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Background: Anti-PD/PD-L1-targeted immunotherapy is associated with remarkably high rates of
durable clinical responses in patients across a range of tumor types, although their high incidence of skin,
gastrointestinal, and endocrine side effects with their use. The risk of pneumonitis associated with checkpoint
inhibition therapy is not well described.

Methods: A systematic review of the literature was conducted on randomized clinical trials (RCTs)
comparing anti-PD/PD-L1 mono-immunotherapy (IMM) to chemotherapy (CTH) protocols in cancer
patients. The primary endpoint was the pneumonitis rate in IMM compared to CTH. Secondary endpoints
were (I) high-grade pneumonitis rate in IMM compared to CTH and (II) tumor response rate, progression-
free survival (PFS), and overall survival (OS) between IMM and CTH. Random model and leave-one-out-
analysis were performed.

Results: Thirteen RCTs studying 7,246 patients were included; 3,704 (51.12%) patients in the IMM arm
and 3,542 (48.88%) patients in the chemotherapy arm. Seven non-small cell lung cancer (NSCLC) RCTs
were included with 4,164 patients; 2,101 in the IMM arm and 2,063 patients in the CTH arm. Three RCTs
were on melanoma patients (n=1,390). Nine RCTs compared mono-immunotherapy to CTH [docetaxel
in 5 studies (38.5%), platinum-based in 2 studies (15.4%), dacarbazine in 1 study (7.7%) and everolimus in
1 study]. Both high-grade and all-grade pneumonitis were higher among patients in the IMM arm when
compared to the CTH arm (OR =4.39, 95% CI: 1.65-11.69, P=0.003 and OR =2.46, 95% CI: 1.29-4.6,
P=0.007). Tumor response rate was significantly better in the immunotherapy arm (OR =2.31, 95% CI:
1.62-3.29, P<0.001). PFS and OS were longer in patients who received IMM compared to patients in the
CTH arm (HR =0.75, 95% CI: 0.65-0.85, P<0.001, and HR =0.71, 95% CI: 0.66-0.77, P<0.001).
Conclusions: The incidence of high-grade and all-grade pneumonitis is higher in anti-PD-1 therapy but
not in anti-PD-L1 therapy when compared to traditional CTH regimens for NSCLC and melanoma. High-
grade adverse events were otherwise more common in the CTH arm. Tumor response rate, PFS, and OS are
all substantially improved with IMM over CTH. These results can be used to guide therapy selection and set

expectations for treatment effect in these patients.
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Introduction

Checkpoint inhibition therapy, specifically antibodies
targeting programmed cell death protein 1 (PD-1) and PD-
L1 on lymphocytes and tumor cells, plays an important
role in downregulating immunologic tumor escape
mechanisms (1). Although these therapies have shown
remarkable success in treatment of various malignancies
including NSCLC and melanoma (2,3), anti-PD-1 and
anti-PD-L1 have unique toxic effects which are referred to
as immune-related adverse events (IRAEs) (4). Although
multiple organ system involvement has been reported,
pneumonitis in particular has emerged as a relatively
uncommon but serious and potentially life-threatening
IRAE resulting in pneumonitis-related deaths in Phase I
trials (4).

Pneumonitis is defined as inflammation of the lung
parenchyma, and has been described in <10% of patients
receiving anti-PD-1/PD-L1 therapy either alone or in
combination, and appears to occur more commonly in
patients with lung cancer (5,6). In this study, we aimed
to analyze all grades of pneumonitis in anti-PD-1/anti-
PD-L1 treated patients in comparison to standardized
chemotherapy (CTH) protocols.

Methods
Search strategy and study selection

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (7) (Figure S1). In
March 2018, the PubMed, MEDLINE and EMBASE
databases were searched for publications containing anti-
PD-1 and anti-PD-L1 immunotherapy (IMM) by the words
“Nivolumab” OR “Pembrolizumab” OR “Atezolizumab”
OR “Durvalumab” OR “Avelumab” OR “BMS936559”
OR “Pidilizumab” that were obtained from a previously
published review (8). All studies comparing mono-
immunotherapy versus other single/multiple treatments
that reported all grades of pneumonitis were included. The
bibliography of all studies and related meta-analyses were
searched to identify further articles that could potentially be
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recruited, i.e., backward snowballing.

