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Abstract

Background: Immune-checkpoint inhibitors plus chemotherapy are emerging as effective first-line treatment in
advanced non-small-cell lung carcinoma (NSCLC), but little is known about the magnitude of benefits and potential
clinical predictors.

Methods: We performed a meta-analysis of randomized trials that compared PD-1/PD-L1 inhibitor plus chemotherapy
with chemotherapy in first line of treatment for advanced NSCLC. The outcomes included progression-free survival
(PFS), overall survival (OS), objective response rate (ORR) and treatment-related adverse events (AEs). A fixed-effect or
random-effects model was adopted depending on between-study heterogeneity.

Results: Six trials involving 3144 patients were included. PD-1/PD-L1 inhibitor plus chemotherapy was significantly
associated with improvement of PFS (hazards ratio [HR], 0.62; 95% Cl 0.57-0.67; P <.001), OS (HR, 0.68; 95% Cl 0.53-0.87,
P=.002) and ORR (relative ratio [RR], 1.56; 95% Cl 1.29-1.89; P < .001), irrespective of PD-L1 expression level.
The significant predictor(s) for treatment benefit with combination therapy versus chemotherapy alone were
PD-L1 expression level for PFS (P <.001); types of checkpoint inhibitor for ORR (P <.001); histology (P=.025),
age (P=.038), gender (P<.001), and types of checkpoint inhibitor (P <.001) for OS. In safety analyses, PD-1/
PD-L1 inhibitor plus chemotherapy had significantly higher incidence of adverse events (AEs) of grade 3 or
higher (RR, 1.14; P=.007), AEs leading to treatment discontinuation (RR, 1.29; P=.022), serious AEs (RR 1.70;

P =.006), immune mediated AEs of any grade (RR, 2.37; P<.001), and immune mediated AEs of grade 3 or
higher (RR, 3.71; P<.001).

Conclusions: PD-1/PD-L1 inhibitor plus chemotherapy, compared with chemotherapy, is associated with significantly
improved PFS, ORR, and OS in first-line therapy in NSCLC, at the expense of increased treatment-related AEs.
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Background

Advanced non-small-cell lung cancer (NSCLC) remains
the leading cause of cancer-related mortality worldwide
[1, 2]. Platinum-based chemotherapy has been the stand-
ard of care for the first-line treatment of advanced
NSCLC that lacks targetable driver mutations [3]. How-
ever, chemotherapy is associated with only modest effi-
cacy and has reached a plateau. With recent advance of
immune checkpoint inhibitors treatment that block the
PD-L1 (programmed cell death 1 ligand 1) and PD-1
(programmed cell death 1) pathway, pembrolizumab
monotherapy has replaced chemotherapy as the first-line
treatment for patients with PD-L1 tumor proportion
score (TPS) of at least 50% [4], and pembrolizumab plus
platinum and pemetrexed for those with nonsquamous
histology irrespective of PD-L1 expression [5, 6].

Preclinical evidence suggested that chemotherapeutic
agents may exert immune-potentiating effects under cer-
tain condition [1], exemplified by increasing the muta-
tional load in cancer cells which leads to a higher chance
of neoantigen presentation [7], augmenting major histo-
compatibility complex class I and human leucocyte anti-
gen (HLA)-A, B, C expression [8, 9], reducing the activity
of immune-suppressive cells [10, 11], and increasing the
sensitivity of tumor cells to T-cell effector cytokines [12].
Chemotherapy has also been shown to induce PD-L1 ex-
pression on tumor cells [13, 14]. Thus, combining im-
munotherapy and chemotherapy might synergistically
improve the antitumor activity of anti-PD-1 and anti-PD-
L1 monotherapy, which have been demonstrated in sev-
eral randomized controlled trials [5, 6, 15].

Despite the promising activity of immuno-oncology (10)
combinatorial treatment, there remain several unanswered
questions. For example, will the IO-chemotherapy com-
binatorial regimens lead to improved efficacy in all comers
at the expense of increased toxicity? Are there any clinical
or molecular factors that could predict benefit of
IO-chemotherapy combination?

Because the magnitude of IO-chemotherapy benefits
remains controversial and individual trials were not
powerful enough to explore a difference of treatment ef-
fect between patient subgroups, a meta-analysis of cur-
rently available trials comparing PD-1/PD-L1 inhibitor
plus chemotherapy with chemotherapy will provide im-
portant and clinically useful information.

