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Background: Inhibitors of programmed cell death-1 (PD-1) and its ligand (PD-L1) have represented
a novel approach for the management of advanced non-small cell lung cancer (NSCLC). In this study,
we aimed to estimate five anti-PD-1/L1 agents (nivolumab, pembrolizumab, atezolizumab, durvalumab,
and avelumab) using network meta-analyses (NMAs) and the Bayesian method to provide suggestions for
advanced NSCLC treatments.

Methods: We searched PubMed, Web of Science, Embase, and the Wiley Online Library for eligible
studies published up to March 2020. Both pairwise analyses and NMAs were conducted with clinical
outcomes, including overall survival (OS), progression-free survival (PFS), objective response rate, and the
incidences of adverse events. Results were presented in several patient populations according to treatment
lines and PD-L1 status.

Results: Nineteen randomized clinical trials (RCT5) involving 11,456 patients were included in our study.
PD-1/L1 inhibitors showed significant benefits over chemotherapies in OS regardless of tumor PD-L1
status [first-line settings: OS =0.85, 95% CI (0.77, 0.94), I’=37%; second- or further-line settings: OS =0.77,
95% CI (0.71, 0.84), I’'=37%). The combined regimen of pembrolizumab and chemotherapy stood out to be
the most effective and safest for patients in the first-line settings. Pembrolizumab monotherapy was showed
to be the best especially for patients with PD-L1 >50%. In the subsequent-line settings, nivolumab ranked
the best in improving the survival of patients, and durvalumab had the greatest effect in tumor shrinkage.
Atezolizumab, followed by nivolumab, ranked the safest in reducing adverse events, whereas durvalumab was
showed with the largest side effects among the five inhibitors.

Conclusions: The combination of pembrolizumab with chemotherapy is suitable for advanced NSCLC
patients who have not received any systematic treatments before, and pembrolizumab monotherapy should
also be considered, especially for patients with highly-expressed PD-L1 (250%). Nivolumab is the best
option for patients with advanced NSCLC whose tumors have progressed following chemotherapies or
combined modalities of treatments including chemotherapy. However, our results need to be further
validated in future head-to-head clinical trials.
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Introduction

Lung cancer has remained the most common cause of
cancer death in recent years, and non-small cell lung
cancer (NSCLC) represents 87% of all cases, including
adenocarcinomas and squamous cell carcinomas as its main
subtypes (1-4). For advanced NSCLC patients, molecular
targeted therapy is considered to be a standard first-line
regimen for those with genomic mutations, while platinum-
based doublet chemotherapy optimizes treating efficacy for
those with unknown mutational status (5,6). Options such as
pemetrexed and docetaxel serve as second-line and beyond
or maintenance therapy for advanced NSCLC with poor
tumor response or disease progression (7,8). Apart from
the treatments above, immunotherapy has been a novel
approach for advanced NSCLC over the last decade, where
the inhibition of immune checkpoints plays a pivotal role,
including programmed cell death-1 (PD-1) and its ligand
programmed death ligand-1 (PD-L1) (9,10). Nivolumab
and pembrolizumab are PD-1-targeted inhibitors, whereas
atezolizumab, durvalumab, as well as avelumab exert their
inhibitory potency on PD-L1 (11).

In advanced NSCLC, all of the five above immune
checkpoint inhibitors (ICIs) have shown anticancer activity in
earlier phase I or II trials, with objective response rates (ORR)
varying between 20-40% (12-16). Phase III randomized
clinical trials (RCTs) were subsequently conducted to validate
the clinical efficacy of these ICIs, given the promising
efficacy obtained in the preceding studies. Patients were
reported to benefit from PD-1/L1 inhibitors in almost all
late-phase trials, regardless of the treatment line (17-21).
When compared to chemotherapy, previous meta-analyses
combining these RCTs above have also shown promising
survival benefits as well as safety profiles for all three
approved inhibitors, including nivolumab, pembrolizumab,
and atezolizumab (22-25). An indirect analysis has shown
therapeutic advantages of PD-1 inhibitors, nivolumab and
pembrolizumab, over PD-L1 inhibitor, atezolizumab, in
pretreated patients with NSCLC (26), but the evidence is still
lacking and there is still a lack of head-to-head comparisons
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to directly determine the best agent. In the present study, we
performed a systematic review and meta-analysis of several
phase II/IIT RCTs associated with PD-1/L1 inhibitors in
advanced NSCLC. The ultimate purpose of this study was
to determine the relative efficacy and safety of the existing
PD-1/L1 inhibitors in both the first and subsequent settings.
The results provided suggestions for clinicians to develop
individualized treatments with PD-1/L1 inhibitors for diverse
patients with advanced NSCLC. We present the following
article in accordance with the PRISMA reporting checklist
(available at http://dx.doi.org/10.21037/tler-20-192).

Methods
Protocol and registration

The present report has been prepared according to the
recommendations of the Cochrane Comparing Multiple
Interventions Methods Group and the PRISMA extension
statement for systematic reviews incorporating network
meta-analyses (NMAs). The protocol of this study was also
registered with PROSPERO (ID: CRD 42020163743)
(https://www.crd.york.ac.uk/prospero/).

Selection criteria

Studies were considered if they met the inclusion criteria
as follows: (I) prospective RCTs; (II) patients with
histologically proven diagnosis of advanced NSCLC; (III)
studies comparing the addition or single use of PD-1/
L1 inhibitors with platinum-based chemotherapy among
patients with no prior systemic anticancer therapies in
the first-line settings; and studies comparing PD-1/L1
inhibitor monotherapy with chemotherapy among patients
whose tumors have progressed or recurred following
(adjuvant or neo-adjuvant) combined modalities including
chemotherapies in the second- or further-line settings;
(IV) studies reporting efficacy outcomes, including overall
survival (OS), progression-free survival (PFS), and ORR;
and (V) studies displayed with safety profiles, including

Transl Lung Cancer Res 2020;9(4):1302-1323 | http://dx.doi.org/10.21037/tler-20-192


https://www.crd.york.ac.uk/prospero/

1304 Liang et al. A Bayesian analysis of PD-1/L1 inhibitors in advanced NSCLC

the incidence of severe adverse events (SAEs) as well
as respiratory and thoracic disorders. Furthermore, the
following studies were excluded to minimize the risk of bias:
(I) unrandomized studies, retrospective studies, reviews,
meta-analysis, case reports, conference reports, letters,
or comments; (II) studies in which the comparison drugs
were in combination with radiotherapy, other targeted
drugs (other than bevacizumab) or other immunotherapy
drugs; and (III) studies lacking necessary data or overlapped
studies.

Search strategy

We started to search on the PubMed, Web of Science,
Embase, and the Wiley Online Library from August 2019
for eligible studies published up to March 2020, with a
language restriction of English. The following groups of
keywords and medical terms were used: (“non-small cell
lung cancer” or “non-small cell lung carcinoma” or “non-
small cell lung neoplasms” or “lung adenocarcinoma” or
“lung squamous cell carcinoma” or “large cell lung cancer”)
and (“programmed death 1” or “PD-1” or “programmed
death-ligand 1”7 or “PD-L1” or “immunotherapy” or
“immune checkpoint inhibitors” or “PD-1/PD-L1
inhibitors” or “PD-1/PD-L1 blockades” or “anti-PD-1/PD-
L1” or “nivolumab” or “pembrolizumab” or “atezolizumab”
or “durvalumab” or “avelumab”). We manually reviewed
the reference lists of relevant studies and tracked the
“clinicaltrials.gov” site (https://clinicaltrials.gov/) for the
latest updated data on the eligible studies.

