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Abstract

Background: While the standard first-line therapy for patients with
advanced Non-Small-Cell Lung Cancer (NSCLC) without targetable
genetic aberrations is platinum-based chemotherapy (CTX), recently,
inhibitors of Programmed Cell Death-1 (PD-1) orits Legend (PD-L1) have
set a novel option for such patients. To quantify the overall efficacy of
those agents - here Called Checkpoint Inhibitors (CPlIs) - and in patient
subgroups, this meta-analysis was performed.

Methods: Using a defined selection criterion, a literature search
identified 12 Randomized Clinical Trials (RCTs) involving 7,095 patients
where CPIs have been used in the first-line setting.

Results: In five RCTs, CPls were compared against CTX, a
comparable progression-free survival was observed (hazard ratfio [HR]
=0.88; 95% ClI, 0.77-1.01; P = 0.06), with a significant 21% decreased in
mortality (HR = 0.79 (95% CI, 0.71-0.87); P = <0.0001). Improved overall
survival was attained across all relevant patient subgroups. In the
remaining seven RCTs examining CPIs plus CTX versus CTX alone, the
combined regimens reduced progression and deaths by 39% (HR =
0.61; 95% Cl 0.57-0.66; P <0.0001), and 26% (HR = 0.74; 95% Cl, 0.63-
0.88; P <0.0001), respectively. CPIs plus CTX versus CTX alone doubled
the objective response rate. Patients with high PD-L1 expression
consistently achieved the highest benefit, although some patients with
low expression have also benefited. Number of patients in included
studies, male gender proportion, PD-L1 expression, and median
duration of follow-up were the variables that explained heterogeneity
in the pooled outcome.

Conclusion: Current evidence indicates significant efficacy with
the use of CPIs mostly in combination with CTX as the first-line therapy
in NSCLC without targetable agents. Besides the levels of PD-LI
expression, identifying additional predicting biomarkers is needed.

Introduction

Lung cancer is the most commonly occurring cancer in men
and the third commonest cancer in women. In 2018 an estimated 2
million new lung cancer cases are diagnosed in both sexes combined
representing 11.6% of total cases worldwide. In the same year, lung
cancer was the leading cause of cancer death (18.4% of the total
cancer deaths) [1].

Until recently and despite the major progress in understanding
the molecular pathways of non-small cell lung cancer (NSCLC), only
few effective therapeutic options were available for most patients with
metastatic disease without targetable agents with a dismal survival of
only 4% [1].

Activation of the Programmed Death cell-1 (PD-1) pathway
is an inhibitory mechanism that tumors may exploit to escape the
immunosurveillance. Inhibition of the PD-1 pathway using PD-1
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or programmed death legend-1 (PD-L1) inhibitors or Checkpoint
inhibitors (CPIs) has transformed the treatment of metastatic
NSCLC [2]. Recently, several CPIs agents were approved for clinical
use. For metastatic/advanced NSCLC, nivolumab and atezolizumab
are approved for treating patients whose disease progressed during
or after platinum-based chemotherapy (CTX) irrespective of PD-L1
expression level, whereas pembrolizumab is approved as monotherapy
for previously untreated patients with PD-L1 levels greater >50%,
previously treated with PD-L1 levels >1%, and regardless of PD-
L1 expression in combination with platinum and pemetrexed in
nonsquamous NSCLC (https://www.fda.gov/). On the other hand,
durvalumab is only approved for the treatment of unresectable stage
III NSCLC which has not progressed following concurrent platinum-
based chemotherapy and radiation therapy.

To quantify the efficacy and safety of CPIs several meta-analyses
and systematic reviews have been published. Lee et al. assessed the
role of CPIs in previously treated patients in EGFR mutated advanced
NSCLC [3]. In that meta-analysis of three studies, there were there
were no reported data concerning heterogeneity of the pooled effects.
In a systematic review and network meta-analysis, Créquit et al.
analyzed the efficacy and safety of second-line treatments of advanced
NSCLC but they included CPIs and other targeted therapies [4].
The meta-analysis reported by Ramos-Esquivel et al. compared
CPIs versus docetaxel for previously treated patients [5]. In another
review, Ryu et al. examined the role of atezolizumab for the first-line
treatment of NSCLC [6]. However, in the latter review only results of
five studies were available and the agent was tested in diverse clinical
settings (as monotherapy, in combination with chemotherapy; in
neoadjuvant/adjuvant setting; in combination with bevacizumab;
and in combination with radiation or chemoradiation), moreover, no
pooled outcomes were reported.

