3.2. Characteristics of identified trials

After screening and eligibility assessment, the basic character-
istics of 33 enrolled clinical trials were shown in (Table 1).[7–40]
f enrolled clinical trials.
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The involving PD-1 inhibitors were nivolumab (n=
11),[18,20,21,26,27,30–34,37] and pembrolizumab (n=
12),[7,9,10,14,16,19,22,24,25,29,35,38] while the involving PD-L1
inhibitors were atezolizumab (n=7),[8,11–13,17,23,28] durvalumab
(n=2),[36,39] and avelumab (n=1).[15] Among all enrolled clinical
trials, 28 were phase III,[8–23,25,26,30–39] 3 was phase II,[7,24,28] 1
was phase II/III,[29] and 1was phase I/II.[27] The tumor types in 33
clinical trials involved NSCLC (n=15),[9,13–15,17,18,23–
25,28,29,31,32,35,36] small cell lung cancer (n=3),[12,27,39] urothelial
cancer (n=1),[22] breast cancer (n=1),[11] head and neck
squamous cell carcinoma (n=3),[10,26,38] melanoma (n=
5),[7,19,21,30,34] RCC (n=2),[8,33] oesophageal squamous cell
carcinoma (n=1),[37] and advanced gastric or gastro-oesopha-
geal junction cancer (n=2).[16,20] Thirty-two clinical trials were
reported to be randomized controlled trial,[7–26,28–39] while the
information of 1 clinical trial was unavailable.[27] Seventeen
clinical trials were reported with previous platinum-based
antitumor regimens before PD-1/PD-L1 inhibitors prescrip-
tion,[10,15–17,20,22,23,26–29,31–34,36,37] while PD-1/PD-L1 inhibi-
tors were taken as the first line therapy choice for the other 16
clinical trials.[7–9,11–14,18,19,21,24,25,30,35,38,39]
3.3. Risk of bias

Newcastle–Ottawa scale was used for the evaluation of study
quality and risk of bias.[47] Evaluation indexes, including random
sequence generation (selection bias), allocation concealment
(selection bias), blinding of participants and personnel (perfor-
mance bias), blinding of outcome assessment (detection bias),
incomplete outcome data (attrition bias), and selective reporting
(reporting bias), were checked and summarized in Supplemental
Digital Content (Fig. S1, http://links.lww.com/MD/E968).[7–39]

Harbord test was taken for the assessment of publication bias and
shown in the form of funnel plots, which were provided in
Supplemental Digital Content (Fig. S2, http://links.lww.com/
MD/E969, Fig. S3, http://links.lww.com/MD/E970, and Fig. S5,
http://links.lww.com/MD/E972).[7–20,22–32,34–39]
3.4. OR of pneumonitis for the Group A (PD-1/PD-L1 vs
chemotherapy)

Seventeen enrolled clinical trials, related to the regimen PD-1/PD-
L1 inhibitors versus chemotherapy, were taken to make meta-
analysis about the incidence risk of pneumonitis by
grade.[9,10,15,16–18,22,23,25,26,28,29,31,32,34,37,38] Pneumonitis of all-
grade was taken to be evaluated first. In order to improve the
accuracy and reliability of the analysis results and clarify the
possibility of various biases, different subgrouping approaches
were taken into account. The analysis results were presented in the
form of forest plots and funnel plots, which were provided in
(Fig. 2B and C) and Supplemental Digital Content (Fig. 2E; Figs.
S2A, S2B, S2C, and S2E, http://links.lww.com/MD/
E969).[9,10,15,16–18,22,23,25,26,28,29,31,32,34,37,38] Ten lung cancer-
related clinical trials, accounted for the largest proportion among
17 enrolled clinical trials, were separately listed for analysis and
displayed in (Fig. 2D) and SupplementalDigitalContent (Fig. S2D,
http://links.lww.com/MD/E969).[9,15,17,18,23,25,28,29,31,32]