Selection process

A four-phase process was conducted for the selection
of studies according to the PRISMA Statement. After
searching for records on the websites, studies were screened
based on the publication categories specified in the above
criteria. Studies were further assessed with full-texts
according to their study design and reported outcomes.
Eligible ones were finally included if the characteristics of
participants, interventions, and outcomes were similar across
each study. Two reviewers (Liang and Sui) independently
examined publications that met the inclusion criteria.
Discrepancies were solved by discussion or adjudication
with a third reviewer (Li). Studies were selected with the
longest time of follow-up if they had experienced multiple
intervals of analysis.
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Data extraction

The parameters for efficacy in this study were OS, PFS
as well as ORR, and the incidence of SAEs, as well as the
respiratory and thoracic disorders, which were used to
analyze the safety profiles. Survival outcomes, OS and
PFS, were reported with hazard ratios (HRs) together with
95% confidence intervals (CIs). Of note, when HRs could
not be extracted from the results in the literature, they
would be computed by extractions of survival curves using
Engauge Digitizer software with a high degree of accuracy
according to established methods (27). Other outcomes,
ORRs and the incidence of adverse events, were extracted
or calculated using the original number of reporting events
following established methods (28). General characteristics
of outcomes and enrolled patients in the included studies
were obtained.

Assessment of risk of bias

The qualities of included trials were assessed following
the instructions of the Cochrane Handbook for Systemic
Reviews of Interventions, in which six aspects were
evaluated: random sequence generation, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other sources of bias (29). Effect
account was estimated through sensitive analyses for the
impact of included studies with high or unclear risk of bias.

Statistical analysis

Data were first analyzed through direct pairwise
comparisons in all intention-treated patient population, and
the results presented with pooled-estimated HRs (HR jq)
together with 95% CIs. Mixed treatment comparisons
incorporating direct and indirect results were subsequently
generated within Bayesian frameworks using Markov chain
Monte Carlo methods. Analyses above were performed by
Review Manager (version 5.3) (https://community.cochrane.
org/help/tools-and-software/revman-5) and R (version
3.6.1) as well as R packages (https://www.r-project.org/).
In the R package ‘gemtc’, each chain was fitted with 20,000
iterations. Afterward, different regimens were ranked by
efficacy and safety outcomes by calculating the hazard ratios
(HRs) or relative risks (RRs) as well as the proportion of
iterations of the Markov chain. Ranking probabilities of
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treatments were estimated to determine the likelihood of
therapies in a best-to-worst order.

Heterogeneity between studies was measured by the
I-square test and P value. If the I-square value was >75%,
we would regard it as high heterogeneity, and <25%, as
low heterogeneity, while others would remain as medium
heterogeneity. The random effect-based model by Der
Simonian and Laird was used to perform meta-analyses
for studies with high heterogeneity, while the fixed effect-
based Mantel-Haenszel model was used for the low and
medium heterogeneous models (30,31). All the results were
considered to be of significance with a value of P<0.05, and
no significance was attributed otherwise. Sensitivity analyses
were conducted in case of high heterogeneity (=75%), and
studies which would largely affected the heterogeneity were
omitted from the model one after another based on the
sensitivity results. Before and after the omissions, pooled
efficacy and safety together with the statistical significances
were compared.

Ethical statements

Ethical approval was exempted by the Institutional Review
Committee of Zhongshan Hospital, Fudan University,
Shanghai, China.

Results
Literature search results

The literature search identified a total of 249 records, of
which 34 were excluded because of duplicates; 127 records
were excluded because of reviews, case reports, conference
reports, letters, comments or summaries; three records were
excluded because of meta-analyses; 28 records were excluded
because of non-perspective RCTs; seven records were
excluded because of early phases; 10 records were excluded
because of the same trial with multiple follow-ups; three
records were excluded because the combination of PD-1/L1
inhibitors or chemotherapy was combined with other drugs
or therapies (other than bevacizumab); four records were
excluded because of mixed diagnosis of patients enrolled; and
three records were excluded because of insufficient result
posted. A total of 28 trials were assessed as eligible ones and
nine studies were excluded because of their heterogeneity and
incompatibility for the quantitative analysis.

Finally, 19 studies involving 11,456 participants with
advanced NSCLC (eleven studies with PD-1/L1 inhibitors
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in the first-line settings involving 6,635 patients and
eight studies with PD-1/L1 inhibitors in the subsequent
settings involving 4,821 patients) met all the inclusion or
exclusion criteria and were included in the meta-analysis
(17,19,20,32-44). All of the five anti-PD-1/L1 agents were
covered in our study. In the included studies, patients were
originally stratified into subgroups by the expressing PD-
L1 status of tumor cells, which was presented by the tumor
proportion score (TPS). The cutting-off points of PD-L1
TPS included 1%, 5%, 10%, 25%, and 50%. 1% and 50%
were finally selected as cut-offs for our subgroup meta-
analyses because they were the most intersections for the
clinical results reported by different studies that we had
included. A PRISMA diagram summarizing our literature
search results and selection is shown in Figure 1. The
general characteristics of enrolled patients in the included
trials, as well as clinical outcomes, are outlined in Zables 1,2.
The whole network is illustrated in Figure 2, in which solid
lines between the different drugs represent the number of
studies, and dashed lines represent indirect comparisons
that we can obtain through the network.

Assessment of risk of bias

Seventeen of all were considered at high risk of bias in
performance and detection because they were open-
label. Although only two of these studies (Keynote 189 &
Keynote 407) were double-blind, outcomes on whether
patients could benefit from PD-1/L1 inhibitors or not
were reported to be similar to those in open-label trials.
Nine undergoing studies were at a high risk of attrition
bias resulting from the incomplete outcomes. Data on risk
of bias of each included study are presented in Figure S1A.
Results of any assessment of risk of bias across studies are
illustrated in Figure S1B.

Comparisons of regimens

Drug efficacy

First-line settings

We analyzed three populations of patients in this setting:
intention-to-treat (I'T'T) population as well as patients with
PD-L1 TPS >1% and TPS >50%. Sensitivity analyses were
performed in the following models with high heterogeneity,
and none of the pooled results showed any alteration in the
statistical significance after the heterogeneity reduction.
According to results of pair-wise comparisons, additions
of PD-1/L1 inhibitors to chemotherapy were shown to be
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Figure 1 PRISMA diagram of search results and selections.

superior to chemotherapeutic drugs alone in terms of OS
[OS HR,,,q =0.85; 95% CI (0.77, 0.94); I’=37%] and PFS
[PFS HR,,.q =0.63; 95% CI (0.58, 0.69); I’=58%] (Figure
S2A4,B). Benefits were also significant in terms of ORR [ORR
RR,,..=1.30;95% CI (1.17, 1.46); '=71%] (Figure S2C). In
the population of patients with PD-L1 TPS >1%, both the
single use of the PD-1/L1 inhibitors and their combination
with chemotherapy showed a significantly lower risk of
death for patients, compared with chemotherapeutic drugs
[0S HR,,..; =0.84; 95% CI (0.76, 0.92); T'=49%] (Figure
S2D). However, no benefit was shown in terms of PFS
in this subgroup of patients [PFS HR .4 = 1.08; 95%
CI (0.98, 1.18); I’=0%)] (Figure S2E). Similar results were
also reported among patients treated with nivolumab or
pembrolizumab monotherapy with PD-L1 TPS 250% [OS
HR,,,.q =0.70; 95% CI (0.60, 0.81); ’=0%; PFS HR .,
-0.87; 95% CI (0.75, 1.02); P=0%] (Figure S2EG).
According to the ranking results from NMA, the
top three of all regimens in terms of efficacy were
pembrolizumab combined with chemotherapy, atezolizumab
combined with chemotherapy, and pembrolizumab
monotherapy. Pembrolizumab combined therapy seemed
to be the most effective with a probability of 84% ranking
first in OS and 90% in PFS or ORR (Figures 34,B,S3A4) in
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the I'TT patient population. Its superiority to atezolizumab
combined therapy was significant both in OS and PFS [OS
HR,,.. =0.69; 95% CI (0.54, 0.86); =14%; PFS HR, ...
=0.77; 95% CI (0.64, 0.93); I’=0%] (Tible 3). It also ranked
as the best among the patient with PD-L1 TPS >1%, with
a probability of 58% in OS and a probability of 78% in PFS
(Figure 3C,D). The superiority of pembrolizumab combined
therapy to pembrolizumab was also both significant in OS
and PFS [OS HR,, e =0.71; 95% CI (0.56, 0.90); ’=11%;
PFS HR,,,... =0.45; 95% CI (0.36, 0.56); '=9%] (Tuble 3).
The combination of atezolizumab and chemotherapy
ranked in the second place in both of the I'T'T" population
and among patients with PD-L1 TPS > 1%, but there was
no significant difference between it and the third-rank
pembrolizumab monotherapy, either in terms of PFS or
OS. Also, the advantage of pembrolizumab monotherapy
was of no significance when compared to the drugs that
ranked behind (nivolumab and durvalumab) (Tzble 3).
However, pembrolizumab monotherapy appeared to be the
most effective agent with a high probability of 87% in terms
of OS and 81% of PFS (Figure S3B,C) for patients with
PD-L1 TPS >50% temporarily, because the lack of efficacy
outcomes related to pembrolizumab or atezolizumab
combined therapies. The superiority of pembrolizumab to