Method

Study eligibility and identification

Eligible randomized controlled trials that compared
PD-1/PD-L1 inhibitor plus chemotherapy with chemo-
therapy in the first-line setting were identified from
Pubmed, Embase and the Cochrane Central Register of
Controlled Trials. We searched for studies that pub-
lished in English from inception to June 10, 2018, using
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the keywords including pembrolizumab, nivolumab, ate-
zolizumab, durvalumab, PD-1, PD-L1, non-small cell
lung cancer, and randomized controlled trial (Add-
itional file 1: Supplementary Method). We also reviewed
abstracts from major conference proceedings of the
American Society of Clinical Oncology (ASCO), the
European Society of Medical Oncology (ESMO), the
American Association for Cancer Research (AACR), and
the World Conference on Lung Cancer (WCLC). When
duplicate studies were identified, only the most complete
and updated data of the study was included.

Data extraction

Two authors (Y.X.Z. and C.C.) independently extracted
data with a predefined information sheet. Discrepancies
were resolved by consensus. We extracted the following
items for each included trial: acronym and design of the
trial, number of patients enrolled, year of publication or
conference presentation, clinicopathological characteris-
tics of the patients including PD-L1 level, type of
chemotherapeutic agents and IO drug, and treatment
outcomes including progression-free survival (PES),
overall survival (OS), objective response rate (ORR),
duration of response, and treatment-related adverse
events (AEs). When we needed additional information
that were not provided, we contacted the correspond-
ing authors to request it. Two independent reviewers
(S.D.H. and X.Y.Z.) conducted the risk of bias assess-
ment of the included trials with the Cochrane Collab-
oration’s tool [16].

Statistical analysis

The primary objective was to investigate the association
between I0-chemotherapy vs. chemotherapy and treat-
ment effects (PFS, OS, and ORR) in patients with
advanced NSCLC. The PFS and OS outcomes were mea-
sured with hazards ratios (HRs) and the corresponding
95% confidence intervals (CIs) which were extracted
from each study or calculated using other available sta-
tistics. The secondary outcome was the pooled risk of
adverse events.

We used the Cochrane’s Q statistic to assess
between-study heterogeneity, and calculated the I* statis-
tic, which estimates the percentage of total variation
across studies due to heterogeneity rather than chance.
The pooled estimates for PFS and OS were presented
with HRs, 95% ClIs and P values calculated using the
inverse-variance-weighted method, while the measures
for dichotomous data (ORR and frequency of adverse
events) were pooled with the risk ratios (RRs), 95% Cls
and P values using the Mantel Haenszel method. The
random effect models were chosen if obvious heterogen-
eity was present (> 50%), otherwise the fixed effect
models were applied [16].
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To investigate the sources of heterogeneity, predefined
subgroup analyses were performed. Tests of interaction
were used to assess the differences in treatment effect
across these subgroups. Publication bias was evaluated
by examining the funnel plot of the effect size for each
trial against the reciprocal of its SE, together with the
Egger test. Sensitivity analyses of treatment efficacy were
also conducted by: 1) repeating the analyses by omitting
one study at a time; 2) repeating the analysis by remov-
ing studies that were only available from conference
presentation; and 3) using both fixed-effects and
random-effects models for the analysis. We used Stata
version 15.0 (Stata Corporation, College Station, TX) for
all of the analyses. The nominal level of significance was
set at 5%.

Results

A total of 1329 studies were identified through the initial
search strategy. After screening the abstracts and review-
ing the full texts, a total of six trials [5, 6, 15, 17-20] in-
volving 3144 patients were included in the final analyses
(Additional file 2: Figure S1). The assessment of risk of
bias was provided in Additional file 3: Table S1. All the
trials were well designed and reported. The main source
of bias was that data in three trials (CheckMate 227,
KEYNOTE-407, and Impowerl31) could only be re-
trieved from conference presentations [17-19].

The main characteristics of the included trials were
summarized in Table 1 and Additional file 3: Table S2.
The patient characteristics were well balanced between
the experimental and control groups in all trials. Three
trials [5, 6, 15, 20] enrolled patients with nonsquamous
NSCLC, two trials [17, 19] with squamous NSCLC, and
one trial [18] with both squamous and nonsquamous
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patients. Four trials [5, 6, 18-20] investigated anti-PD-1
antibody and two trials [15, 17] investigated anti-PD-L1
antibody. All six trials used standard-of-care chemother-
apeutic regimens as recommended by practice
guidelines.

The main outcomes of the included trials were sum-
marized in Additional file 3: Table S3. The median
follow-up time ranged from 7.8 to 23.9 months. All six
trials provided PFS, ORR and DOR data; OS data was
not reported in CheckMate 227 study.

Benefit of |0-chemotherapy combination

The pooled result showed that I0-chemotherapy com-
bination significantly reduced the risk of disease progres-
sion compared with chemotherapy (HR, 0.62; 95% CI
0.57-0.67; z=11.06, P<.001) (Additional file 2: Figure
S1A). There was no significant heterogeneity in the over-
all treatment effect in terms of PFS across the six trials
(* =42.3%, x> =8.66, P =.123). The funnel plot for the
PES revealed no asymmetry (Additional file 2: Figure
S2A; Egger test P=.713), indicating no obvious publica-
tion bias regarding PFS.