Inclusion criteria were phase II or III comparative
randomized clinical trials (RCTs) that had two arms (in the
form of IMM vs. CTH/targeted therapy). These studies
reported pulmonary complications including pneumonitis,
pneumonia, interstitial lung disease, pleural effusion, and
aspiration pneumonia. Exclusion criteria were ongoing
trials; non-comparative RCT, phase I RCT, RCT with
monotherapy/single arm or dose-escalation trials, RCT
with three or more comparative arms, two-armed studies
but in the form of IMM vs. IMM or IMM uvs. Placebo, less
than 50 patients, no pulmonary complication reported, non-
English articles, and no full-text available.

Two authors (Massimo Baudo and Mohamed Rahouma)
independently reviewed the electronic reports identified by
the searches. In case of discrepancies, they were resolved
by the 3 author’s (Mario Gaudino) opinion and consensus
meeting. The quality of included studies was assessed using
The Cochrane Collaboration’s tool for assessing risk of bias
in RCTs (9) (Figure S2).

Study outcomes

The primary endpoint was the pneumonitis rate in IMM
compared to CTH. Secondary endpoints were (I) high-
grade pneumonitis rate in IMM compared to CTH and (II)
tumor response rate, progression-free survival (PFS), and
overall survival (OS) between IMM and CTH. Subgroup
analyses were conducted for the occurrence of pneumonitis
based on the cancer type [NSCLC, melanoma and others
(including head & neck, renal cell carcinoma and urothelial
carcinoma)] and immunotherapy treatment type (anti-PD1
or anti-PD-L1). High grade adverse events were defined
as grade 3 (severe complications), grade 4 (life threatening
complications), and grade 5 (death) as reported by National
Cancer Institute Common Terminology Criteria for

Adverse Events (NCI-CTCAEv.4) (10).
Data extraction and statistical analysis
Microsoft Office Excel 2010 program (Microsoft,

Redmond, Washington) was used for data extraction. Data
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were expressed in the same way they were expressed in
the included studies (i.e., frequency and percentage for
categorical variables and mean = standard deviation or
median and range (or interquartile range) for continuous
variables).

Data on study design, study period, country, study center,
trial phase (I or ITI), cancer type, comparison arms, doses of
drug administered, inclusion/exclusion criteria, treatments
arms, sample size, PD-L1 tumor cell expression percent
groups, pathology and post-immunotherapy surgery,
were retrieved. The following patient characteristics
were registered: age, sex, smoking, Eastern Cooperative
Oncology Group Performance Status (ECOG-PS), stage,
response rates, PFS, OS, pneumonitis (see earlier; all grade/
high grade), response (complete and partial responders,
using Response Evaluation Criteria in Solid Tumor
(RECIST) criteria, were considered as responders), and all-
cause mortality.

All-cause mortalities were derived from the natural
logarithm of the provided hazard ratio (HR); the standard
error (SE) was derived from the 95% confidence interval
(95% CI) or log rank P value (11). Odds ratios (ORs) with
95% CI for pneumonitis events were calculated by means of
the DerSimonian-Laird [inverse variance (IV)] method (12).
Relative risk [risk ratio (RR)] with 95% CI was similarly
calculated for events with incidence higher than 10% to
avoid exaggeration of the risk (13). Random-effect model
was used for statistical outcome pooling, computing risk
estimates with CL.

Funnel plots were used for assessment of publication bias
by graphical inspection. Hypothesis testing for equivalence
was set at the two-tailed 0.05 level. Hypothesis testing for
statistical homogeneity was set at the two-tailed 0.10 level
and was based on the Cochran Q test, with I? values of
0-25%, 26-50%, and 51-100% representing low, moderate,
and high heterogeneity, respectively (14).

Sensitivity analysis using “leave one out analysis” and
meta-regression were performed and results were reported
as regression coefficient (i.e., Beta). Variables included in
meta-regression were age, gender, performance status (PS),
smokers and radiotherapy.