Transl Lung Cancer Res 2020;9(4):1302-1323 | http://dx.doi.org/10.21037/tler-20-192



1307

Translational Lung Cancer Research, Vol 9, No 4 August 2020

(ponuriu0) 1 9[qe],

(% 1= 17-ad) (ev1=u) (P 1=u) (MO Bw 002'1) (£29-G'09)
[eul :S4d/SO  Sd4d/SO (LL) S4d/SO  Adessyjowsyd qewnzijozely I 919 A/l (@ee) v /82 I (8¢€) 4y 1dOd
(991=u) (8ee=U) (MzD B3/Bw ¢) (6'65-£°89) (2£)
[eul} :S4d/SO (LL) S4d/S0 Adessyjowayo Qewn|oAIN I 1'65 A/an (2769 IV ¥0S Il 820 SIBINM99YD
(%1= 11-ad) (062=U) (e62=U) (M2D BY/BW ¢) (r'29-8709) (92)
[eul :S4d/SO  S4d/SO (LLI) S4d/SO  Adessyioway) Qewn|oAIN I 9’19 A/all - (0 OS-UON 285 Il 2SO S¥eNYo9UD
(% 1= 17-ad) (ze1=u) (se1=u) (MzD Bx/Bw ¢€) (e'v9-£729) (12)
[BUY :SHd/SO  Sd4d/SO (LL) S4d/SO  Adessyjowsyd Qewn|oAIN I €'€9 A/ain - (0000 DS ele N 210 ®rAMOBYD
(oot=u)
Adeisyiowsyo (2o=u) Adesayrowayo
(%068= +(Meo Py/Bw glL)  + (MeD Bw 0oz 1) (WN)
WL :S4d/SO 1 T1-Ad) S4d¥S0 (LL) SO gewnzioeasg qewnzjjozeyy I 0'€9 N (0)os-uoN 208 Il (ev) 0GLsemodw
(se=u) Adesayrowayo
(% 1= 17-ad) (ove=u) + (MeD Bw 00z} (1'59-1v9)
WLl :S4d/SO  S4d8SO (LLI) S4d8SO  Adessyjoway) qewnz|oze}y I 9'%9 N (oool)os €89 1Nl (LeLemoduw|
(e8=u) Adeissyjowayo
(% 1= 17-ad) (ove=u) + (MeD Pw 00zt (L'v9-€7€9)
[eUl :S4d/SO  S4d®SO (LL) S4d®SO  Adessyjowsyd qewnzijozely I 0'%9 N (0) OS-UON  ¥22 I (¥€) ogemodu)
(182=u)
(%1= 11-ad) Adeseyiowsyd  (822=u) Adeleyjowsyo (9'9-2'79)
wuelUl :S4d/SO  S4d¥S0 (LLI) S4d8S0 +ogeoeld  + (Bw 00g) qewnzijoiquied I 679 Al (0ool)os 655 1l (02) Loveioukey
(90z=u) (01=u) Adeseyjowayo
(%1 11-ad) Adessyjowsy + (MeD Pw 002) (8'€9-'29)
wuelul :1S4d/SO  S4d/SO (LLI) S4d/SO + 0gaoe|d gewnzijoiquiad I S'v9 N (0) os-uoN 919 N (61) 68Le10UkY
(e9=u) (09=u) Adeseyiowayo
Adeisyrowayo + (MeD Pw 002) (¥N)
wueul :S4d/SO (L1 S4d/S0 + 0geoeld gewnzijoiquiad I 229/ze9  A/all  (0) OS-UON gzl Il (gv) Leoeloukey
(%1 11-ad) (e2e=u) (P2e=u) (MO B¥/Bw 07) (YN)
WLl :S4d/SO  S4d/SO (LLI) S4d/SO  Adessyjowsy) qewnfeang I 9'€9/2°€9 N N avs Il DILSAN
(%06< 11-ad) S4d/SO (289=u) (2£9=u) (MeD Bw 002) (YN) uolsuslxe eulyy
wuell :S4d/SO (% 1= 171-Ad) S4d/SO  Adessyjowayp gewnzijoiquiad %12 G'19/6°09 padueApy  (L'99)lIv 292 Il -Zy0810Ukey
(%08= 171-ad) S4d/SO (2e9=u) (2£9=u) (MeD Bw 007) (e'e9-2'29)
wuel :S4d/SO (% 1= 11-Ad) S4d/S0  Adessyiowsy) gewnzijoiquied %1 8'29 pooueApy  (9'8€) IV ¥22°L NI (L1) gy0sioukey
(1g1=u) (PG 1=u) (MeO Bw 00g) (e'G9-1'€9)
[eul :S4d/SO  (%0S< L1-Ad) SO/S4d  Adessyjowsyd qewnzijoiquiad %05< 279 N (Fs)iv  goe 1 (eg) yeoeroukey
(%08= 17-ad) S4d/SO (022=u) (122=u) (M2D B/bw g) (6€9-€'29) (c)
[eul :S4d/SO (%= 17-Ad) S4d/SO  Adessyjowsyd Qewn|oAIN %= 1'€9 N ©vaunvy s 92081 AMO8YD
uoissaidxe (1O %S6) (os
Buiwn sisAfeuy bUo ?m_uw”n_vwm\ Arewiig (u) wue josu0n (u) wue eyuswadxy 17-ad  obe uelpsy sebels %) >mo_o~m_Iw_MM_Mw m_wmﬂ.u.a aoualsel/Apnis

Hoyoo juslied OTOSN

SOIPIIS POPNIOUL JO SOINSLIdIOEIRY) [ J[qE],

Transl Lung Cancer Res 2020;9(4):1302-1323 | http://dx.doi.org/10.21037/tler-20-192

© Translational Lung Cancer Research. All rights reserved.