In terms of OS benefit, the I0-chemotherapy combin-
ation led to a 32% reduction in the risk of death compared
with chemotherapy (HR, 0.68; 95% CI 0.53-0.87; z = 3.04,
P=.002) (Fig. 1b). The objective response rate was also
significantly improved with the IO-chemotherapy combin-
ation (pooled RR, 1.56; 95% CI 1.29 to 1.89; z=4.52, P
<.001) (Fig. 1c). Significant heterogeneity was observed in
the analysis of OS (I*=77.3%, x*=17.61, P=.001) and
ORR (> =77.6%, x> =22.36, P<.001), respectively. The
funnel plots for the OS and ORR revealed no asym-
metry (Additional file 2: Figures S2B and C; Egger

Table 1 Characteristics of Patients Comparing 10-Chemotherapy with Chemotherapy in Included Trials

Source PD-(L)1 Drug®  Histology No. of patients® Median age Male Performance PD-L1 subgroups®
(years)® (%)° status®
ITT As treated ECOGO0 ECOG1T <1% (%)  1-49%  250%
(%) (%) (%) (%)

KEYNOTE-189 Pembrolizumab nonsquamous 410 vs 206 405 vs 202 65 vs 64 62 vs 53 45vs 39 54vs61 31 vs 31 31vs 28 32vs 34
2018 [6]
IMpower150  Atezolizumab ~ nonsquamous 400 vs 400 393 vs 394 63 vs 63 60 vs 60 39vs43 60vs57 47vs50  33vs31 20vs 19
2018 [15]
KEYNOTE-021 Pembrolizumab nonsquamous 60 vs 63 59vs 62 63 vs 63 37vs41 40vs46 58vs 54 35vs 37  32vs 37 33vs27
2016 [5], 2018
[20]
KEYNOTE-407 Pembrolizumab squamous 278 vs 281 278 vs 280 65 vs 65 79vs 84 26vs 32 74vs68 34vs 35 37 vs 37 26 vs 26
2018
IMpower131  Atezolizumab ~ squamous 343 vs 340 334 vs 334 65 vs 65 81vs82 34vs32 66vs68 47vs50  38vs36 15vs 14
2018 [17]
CheckMate Nivolumab sugamous and 177 vs 186 172 vs 185 64 vs 64 73vs 67 33vs31 66vs68 100vs 100 OvsO  0OvsO
227 2018 [18] nonsguamous

“Data presented as “lO-chemotherapy group vs chemotherapy group”

bPembrolizumab (200 mg, Q3W), Atezolizumab (1200 mg, Q3W), Nivolumab (360 mg, Q3W)

Abbreviation: 0 immuno-oncology, ITT intention-to-treat
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A Progression-Free Survival
No. of patients
HR Weight Favours Favours
Source Combination Chemotherapy (95%CI) % Combination Chemotherapy
KEYNOTE-189, 2018 410 206 0.52 (0.43-0.64)  18.32 -+
IMpowerl50, 2018 400 400 061 (0.52-0.72) 2736 R 3
KEYNOTE- 021, 2016 and 2018 60 63 0.53(0.33-0.86)  3.16 —
KEYNOTE-407, 2018 278 281 0.56 (0.45-0.70)  14.84 —
IMpowerl31, 2018 343 340 0.71 (0.60-0.85)  23.89 . 5
CheckMate 227, 2018 177 186 0.74 (0.58-0.94)  12.43 L
Overall 1668 1476 0.62 (0.57-0.67)  100.00 <>
Heterogeneity: x2 = 8.66, P = .123; /2 = 42.3% T — T T T
Test for overall effect; z = 11.06 (P <.001) 0.2 05 2 3
HR (95% Cl)
B Overall Survival
No. of patients
HR Weight
L Favours Favours
Source Combination Chemotherapy (95%CI) A Combination Chemotherapy
KEYNOTE-189, 2018 410 206 0.49 (0.38-0.64)  21.08 —a—
IMpowerl50, 2018 400 400 0.76 (0.63-0.93)  23.49 ——
KEYNOTE-021, 2016 and 2018~ 60 63 0.56 (0.32-0.95)  11.84 —
KEYNOTE-407, 2018 278 281 0.64 (0.49-0.85)  20.52 ——
IMpowerl31, 2018 343 340 0.96 (0.78-1.18)  23.06 =
Overall 1491 1290 0.68 (0.53-0.87) 100 <>
Heterogeneity: x2 = 17.61, P=.001; 12 = 77.3% T LB s s | —T
Test for overall effect: z = 3.04 (P =.002) 02 0.5 ! 2 3
il — HR (95% CI)
C Objective Response Rate Favours Favours
No. of patients Chemotherapy Combination
Combination Chemotherapy RR Weight
Source Events Total Events Total (95%CI) %
KEYNOTE-189, 2018 195 410 39 206 2.51(1.86-3.39)  14.92 —
IMpower150, 2018 226 356 161 336 132(1.15-1.51)  20.98 —a
KEYNOTE- 021, 2016 and 2018 34 60 19 63 1.88(1.21-2.91)  10.63 . —
KEYNOTE-407, 2018 161 278 108 281 1.51(1.26-1.80)  19.50 ——
IMpowerl31, 2018 169 343 140 340 120(1.01-1.41)  19.95 ——
CheckMate 227, 2018 65 177 43 186 159 (1.15-2.20)  14.02 ——
Overall 850 1668 1476 1668 1.56 (1.29-1.89)  100.00 <>
Heterogeneity: x2 = 22.36, P < .001; 12 = 77.6% : —— . . )
Test for overall effect: z = 4.52 (P <.001) 0.3 05 1 2 3 4
RR(95% Cl)
Fig. 1 Forest plot of hazard ratios and risk ratios comparing (a) progression-free survival, (b) overall survival, and (c) objective response rate in
patients who received 10-Chemotherapy vs Chemotherapy alone. Squares represent study-specific effect size (HR or RR). The area of square is
inversely proportional to the standard error of the study (and therefore indirectly to the sample size) and larger area indicates greater weight in
the calculation of the pooled effect size. The horizontal line crossing the square represents the 95% Cl. The diamonds represent the estimated
overall effect, based on the meta-analysis. HR, hazard ratio; RR, relative risk; Cl, confidence interval