The results of the analysis related to the incidence risk of all
grade pneumonitis, shown in different subgrouping approaches,
were gathered at the bottom of each figures (Fig. 2A–C and
E) (OR=4.29, 95%CI: [2.97, 6.19], I2=0%, Z=7.77 [P
< .00001]).[9,10,15,16–18,22,23,25,26,28,29,31,32,34,37,38] The results
5

suggested that the use of PD-1/PD-L1 inhibitor drugs increased
the incidence risk of developing immune-related pneumonitis
among all kinds of cancers with significant statistical difference
(Fig. 2C). Similar results could also be found in the separate
analyses of lung cancer-related clinical trials (OR=4.52,
95%CI: [2.61, 7.83], I2=25%, Z=5.38 [P< .00001];
Fig. 2D),[9,15,17,18,23,25,28,29,31,32] especially for the subgroup of
PD-1 versus chemotherapy (OR=9.54, 95% CI: [3.63, 25.06],
I2=26%, Z=4.58 [P< .00001]; Fig. 2D).[9,18,25] The existence of
heterogeneity were seen in some individual subgroup analysis
results (I2=15%, Fig. 2A; I2=25%, Fig. 2C; I2=26%, Fig. 2D).
When a full subgroup analysis was performed, no heterogeneity
could be found (Fig. 2E). The corresponding funnel plots were
provided in Supplemental Digital Content (Fig. S2A–E, http://
links.lww.com/MD/E969).
Just as the incidence risk trend of immune-related pneumonitis

for all grades, similarORcouldalsobe seen in the analysis resultsof
pneumonitis for grade 3 to 5 (OR=3.53, 95% CI: [2.04, 6.11],
I2=0%, Z=4.50 [P< .00001]) (Fig. 3A–C and E),[9,10,15–
18,22,23,25,26,28,29,31,32,37,38] especially for the separate analysis of
lung cancer related clinical trials (OR=4.91, 95%CI: [2.43, 9.89],
I2=0%, Z=4.44 [P< .00001]) (Fig. 3D).[9,15,17,18,23,25,28,29,31,32]

The corresponding funnel plots were provided in Supplemental
Digital Content (Fig. S3A–E, http://links.lww.com/MD/
E970).[9,10,15–18,22,23,25,26,28,29,31,32,37,38] Moderate heterogeneity
was seen in the subgroup analysis of PD-1/PD-L1 versus combined
chemotherapy (I2=38%, Fig. 3A),[9,18,22,25,37] while obvious
heterogeneitywas shown inanother subgroupof nivolumabversus
chemotherapy (I2=55%, Fig. 5A).[18,37]

The subgroup analysis results of Group A relating to
pneumonitis, including all grade and grade 3 to 5, performed
according to the tumor type by RE model, were provided in
(Table 2).
3.5. OR of pneumonitis for Group B (PD-1/PD-L1 +
chemotherapy vs chemotherapy)

Seven enrolled clinical trials were taken into account for further
meta-analysis of all grade pneumonitis.[11–14,24,35,39] The results
of the analysis, shown in different subgrouping approaches, were
summarized at the bottom of Figure 4A (OR=3.02, 95% CI:
[1.44, 6.37], I2=34%, Z=2.91 [P= .004]).[11–14,24,35,39] Mod-
erate heterogeneity was found (I2=34%). Subgroup analysis
results suggested that the source of heterogeneity was the
subgroup of PD-L1 plus combined chemotherapy versus
chemotherapy (I2=50%, Fig. 4A).[12,39] The corresponding
funnel plots of OR could be seen in Supplemental Digital Content
(Fig. S4A, http://links.lww.com/MD/E971). In a word,When PD-
1/PD-L1 plus chemotherapy were compared with chemotherapy
alone, the incidence of pneumonitis for all grade was significantly
higher than that of the control group.
Different from the above results, no significant statistical

analysis results were found when all the data were used for
calculating the incidence risk of pneumonitis for grade 3 to 5
(OR=1.94, 95% CI: [0.91, 4.12], I2=0%, Z=1.73 [P
= .08]).[11–14,24,35,39] No obvious heterogeneity was found
among all enrolled trials (I2=0%).[11–14,24,35,39] The correspond-
ing funnel plots were provided in Supplemental Digital Content
(Fig. S5A, http://links.lww.com/MD/E972). No obvious publica-
tion bias was found.
The subgroup analysis results of Group B relating to