Liang et al. A Bayesian analysis of PD-1/L1 inhibitors in advanced NSCLC

1308

(panurzu03) 7 Sqe],

Adeissyjowsyn
202/82 202/56  902/6€ Adessyiowayd
SOv/2y  SO¥/202 OLb/S61 «(LG°0-¥€0) 90 %1 11-Ad «(¥9'0-€¥°0) 250  «(99°0-+€°0) L¥'0 :% L= 11-Ad «(#9°0-8€°0) 6%°0 + qewnzijoiquad ,(61) 68 810ukey
2c9/€ c9/81 €9/81 Adeisyiowsy)
Adelayjowayo
69/8 6S//2  09/g€ - {16°0-1€0) €50 - (16'1-27°0) 06°0 + qewnzijoiquiad (g) Lgodlouhey
¢Sse/e cse/ehE c¢le/chh Adeisyjowsy)
69¢/8¢  69¢/LEL ¥.£/88 (#€1-68°0)60'L %2 11-Ad (87 1-¥0L) ¥2' L  (L0'1-€2°0)88°0:% L2 |1-Ad (€L'1-18°0)96°0  gewnfeang +OILSAIN
Scl/o Gel/ov  VEL/EE (gz'1-,G0) 98'0 :%06< +1-Qd (00"1-8€°0) 29°0 :%05< 11-Ad Adeisuiowsud  uoisueixe euIyO
8zL/2l 8z1/8¢ 8el/zy ‘(GEI-¥2°0) 00} 1% = L1-Ad - “(¥6°0-G1°0) S9'0 1% L= 1 1-Ad - qewnzijoiquad -2y0el0uhey
Slo/ey  GL9//8L L€9/69) (66'0-89'0) 28'0 :%0G< +1-Qd A(58:0-95°0) 69°0 :%05= +1-Ad Adeieowsyd
9€9/20L  9€9/6G2 L£9/¥LL ‘(12 1-v6°0) LO'L 1% L= L1-Ad - “(€6°0-12°0) 18°0:% = 17-Ad - qewnzijoiquiad (/1) gyoo10ukey
0SH/vh 0S1/99 ISt/ey Adeissylowayn
¥S1/92 ¥S1/89  ¥S1/69 (89°0-2£°0) 0S°0 :%06= 11-Ad - «(98°0-2¥°0) £9°0 :%05< 171-Ad - qewnzijoiquad  (g€) ygooloukey
€9¢/ec €98/ Che/bL (ay7i-12°0) LO'} :%0S= +1-Od (62'1-€9'0) 06'0 :%05< +1-0d Adeisyrowsyd (ce)
192/6€  192/GG) Li2/zz Hev1-S6°0) LF' L 1%1= L1-Ad - (ee1-98°0) L0'} 1% L= 171-Ad - gewn|oAIN 9209¥e N8O
‘U slspiosip sdnoubgng uonejndod | || sdnoibgng uonejndod | ||
oeloyr  (u)s3vS (U) HHO
/kioyesdsay (1D %96) °H :Sdd (1D %56) "H SO swiy souaisjal/Apms
Aeyes Aoeolyq

S9IpMIS papnjoul 9y3 Ul SoW0d3INo [edIUl[) ¢ 07#&“\

‘[BAIAINS 98.4-U0ISSa160.d ‘SHd {[BAIANS ||BJSAO ‘SO ‘BWOUIDIBD [|90 Showenbs-uou ‘9S-UON ‘ewoulosed ||90 snowenbs ‘g "sajoiue paysiignd inoyum elep Y

(#9=u) (29=u) (M2D Bx/bw 01) (YN)
wuel :S4d/SO (% 1= 11-Ad) S4d/S0  Adessyiowsy)d qewneang %= 129 Al (S IY  9gk n (r¥) 010"V
(96¢=U) (96¢=U) (MzD Bx/Bw 0}) (r'£9-0"29) (1¥) 00z
[BUl :S4d/SO (% 1= 17-Ad) S4d/SO  Adessyjowsyn qewnjpAy I 129 AN-gll - (Qog) v 26L n Buni NIT3IAVYE
(9ve=u meo Bx/6w
(epe=u) 0} ‘Sye=u MeD Bx/Bw ) (929-v"19)
[euy :S4d/SO (% 1= 17-Ad) S4d/SO  Adessyjowsyg gewnzijoiquiad %1= 029 poouerpy  (G'Le) IV €€0°L Il (0%) OLo®Ioukey
(cr9=u) (e19=U) (MO Bw 002} (e'€9-€'29)
[eul :S4d/SO (LL1) s4d/s0 Adeseyyowsyd gewnz||ozeyy I 8'29 A/gll (@92 v See't 1 (62) MVO
uolssaidxe (1O %G6) (os
sobe).
Buiwn sisAreuy syulod (u) wue jonuon (u) wue eyuswiiedxy 17-ad  ebe uelpsy s %) ABojoisIH ozis  eseyd aouaJsjeI/Apnis

pus Alepuooas/Aewlid

Hoyoo juslied OTOSN

adwes |eul

(panurzu0) 1 Sqe],

Transl Lung Cancer Res 2020;9(4):1302-1323 | http://dx.doi.org/10.21037/tler-20-192

© Translational Lung Cancer Research. All rights reserved.



1309

Translational Lung Cancer Research, Vol 9, No 4 August 2020

sl

aAllelal ‘HY ‘Oljed pJezZey ‘YH ‘S}USAS 8SISAPE 1oA8S ‘STVS ‘elel asuodsal aA1308[qo ‘HHO ‘[BAIANS 88J3-UoissalB0.d ‘S4d {[eAIMNS [[eJoA0 ‘SO ‘uonieindod 1esi3-0)-uoiusiul
‘uoneindod | | "sejoiue paysiignd Aue noyum eiep ‘, ‘eys AoB[eolul, Syl UO BIEp 8UlUO 1S81e| 8U} O} S8dUaiejel UM OS[e seipnis ‘| ‘9ouedlubis [eosnhels e seieoipul ¢,

€9/2 €9/91 v9/8 Adeseyjowsy
29/LL 29/ee  29/cz  (vO'L-6%°0) L20:%L= 11-Ad - (€6°0-2%°0) £€9'0 :% L= 171-Ad - qewnjening (r¥) 01104V
G9g/LE  S98/EVl  G9T/LE Adessyowayp (1v) 002
€6E/GS  €6£/€9L $92/0S (L2'1-08°0) LO'L %2 171-dd  (17'1-86°0) ZL'L  (LL'L-€2°0) 06'0 :% 1< 17-Qd (£0°1-92°0) 06°0 gewnjeny Bun NM3AVE
60€/8¢  60€/.0L €¥€/2e Adeissyjowsyo
(65/6w 01)
eve/LE  SPE/LEL  9PE/V9 qewnzijoiquiad
{76°0-99'0) 62°0 1% < 1L71-Ad {G2°0-6%°0) 190 1% = 1 7-Ad (6x/6w ¢)
6S8/0F  6€E/SLL  ¥Pe/29 (b0 1-€2°0) 88°0 1%L L1-Ad - (88°0-85°0) 12°0 1% L= 171-Ad - qewnzijoiquad ,(0%) 0+0dI0UASY
8/G//€  8.S/18L 2l9/2. Adesayiowsyd
609/0.  609/v6L €19/¥8 - (80°1-G8°0) 960  «(#8°0-6%°0) ¥9°0 :% L= 1 1-Ad «(26°0-02°0) 08'0 gewnz|jozeyy (6€) MVO
geL/el GeL/Gct evi/ie Adeisyjowsy)
gri/le  evh/lzh vrl/ie - (0z'1-12°0) 260 - (260-25°0) 69°0  qewnz|jozey 1(8€) HY1dOd
9GL/LLL  9SL/I¥ 991/ Adesayiowsyd (29)
1€€/82¢  1EE/LEL  8EE/9S - {G6°0-29°0) 22°0  4(28°0-S¥'0) 29°0 1% 1< 11-Ad «(06°0-25°0) 890  QeWn|oAIN 8091 AMO8YD
89z/¥¢  89¢/LLL 062/9¢ Adesayiowsyd (9g)
182/6  182/vEl 262/9G .(¥6°0-€5°0)0L0:%12 11-Ad (L1'1-220)26°0 «(28'0-€7°0) 65°0:% < L1-Ad «(68°0-65°0) €40  GEWN|OAIN 1G09¥BINMO8YD
6cl/8L  62k/0L LEL/C) Adessyrowayo (12)
LeL/eL LEL/19  Sel/zz  (00'L—P¥'0) 29°0:% 12 11-Ad  «(18°0-2+'0) 290 (0L 1-G¥'0) 69°0 :% 1= L1-Ad (18°0-€7°0) 650  ewn|oAIN L109¥BNMO8YD
Adesaylowsayo
- ¥62/1L€C €6€/851 + gqewnzioensg
Adesayrowsyd
- 00%/0€2 LO¥/€91 «(26°0-€¥°0) £€9°0 :%0G=< L 1-Ad (90" +-82°0) 160 - (€0'1-12'0) 68'0 + qewnzijozaly  (gf) 0G Liemoduw
Adeissyjowsyn
vee/ee ¥£€/96 Adeiayiowayo
vee/ey  vee/evl - - «(88°0-v9°0) G20 - (S0'1-£2°0) 88°0 + qewnzijozeyy ;L€ LIemoduw
Adeisyioway)
cec/le c€¢/88 Adesayioweyod
elv/e.  €L¥/0ve - {G8°0-€1"0) 190:% 12 17-Qd «(£2°0-vS0) 90 (80" k-G¥"0) 02°0:% 1= L 1-Ad «(86°0-79°0) 62°0 + qewnzijozely  (y€) 0g Leomodu|
08¢/L¢ 08¢/.0F 18¢/801 Adeissyioway)
Adesayjoweayo
8/2/€€  8l2/SLL 8.2/191 .(G9°0-8€°0) 6¥7°0:%12 11-Ad (020-G7'0)95°0 (26'0-G¥'0) S9°0 :% L= L1-Ad +(S8°0-6%"0) #9'0 + qewnzijoiquad (02) L0peI0ukoy
‘U sispiosip sdnoibgng uonendod | || sdnoibgng uonendod | ||
oeloy}  (U)s3yS (U) HHO
/Kioyendsey (1D %S6) HH S4d (1D %S6) 1H ‘SO Sty oouaiajoy/Apnis
Aoes Aoeoiyq