test: P=.370 for OS analysis and P=.308 for ORR
analysis, respectively).

Subgroup analyses

The number of trials with available data for subgroup-
analysis was summarized in Additional file 3: Table S4.
Results of the subgroup-analyses for PFS, OS and ORR

were summarized in Fig. 2, Additional file 2: Figures S3
and S4.

Subgroup analyses by PD-L1 expression level

PD-1/PD-L1 inhibitor plus chemotherapy led to statisti-
cally longer PFS across all tested subgroups of PD-L1
expression level, including those with a PD-L1 TPS of
less than 1% (HR, 0.76; 95% CI, 0.67-0.86; P <.001;
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p
No. of No. of HR .
Subgroup wiols  patients | &) (95%C) P P(subgroups) Favours :  Favours
PD-L1 tumor Combination Chemotherapy
proportion score 4 0. 057
<1% 1048 2.9% (0378)  0.76 (0.64-0.91)  0.002 —
1-49% 869  76.4% (0.05)  0.78(0.51-1.19)  0.244 = -
>50% 595 0.0% (0.487)  0.57(0.44-0.73)  <0.001 — :
Histology 5 7 o 0. 025
Nonsquamous 1539 72.4%(0.027)  0.61 (0444»0@&) 0. 003 . a—
Squamous 1242 81.2%(0.021)  0.79 (0.53-1.18)  0.250 > :
Age 2 o 0.038 :
<65 yr i 566 0.0%(0.495)  0.46(0.35-0.60)  <0.001 —— :
>65 yr 609 0.0% (0.600) 0.69 (0.53-0.91) 0. 008 . a—
Sex 2 <0. 001 :
Male ) 818 0.0%(0.951)  0.69 (0.55-0.87)  0.002 —
Female ) 357 00%(0.349)  032(023-046)  <0.001 —— :
ECOG PS 2 0.317 :
0 429 0.0% (0.600)  0.47(0.33-0.69)  <0.001 —_— :
1 ) 742 0.0%(0333) 059 (0.47-0.74)  <0.001 —_— :
Smoking status 1 - o 0. 059
Current or former 543 0.54(0.41-0.71) —_—
Never 0B 023 (0.10-0.54) —_—— :
EGFR mutation or B 7 - :
ALK translocation 5 0. 585
Negative a 2673 49.7% (0.093)  0.65(0.57-0.74)  <0.001 —— :
Positive 108 0.54 (0.29-1.02) 0. 057 <
10 Drug 5 <0. 001 :
Anti-PD-1 - 1298 0.0%(0386)  0.56 (0.47-0.67)  <0.001 —— :
Anti-PD-L1 B 1483 61.5% (0.107)  0.85(0.68-1.07)  0.170 —
T T T T T T T 711 ]
0.1 0.5 1 1.5
Pooled HR (95% CI)
Fig. 2 Forest plot of hazard ratios in subgroup-analyses comparing overall survival in patients who received I0-Chemotherapy vs Chemotherapy
alone. The horizontal line crossing the dot represents the 95%Cl of the pooled hazard ratio in each subgroup-analysis. No. of trials refers to the
number of trials included in each subgroup-analysis. I* (P) shows the heterogeneity in each subgroup meta-analysis. P (subgroups) demonstrates
the significance of differences between the subgroups. HR, hazard ratio; Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group
performance status; EGFR, epidermal growth factor receptor; ALK, Anaplastic lymphoma kinase; PD-1, programmed cell death 1; PD-L1, programmed
cell death 1 ligand 1; 10, Immuno-oncology