This meta-analysis was performed using meta and
metafor packages in R (version 3.3.3 R Project for Statistical
Computing). Review Manager Version 5.3 (The Cochrane
Collaboration, The Nordic Cochrane Centre and
Copenhagen, Denmark) was used to perform the risk of bias
assessment.
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Results
Eligible studies and characteristics of studies

An outline of the systematic review process is shown
in Figure S1. For clinical outcomes, 1,568 studies were
identified. After removal of duplicates, 1,493 studies
were screened. Twenty full text articles were assessed for
eligibility. Thirteen RCTs met our inclusion criteria with
7,246 patients included (3,704 (51.12%) in the IMM arm
and 3,542 (48.88%) patients in the other arm]. Seven
NSCLC RCTs were included with 4,164 patients (2,101 in
the IMM arm and 2,063 patients in the other arm). Three
RCTs were on melanoma patients (n=1,390). The RCTs
compared mono-immunotherapy to CTH (Docetaxel in 5
of them, Platinum-based in 2 studies, Dacarbazine in 1 study
and Everolimus in 1 study), while the remaining studies
reported different investigator’s choice of chemotherapy
(Tables 1,2). The pooled mean follow-up was 10.9 and
8.9 months in the IMM and CTH arms, respectively.
All-grade pneumonitis occurred in 3.13% of the IMM
arm compared to 2.06% in the CTH arm, while high-
grade pneumonitis occurred in 1.32% of the IMM arm
compared to 0.45% in the CTH arm. Pneumonitis-related
mortality occurred in 0.17% among the IMM compared
to 0% among the CTH group. Among chemotherapy
regimens, everolimus had the highest percentage of patients
developing all-grade pneumonitis (14.61%), followed by
docetaxel (0.52%), then platinum-based CTH (0.24%)
and dacarbazine (0%). in contrast to the IMM. Similarly,
everolimus had the highest rate of high-grade pneumonitis
(2.77%), followed by platinum-based CTH and docetaxel
(0.24% vs. 0.17%), then dacarbazine (0%), in contrast to
the IMM (Tuble SI).

Meta-analysis of the outcomes

Pneumonitis in immunotherapy

A higher rate of all-grade pneumonitis was found in all
immunotherapy arms (OR =4.39, 95% CI: 1.65-11.69,
P=0.003) (Figure 1A, Table 3). On subgroup analysis, the
occurrence of all-grade pneumonitis was highest among
patients with NSCLC (OR =3.54, 95% CI: 2.02-6.22) and
melanoma (OR =9.82, 95% CI: 2.27-42.42), but not in
head & neck, renal cell carcinoma and urothelial carcinoma
patients (OR =1.62, 95% CI: 0.12-21.11). Subgroup
analysis of immunotherapy type (anti-PD-1, nivolumab or
pembrolizumab or anti-PD-L1, atezolizumab) showed that
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Figure 1 Results of meta-analysis of pneumonitis grades. (A) All grades pneumonitis (A;; Forest plot, A,; funnel plot) and (B) high grades

pneumonitis (B;; Forest plot, B,; funnel plot).

only anti-PD-1 treatment is associated with higher all-grade
pneumonitis (OR =4.11, 95% CI: 1.50-11.22) (Table 3).

Similarly, the occurrence of high-grade pneumonitis in
the IMM arm was found among all included studies (OR
-2.46, 95% CI: 1.29-4.69, P=0.007) (Figure 1B, Tuble 3).
On subgroup analysis, high-grade pneumonitis was higher
among NSCLC patients (OR =3.70, 95% CI: 1.72-7.96),
while there was no difference among melanoma patients
[OR =4.75 (0.54, 41.97)] or other cohorts (OR =1.78, 95%
CI: 0.24-12.98). Subgroup analysis of immunotherapy type
showed that anti-PD-1 treatment is associated with higher
pneumonitis (OR =2.32, 95% CI: 1.19-4.51); this effect was
not seen in anti-PD-L1 (Table 3).

High-grade morbidity

Grade 3-5 adverse events occurred more frequently in the

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

CTH than the IMM arm (RR =0.46, 95% CI: 0.37-0.56,
P<0.001) (Table 3).