(panurzu03) 7 qe],

Transl Lung Cancer Res 2020;9(4):1302-1323 | http://dx.doi.org/10.21037/tler-20-192

© Translational Lung Cancer Research. All rights reserved.



1310 Liang et al. A Bayesian analysis of PD-1/L1 inhibitors in advanced NSCLC

Figure 2 Network graph of trials assessing PD-1/L1 inhibitors in advanced NSCLC. *, in the first-line settings; **, in the second- or

further-line settings. NSCLC, non-small cell lung cancer.

nivolumab was also of no significance either in OS or PFS
(Table 3). Of note, heterogeneities between studies in the
above NMAs were measured to be low or medium in terms
of the I’ test.

In brief, the efficacy of the monotherapy supposed to
be inferior to that of the combination therapy in the first-
line settings according to the above results. For one thing,
neither of durvalumab nor nivolumab monotherapy should
be advised to patients because they even appeared to be
weaker than chemotherapy when inhibiting the growth
of tumors. For another, although it was relatively better
than the durvalumab and nivolumab, pembrolizumab
monotherapy was still not as effective as the combination
therapy of pembrolizumab or atezolizumab, especially for
patients harboring tumors that express a low or moderate
status of PD-L1. However, these results are still needed to
be further validated in future clinical trials.

Second- or further-line settings

Two populations, I'TT as well as patients with PD-L1 TPS
>1%, were analyzed in these settings. Pooled analyses in
the I'T'T patient population showed a significantly lower
risk of death of PD-1/L1 inhibitors when compared to
chemotherapy in OS [OS HR ;.4 =0.77; 95% CI (0.71, 0.84);
I’=37%)] (Figure S4A4). However, they showed no significance

pooled

in reducing the risks of progression among pretreated
patients in terms of PFS [PFS HR,, .4 =0.92; 95% CI (0.85,

© Translational Lung Cancer Research. All rights reserved.

1.00); ’=0%] (Figure S4B) but showed significantly better
ORRs indicated by the pooled RR [ORR RR,, .4 =1.67; 95%
CI (1.44, 1.93); I’=56%] (Figure S4C). Subgroups analyses
among patients with PD-L.1 TPS >1% showed similar results
in OS [0S HR,, . =0.69; 95% CI (0.63, 0.77); P=35%]
(Figure S4D) and also PFS [PFS HR,,,.q =0.82, 95% CI
0.75, 0.91), I’=21%] (Figure S4E). Here, sensitivity analyses
were conducted on PFS in the I'T'T population and OS
among patients with PD-L1 TPS >1%. Through omitting
CheckMate017, a study with a relatively smaller sample size
than the other studies of nivolumab and chemotherapy, the
significance of advantage of anti-PD-1/L1 drugs in inhibiting
tumor progression when compared with chemotherapy
changed. The extent of benefits in OS that patients with
PD-L1 TPS >1% could obtain from anti-PD-1/L1 drugs
increased after the study related to durvalumab, ARCTIC,
was excluded from the pooled analysis.

According to the ranking results from NMA, the top
three regimens in terms of efficacy were nivolumab,
atezolizumab, and avelumab in the I'T'T population.
Nivolumab ranked as the best option for pretreated
NSCLC patients, with probabilities of 77% in OS and
83% in PFS (Figure 44,B). Its superiority to atezolizumab,
the second-place inhibitor was significant both in PFS and
ORR, but not in OS [PFS HR; ... =0.84; 95% CI (0.71,
0.99); ’=21%; ORR RR,;... =1.73; 95% CI (1.16, 2.58);

Transl Lung Cancer Res 2020;9(4):1302-1323 | http://dx.doi.org/10.21037/tler-20-192



1311

Translational Lung Cancer Research, Vol 9, No 4 August 2020

"%1< Sd.L 1'T-Ad s uonedod
qwoned oyp ur SAJ () (% 1< 1'T-Ad JO (Sd.1) 2109s uontodoid sowm s vonendod Jusned oy ur O (D) ‘uonendod yuoned 1 171 9y ur (SJ) [ealaIns 291y-uorssargod
(g) ‘wonemndod yuoned (1,1]) 3eom-01-uonunur o Ul (SO) [PAIAINS [[eI2AQ) (V) 'SSUNIIS SUI[-ISIY Y UT SIONqIYUL [T/T-(d P14 sosA[eue Aoeonjo Jo swreroyuey ¢ 2Ingry

QEWN|OAIN < gqewn[eaing < gewnzijoiquiad QEWN|OAIN < NFHD < gewnjeang
< INFHD < WIHD + gqewnzijozeyy < NJHD + qewnzijoiquad :Bujuey Aoeoly3 < gqewnzijoiquiad < NJHD + qewnzijozayy < WIHD + qewnzijoiquiad :Bupjuey Aoeoiy3
wayp wayp wayp wayo
~gewnzijoiquiad qewnzijoiquiad GeWN|oAlN  gewnjeang Adessyjowsy) qewnzijozeny 00 ~gewnzijoiquiad qewnzijoiquiad GeWN|oAlN  gewnjeang Adessyjowsy) qewnzijozeny
’ 00
- 10
0 3
c0 =z &
2 2
T c0 a3
g o
© o
=5 o
vo = €0 g
@ =
1] =
[0
2]
¥0
90
S0
a 9)
% | Z S[oAeT uoissaidx3 | 7-Ad Uim uolzeindod 8yl Ul [eAIANG 88l4-Uuoissalboud Jo sisAjeuy % | Z s|oAeT uoissaidxg | 1-dd Uim uolzeindod 8yl Ul [eAIMNS [[e49AQ JO SISAleuy
qewnjeanng < AJHO < WIHO W3IHD + qewnzioeasg < NIHD
+ qewnzioeasg < WIHO + qewnzijozaly < NIHD + qewnzijoiquiad :Bunjuey Aoeoly3 < gewneAng < INJHD + gewnzijozayy < NJHD + gqewnzijjoiquad :Bupjuey Aoeoiyg
B wayn _weyd _weyp weyn wayn wayn
qewnzjjoiqued  gewnjeaing Adesayiowsy qewnzioensg qeuwnzijozayy 00 “gewnzijoiqued  gewnfeaing Adesayjowsy) ~Tqewnzioersg  ~qewnzijozaly 00
¢o z0
o )
[ D
> o}
= =
8 a
0 T 7’03
o o
o o
IS D
g g
90 8 8
90
80
80
uone|ndod | 1| @Y} Ul [BAINNG 98J-Uoissaiboid Jo sisAjeuy d uole|ndod | 1| @Y} Ul [BAIAINS [[BJOAQ JO SISAeuy Y

Transl Lung Cancer Res 2020;9(4):1302-1323 | http://dx.doi.org/10.21037/tler-20-192

© Translational Lung Cancer Research. All rights reserved.