Therefore, in the current meta-analysis we intended to examine
the efficacy of CPIs versus chemotherapy (CTX) and the combination
of CPIs plus CTX versus CTX alone restricted to the first-line for
advanced/metastatic NSCLC. The lack of reported data concerning
heterogeneity in the effect size estimates or the influence of potential
covariates on such heterogeneity provided an additional impetus to
carry out the current analysis.
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Materials and Methods
Search strategy

Between January 2005 and April 2019, we identified studies of
interest by first conducting an electronic literature search of the
following databases: MEDLINE, EMBASE, and the Cochrane Library.
We also searched for relevant abstracts in conference proceedings of
the American Society of Clinical Oncology, and the European Society
for Medical Oncology.

We used Medical Subject Heading terms or Keywords: “lung®,
“cancer OR neoplasm OR tumor OR carcinoma OR malignant”,
“non-small cell, “therapy OR treatment”, “metastatic or advanced”,
“immunotherapy OR checkpoint inhibitor OR checkpoint inhibitors
(CPIs), OR nivolumab OR pembrolizumab OR atezolizumab OR
durvalumab”, “clinical trial (mh) OR controlled clinical trial (mh) OR
randomized controlled clinical trial )mh(”, “comparative study (mh)
OR prospective study (mh) OR evaluation study (mh) OR follow-up
study (mh). And the search terms were combined with the Keywords

“first line OR previously untreated OR naive patients”.
Selection criteria

We included all studies that met the following criteria: (1)
published in English language between January 2005 and April
2019; (2) included patients of any age or gender with metastatic or
advanced NSCLG; (3) investigated the efficacy of CPIs in the first-line
setting (chemotherapy (CTX) and immunotherapy/CPIs naive for
metastatic disease) either used as monotherapies or in combination
with CTX; (4) randomized control studies either phase II or III; (5)
reported hazard ratio (HR) for disease-free survival (DES) or overall
survival (OS), and/or odds ratio (OR) for objective response rate
(ORR), or reported adequate data allowing the outcome measures to
be computed; and (6) published as original articles or abstracts (no
case reports, case series, reviews, comments, letters, or editorials).
When two or more articles reported duplicate data, we included only
the most recent data, the study with the longer follow-up, or the most
relevant study. However, we included studies that have used the same
data set but examined additional relevant outcomes.

Data extraction

Three authors (EMI, AAR, AMB) independently inspected each
item identified by the search and applied the inclusion/exclusion
criteria. All authors reviewed the articles and discussed the data
intended for extraction. Extracted data included the following fields:
the study name, first author’s last name, publication year, study
description, study design, CPI used, number of patients, gender,
median age, ECOG status, smoking history, histology, median
follow-up, and outcome measures including results reported for
patient subgroups.

Outcome measures

The outcome measures extracted or computed were the HR for
PFES and/or OS and the OR for the ORR. Also extracted was the 95%
Confidence Interval (CI) for each outcome measure. PFS was defined
as the time from randomization to disease progression or death from
any cause, while OS was defined as the time from random assignment
to death from any cause. ORR was defined as the sum of complete and
partial response rates.

Statistical analyses

The pooled estimates of the HR and OR and the CI were the
primary end points of the meta-analysis. We calculated unreported
outcome measure and its 95% CI using the procedure proposed by
Tierney et al. [7], which is based on the method reported by Parmar
et al. [8]. Where appropriate, we also used the built-in calculator of
the Review Manager for Windows software version 5.2.3 to compute
pertinent data (The Cochrane Collaboration, Oxford, UK). In studies
that reported a univariate and a multivariate analysis for the same
comparison, we only used the latter.

We assessed the heterogeneity of the results by inspecting the
graphical presentations and by calculating a X? test of heterogeneity
and the P statistic of inconsistency [9,10]. Statistically significant
heterogeneity was defined as a X? P value less than 0.1 or an I statistic
greater than 50%. The pooled estimates of HR or and the associated
95% CI were obtained using the DerSimonian and Laird random-
effects model [11]. The latter model was used rather than the fixed-
effects procedure due to the various designs and agents used in the
included studies.

We performed meta-regression analysis to determine to what
extent the effects of clinical variables could explain any demonstrated
heterogeneity in the pooled estimates of PFS or OS. The dependent
variable was the InHR weighted for the inverse of variance to
perform weighted least-square linear regression. We first conducted
a univariate regression analysis for each relevant variable followed
by a multivariate regression analysis including only variables found
significant in the univariate analysis. The tested variables were
patients’ numbers, median age, proportion of male patients, Eastern
Cooperative Oncology Group (ECOG) performance status, smoking
history, histology, PD-L1 expression score, and median follow-up.
In the meta-regression analyses, we assumed the data to be missing
at random; therefore, observed study characteristics were used to
impute missing data by means of multiple imputations [12].