Response in immunotherapy
Response rate is in favor of immunotherapy arm (RR =2.00,

95% CI: 1.49-2.67; P<0.001) (Figure 2, Tuble 3).

Survival in immunotherapy

PES and OS are longer in patients who received IMM in
comparison to patient in the chemotherapy arm (HR =0.75,
95% CI: 0.65-0.85, P<0.001 and HR =0.71, 95% CI: 0.66-
0.77, P<0.001 respectively) (Figure 3, Tuble 3).

Sensitivity analysis

Leave one out analysis of high grade pneumonitis studies

7 Thorac Dis 2019;11(2):521-534
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Table 3 Summary of outcomes among our work

Rahouma et al. Pneumonitis in anti-PD/PD-L1 immunotherapy

Outcome or subgroup Studies  Participants  Effect estimate (95% Cl) Heterogeneity Overall effect Higher in
All-grade pneumonitis 14" 7,246 OR =4.39 (1.65, 11.69) ’=79%, P<0.001 Z=2.96, P=0.003 IMM
Lung cancer 7 4,164 OR =3.54 (2.02, 6.22) ’=0% - IMM
Melanoma 4 1,692 OR =9.82 (2.27, 42.42) ’=0% - IMM
Others 3 1,390 OR =1.62 (0.12, 21.11) ’=87.3% - None
Anti-PD-1" 13" 6,118 OR=4.11(1.50,11.22)  I’=79.7% - IMM
Anti-PD-L1" 1 850 OR =13.19 (0.74, 234.80) - - None
High-grade pneumonitis* 12 7,246 OR =2.46 (1.29, 4.69) ’=14.4%, P=0.3037  Z=2.72, P=0.007 IMM
Lung cancer 7 4,164 OR =3.70 (1.72, 7.96) ’=0% - IMM
Melanoma 2 1,692 OR =4.75 (0.54, 41.97) *=0% - None
Others 3 1,390 OR =1.78 (0.24, 12.98) ’=57.9% - None
Anti-PD-1" 11 6,118 OR =2.32 (1.19, 4.51) ’=15.4% - IMM
Anti-PD-L1" 1 850 OR =9.09 (0.49, 169.27) - - None
High-grade treatment related 15 7,160 OR =0.31 (0.24, 0.40) °’=80.7%, P<0.001 Z=-8.88, P<0.001 CTH
morbidities
High-grade treatment related 15 7,160 RR =0.46 (0.37, 0.56) I2=87.5%, P<0.001 Z=-7.22, P<0.001 CTH
morbidities
Response rate (IMM vs. CTH) 15" 7,160 OR =2.31 (1.62, 3.29) ’=84.4%, P<0.001 Z=4.64, P<0.001 IMM
Response rate (IMM vs. CTH) 15" 7,160 RR =2.00 (1.49, 2.67) °=84.1%, P<0.001 Z=4.63, P<0.001 IMM
Overall survival 14 - HR =0.71 (0.66, 0.77) ’=25.1%, P=0.184 Z=-8.39, P<0.001 IMM
Progression free survival 15 - HR =0.75 (0.65, 0.85) I2=82.3%, P<0.001 Z=-4.26, P<0.001 IMM

T, anti-PD-1 was the immunotherapy reported in the majority of the included articles, while anti-PD-L1 was reported in 2 articles; 1 of them
(Fehrenbacher 2016) (15) reported pneumonitis in immunotherapy (anti-PD-L1) arm only; ﬂ, some studies were included twice as they
reported two different immunotherapy doses. CTH, chemotherapy; IMM, immunotherapy; HR, hazard ratio; OR, odds ratio.

was conducted and revealed robustness of the result
(Figure S3).

Meta-regression

Six levels of meta-regressions were done assessing the
effect of different variables (age, gender, performance
status, smoking and radiation) on all-grade and high-grade
pneumonitis first in all studies, then among NSCLC related
studies, and among anti-PD-1 studies alone. This showed
an obvious trend of higher pneumonitis among smokers
(Beta=0.10, P value =0.104) and elderly patients (Beta=0.41,
P=0.072). The same trend was noted regarding smoking
in NSCLC studies (Beta=0.10, P=0.146) (Table S2 and
Figure S4).