pneumonitis, including all grade and grade 3 to 5, performed
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Figure 2. Forest plots of all-grade pneumonitis for Group A (PD-1/PD-L1 vs chemotherapy). (A) Incidence risk of all-grade pneumonitis (subgroup analysis based
on the composition of the control group’s chemotherapy regimen); (B) Incidence risk of all-grade pneumonitis (subgroup analysis based on PD-1, PD-L1, and
Cetuximab); (C) Incidence risk of all-grade pneumonitis (subgroup analysis based on tumor types in the control group); (D) Incidence risk of all-grade pneumonitis in
NSCLC; (E) Incidence risk of all-grade pneumonitis (subgroup analysis based on specific names of PD-1/PD-L1 inhibitors.). NSCLC = non-small cell lung cancer,
PD-1 = programmed cell death-1, PD-L1 = programmed cell death ligand 1.

Xu et al. Medicine (2020) 99:41 Medicine
according to the tumor type by RE model, were provided in
(Table 2).
3.6. OR of pneumonitis for Group C (PD-1/PD-L1 vs
placebo)

Compared with placebo, the incidence risk of pneumonitis for all
grade was significantly higher than that of the control group, and
the OR results were shown in Figure 4B (OR=2.48, 95% CI:
6

[1.05, 5.86], I2=36%, Z=2.07 [P= .04]).[19,20,36] Through
subgroup analysis, we could conclude that moderate heteroge-
neity (I2=36%)might originate from this subgroup (durvalumab
vs placebo).[36] The corresponding funnel plots were shown in
Supplemental Digital Content (Fig. S4B, http://links.lww.com/
MD/E971). No obvious publication bias was found.
No significant statistical analysis results were found when all

the data were taken to calculate the incidence risk of pneumonitis
for grade 3 to 5 (OR=1.49, 95% CI: [0.53, 4.22], I2=0%, Z=

http://links.lww.com/MD/E971
http://links.lww.com/MD/E971


Figure 3. Forest plots of grade 3 to 5 pneumonitis for Group A (PD-1/PD-L1 vs chemotherapy). (A) Incidence risk of grade 3 to 5 pneumonitis (subgroup analysis
based on the composition of the control group’s chemotherapy regimen); (B) Incidence risk of grade 3 to 5 pneumonitis (subgroup analysis based on PD-1, PD-L1,
and Cetuximab); (C) Incidence risk of grade 3 to 5 pneumonitis (subgroup analysis based on tumor types in the control group); (D) Incidence risk of grade 3 to 5
pneumonitis in NSCLC; (E) Incidence risk of grade 3 to 5 pneumonitis (subgroup analysis based on specific names of PD-1/PD-L1 inhibitors.). NSCLC = non-small
cell lung cancer, PD-1 = programmed cell death-1, PD-L1 = programmed cell death ligand 1.

Xu et al. Medicine (2020) 99:41 www.md-journal.com
0.75 [P= .45]; Fig. 5B).[19,20,36] No obvious heterogeneity was
found among all enrolled trials (I2=0%).[19,20,36] The corre-
sponding funnel plots were provided in Supplemental Digital
Content (Fig. S5B, http://links.lww.com/MD/E972). No obvious
publication bias was found.

3.7. OR of pneumonitis for Group D (PD-1/PD-L1 vs
PD-1/PD-L1 + CTLA-4)

Three clinical trials, related to melanoma, NSCLC, and small cell
lung cancer separately, were put into meta-analysis.[18,21,27]
7

Compared with the control group of PD-1/PD-L1 inhibitors plus
CTLA-4, the incidence risk of pneumonitis for all grade was
significantly lower (OR=0.45, 95% CI: [0.25, 0.81], I2=0%,
Z=2.66 [P= .008]; Fig. 4C),[18,21,27] while no significant
statistical difference was seen in the analysis for grade 3 to 5
(OR=0.60, 95% CI: [0.27, 1.36], I2=0%, Z=1.23 [P= .22];
Fig. 5C).[18,21,27] No obvious heterogeneity was found among all
enrolled trials (I2=0%).[18,21,27] The corresponding funnel plots
were provided in Supplemental Digital Content (Fig. S5C, http://
links.lww.com/MD/E972). No obvious publication bias was
found.

http://links.lww.com/MD/E972
http://links.lww.com/MD/E972
http://links.lww.com/MD/E972
http://www.md-journal.com