We also performed subgroup analyses to assess the potential
contributions of various variables to the main outcome. We excluded
studies that did not provide enough data to permit estimating relevant
parameters in subgroup analyses.

A funnel plot estimating the precision of trials (plots of logarithm
of the HR against its inverse standard error) was examined for
asymmetry to determine publication bias [13]. Because of the small
number of included studies, we used the fail-safe N [14], and the trim
and fill methods to quantify publication bias [15]. The first method
determines how many missing studies needed to be incorporated in
the analysis before the P value becomes non-significant. While the
latter gives the approximate number of studies to be imputed to make
the funnel plot symmetric.

All statistical tests were two-sided. We used Comprehensive
Meta-analysis (Biostat, version 3.3.070, Englewood New Jersey,
USA) and Review Manager for all pooled estimates. For meta-
regression analyses and assessment of publication bias, we used the
Comprehensive Meta-analysis software.

Results

We identified 3711 potentially relevant articles (Figure 1).
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After exclusion of duplicate references, non-relevant literature, and
those that did not satisfy the inclusion criteria, 12 candidate articles
were included [16-28]. There were 7,095 patients in the included
studies, 3,832 (54%), and 3,263 (46%) patients were allocated to in
the CPIS and control arms, respectively. The median age (95% CI)
was 64.0 (63.5-66.0), and 65.0 (63.7-65.1) years, while male gender
constituted 65% versus and 63% in patients in the CPIs and control
arms, respectively. Sixty-three and 62% of the patients presented with
ECOG 22 in the CPIs and control arms, respectively.

Brief description of the included studies

Table 1 depicts the patients and disease characteristics of the 12
studies, and Table 2 summaries the outcome measures of those studies
and outcomes according to PD-L1 expression. Four studies compared
atezolizumab in combination with chemotherapy (CTX) versus CTX
alone (17, 18, 25, 26), and in a fifth study, nivolumab was used as a
monotherapy versus CTX (16). In the sixth study (CheckMate-277),
nivolumab was used in combination with ipilimumab (anti-cytotoxic
T-lymphocyte antigen 4) against CTX (27). In the latter study, a third
arm of nivolumab monotherapy was also included. In all three arms,
the investigators explored the efficacy of nivolumab with or without
ipilimumab among patients with high tumor mutational burden
(TMB; 210 mutations or 213 per megabase).

Pembrolizumab in combination with CTX versus CTX alone was
tested in three studies [19-21], while in two studies (KeyNote-024
and KeyNote-042), pembrolizumab was used as a monotherapy
versus CTX [23,24,28]. In the KeyNote-024, only patients with PD-
L1 expression 250% were included. Finally, the we included a study
that compared drvalumab with or without tremelimumab against
CTX [22].

Of all the included studies, only two allowed a few patients
with EGFR/ALK aberrations. In the IMpower-131, though testing

Electronic search: 3711 citations J

613 duplicates/irrelevant removed

;r‘ﬁles iewed: J

W
[ Abstracts reviewed: ]

3098

J Irrelevant abstracts:
2075

Full texts reviewed:
1023

Excluded:

- 667 irrelevant/ineligible
344 review articles/case
reports/meta-analysis/phase I or
second-line studies

12 studies included

Figure 1: Flowchart of literature search and the selection of the 12 included
studies.

for EGFR mutation or ALK translocation was not mandatory,
patients with a sensitizing mutation must have disease progression
or intolerance to treatment with > 1 approved targeted therapy to
included, however, their number was not reported [18]. In the second
study (IMpower-150) [26], approximately 20% of patients had EGFR/
ALK mutations in each of the experimental or control arm.

Of the 12 studies, four studies only included patients with
nonsquamous NSCLC [17,19,20,25,26], while in two trials only
patients with squamous NSCLC were allowed [18,21]. In the
remaining fife studies patients with either squamous or nonsquamous
histology were eligible [16,23,24,27,28].

In this meta-analysis, we defined a cohort where CPIs
were compared against CTX. This set consisted of five studies
(CheckMate-026 [16], MYSTIC [22], KeyNote-024 [23,24],
CheckMate-227 [27], and KeyNote-042 [28]), that comprised 3,057
patients (961 [52%], and 1,459 [48%] patients in the CPIs and CTX
arms, respectively).