© Journal of Thoracic Disease. All rights reserved.
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Discussion

In the present meta-analysis, the risk of all-grade
pneumonitis was higher among all immunotherapy arms
when compared to standard chemotherapy regimens in
NSCLC, melanoma, and other tumor types, similar to
previous studies (26,27). Similarly, the incidence of high-
grade pneumonitis secondary to anti-PD-1 treatment
was higher in IMM compared to CTH as reported
previously (28). The risk of pneumonitis was highest in
smokers, elderly patients, and patients with NSCLC when
compared to other tumor types. Interestingly, this effect was
not seen in anti-PD-L1 treatment. High grade morbidity
overall was higher in the traditional chemotherapy arm
than IMM, suggesting that while pneumonitis is a potential
limitation to IMM, it may still overall have a superior safety

7 Thorac Dis 2019;11(2):521-534
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A IMM CTH B
Study Events Total Events Total Risk Ratio RR 95%-CI Weight g .
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Reck 2016 69 154 42 150 = 160 [1.17; 218] 7.7% S - ? ° %
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Robert 2014 84 210 29 208 S 287 [197; 418] 7.4% T T T T
Weber 2015 38 120 5 47 —— 298 [1.25; 7.10] 4.8% 05 10 20 50
Random effects model 3704 3456 < 2.00 [1.49; 2.67] 100.0% Risk Ratio
Heterogeneity: I = 84%, T = 0.2645, p < 0.01 f T T 1

0.1 05 1 2 10

IMM CTH

Figure 2 Response rate (A; Forest plot, B; funnel plot) shows higher response in IMM group 2.26 times those in CTH group. IMM,

immunotherapy; CTH, chemotherapy.

profile to CTH. Similarly, tumor response, PFS, and OS
were all favored the immunotherapy arm.

This is the first meta-analysis to report the incidence of
pneumonitis in IMM in relation to different chemotherapeutic
agents and to assess the effect of age, gender, smoking,
performance status and radiotherapy on incidence of
pneumonitis with immunotherapy through meta-regression.
In 2016, Nishino and his colleagues (27) compared the
incidence of PD-1 inhibitors related pneumonitis among
different tumor types (NSCLC, melanoma and renal cell
carcinoma) and therapeutic regimens including nivolumab
or pembrolizumab. Among their study, the majority of the
included articles were Phase I RCTs (n=12 articles), whereas
our study also evaluated efficacy as only phase II and III
studies were included.

Prior meta-analyses on this topic report an all-grade
pneumonitis incidence between 2.28-3.69%, high-grade
pneumonitis between 1.65-2.87%, and an incidence of all-
grade pneumonitis up to 4.27% in the NSCLC subgroup
(Table S3) (26,28-30). Anti-PD-1 was associated with higher
incidence of all grade pneumonitis between 3.62-3.3.90%,
while anti-PD-L1 was associated with either insignificant
incidence or protective effect against pneumonitis (Zable S4)
(26,28-30). Our findings were similar, and in the current
analysis, all-grade pneumonitis was most common with
everolimus with a rate of over 1 in 7. To our knowledge, no
pneumonitis cases were reported with dacarbazine (DTIC)

© Journal of Thoracic Disease. All rights reserved.
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(Figure S5).

Wu and colleagues (26) conducted a meta-analysis to
evaluate the incidence of pneumonitis in Phase II, III
and IV RCT with participants receiving PD-1 inhibitors.
They reached the same conclusion that PD-1 inhibitors
were associated with an increased risk of pneumonitis
in a dose-independent manner, compared with routine
chemotherapeutic agents with different frequency and
severity in various tumor types. Similar to our results,
Khunger et al. reported in his recently published single arm
(immunotherapy arm) meta-analysis that there was a higher
incidence of pneumonitis with anti-PD-1 compared to anti-
PD-L1 (28). Finally, we found that immunotherapy had
lower high-grades treatment related morbidities compared
to chemotherapy similar to prior results by Costa ez al. (30).