Figure 4. Forest plots of all-grade pneumonitis for Group B–F. (A) Incidence risk of all-grade pneumonitis for Group B (PD-1/PD-L1 + chemotherapy vs
chemotherapy). (B) Incidence risk of all-grade pneumonitis for Group C (PD-1/PD-L1 vs Placebo). (C) Incidence risk of all-grade pneumonitis for Group D (PD-1 vs
PD-1 + CTLA-4). (D) Incidence risk of all-grade pneumonitis for Group E (PD-1 + CTLA-4 vs CTLA-4). (E) Incidence risk of all-grade pneumonitis for Group F (PD-1/
PD-L1 + Targeted vs Targeted Therapy).

Xu et al. Medicine (2020) 99:41 Medicine
3.8. OR of pneumonitis for Group E (PD-1/PD-L1 +
CTLA-4 vs CTLA-4)
Two clinical trials about melanoma were put into meta-
analysis.[21,30] Compared to the control group of CTLA-4, the
Figure 5. Forest plots of grade 3 to 5 pneumonitis for Group B–D. (A) Incidence
vs chemotherapy); (B) Incidence risk of grade 3 to 5 pneumonitis for Group C (PD-1
(PD-1 vs PD-1 + CTLA-4); (D) Incidence risk of grade 3 to 5 pneumonitis for Grou
programmed cell death ligand 1.
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incidence risk of pneumonitis for all grade was significantly
higher (OR=5.04, 95% CI: [1.99, 12.77], I2=0%, Z=3.40
[P= .0007]; Fig. 4D),[21,30] while no significant statistical
difference was seen in the analysis for grade 3 to 5 (OR=2.82,
risk of grade 3 to 5 pneumonitis for Group B (PD-1/PD-L1 + chemotherapy
/PD-L1 vs Placebo); (C) Incidence risk of grade 3 to 5 pneumonitis for Group D
p E (PD-1 + CTLA-4 vs CTLA-4). PD-1 = programmed cell death-1, PD-L1 =



Table 2

The results of meta-analysis performed according to the tumor type.

No Treatment regimen Tumor type OR of pneumonitis 95% CI Z P Grade

1 PD-1 vs chemotherapy NSCLC 9.54 [3.36, 25.36] 4.58 <.00001 All grade
2 PD-1 vs docetaxel NSCLC 2.78 [1.46, 5.29] 3.12 .002 All grade
3 PD-L1 vs docetaxel NSCLC 3.23 [1.28, 8.19] 2.47 .01 All grade
4 PD-1 vs (methotrexate, docetaxel, or cetuximab) Head-and-neck 4.22 [1.85, 9.65] 3.42 .0006 All grade
5 PD-1/PD-L1 + chemotherapy vs chemotherapy NSCLC 2.97 [1.39, 6.32] 2.82 .005 All grade
6 PD-L1 + chemotherapy vs chemotherapy SCLC 1.60 [0.34, 7.54] 0.59 .55 All grade
7 Nivolumab + ipilimumab vs ipilimumab Melanoma 5.04 [1.99, 12.77] 3.40 .0007 All grade
8 PD-1 vs chemotherapy NSCLC 6.93 [2.29, 21.04] 3.42 .0006 Grade 3–5
9 PD-1 vs docetaxel NSCLC 5.19 [1.51, 17.88] 2.61 .009 Grade 3–5
10 PD-L1 vs docetaxel NSCLC 2.67 [0.68, 10.45] 1.41 .16 Grade 3–5
11 PD-1/PD-L1 + chemotherapy vs chemotherapy NSCLC 2.24 [0.94, 5.35] 1.82 .07 Grade 3–5
12 PD-L1 + chemotherapy vs chemotherapy SCLC 1.00 [0.18, 5.47] 0.00 1.00 Grade 3–5

CI= confidence interval, NSCLC=non-small cell lung cancer, OR= odds ratio, SCLC= small cell lung cancer.