The second data cohortincluded the remaining seven studies where
CPIs plus CTX were compared against CTX alone (IMpower-130
[17], IMpower-131 [18], KeyNote-021 [19], KeyNote-189 [20],
KeyNote-407 [21], IMpower-132 [25], and IMpower-150 [26]). In
this cohort there were 4,038 patients (2,234 [55%], and 1,804 [45%] in
the CPIs plus CTX, and CTX only arms, respectively).

CPIs as Monotherapy versus CTX
Analysis of PFS

In studies reported median follow-up, the average was 13.2
months. Figure 2 shows that CPIs produced a numerically, though not
significant benefit on PFS as compared with CTX (HR = 0.88; 95% CI,
0.77-1.01; P = 0.06). The analysis, however, showed significant model
heterogeneity (I’ = 74%). Included in that analysis, were reported data
regardless of the PD-L1 level of expression.

Meta-regression analysis was performed to identify covariates
that would explain model heterogeneity. Tested in the analysis
were defined in the methodology section. The meta-regression
analysis identified the total number of patients and the proportion
of male gender in the experimental arms were the only variables that
explained 81% of the variance in effect size (Table 3). Patients number
and proportion of male were positively associated with HR suggesting
lesser benefit with increasing proportion of male gender and larger
study population.

Although a non-significant trend favored CPIs in all subgroups
except smoking history, the analysis didn’t show a favorable benefit of
CPIs compared with CTX on PES irrespective of patients age, gender,
ECOG status, smoking history, histology, or tumor proportion score
of PD-L1 (Figure 3). On the other hand, the patients with high TMB
attained a significant benefit from CPIs (HR = 0.68; 95% CI, 0.50-
0.91). On the contrary, CPIs benefit was equal to CTX among the
patients whose tumor expressed low/medium TMB (HR = 1.38;
95% CI, 0.82-2.31), however, that comparison was associated with
heterogeneity (I? = 82%).

Analysis of OS

Figure 4 demonstrates the pooled analysis of OS of the five studies
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Table 1: Patients and disease characteristics of the 12 included studies.