The occurrence of pneumonitis seen in this meta-analysis
is relatively rare, anti-PD-1 specific, and most pronounced
in smokers, the elderly, and patients with primary lung
cancer. This is likely due to underlying lung impairment in
these patients (26). Interestingly, we did not find a similar
effect from prior radiation in lung cancer studies in the
meta-regression analysis, but this may be attributed in
part to the small number of studies that reported radiation
(n=3) (2,16,25). Although the risk of pneumonitis must be
considered prior to initiating checkpoint inhibition therapy,
our results confirm that in all other metrics, immunotherapy
has a superior profile to traditional CTH in NSCLC and

7 Thorac Dis 2019;11(2):521-534
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A
A
Istudy Hazard Ratio HR  95%-Cl Weight
Borghaei 2015 i 0.73 [0.59;0.90] 10.0%
Brahmer 2015 — 059 [044;079] 59%
Fehrenbacher 2016 —— 073 [053;1.00] 53%
Ferris 2016 ——| 070 [051,096] 52%
Motzer 2016 —— 073 [057,093] 78%
Reck 2016 —— 060 [041,088] 37%
Robert 2014 —a 042 [025,072] 21%
Bellmunt 2017 - 073 [059,091] 93%
Hamid (2mg vs. CTH) 2017 — T 079 [0.58;1.08] 54%
Hamid (10mg vs. CTH) 2017 —a— 067 [049;092] 53%
Rittmeyer 2016 E 3 073 [0.62;0.86] 12.7%
Herbst 2ma/kg 2016 - 071 [0.58;0.87] 9.8%
Herbst 10 mg/kg 2016 — 061 [049,075] 95%
Carbone 2017 e 102 [0.80;1.30] 7.9%
Random effects model <& 0.71 [0.66; 0.77] 100.0%
Heterogeneity: 12 = 25%, % = 0.0056, p 90.18
05 1 2
IMM CTH
B
BI Study Hazard Ratio HR 95%-CIl Weight
Borghaei 2015 : 092 [0.77;1.10]1 T7.5%
Brahmer 2015 —-- 062 [047;081] 64%
Fehrenbacher 2016 - 094 [072;123] 64%
Ferris 2016 - 089 [0.70;1.13] 6.8%
Motzer 2016 2 ) 088 [0.75;1.03] 7.7%
Reck 2016 —— 050 [0.37;068] 6.0%
Robert 2014 —— 043 [0.34;055] 6.6%
Weber 2015 = 082 [0.32;208] 17%
Bellmunt 2017 098 [0.81;1.19] 7.3%
Hamid (2mg vs. CTH) 2017 —— 058 [0.46;0.73] 6.9%
Hamid (10mg vs. CTH) 2017 —l— 047 [0.37;060] 6.7%
Rittmeyer 2016 : 0.95 [0.82;1.10] 7.8%
Herbst 2mg/kg 2016 i 088 [0.74,1.05] T7.5%
Herbst 10 ma/kg 2016 - 079 [066;0.94] T7.5%
Carbone 2017 i 085 [0.70;1.05] T7.2%
Random effects model e 0.75 [0.65; 0.85] 100.0%
Heterogeneity: /2 = 82%, 2 = 0.0542, d < 0.01
05 1 2
IMM CTH
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Figure 3 (A) Overall survival (A;; Forest plot, A,; funnel plot) and (B) Progression free survival (B,; Forest plot, B,; funnel plot).

melanoma. Most clinical trials exclude patients with prior
radiation, radiation pneumonitis, interstitial lung disease,
autoimmune disease, clinically significant lung disease,
hypoxia and decreased performance status, so we are not
able to assess the full risk of pneumonitis in these at-risk
groups.

This study is limited by limited clinical time that
immunotherapy has been available; therefore follow-up
time is short and the number of clinical trials is not large
enough to fully evaluate the safety of PD-1 inhibitors and
their side effects. Heterogeneity in individual studies was
addressed partially through subgroup analysis, although this
remains a limitation in particular due to the relatively small
sample size. Finally, our analysis was conducted at the study

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

level rather than individual patient data level, meaning the
potential variables at the patient level were not involved in
the analysis (31).