Xu et al. Medicine (2020) 99:41 www.md-journal.com
95% CI: [0.46, 17.42], I2=0%, Z=1.11 [P= .27]; Fig. 5D).[21,30]

No obvious heterogeneity was found among all enrolled trials (I2=
0%).[21,30] The corresponding funnel plots were provided in
Supplemental Digital Content (Fig. S5D, http://links.lww.com/
MD/E972). No obvious publication bias was found.
3.9. OR of pneumonitis for Group F (PD-1/PD-L1 +
targeted vs targeted therapy)

Two clinical trials, related to melanoma and RCC separately,
were put into meta-analysis.[7,8] Compared to the control group
of targeted therapy, the incidence risk of pneumonitis for all
grade was significantly higher (OR=14.29, 95% CI: [2.65,
77.15], I2=0%,Z=3.09 [P= .002]; Fig. 4E).[7,8] No information
of pneumonitis for grade 3 to 5 could be found. No obvious
heterogeneity was found (I2=0%).[7,8] The corresponding funnel
plots were provided in Supplemental Digital Content (Fig. S5E,
http://links.lww.com/MD/E972). No obvious publication bias
was found.
4. Discussion

PD-1/PD-L1 related antitumor therapy had been improving
outcomes for all kinds of malignant diseases.[7–40,53,54] Some of
them had been used as the first line choice alone or combined with
chemotherapy.[7–9,11–14,18,19,21,24,25,30,35,38,39] However, as the
range of use expanded, the potential exposure to immune-related
adverse events associated with these PD-1/PD-L1 inhibitors also
increased. Pneumonitis, an immune-related adverse event,
occurred in PD-1/PD-L1 inhibitor related therapy and considered
to be a kind of interstitial pneumonia, had been referred as an
uncommon and potentially devastating side effects, leading to
treatment-related death and had been considered as one of the
events of special interest.[6,14,18,35,41–44] PD-1/PD-L1 inhibitors
had been administered in various ways in clinical trials.[7–40]

Therefore, in order to comprehensively evaluate the relationship
between PD-1/PD-L1 and the incidence risk of immune-related
pneumonitis, it is necessary to comprehensively evaluate the
different modes of administration after grouping, and then to
finish the meta-analysis of each group.[7–40]

The process of the meta-analysis was put into practice by us
according to the PRISMA guidelines.[45,47,50–52] After screening
and eligibility evaluation, a total of 33 enrolled clinical trials
involving 19,854 cancer patients were collected for the final
9

consolidation and comprehensive meta-analysis.[7–39] The
PRISMA flow diagram of the meta-analysis was listed in
(Fig. 1). Thirty-three clinical trials, assessed by Newcastle–
Ottawa scale,[47] were considered to be of better quality showing
in Supplemental Digital Content (Fig. S1, http://links.lww.com/
MD/E968).[7–39] Therefore, we could reduce the possibility of
bias in the analysis results due to the quality of the clinical trials
included in the study.[47–50,52] Among all clinical trials enrolled in
the study, slight differences are inevitable, so a RE model is
considered to be a better choice for more accurate results.[45–52]

All enrolled trials were divided into 6 groups (Group A–F)
according to different prescription regimens, and RE model was
used to deal with all the data.[7–39] The meta-analysis results of
OR, displayed in the form of forest and funnel plots, were shown
in (Figs. 2–5) and Supplemental Digital Content (Fig. S2–5, http://
links.lww.com/MD/E969).[7–20,22–32,34–39]

Seventeen clinical trials, involving PD-1/PD-L1 alone versus
chemotherapy (Group A), are the most common type among 33
clinical trials.[9,10,15,16–18,22,23,25,26,28,29,31,32,34,37,38] Compared
with chemotherapy, the results suggested that the use of PD-1/
PD-L1 inhibitors increased the incidence risk of immune-related
pneumonitis for all grades in cancer patients (OR=4.29, 95%CI:
[2.97, 6.19], I2=0%, Z=7.77 [P< .00001]), while such
incidence risk trend could also be obtained in the analysis results
of grade 3 to 5 immune-related pneumonitis (OR=3.53, 95%CI:
[2.04, 6.11], I2=0%, Z=4.50 [P< .00001]; Fig. 3A–C and
E).[9,10,15–18,22,23,25,26,28,29,31,32,37,38] Through different sub-
group analysis for all grade pneumonitis, it was found that
moderate heterogeneity (Fig. 2B and C) mainly originated from
those clinical trials related to NSCLC (Fig. 2D). So, we separately
listed this part of the clinical data for further subgroup analysis.
The analysis results displayed that the heterogeneity might
mainly originate from 3 clinical trials in the subgroup of PD-1
versus chemotherapy (I2=26%; Fig. 2D).[9,18,25] Most of the
enrolled clinical trials were used for the analysis of grade 3 to 5
pneumonitis (Fig. 3A–E).[9,10,15–18,22,23,25,26,28,29,31,32,37,38]