Study, design Year Expet;llmen- "::::- PD-L1 ?gs;?,/l; Number % Male rgzdzfnr; EEEG ?:;o;)— Othgal:aD-H
sC = = | CFS= PD-L125% (%)=
24/24 31/34 | 88/87 77/78
heckMate-026, EGFR/ALK WT _ PB NSC = = Never=| PD-L1250% (9
Chec :;:S(L ﬁi, o?. (?Ia) * 2017 Nivolumab | o 1% 72/36 271/270 | 68/55 63065 o 161 /ﬁ | _ 325/%" (%)
22=
111
CheckMate-227, patients with sC = = | CFS= | PD-L1<1% (%)=
high TMB (210 mutations/ . | 3234 40/31 | 94/91 27/30
megabase), EGFR/ALK WT, Nivolumab + PB NSC = = Never = | PD-L121% (%) =
° phasc)e IHl, OL (27) 2018 ilimumab | CTX Se'e?ft' eaiee | o0/160  71/66 64164 | o9 | 57 73/70( )
22 =
111
CheckMate-227, patients with
i > i - |
T S Ll B
OL (27)
0= | CFS= | PD-L1 high % =
_ 42140 | 89/92 20/18
IMpower-130, OL, EGFRIALK Zugt::i"'PB PB Sggét_ NSC= s | somg | 265 vears = Never= PD-L1low % =
wild phase IIl (17) ox cTx | %2577 100100 =50%/50% 58/60  11/8 28/29
PD-L1 negative
% = 52/53
=  CFS=  PD-L1high%=
. 34/32 | 91/93 15/14
IMpower-131, EGFRIALK WT or |, o r’;‘;ebml"PB PB sggét_ SC= im0 882 | 66/65 = Never= PD-L1low%=
MT, phase IIl (18) orx cx 227 1001100 66/68 | 20/20 38/36
PD-L1 negative
% = 47/50
IMpower-132, EGFR/ALK WT, Atezoli- Un- = | CFS=
PB NSC = 43/40 | 87/87
2018 | zumab + PB select- 292/286 @ 66/67 64/63
phase Il (25) CTX CTX Tgq | 1001100 = | Never=
57/60  13/13
= | CFS= PD-L1high %=
Atezoli- PB Un. 40/45 79/81 17/16
IMpower-150, EGFR/ALK WT or zumab + PB | CTX + NSC = 1= Never =| PD-L1low % =
P MT, phase IIl, OL (26) 2018 | o1x + beva- | bevaci- se'efft' 1001100 400/400  60/60 | 83/63 | g5 o419 30/26
cizumab zumab PD-L1 negative
% = 41/43
= | CFS= | PD-L1<1% (%)=
N . 40/46 | 75/86 35/37
KeyNote-021, EGFR/ALK WT, PB NSC = = Never= PD-L11-49% (%
g phase II, OL (19) 2016 Z“mg?r;(' PB crx Se'e‘;d' 100100 B0/63  37/41 6363 Goisa | 2514 =32/37 o
PD-L1 250% (%)
=33/27
= | CFS= | PD-L1<1% (%)=
N . 4539 | 88/88 31/31
KeyNote-189, EGFR/ALK WT, PB NSC = = Never= PD-L11-49% (%
g phase Ill, DB (20) 2018 Z“”‘g?; PB . c1x Se"s?t' 10000 4107206 62/53 8564 | gipyqp2 =31/28 o
PD-L1 250% (%
2=1/0 iy (%)
sC= =  CFS=  PD-L1<1% (%)=
N . | 99098 26/32 | 92/93 34/35
PB NSC = = Never= PD-L11-49% (%
KeyNote-407, phase lll, DB (21) | 2018 zum(a;; PB CTX se(l:ict— 22 278/281 | 79/84 65/65 74/68 817 = 3737 (%)
PD-L1 250% (%)
= 26/26
sC= 0= | CFS=
_ 19/18 35/35 | 97/87
KeyNote-024, g:)"‘se 0L (23, 5549 P;Tr:;‘t’)"' gTBX >50% = NSC= 154/151 60/63 65/66 = Never= PD'=L11 ;;%"0(%)
81/82 64/65 | 3/13
2=100
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SC= = CFS = | PD-L121% (%) =
U 32/32 35/43 | 86/87 75/78
n-
PB NSC = = Never = | PD-L1225% (%)
MYSTIC D, phase lll, OL (22) 2018 | Durvalumab CTX se:;ct 68/68 163/162 = 69/65 64/65 65/57 1413 - 44/44
PD-L1 250% (%)
=32/29
Durvalumab SC = = CFS = | PD-L121% (%) =
+ U 33/32 40/43 = 85/87 80/78
I A— n
Tremelim- PB NSC = = Never = | PD-L1225% (%)
MYSTIC DT, phase lll, OL (22) 2018 umab CTX se:jct— 67/68 163/162  72/65 65/65 60/57 15113 — 44/44
PD-L1 250% (%)
=29/29
SC= 0= CFS = | PD-L121% (%) =
38/39 31/30 | 78/78 100/100
Pembroli- PB o NSC = = Never = | PD-L1 220% (%)
KeyNote-42, phase I, OL (28) 2019 Zumab CTX 21% 62/61 637/637 = 71/71 63/63 69/70 | 22/22 — 65/64
PD-L1 250% (%)
=47/47