Conclusions

The incidence of high-grade and all-grade pneumonitis is
higher in anti-PD-1 therapy but not in anti-PD-L1 therapy
when compared to traditional CTH regimens for NSCLC
and melanoma. High-grade adverse events were otherwise
more common in the CTH arm. Tumor response rate,
PFS, and OS are all substantially improved with IMM over
CTH. These results can be used to guide therapy selection
and set expectations for treatment effect in these patients.

7 Thorac Dis 2019;11(2):521-534
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Table S1 Literature search strategies in Embase 1974 to 2018 March 10, Ovid MEDLINE(R), Epub Ahead of Print, In-Process & Other Non-
Indexed Citations and Daily 1946 to March 10, 2018 and PubMed'

Searches Results
anti-pdl1.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dg, nm, kf, px, rx, an, ui, sy] 425
anti-pd1.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dg, nm, kf, px, rx, an, ui, sy] 2,226
nivolumab.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dg, nm, kf, px, rx, an, ui, sy] 12,629
pembrolizumab.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dg, nm, kf, px, rx, an, ui, sy] 9,956
Atezolizumab.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dg, nm, kf, px, rx, an, ui, sy] 2,883
Durvalumab.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dg, nm, kf, px, rx, an, ui, sy] 1,952
Avelumab.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dg, nm, kf, px, rx, an, ui, sy] 1,235
Pidilizumab.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dg, nm, kf, px, rx, an, ui, sy] 415
BMS936559.mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kw, fx, dqg, nm, kf, px, rx, an, ui, sy] 4
1or2or3or4or5or6or7or8or9 20,350
limit 10 to English language 19,825
limit 11 to full text 1,137
limit 12 to humans 1,024

ﬂ, PubMed code that we used for the literature search: “anti-pdl1”[All Fields] OR “anti-pd1”[All Fields] OR “nivolumab”[All Fields] OR
“pembrolizumab”[All Fields] OR “Atezolizumab”[All Fields] OR “Durvalumab”[All Fields] OR “Avelumab”[All Fields] OR “Pidilizumab”[All
Fields] OR “BMS936559”[All Fields]. Then, from these results we excluded progressively according to language and type of article as
described in our PRISMA chart.



Study Odds Ratio OR 95%-Cl

Omitting Borghaei 2015 —— 242 [1.22;478]
Omitting Brahmer 2015 —8— 259 [1.29;5.23]
Omitting Fehrenbacher 2016 —l— 246 [1.29;469]
Omitting Ferris 2016 —8— 263 [1.30;5.31]
Omitting Motzer 2016 ——— 3.98 [2.01;7.90]
Omitting Reck 2016 —— 259 [1.25;5.36]
Omitting Robert 2014 —B— 246 [1.29;469]
Omitting Weber 2015 —i— 246 [1.29;469]
Omitting Bellmunt 2017 —l— 217 [1.15;4.09]
Omitting Hamid (2mg vs. CTH) 2017 —il— 259 [1.29;5.22]
Omitting Hamid (10mg vs. CTH) 2017 —— 240 [1.22;473]
Omitting Rittmeyer 2016 —_— 232 [1.19;4.51]
Omitting Herbst 2mg/kg 2016 —— 257 [1.21;543]
Omitting Herbst 10 mg/kg 2016 —— 257 [121;544]
Omitting Carbone 2017 —i— 232 [1.19;451]
Random effects model : : —IC’>I 2.46 [1.29; 4.69]

02 05 1 2 5
IMM CTH

Figure S3 Leave one out analysis of high grade pneumonitis studies.

Table S2 Incidence of all and high grades pneumonitis among different chemotherapeutic agent compared to immunotherapy in the
corresponding studies

Pneumonitis No. of studies IMM (%) CTH (%) CTH agent
All grade Five (Borghaei 2015, Brahmer 2015, Fehrenbacher 2016, 3.04 0.52 Docetaxel
pneumonitis Herbst 2016, Rittmeyer 2016)
Two (Carbone 2017, Reck 2016) 3.76 0.24 Platinum-based CTH
Rittmeyer 2016 1.43 0.00 Dacarbazine
Motzer 2016 3.94 14.61 Everolimus
High grade Five (Borghaei 2015, Brahmer 2015, Fehrenbacher 2016, 1.37 0.17 Docetaxel
pneumonitis Herbst 2016, Rittmeyer 2016)
Two (Carbone 2017, Reck 2016) 1.88 0.24 Platinum-based CTH
Rittmeyer 2016 0 0 Dacarbazine
Motzer 2016 1.48 2.77 Everolimus