1312

Liang et al. A Bayesian analysis of PD-1/L1 inhibitors in advanced NSCLC

Table 3 Results of indirect comparisons in the first-line settings

0S: HR (95% Cl) PFS: HR (95% Cl) ORR: AR Respiratory/
Regimens 5% Cl)  sSAE:RR thoracic
ITT Subgroups (TPS) T Subgroups T (95% Cl) disorders: RR
0,
population group population (TPS) population (95% Cl)
Pembrolizumab-chemotherapy 0.69 >1%: 0.83 0.77 >1%:0.77 - 0.78 0.56
vs. Atezolizumab-chemotherapy (0.54, 0.86)* (0.51, 1.34) (0.64,0.93)* (0.52,1.14) (0.64, 0.94)* (0.36, 0.89)*
Pembrolizumab-chemotherapy - >1%: 0.71 - >1%: 0.45 1.46 0.91 0.47
vs. Pembrolizumab (0.56, 0.90)* (0.36, 0.56)* (1.09, 1.96)* (0.76, 1.09) (0.31, 0.72)*
Pembrolizumab-chemotherapy 0.60 >1%: 0.65 0.44 >1%: 0.43 2.19 0.98 0.58
vs. Durvalumab (0.47,0.77) (0.49, 0.87)* (0.35,0.54)* (0.32,0.56)* (1.61,2.97)* (0.77,1.25) (0.34, 1.06)
Pembrolizumab-chemotherapy - >1%: 0.54 - >1%: 0.40 5.22 0.82 0.60
vs. Nivolumab (0.40, 0.72) (0.30, 0.53)* (3.93,6.92 (0.66,1.02) (0.34, 1.07)
Pembrolizumab-chemotherapy 0.59 - 0.70 - - 0.76 -
vs. Bevacizumab-chemotherapy (0.44, 0.79)* (0.55, 0.89)* (0.61, 0.95)*
Atezolizumab-chemotherapy vs. - >1%: 0.86 - >1%: 0.58 - 1.17 0.83
Pembrolizumab (0.54, 1.36) (0.40, 0.83)* (0.97,1.41)  (0.54,1.29)
Atezolizumab-chemotherapy vs. 0.88 >1%:0.79 0.62 >1%: 0.55 1.26 1.03
Durvalumab (0.71,1.09) (0.49, 1.28) (0.48,0.81)* (0.37,0.82) (0.98,1.16)  (0.56, 1.90)
Atezolizumab-chemotherapy vs. - >1%: 0.65 - >1%: 0.52 - 1.05 1.07
Nivolumab (0.40, 1.06) (0.35,0.77)* (0.85,1.32)  (0.59, 1.92)
Atezolizumab-chemotherapy vs. 0.86 - 0.91 - - 0.98 -
Bevacizumab-chemotherapy (0.71, 1.03) (0.78, 1.06) (0.87,1.10)
Pembrolizumab vs. Durvalumab - >1%:0.92 - >1%: 0.96 1.50 1.07 1.24
(0.73,1.17) (0.76,1.21) (1.17,1.91)* (0.85,1.36) (0.69, 2.23)
Pembrolizumab vs. Nivolumab - >1%: 0.76 - >1%: 0.90 3.57 0.90 1.28
(0.59, 0.98)%; (0.71,1.14);  (2.88,4.43)* (0.73,1.11)  (0.73, 2.25)
>50%: 0.74 >50%: 0.66
(0.50, 1.09) (0.33, 1.30)
Pembrolizumab vs. - - - - - 0.84 -
Bevacizumab-chemotherapy (0.67, 1.04)
Durvalumab vs. Nivolumab - >1%: 0.82 - >1%: 0.94 2.38 0.84 1.03
(0.61, 1.10) (0.70,1.25)  (1.90,2.99)* (0.64,1.10) (0.51,2.10)
Durvalumab vs. Bevacizumab- 0.98 - 1.61 - 0.78 -
chemotherapy (0.73, 1.30) (1.24, 2.08) (0.59, 1.02)
Nivolumab vs. Bevacizumab- - - - - 0.93 -
chemotherapy (0.72,1.19)

* indicates a statistical significance in each indirect comparison. ITT population, intention-to-treat population; TPS, tumor proportion
score; OS, overall survival; PFS, progression-free survival; ORR, objective response rate; SAEs, severe adverse events; HR, hazard ratio;

RR, relative risk.

© Translational Lung Cancer Research. All rights reserved.
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I’=15%]. However, significance was shown in OS when
comparing nivolumab with the third-rank avelumab [OS
HR,,ireee =0.76; 95% CI (0.60, 0.95); I’=0.8%], but there was
no significant difference between the second-rank agent,
atezolizumab, and the third-rank avelumab either in terms
of OS, PFS or ORR (7uble 4).

In the subgroup NMA among patients with PD-L1
TPS >1%, durvalumab, nivolumab, atezolizumab, and
pembrolizumab supposed to be the top-best effective
drugs for patients. Durvalumab ranked the best in terms
of OS and ORR, with a probability of 35% and 55%,
respectively (Figure 4C,S5). Nivolumab was the best among
all treatments with a probability of 47% in PFS (Figure 4D).
Both of durvalumab and nivolumab were significantly
superior to atezolizumab in ORR [ORR RR| g =2.52;
95% CI (1.16, 5.47); ORR RR, geee =1.73; 95% CI (1.16,
2.58); I’=15%], but the superiority of durvalumab or
nivolumab to pembrolizumab was insignificant either in
terms of OS, PFS or ORR (Table 4). Of note, there was no
significant difference between durvalumab and nivolumab
either in terms of OS, PFS or ORR.

Atezolizumab ranked third in terms of OS in the
population with PD-L1 TPS >1%, and pembrolizumab
took third place in terms of ORR (Figure 4C,S5). Because
of the lacking data of atezolizumab, pembrolizumab
also appeared to be the third-best effective agent with a
probability of 51% in terms of PFS temporarily. However,
other than the results in terms of ORR, which showed
significant inferiority in efficacy for atezolizumab to
pembrolizumab [ORR RR; ... =0.58; 95% CI (0.36, 0.94);
I’=15%], there was no significant difference between
atezolizumab and pembrolizumab on their efficacy (Table 4).
All of the heterogeneity between studies in the above NMAs
in this setting was measured to be low or medium in terms
of the I-square test.