CFs: Current/Former smoker; D: Duravalumab; DB: Double-Blind; DT: Duravalumab Plus Tremelimumab; ECG: Eastern Cooperative Oncology Group performance
status; M: Months; MT: Mutant Type; NSC: Non-Squamous Cell; OL: Open Labeled; PB CTX: Platinum-Based Chemotherapy; PD-L1: Programmed Death Leg-
end-1; SC: Squamous Cell; TMB: Tumor Mutational Burden; WT: Wild-Type
Table 2: Summary of efficacy outcomes for the 12 included studies.
Stud Follow- 1-Yr PFS Median PFS (m) PFS HR 1-Yr OS Median OS (m) OS HR ORR
v up (m) | Exp CTR Exp CTR  (95% Cl) Exp CTR Exp CTR | (95% CI) Exp CTR
Check
Mate-026 13.5
(16)
1.19 (0.97- o o 1.08 (0.87-
Overall 4.2 5.8 1.46) 56% 54% 13.7 13.8 1.34)
PD-L125% 24% 23% 4.2 5.9 1.15(091- 56% 54% 14.4 13.2 1.02 (0.80- 26% 33%
1.45) 1.30)
PD-L1 2 1.07 (0.77- 0.90 (0.63- o o
50% 5.4 5.8 1.49) 15.9 13.9 129) 34% 39%
. 0.62 (0.38- 1.10 (0.64- o o
High TMB 9.7 5.8 1.00) 18.3 18.8 1.88) 47% 28%
Check-
Mate-227 11.2 31%  17.00% 0'83 é%)?Z
(27) )
0.83(0.72-
0, 0,
Overall 31% | 17.00% 4.9 55 0.96)
High TMB 43% | 13.20% 7.2 5.5 0'53 é?;” 45.30% | 26.90%
High TMB
and PD-L1 0'65 é(;.;m-
21% ’
High TMB
and PD-L1 0'43 é%')”'
1% )
Check-
Mate-227 -
Nivolumab 1.2
Monothera-
py (27)
High TMB + o o 0.95 (0.61-
PD-L1 21% 24% 17% 4.2 5.6 1.48)
IMpow-
er-130 (17) NR
Overall 29%  14.10% 7 55 0.64 (0.54- 63.10%  39.60% 18.6 13.9 0.79 (0.64- 49.20% @ 31.90%
0.77) 0.98)
. 0.51 (0.34- 0.84 (0.51-
PD-L1 high 6.4 4.6 0.77) 17.3 16.9 1.39)
0.61(0.43- 0.70 (0.45-
PD-L1 low 8.3 6 0.85) 23.7 15.9 1.08)
PDL-L1 0.72 (0.56- 0.81 (0.61-
negative 6.2 47 0.91) 15.2 12 1.08)
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IMpow-
er-131 (18) 128
Overall 25% | 12.00% 6.3 5.6 0'73é%';3°' 55.60% = 56.90% 14 13.9 0'9165(;')78' 49% 41%
PD-L1 high 48% | 20% 10.1 55 0440271 g0 52% 23.6 144 0560321 g0 33%
0.71) 0.99)
0.70 (0.53- 1.34 (0.95-
_| 0, 0, 0, 0, 0, )
PD-L1 low 20% 9% 6 5.6 092) 54% 64% 12.4 16.6 1.90) 52% 44%
PDL-L1 20% 12% 57 5 081064 450 53% 13.8 125 086(085- 0 42%
negative 1.03) 1.15)
IMpow-
er-132 (25) 14.8
Overall 34% 17% 7.6 52 0800049 50600,  5540% 8.1 136 0810064 NR NR
0.72) 1.03)
IMpow-
er-150 (26) 154
Overall 37% | 18.60% 8.3 6.8 0'63%52'
EGFR/ALK Y . 0.62 (0.52- . . 0.78 (0.64- . )
WT 37% | 18.00% 8.3 6.8 0.74) 67.30% @ 60.60% = 19.2 14.7 0.96) 63.50% = 48.00%
EGF“%ALK 37% | 21.00% 9.7 6.1 0'5§é3')37'
PD'b:/Th'gh' 53%  14.10% 126 | 68 0'3§é%')25'
PD-L1 low/
negative, 32% | 18.90% 8 6.8 0'63 ég'fG'
WT ’
PD-L1 nega- o o 0.77 (0.61-
tive, WT 29% | 18.30% 7.1 6.9 0.99)
Key-
Note-021 10.6
(19)
Overall 7% 63% 13 | gg 053(031 92% 92% 0.90 (0.42- 55% 29%
0.91) 1.91)
PD-L1 <1% 57% 13%
PD-L121% 54% 38%
PD-L1 250% 80% 35%
Key-
Note-189 10.5
(20)
Overall 34% 1730% 88 49 09204 g9000 4940% UR | 113 049038 0600 18.90%
0.64) 0.64)
0.75 (0.53- 0.59 (0.38-
| 0, 0, 0, 0, 0,
PD-L1 <1% 1.05) 61.70% | 52.20% 092) 32.30% | 14.30%
0.44 (0.34- 0.47 (0.34-
| 0,
PD-L1 21% 0.57) 0.66)
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o 0, 0, 0, 0, 0,
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CTR: Control Arm; CR: Confidence Interval; Exp: Experimental Arm; HR: Hazard Ratio; m: months; NR: Not Reported; ORR: Objective Response Rate; PFS:
Progression-Free Survival; OS: Overall Survival; PD-L1: Programmed Death Legend-1; TMB: Tumor Mutational Burden; WT: Wild Type; Yr: Year