heterogeneity, P =.952), a score of 1 to 49% (HR, 0.60;
95% CI, 0.51-0.71; P <.001; heterogeneity, P = .635), and
a score of at least 50% (HR, 0.38; 95% CI, 0.31-0.47; P
<.001; heterogeneity, P=.928) (Fig. 3). The magnitude
of PFS benefit was significantly different among sub-
groups of PD-L1 TPS (P <.001).

For patients in whom the PD-L1 TPS was less than
1%, the pooled HR for OS was 0.76 (95% CI, 0.64—
0.91; P =.002; heterogeneity, P =.378), compared with
the HR of 0.78 (95% CI, 0.51-1.19; P = .244; hetero-
geneity, P =.050) in those with a score of 1 to 49% and
0.57 (95% CI, 0.44-0.73, P<.001; heterogeneity, P
=.487) in those with a score of 50% or greater

(Additional file 2: Figure S3). The difference of OS
benefit across PD-L1 subgroups obtained a near-sig-
nificant trend (P =.057).

The response rate was the highest in patients with a
PD-L1 TPS of at least 50% (RR, 1.95; 95% CI 1.34—2.82;
P <.001; heterogeneity, P =.093). In the subgroup with
a score between 1 and 49%, the pooled RR was 1.39
(95% CI 0.98—1.96; P =.062; heterogeneity, P =.079). In
the subgroup with a score of less than 1%, the pooled
RR was 1.54 (95% CI 1.16-2.05; P =.003; heterogeneity,
P =.064). There was no significant interaction between
treatment effect in terms of ORR and PD-L1 expression
level (P =.232).
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p
No. of patients HR Weight
Source Combination Chemotherapy (95%CT) % Favours Favours
inati Chemotheraj

PD-L1 score <1% Combination : Py

KEYNOTE-189, 2018 127 63 0.75(0.53,1.05) 6.72 —.—

IMpower150, 2018 166 167 0.77 (0.61,0.99)  13.39 ——

KEYNOTE-407, 2018 95 99 0.68 (0.47,0.98) 5.81 ——

IMpower131 , 2018 161 170 0.81(0.64,1.03) 13.86 — —

CheckMate 227, 2018 177 186 0.74(0.58,0.94)  13.46 —_— —

Subtotal 726 685 076 (0.67,0.86) 53.24 <> :

Heterogeneity: x2 = 0.69, P =.952; /2= 0.0% :

Test for overall effect: z = 4.44 (P <.001)

PD-L1 score 1%-49%

KEYNOTE-189, 2018 128 58 0.55(0.37,0.81) 5.1 —a—

IMpower150, 2018 119 105 0.56 (0.41,0.77)  7.90 —— :

KEYNOTE-407, 2018 103 104 0.56 (0.39, 0.80)  6.08 —— :

IMpower131, 2018 130 122 0.70(0.53,092) 10.32 —B—

Subtotal 480 389 0.60 (0.51,0.71)  29.42 <> :

Heterogeneity: X = 1.71, P = .635; /2= 0.0%

Test for overall effect: z = 6.06 (P <.001)

PD-L1 score 250%

KEYNOTE-189, 2018 132 70 0.36 (0.25,0.52) 5.85 ——

IMpower150, 2018 7 64 0.39(0.25,0.60) 4.10 —_—

KEYNOTE-407, 2018 80 78 0.37 (0.24,0.58) 4.03 —_—

IMpower131, 2018 52 48 0.44 (0.27,0.71) 3.36 T

Subtotal 335 260 0.38 (0.31,0.47) 17.34 <>

Heterogeneity: x? = 0.46, P =.928; /2= 0.0%

Test for overall effect: z = 8.82 (P <.001)

Total 1541 1334 0.63 (0.58, 0.69)  100.00 <> :

Heterogeneity: x2 = 33.06, P =.001; /2=63.7% | | | T T | | |

Test for overall effect: z = 10.20 (P <.001) 0.2 05 1 15 2

Test for subgroup differences: x2 = 30.20, P <.001 . ' .