When those 3 clinical trials were taken for the analysis of grade
3 to 5 pneumonitis,[9,18,25] the heterogeneity was low (I2=3%;
Fig. 3D).[9,18,25] Therefore, we concluded that the heterogeneity
was mainly related to the data changes in those 3 clinical
trials.[9,18,25] The funnel plots were provided in Supplemental
Digital Content (Fig. S2, http://links.lww.com/MD/E969 and Fig.
S3, http://links.lww.com/MD/E970). No obvious publication
bias was found among them.
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Compared with placebo, the incidence risk of immune-related
pneumonitis for all grade was significantly higher in the
experimental group than that of the control group (OR=2.48,
95% CI: [1.05, 5.86], I2=36%, Z=2.07 [P= .04]).[19,20,36]

Through subgroup analysis, we could conclude that moderate
heterogeneity (I2=36%) might originate from this subgroup
(durvalumab vs placebo).[36] When PD-1/PD-L1 inhibitors plus
other anti-tumor treatments were compared with the use of one
of the antitumor treatments alone, the incidence risks of immune-
related pneumonitis were increased (Fig. 4A and C–E). All the
above analysis results were considered to be statistical significant.
When all the above enrolled clinical trials were taken into account
for further analysis of grade 3 to 5, the trend that PD-1/PD-L1
inhibitors increased the risk of developing immune-related
pneumonitis could only be found in Group B (PD-1/PD-L1 +
chemotherapy vs chemotherapy) (OR=1.94, 95% CI: [0.91,
4.12], I2=0%, Z=1.73 [P= .08]; Fig. 5A).[11–14,24,35,39] No
significant statistical analysis results were found (Fig. 5A–
D).[7,8,11–14,18–21,24,30,35,36,39] Taking all enrolled clinical trials
into account, we speculated that they might be related to the lack
of clinical trials included in the subgroup analysis and the lower
incidence rate of immune-related pneumonitis (Fig. 5A–D).[7,8,11–
14,18–21,24,30,35,36,39] No heterogeneity was found among them
(Fig. 4A, C–E, Fig. 5A–D).[7,8,11–14,18–21,24,27,30,35,36,39] Funnel
plots were provided in Supplemental Digital Content (Fig. S4A–
E, http://links.lww.com/MD/E971 and Fig. S5A–D, http://links.
lww.com/MD/E972).[7,8,11–14,18–21,24,27,30,35,36,39] No obvious
asymmetry of the funnel plots were found, so we concluded
that there might be no obvious publication bias Supplemental
Digital Content (Fig. S4A–E, http://links.lww.com/MD/E971 and
Fig. S5A–D, http://links.lww.com/MD/E972).[7,8,11–14,18–
21,24,27,30,35,36,39]

Although the clinical trials included in this study had been
evaluated for higher quality, there were still some limitations.
There were too few trials enrolled in some groups tomake ameta-
analysis about the relationship between incidence risk of
pneumonitis and PD-1 and PD-L1 inhibitors.[21,33] In some
subgroups, the number of clinical trials included was too few to
draw a definite analytical conclusion (Fig. 5A–D).[7,8,11–14,18–
21,24,30,35,36,39]

Although pneumonitis was relatively rare immune-related
adverse events, they might cause devastating or even fatal
outcomes if not promptly identified and treated appropriate-
ly.[6,14,18,35,41–44] For the treatment of immune-related pneumo-
nitis, some treatment options have been reported and
recommended in NSCLC.[55] More clinical trials and mechanism
research for immune-related pneumonitis are still needed.
In a word, Compared with chemotherapy, placebo or other

anti-tumor therapies, the results suggested that the use of PD-1/
PD-L1 increased incidence risk of immune-related pneumonitis.
5. Conclusions

Whether PD-1/PD-L1 inhibitors were used alone or combined
with other antitumor drugs, the incidence risk of immune-related
pneumonitis would be increased.
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