where CPIs were used as monotherapy versus CTX. The pooled effect
estimated a HR = 0.79 (95% CI, 0.71-0.87); P = <0.0001), indicating a
21% reduction in the risk of death, favoring CPIs. The model showed
no heterogeneity (I = 28%).

Figure 5 shows the analyses of the pooled effect on OS of CPIs
versus CTX in relevant subgroups as derived from three studies (16,
24, 28). CPIs was associated with favorable OS regardless of age,
gender, ECOG status, histology, and PD-L1 expression >50%.

Analysis of ORR

Figure 6 shows that the ORR attained with CPIs was not
significantly different from that achieved using CTX (OR = 1.20;
95% CI, 0.94-1.53; P = 0.15), with a demonstrated heterogeneity (I
=70%). The pooled OR didn’t significantly changed by repeating the
analysis with the inclusion of only patients with PD-L1 score of >50%
from KeyNote-42 study.

Publication bias

In the analysis of the PFS there was no asymmetry in the shape
of the funnel plot. The fail-safe N method showed that 38 studies
are required to accept the null hypothesis. The trim and fill method
suggested that there were 2 studies needed to be imputed to make
the funnel plot symmetric. For the OS analysis, the funnel plot
seemed symmetric and the required studies were 75 and 0 for the two
methods, respectively.

CPIs plus CTX versus CTX only
Analysis of PFS

Figure 7 shows that combining CPIs plus CTX resulted into 39%
reduction in the risk of progression as compared with using CTX
alone (HR = 0.61; 95% CI 0.57-0.66; P <0.0001). Meta-regression was
not required as there was no demonstrated heterogeneity (I = 10%).
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MYSTIC D -0.1393 o.z2m 6.4% 0.87[0.59,1.29] Nz
MYSTIC DT 00488 01934 6.6% 1.05[0.72,1.53] =1
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Figure 2: Forest plot of the hazard ratio (HR) for progression-free survival for studies where a checkpoint inhibitor (CPI) was compared with chemotherapy. Squares
represent the HR of each single study (size of the square reflects the study-specific statistical weight); horizontal lines represent 95% confidence intervals (Cls);
diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided. Abbreviations: MYSTIC D, durvalumab; MYSTIC

DT, duravalumab plus tremelimumab; TMB, tumor mutation burden.

Table 3: Meta-regression analyses.
End point Data set Covariates Incremental R? P value
Intercept 0%
PFS CIPs monotherapy versus CTX Number of patients in experimental arms 61% 0.012
Proportion of male gender in experimental arms 81% 0.002
Intercept 0
PD-L1 expression: high vs. negative 77% 0.04
0s CIPs plus CTX versus CTX - = -
PD-L1 expression: positive vs. negative 63% 0.1
Median follow-up 100% 0.01
CIPs: Checkpoint Inhibitors; CTX: Chemotherapy; OS: Overall Survival; PD-L1: Programmed Death Legend-1; PFS: Progression-Free Survival

Figure 8 shows the analyses of the pooled effect on PFS of CPIs
plus CTX versus CTX alone in patient subgroups. CPIs plus CTX
attained a significant PFS in all examined subgroups, noteworthy, a
60% decrease in the risk of progression or death among patients with
PD-L1 expression of 250% (HR = 0.40; 95% CI, 0.34-0.48).

Analysis of OS

Figure 9 shows that as compared with CTX alone, CPIs plus CTX
decreased mortality by 26% (HR = 0.74; 95% CI, 0.63-0.88; P <0.0001).
There was moderate heterogeneity (I = 65%). The meta-regression
analysis identified PD-L1 expression and median follow-up duration
as the variables that could explain 100% of OS heterogeneity (Table
3). There was a positive association between longer follow-up and
effects size, i. e. lower benefit.

Figure 10 shows the analyses of the pooled effect on OS of CPIs
plus CTX versus CTX alone in patient subgroups. The analyses
favored the combination of CPIs plus CTX over CTX only in all
subgroups with no demonstrated heterogeneity. For the patients
whose tumor expressed PD-L1 250%, a 35% reduction in mortality
was demonstrated (HR = 0.65; 95% CI, 0.52-0.81).

Analysis of ORR

Figure 11 shows that the combination regimens doubled the
ORR as compared with CTX alone (OR = 2.20; 95% CI, 1.71-2.82;
P <0.0001). However, there was moderate heterogeneity (I = 56%).

Publication bias

For the PFS analysis, the funnel plot was symmetric. The fail-safe
N method showed that 2171 studies are required to accept the null
hypothesis. The trim and fill method suggested that there is 0 study

needed to be imputed to make the funnel plot symmetric. For the OS
analysis, the required studies were 167 and 0 for the two methods,
respectively.

Discussion

The current meta-analysis showed that when used as monotherapy
in previously untreated patients, CPIs attained a similar PFS benefit
compared to CTX including comparisons across patient subgroups
except for patients with high TMB as reported from two studies using
nivolumab monotherapy or nivolumab plus ipilimumab [16,27]. The
predicted improved outcome of high TMB was first demonstrated
in associated with pembrolizumab in a subset of patients in the
KEYNOTE-001 trial [29]. TMB may be used as an independent
biomarker to define patients who would attain the highest advantage
from immunotherapy as the benefit associated with high TMB was
shown to be independent of PD-L1 expression [16,27].