Drug safety
First-line settings
Safety profiles were evaluated in the populations consisting
of patients who had received more than one dose of
treatment in each study. In the first-line settings, PD-1/
L1 inhibitors, either used as monotherapy or combined
therapy, showed greater toxicity than chemotherapy alone,
as indicated in the pooled RR with SAEs [SAE RR e
=1.23; 95% CI (1.15, 1.31); I’=48%] as well as respiratory
and thoracic disorders [respiratory and thoracic disorders
RR,,.; =1.65; 95% CI (1.41, 1.93); T=51%] (Figure S64,B).
According to the NMAs, pembrolizumab combined

© Translational Lung Cancer Research. All rights reserved.

chemotherapy was the best choice among all PD-1/L1
inhibitor therapies for the reduction of both incidences
of SAEs and respiratory and thoracic disorders among
the top three regimens (pembrolizumab combined with
chemotherapy, atezolizumab combined with chemotherapy,
and pembrolizumab monotherapy) in terms of efficacy
in the first-line settings (Figure 5A,B). Its superiority to
atezolizumab combined therapy was both significant in
terms of reducing the incidence of SAEs and respiratory
and thoracic disorders [SAE RR,, e =0.78; 95% CI (0.64,
0.94); I’=14%; respiratory or thoracic disorders; RR,girec
=0.56; 95% CI (0.36, 0.89); I’=7%]. Safety comparisons
between pembrolizumab combined therapy and its
monotherapy were also shown to be of significance in
terms of respiratory and thoracic disorders [respiratory
or thoracic disorders; RR;, e =0.47; 95% CI (0.31, 0.72);
I’=7%], but results were insignificant in terms of SAEs
[SAE RR, ... =0.91; 95% CI (0.76, 1.09); ’=14%] (Tible 3).
Besides, pembrolizumab monotherapy tended to be safer
than atezolizumab combined therapy in terms of SAEs, but
atezolizumab showed greater benefits for patients in abating
incidences of respiratory and thoracic disorders, however,
with no significance both (Figure 5A,B; Table 3). All of
the heterogeneity between studies in the above pair-wise
analyses and NMAs was measured to be low or medium in
terms of the I-square test.

Second- or further-line settings

As indicated in pooled RRs, PD-1/L1 inhibitors were found
to be prone to increase the incidence of SAEs compared to
chemotherapy [SAE RR .4 =1.06; 95% CI (0.99, 1.15);
I’=8%] (Figure S6C), which was similar to the incidence
of respiratory and thoracic disorders [respiratory and
thoracic disorders RR .4 =1.48; 95% CI (1.24, 1.76);
I’=37%)] (Figure S6D). Sensitivity analyses were conducted
based on the above analyses. By excluding POPLAR, a
study with a relatively smaller sample size than OAK, the
extent of hazards that patients would suffer from SAEs
slightly increased. Besides, patients were much more likely
to develop respiratory and thoracic disorders after using
PD-1/L1 inhibitors than chemotherapy after omitting
CheckMate078, which had included a relatively young
patient population.

According to the NMAs, durvalumab was the most toxic
agent for patients no matter in terms of SAEs or respiratory
and thoracic disorders among the top regimens (durvalumab,
nivolumab, atezolizumab, and pembrolizumab) in terms of
efficacy in the second- or further-line settings. In contrast,
nivolumab ranked as the safest inhibitor in reducing
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the incidence of respiratory and thoracic disorders, and
atezolizumab seemed to be the safest agent in terms of
SAEs (Figure 5C,D). Safety comparisons between nivolumab
and atezolizumab were shown to be significant in terms of
respiratory and thoracic disorders [respiratory or thoracic
disorders; RR, ;... =0.57; 95% CI (0.40, 0.81); '=15%], but
results were insignificant in terms of SAEs (Table 4). Besides,
atezolizumab tended to be safer than pembrolizumab in
terms of SAEs, but pembrolizumab showed greater benefits
for patients in abating incidences of respiratory and thoracic
disorders, however, with no significance in both of these
results (Figure 5C,D; Table 4). All of the heterogeneity
between studies in the above NMAs was measured to be low
in terms of the I-square test.

Discussion

Immunotherapy represents a novel approach in
management for patients with NSCLC, in which several
ICIs are currently being investigated (45). One of the
most studied immune checkpoints is PD-1 together with
its ligand PD-L1. PD-1 is transcriptionally induced on
activated T cells, and PD-L1 expression is found in multiple
tumors including 20-65% of NSCLC (46). To date, three
common IClIs, including nivolumab, pembrolizumab, and
atezolizumab, have been approved for treatments for lung
cancer (36,47,48), while durvalumab and avelumab are still
in their clinical development stages. The approvals were
based on the improvement in OS and better safety profiles
comparing anti-PD-1/L1 agents to other regimens such
as chemotherapy, which was reported in RCTs. However,
there scarcely exists head-to-head trial evidence or an
authoritative guideline for clinicians to determine an
optimal agent for diverse patients with NSCLC. Given this
condition, NMA could be used to compare these agents
by combining direct comparisons with indirect ones using
results from the RCT5s in a network simultaneously (49,50).
According to results from efficacy NMA and indirect
comparisons in the first-line settings, pembrolizumab
combined therapy seemed to be the best option in terms
of efficacy for advanced NSCLC ITT patients and those
with PD-L1 TPS >1%. Pembrolizumab was the optimal
choice for those patients whose tumors harbor PD-L1 TPS
>50%. Safety NMAs in this setting showed decreasing
risks of SAEs for pembrolizumab combined therapy as
well as its monotherapy compared to their counterparts.
Combining principal outcomes of efficacy and safety,
including OS and PFS as well as the incidence of SAEs,
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we concluded that the addition of pembrolizumab to
chemotherapy was an appropriate choice for patients
with positive tumor expressions of PD-L1 (TPS >1%).
Patients with high expressions of PD-L1 (TPS >50%)
could adopt pembrolizumab alone for better outcomes in
clinical practice. In order to compare the advantages and
disadvantages of each regimens more comprehensively,
efficacy-and-safety-inclusive advantages of each regimen
from our analyses were presented with stacked bar charts,
in which averages of the first- and second-best ranking
probabilities in terms of efficacy (OS and PFS) and safety
(SAEs) were accumulated together (Figures 64,B,57).

Given results from NMAs in the second- or further-line
settings, nivolumab and durvalumab became the most two
preferred inhibitors in terms of drug efficacy for advanced
NSCLC patients, regardless of the PD-L1 status of their
tumors. Atezolizumab and pembrolizumab were alternative
options because the results of indirect comparisons
between nivolumab and them each were not all significant.
Considering drug safety profiles, atezolizumab was the
most tolerable inhibitor for advanced NSCLC patients in
terms of SAEs, whereas nivolumab was the safest agent in
terms of respiratory and thoracic disorders, and also it was
the second-safest drug in terms of SAEs. Pembrolizumab
was less safe than nivolumab either in terms of SAEs or
respiratory and thoracic disorders, but it could bring
less incidence of respiratory and thoracic disorders than
atezolizumab to advanced NSCLC patients. In contrast,
durvalumab was surprisingly the most toxic anti-PD-1/L.1
drug in terms of SAEs as well as respiratory and thoracic
disorders. Combining principal outcomes of efficacy
and safety, including OS and PFS or ORR as well as the
incidence of SAEs, nivolumab was the most appropriate
PD-1/L1 inhibitor for patients who had failed in previous
chemotherapies, regardless of the expression of PD-L1 of
their tumors. Durvalumab could also be recommended for
these patients only if they had relatively good performances.
Atezolizumab was an alternative for patients with a
generally poor clinical condition without severe pulmonary
symptoms. Stacked bar charts incorporating accumulated
averages of the first- and second-best ranking probabilities
in terms of efficacy (OS and PFS or ORR) and safety (SAEs)
are displayed to present the comprehensive advantages of
each regimen in these settings (Figure 6C,D).