The remaining studies mentioned different investigator’s choice of chemotherapy. CTH, chemotherapy; IMM, immunotherapy.
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Table S3 Published meta-analyses on immunotherapy-induced pneumonitis

First author, Studies Patients Cancer Results: all studies Results: only NSCLC Results: among anti-PD-1
year types
Abdel-Rahman, 11 6,671 All AGP: OR =3.96 (95% ClI, 2.02— AGP: OR =3.25 NR
2016 (29) 7.79); HGP: OR =2.87 (95% Cl, (95% Cl, 1.51-7.00)
0.90-9.20)
Costa, 9 5,353 All AGP: RR =2.28 (95% ClI, 0.76— NR NR
2017 (30) 6.88)
Khunger, 19 5,038 NSCLC NR NR AGP (anti-PD-1) =3.62 (95% ClI, 2.36-4.87);
2017 (28) HGP (anti-PD-1) =1.15 (95% Cl, 0.57-1.73);
AGP (anti-PD-L1) =1.37 (95% Cl, 0.80-1.94);
HGP (anti-PD-L1) =0.41 (95% ClI, 0.00-0.85)
Wu, 2017 (26) 16 6,360 All AGP =3.29% (95% ClI, 2.72-3.98); AGP =4.27% AGP (anti-PD-1 vs. CTH): OR =3.90 (95%
HGP =1.65% (95% CI, 1.25-2.16) (95% ClI, 3.26-5.58); Cl, 1.93-7.85); HGP (anti-PD-1 vs. CTH): OR
HGP =2.04% =3.55 (95% Cl, 1.29-9.76)

(95% Cl, 1.37-3.03)

NSCLC, non-small cell lung cancer; AGP, all-grade pneumonitis; HGP, high-grade pneumonitis; NR, not reported.
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Figure S5 Management of pneumonitis associated with anti-PD-1/PD-L1 (Those in yellow should be done for any pneumonitis grade).



Table S4 Meta-regression results of different variables on all and high grades

Pneumonitis

Beta = SE, P value

All studies

Only NSCLC

Among anti-PD-1

All grade pneumonitis
Age
Female%
PS >1
Smokers
RTH
High grade pneumonitis
Age
Female%
PS >1
Smokers

RTH

0.2798+0.2411, P=0.2459

0.0210+0.0348, P=0.5452
—0.0380+0.0260, P=0.1440

0.0954+0.0588, P=0. 1043
—-0.0162+0.1463, P=0.9117

0.4080+0.2269, P=0.0721"

0.0254+0.0319, P=0.4265
—-0.0239+0.0448, P=0.5937

0.0051+0.0701, P=0.9416
—-0.0727+0.1545, P=0.6381

0.4290:0.3231, P=0.1842
~0.0663+0.0883, P=0.4526

0.08660.1266, P=0.4943

0.0946+0.0651, P=0.1461"
~0.0162:0.1463, P=0.9117

0.0415+0.3712, P=0.9110
0.0351+0.0970, P=0.7177
-0.0148+0.1421, P=0.9173
-0.0023+0.0753, P=0.9762
-0.0727+0.1545, P=0.6381

0.2663+0.2433, P=0.2738

0.0180+0.0354, P=0.6110
-0.0378+0.0260, P=0.1459

0.0952+0.0588, P=0.105 7"
-0.0162+0.1463, P=0.9117

0.3856+0.2286, P=0.0916"

0.0194+0.0329, P=0.5565
-0.0229+0.0448, P=0.6087

0.0080+0.0702, P=0.9095
-0.0727+0.1545, P=0.6381

*, positive beta reflects an increase in pneumonitis with increase in the variable, while negative beta reflects a decrease in pneumonitis with
increase in the variable; ﬂ, those in italic show trends toward statistical significance. NSCLC, non-small cell lung cancer; PS, performance
status; RTH, radiotherapy; SE, slandered error.