HR (95% CI)

Fig. 3 Forest plot of hazard ratios by PD-L1 expression comparing progression-free survival in patients who received |0-Chemotherapy vs
Chemotherapy alone. Squares represent study-specific effect size (HR or RR). The area of square is inversely proportional to the standard error of
the study and larger area indicates greater weight in the calculation of the pooled effect size. The horizontal line crossing the square represents
the 95% Cl. The diamonds represent the estimated overall effect, based on the meta-analysis. HR, hazard ratio; 10, Immuno-oncology; Cl, confidence
interval; PD-L1, programmed cell death 1 ligand 1

Subgroup analyses by other factors

None of the other factors predicted PFS benefit with
the IO-chemotherapy combination vs. chemotherapy
(Additional file 2: Figure S3), including histology
(nonsquamous HR, 0.59 vs Squamous HR,0.65; inter-
action, P=.217), age (< 65years HR, 0.60 vs >65 years
HR,0.67; interaction, P =.377), sex (male HR, 0.65 vs
Female HR, 0.60; interaction, P=.365), ECOG per-
formance status (PS=0 HR, 0.61 vs PS=1 HR, 0.64;
interaction, P=.629), smoking status (current or
former HR, 0.61 vs Never HR, 0.68; interaction, P
=.525), genomic alterations in EGFR or ALK (negative
HR, 0.62 vs positive HR, 0.59; interaction, P =.860),

and type of IO drug (anti-PD-1 HR, 0.58 vs
anti-PD-L1, 0.65; interaction, P =.179).

However, there were several other factors that could
predict OS and ORR benefit from the I0-chemotherapy
over chemotherapy alone (Fig. 2 and Additional file 2:
Figure S4). Patients with nonsquamous histology (non-
squamous HR, 0.61 vs squamous HR, 0.79; interaction,
P =.025), younger age (< 65years HR, 0.46 vs =65 years
HR, 0.69; interaction, P =.038), who were females (fe-
male HR, 0.32 vs male HR, 0.69; interaction, P <.001),
and who received anti-PD-1 antibody (anti-PD-1 anti-
body HR, 0.56 vs anti-PD-L1 antibody HR, 0.85; inter-
action, P <.001) might receive more OS benefit from the
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combination therapy. And patients with anti-PD-1 drug
might have a higher objective response rate from the
combination therapy than those with anti-PD-L1 anti-
body (anti-PD-1 RR, 1.81 vs anti-PD-L1 RR 1.27; inter-
action, P <.001).

Sensitivity analyses

To evaluate the robustness of the combined outcomes,
we carried out sensitivity analyses by omitting specific
studies or altering statistical models. The results showed
that the overall estimates remained consistent across
these analyses (Additional file 2: Figure S5; Additional
file 3: Tables S5 and S6).

Safety analyses

Safety analyses were conducted in patients who had re-
ceived at least one dose of the study drug (Table 1). The
median or mean duration of treatment is summarized in
Additional file 3: Table S3, and the number of patients
included for each safety analysis is presented in Fig. 4.
The pooled results demonstrated that I0-chemotherapy
combination was significantly associated with higher fre-
quency of treatment-related AEs of grade 3 or more se-
verity (pooled RR 1.14, 95% CI 1.04—1.26, P =.007), AEs
leading to treatment discontinuation (pooled RR 1.29,
95% CI 1.01-1.60, P=.022), treatment-related serious
AEs (pooled RR 1.70, 95% CI 1.17-2.49, P =.006), im-
mune mediated AEs of any grade (pooled RR 2.37, 95%
CI 1.98-2.84, P<.001), and immune mediated AEs of
grade 3 or more severity (pooled RR 3.71, 95% CI 2.63—
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5.24, P <.001). However, there was no significant differ-
ence in the frequency of AEs of any grade (pooled RR
1.03, 95% CI 0.99-1.06, P=.132), death attributed to
treatment (pooled RR 1.14, 95% CI 0.80-1.63, P =.47)
and immune mediated AEs leading to death (pooled RR
2.24, 95% CI 0.42-11.8, P =.343).

Discussion

To the best of our knowledge, this is the first
meta-analysis that focuses on investigating the associ-
ation between PD-1/PD-L1 inhibitor plus chemotherapy
versus chemotherapy and treatment outcomes in pa-
tients with advanced NSCLC. The analysis demonstrates
that PD-1/PD-L1 inhibitor plus chemotherapy is statisti-
cally associated with a 38% reduction in the risk of dis-
ease progression, a 32% reduction in the risk of death,
and 1.6 times the probability of achieving an objective
response compared with standard chemotherapy for
first-line treatment of advanced NSCLC, though at the
expense of increased treatment-related adverse events.
The significant predictor(s) for treatment benefit with
IO-chemotherapy combination vs chemotherapy were
PD-L1 expression for PFS; 10 drug type for ORR; hist-
ology, age, gender, and IO drug type for OS.