Our NMA is not the first such analysis, but we included
avelumab and durvalumab for the first time, and we
also incorporated the latest updated data of all included
studies. To the best of our knowledge, our study is the
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most comprehensive analysis involving all treating lines
confined with chemotherapeutic drugs and PD-1/L1
inhibitors. Despite these strengths, there have been several
controversies. Three studies associated with NMA had
been conducted to figure out the best PD-1/L1 inhibitor
for advanced NSCLC patients in the first-line settings
(51-53). Our results were generally consistent with the
previous studies, which had all indicated the combination
of pembrolizumab to be better than other combined
therapies or chemotherapies for patients with relatively
high expression of PD-L1. However, atezolizumab and
chemotherapy had also been reported to be appropriate
for this subset of patients in one of these studies (52).
Controversy might have resulted from the insufficient data
of atezolizumab in our study, which was partly due to the
exclusion of study Impower132, whose results had only
been reported at a conference, with interim outcomes.
In this case, we further analyzed the efficacy results of
atezolizumab combined therapy in our study with the
studies Impower 130 and 131. We found that although
the front-ranking probabilities of atezolizumab combined
therapy were relatively high in patients with positive PD-
L1 expression (TPS >1%), it was still significantly less
beneficial for patients than pembrolizumab combined
therapy according to the results from indirect comparisons.
Safety analyses reported that this combined regimen
seemed to be significantly less safe than pembrolizumab
combined therapy. We, therefore, believe that the
combination of atezolizumab and chemotherapy is indeed
inferior to the pembrolizumab combined therapy when
considering efficacy and safety together, but the results
still need validations by RCTs in the future. Besides, five
studies had been performed to compare PD-1/L1 inhibitors
in the subsequent settings (54-58). Drug efficacy was the
primary outcomes reported at the end of these studies
while only a few studies focused on drug safety. Nivolumab
was recommended consistently by almost all of these five
studies, four of which also suggested pembrolizumab
with no significant difference reported between these
two regimens (54-56,58). The comparison on drug safety
between these two drugs had only been analyzed by one
study, which had reported that pembrolizumab had a higher
incidence of adverse effects than nivolumab, which was
consistent with our results (54). Atezolizumab had been
recommended by the authors in three of these previous
studies (55-57), which was also consistent with our study.
There were still some limitations in our study. First,
there have been two existing parameters for the testing

© Translational Lung Cancer Research. All rights reserved.
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of PD-L1 expression cut-offs, tumor cell and tumor-
infiltrating immune cell staining, and the cut-offs also
varied in different studies. In our study, the included trials
were shown to use one or both of these two methods,
whereas in several trials, researchers had not completely
clarified the parameters that had been measured. Thus,
caution must be used when interpreting subgroup results.
Second, nine included studies only reported interim results
in OS. Because immunotherapy requires a longer follow-
up to manifest its benefits on patient survival, this limitation
might lead to effects on the final pooled and indirect results.
Hence, it is a necessity to perform further analyses in the
future. Third, two dosages of drugs had been evaluated in
the included study Keynote 010, involving 2 and 10 mg/kg,
which could lead to a relative overestimation of the drug-
related toxicity as well as efficacy in the second- or further-
line settings, because the dosage of 2 mg/kg is currently
approved for clinical use. Thus, the efficacy and safety
profiles of pembrolizumab compared to other inhibitors
need to be validated by further research. Fourth, subgroup
analyses related to the histological types of NSCLC on
the regimens were not carried out in this work, because
outcomes of patients with different histological types
were hardly reported in the included studies according
to reported details of each included study. Moreover, the
pooled and indirect results associated with atezolizumab
combined therapy in the first-line settings among patients
with PD-L1 TPS >1% only involved those with squamous
histology, leading to the only potential heterogeneity and
non-transitive result in our study. Thus, it might be an
interesting issue for researchers to analyze that whether the
survival of NSCLC patients with various histological types
differs after treated with PD-1/L1 inhibitors. Fifth, SAEs
which were defined as interferes with normal life functions
or events requiring extending inpatient hospitalization
were subjective and might have contributed to the observer
bias because the trials were all open-label. In addition, the
degree of classifications in respiratory and thoracic disorders
varied between studies; for example, categories of disorders
in larger clinical studies with more patients involved
appeared to be more detailed. Our results were therefore
suggestive but not conclusive, and caution is recommended
in the interpreting. Head-to-head clinical trials comparing
these emerging PD-1/L1 inhibitors are still a necessity
to reduce the limitations from indirect comparisons, to
identify the optimal treatments for advanced NSCLC.
Last but not least, we did not include any anti-CTLA-4
drugs in our analyses. Since CTLA-4 is another pivotal
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checkpoint which is practical for anticancer therapies, and
the combination of CTLA-4 and PD-1 inhibitors has been
suggested to have synergistic effect on the activation of anti-
tumor immune response and to increase the response rates
in patients, multiple studies have investigated the efficacy
of anti-PD-1/L1 combined with anti-CTLA-4 antibodies
in lung cancer (59-62). Thus, the differences in efficacy and
safety between this combined therapy and that analyzed
by us should also be assessed by further studies. Besides,
other combination therapies that contain more than one
checkpoint inhibitors are also worthy of assessment in the
field of managements for advanced NSCLC patients.

Conclusions

The drug efficacy of regimens including PD-1/L1 inhibitors
is superior to chemotherapy for NSCLC, regardless of
the therapeutic line used. The monotherapy of these
inhibitors seemed to be inferior to that of the combination
therapy. When using PD-1/L1 inhibitors in the clinical
practice, PD-L1 expression status, physical conditions, and
whether they have received systemic therapy should all be
considered for patients. Pembrolizumab in combination
with chemotherapeutic drugs is appropriate for patients
with a low expression of PD-L1, while patients with a high
expression of PD-L1 can also choose pembrolizumab alone
for better clinical outcomes. In the second- or further-
line settings, nivolumab is an optimal choice for patients
with advanced NSCLC. The novel inhibitor, durvalumab,
can only be tried by patients with relatively good physical
performances for better clinical outcomes. Atezolizumab
would be an alternative for patients with poor general
conditions, but it should not be suggested when thoracic
disorders have already occurred in them. However, our
results need to be further validated in future clinical trials.
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Supplementary

Figure S1 Risk of bias assessment. (A) Risk of bias in individual studies; (B) risk of bias across included studies.



Figure S2 Forest plots and sensitivity analyses of efficacy analyses with PD-1/L1 inhibitors in the first-line settings. (A) Overall survival (OS)
in the intention-to-treat (ITT) patient population; (B) progression-free survival (PFS) in the ITT patient population; (C) objective response
rate (ORR) in the patient population who had received more than one dose of treatment; (D) OS in the patient population with tumor
proportion score (TPS) of PD-L1 >1%; (E) PFS in the patient population with PD-L1 TPS >1%; (F) OS in the patient population with
PD-L1 TPS >50%; (G) PES in the patient population with PD-L1 TPS >50%.



Figure S3 Rankograms of efficacy analyses with PD-1/L1 inhibitors. (A) Objective response rate (ORR) in the patient population who
had received more than one dose of treatment in the first-line settings; (B) overall survival (OS) in the patient population with PD-L1 TPS
>50% in the first-line settings; (C) progression-free survival (PFS) in the patient population with PD-L1 TPS >50% in the first-line settings.



Figure S4 Forest plots and sensitivity analyses on efficacy with PD-1/L1 inhibitors in the first-line settings. (A) Overall survival (OS) in
the intention-to-treat (ITT) patient population; (B) progression-free survival (PFS) in the I'TT patient population; (C) objective response
rate (ORR) in the patient population who had received more than one dose of treatment; (D) OS in the patient population with tumor
proportion score (TPS) of PD-L1 >1%; (E) PFS in the patient population with PD-L1 TPS >1%.



Figure S5 Objective response rate (ORR) in the patient population who had received more than one dose of treatment in the second- or

further-line settings.



Figure S6 Forest plots and sensitivity analyses on safety with PD-1/L1 inhibitors. (A) Incidence of severe adverse events (SAEs) in the first-
line settings; (B) incidence of respiratory and thoracic disorders in the first-line settings; (C) incidence of SAEs in the second- or further-line

settings; (D) incidence of respiratory and thoracic disorders in the second- or further-line settings.

Figure S7 The stacked bar chart of the average of first two leading
ranking probabilities with PD-1/L1 inhibitors. Accumulated
probabilities in terms of overall survival (OS), progression-free
survival (PFS), and the incidence of severe adverse events (SAEs) in
the patient population with tumor proportion score (TPS) of PD-
L1 >50% in the first-line settings.
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