One plausible point about IO combination therapy is
its potential for increasing the percentage responders
who otherwise do not respond to monotherapy. In the
KEYNOTE-024 and -042 studies, pembrolizumab leads
to statistically significant and clinically meaningful im-
provement of OS in patients with PD-L1 TPS of 50% or

Favours  Favours
No. of No. of patients (Events/Enrolled) RR Chemotherapy - Combination
AEs?* trials Combination Chemotherapy 12(P) (95%CT) P :
Any grade 6 1577/1641 1351/1457 82.7% (<0.001) 1.03 (0.99-1.06)  0.132 »
Grade 3-5 6 1045/1641 802/1457 59.6% (0.030) 1.14(1.04-126)  0.007 -
Led to discontinuation 5 185/1307 126/1123 47.9% (0.104) 1.29(1.01-1.60)  0.022 —
Serious AEs 3 184/786 117/790 56.7% (0.099) 170 (1.17-2.49)  0.006 —_——
Led to death 6 70/1641 50/1457 0.0% (0.948) 1.14 (0.80-1.63) 0.47 ———
Immune mediated AEs?*
Any grade 4 347/1076 126/878 23.2% (0.272) 237(1.98-284)  <0.001 B
Grade 3-5 5 160/1469 37/1272 17.9% (0.301) 3.71(2.63-524)  <0.001 —.%
Led to death 5 5/1469 1/1272 0.0% (0.803) 224 (0.42-11.8) 0343 - )
| T T T 1
0 1 3 5
Pooled RR (95% CI)
Fig. 4 Forest plot of risk ratios comparing treatment-related adverse events in patients who received I0-Chemotherapy vs Chemotherapy alone.
The horizontal line crossing the dot represents the 95%Cl of the pooled risk ratio in each subgroup-analysis. No. of trials refers to the number of
trials included in each subgroup-analysis. /* (P) shows the heterogeneity in each subgroup meta-analysis. *Data provided in KEYNOTE-189 and
KEYNOTE-407 were all-cause adverse events, regardless of attribution to any treatment. Cl, confidence interval; RR, risk ratio; AEs, adverse events;
IO, Immuno-oncology
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greater (HR, 0.63 and 0.69, respectively) [4, 21]; however
there is no significant OS difference in patients with
PD-L1 TPS of 1-49% (HR, 0.92). This is clinically rele-
vant because patients with high PD-L1 expression repre-
sent a minority of those with NSCLC [22]. And less than
one half of patients with advanced NSCLC ever receive
second-line therapy due to rapid deterioration during
disease progression [22, 23]. Therefore, maximizing the
chance of response to first-line treatment is important.
In the present study, we found that PD-1/PD-L1 inhibi-
tor plus chemotherapy led to improved survival across
all tested subgroups of patients according to PD-L1 ex-
pression, including patients with low or negative PD-L1
expression. These findings in unselected patients are
particularly relevant because the majority of patients
have tumors with low, negative, or undetectable PD-L1
expression [22]. Furthermore, there are multiple chal-
lenges regarding using PD-L1 as a predictive marker of
immunotherapy, including the intratumoral heterogen-
eity and interassay discordance of PD-L1 expression
[24-26]. Nevertheless, the greatest benefit was observed
in the subgroup with a PD-L1 TPS of 50% or more (HR
for OS, 0.57). This finding also raises a clinically import-
ant question whether PD-1/PD-L1 inhibitor plus chemo-
therapy has greater efficacy than the single agent PD-1/
PD-L1 inhibitor in these patients, which needs to be dir-
ectly compared in randomized studies.

In subgroup analysis, there was a significant difference
in treatment benefits between PD-1 inhibitor and PD-L1
inhibitor when combined with chemotherapy (HR for
0OS, 0.56 vs 0.85; interaction, P <.001; RR for ORR, 1.81
vs 1.27; interaction, P <.001). Similarly, a previous net-
work meta-analysis demonstrates that the probability of
treatment ranking was higher with PD-1 inhibitor than
PD-L1 inhibitor for previously treated NSCLC [27]. One
possible explanation is that anti-PD-L1 antibody spares
the interaction between PD-1 and PD-L2 [28]. However,
cautions should be exercised in deciding which drug
class is preferred due to the lack of head-to-head clinical
trials.

Our study also reveals a statistically significant inter-
action between histology and OS benefit (nonsquamous
HR, 0.61 vs squamous HR, 0.79; interaction P = .025). This
seems consistent with the previous belief that patients
with squamous NSCLC receive less benefit from check-
point inhibitors [29]. Nevertheless, this subgroup analysis
does not deny the benefits of IO-chemotherapy for squa-
mous NSCLC. Rather, exploratory biomarker analysis and
extended follow-up are needed to fully evaluate the role of
I0-chemotherapy in patients with squamous NSCLC, in
whom treatment options have been very limited for de-
cades and the prognosis remains poor.

Interestingly, a recent meta-analysis demonstrates that
the relative benefit of immunotherapy (predominantly

Page 8 of 11

single agent) is greater in male cancer patients than in fe-
male patients [30]. In contrast with this report, our study
demonstrates greater OS benefit with PD-1/PD-L1 inhibi-
tor plus chemotherapy for female patients than for male
patients (female HR, 0.32 vs male HR, 0.69; interaction P
<.001). However, it should be noted that the subgroup
analysis of OS regarding gender was only available from
the pembrolizumab studies, KEYNOTE-189 [6] and
KEYNOTE-407 [19]. Therefore, it remains controversy
whether the magnitude of OS benefit with immune check-
point inhibitors are sex-dependent. Finally, whether the
relatively lower efficacy of immunotherapy in female pa-
tients could be reversed by applying combinatorial treat-
ment strategy as evident in this analysis warrants further
investigation.

We also showed that IO-chemotherapy significantly im-
proved OS both in patients <65 years old (HR 0.46; P
<.001) and = 65 years old (HR 0.69; P =.008), with greater
benefit in in younger patients (interaction P =.038). This
finding is different from previous meta-analyses which re-
vealed similar efficacy with immune checkpoint inhibitor
monotherapy in patients younger vs.older than 65 years
old [31, 32]. These results are clinically relevant because a
majority of lung cancer patients were diagnosed at older
ages and were often with poor performance status in real
world [33]. Considering the higher frequency of
treatment-related adverse events with I0-chemotherapy,
it remains an open question how to tailor the treatment
for older patients to optimize clinical outcomes in the era
of immunotherapy.

This meta-analysis further unfolded that smoking history,
EGFR mutation or ALK rearrangement, and PS 0 or 1 were
not predictive of OS benefit with IO-chemotherapy vs
chemotherapy. Typically, patients with EGFR or ALK gen-
omic alterations receive little OS advantage with the single
agent PD-1/PD-L1 inhibitor [34]. Despite the high PD-L1
expression in oncogene-addicted tumors [35, 36], they are
associated with a high frequency of inactive tumor-infiltrat-
ing lymphocytes [37], low mutation load [38], and weak im-
munogenicity [39]. These factors are hypothesized to
account for the inferior efficacy of immunotherapy in pa-
tients with EGFR- or ALK-driven NSCLC. However, the
IMpower 150 study showed that combination therapy with
atezolizumab, bevacizumab and chemotherapy significantly
improved survival in these patients [15]. It remains unclear
whether it is the addition of chemotherapy or anti-angio-
genesis agent or both that reverse the “cold” immune
microenvironment in oncogene-driven NSCLC.

Regarding the safety profiles, the addition of PD-1/
PD-L1 inhibitor to chemotherapy was significantly asso-
ciated with increased risk of developing AEs of grade 3
or worse severity, treatment-related drug discontinuation
and serious AEs. However, the frequency of deaths at-
tributed to treatment was similar between the both
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groups. Immune-mediated adverse events were more
frequently observed in the I0-chemotherapy group, with
frequency and severity consistent with those noted in
the PD-1/PD-L1 inhibitor monotherapy [40].

A strength of this work is the quality of evidence avail-
able and used in the meta-analysis. Source data were ob-
tained from six randomised controlled trials that involved
over 3000 patients. Thus, the meta-analysis could over-
come the problem of inadequate power of each individual
trial by pooling data together. Albeit the strength above,
we encountered several limitations during this study. First
of all, our meta-analysis relies on published results rather
than on individual patients’ data. Therefore, the results
from subgroup analysis remain inconclusive but merely
suggestive. The optimal clinical and molecular predictors
of benefit from IO-chemotherapy remains to be eluci-
dated. Secondly, the clinical trials included in this
meta-analysis enrolled highly selective patients, e.g. pa-
tients with good performance status, sufficient organ func-
tions and no comorbidities like autoimmune disease.
Therefore, we were unable to explore the effect of these
regimens in patients who were ineligible for clinical trials.
And these patients represent a large proportion in
real-world clinical practice. Finally, the OS data from the
included trials were not mature enough. An update
meta-analysis with final OS data will be important in the
future. Yet, this meta-analysis established the definite
benefit of IO-chemotherapy vs chemotherapy in terms of
PES and ORR in the first line setting, which might serve
as moderate surrogate endpoints for OS [41].

In conclusion, PD-1/PD-L1 inhibitor plus chemother-
apy, compared with chemotherapy, significantly prolonged
PES and OS in first-line of treatment for advanced
NSCLC, irrespective of PD-L1 expression level. Future
studies are needed to explore reliable predictors of treat-
ment efficacy and to determine which chemotherapeutic
modality will improve patient’s survival in combination
with PD-1/PD-L1 inhibitor. Finally, the trade-off between
benefits and risk of side effects as well as treatment costs
should be considered in clinical practice.
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