Conversely, combining CPIs and CTX versus CTX alone showed
favorable improvement in PFS with an overall 39% reduction in the
risk of disease progression, with benefit attained in all subgroups.
Moreover, analysis of the effects size on OS, showed 21% and 26%
reduction in the risk of death, in the first and second cohorts,
respectively. The favorable effect was attained across all relevant
subgroups. While no significant difference in ORR was seen between
CPIs versus CTX, combining CPIs plus CTX produced a significant
improvement in disease response as compared with CTX alone.

Of all analyzed subgroups, patients expressing high PD-L1
of 250% attained the most consistent benefit in all comparisons.
Several trials have shown a close association between the magnitude
of benefit and the level of PD-L1 expression in first-line (Table 2),
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Figure 3: Forest plot of the hazard ratio (HR) for progression-free survival for patient subgroups for studies where a checkpoint inhibitor (CPIl) was compared with
chemotherapy. Squares represent the HR of each single study (size of the square reflects the study-specific statistical weight); horizontal lines represent 95%
confidence intervals (Cls); diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, 95% CI IV, Random, 85% Cl
CheckMate-026 00198 01238 127% 1.02 [0.80, 1.30] T
KeyNote-024 -D.462 01588 85% 0.63 [0.46, 0.86] =
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Figure 4: Forest plot of the hazard ratio (HR) for overall survival for studies where a checkpoint inhibitors (CPl) was compared with chemotherapy. Squares
represent the HR of each single study (size of the square reflects the study-specific statistical weight); horizontal lines represent 95% confidence intervals (Cls);
diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided. Abbreviations: MYSTIC D, durvalumab; MYSTIC
DT, duravalumab plus tremelimumab.
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Figure 5: Forest plot of the hazard ratio (HR) for overall survival for patient subgroups for studies where a checkpoint inhibitors (CPI) was compared with
chemotherapy. Squares represent the HR of each single study (size of the square reflects the study-specific statistical weight); horizontal lines represent 95%
confidence intervals (Cls); diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided.
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CheckMate-026 55 n M1 120% 0.70[0.46, 1.06]
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KeyMote-024 69 154 42 151 109% 2111.31,3.39) =
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KeyMote-042 PD-L1 20% or more 138 413 117 405 145% 1.24 092, 1.66]
KeyMote-042 PD-L1 50% or more 118 299 96 300 137% 1.390.99, 1.94]
MYSTIC D 58 163 61 162 11.3% 091 (058, 1.44]
MYSTIC DT 36 163 61 162 113% 0.87 [0.55, 1.386]
Total (95% CI) Pl 2189 100.0% 1.20 [0.94, 1.53]
Total events ™ BED
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Figure 6: Forest plot of the odds ratio (OR) for objective response rate for studies where a checkpoint inhibitor (CPIs) was compared with chemotherapy. Squares
represent the OR of each single study (size of the square reflects the study-specific statistical weight); horizontal lines represent 95% confidence intervals (Cls);
diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided. Abbreviations: MYSTIC D, durvalumab; MYSTIC
DT, duravalumab plus tremelimumab; TMB, tumor mutation burden.
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Figure 7: Forest plot of the hazard ratio (HR) for progression-free survival for studies where a checkpoint inhibitor (CPI) plus chemotherapy was compared with
chemotherapy alone. Squares represent the HR of each single study (size of the square reflects the study-specific statistical weight); horizontal lines represent
95% confidence intervals (Cls); diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided. Abbreviations:
mut, mutated; Nab; nab-paclitaxel; WT, wild-type.
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Figure 8: Forest plot of the hazard ratio (HR) for progression-free survival for patient subgroups for studies where a checkpoint inhibitor (CPI) plus chemotherapy
was compared with chemotherapy alone. Squares represent the HR of each single study (size of the square reflects the study-specific statistical weight); horizontal
lines represent 95% confidence intervals (Cls); diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided.
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Figure 9: Forest plot of the hazard ratio (HR) for overall survival for studies where a checkpoint inhibitors (CPI) where a checkpoint inhibitor (CPI) plus chemotherapy
was compared with chemotherapy alone. Squares represent the HR of each single study (size of the square reflects the study-specific statistical weight); horizontal
lines represent 95% confidence intervals (Cls); diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided.
Abbreviations: Nab; nab-paclitaxel; WT, wild-type.
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Figure 10: Forest plot of the hazard ratio (HR) for overall survival for patient subgroups for studies where a checkpoint inhibitor (CPI) plus chemotherapy was
compared with chemotherapy alone. Squares represent the HR of each single study (size of the square reflects the study-specific statistical weight); horizontal
lines represent 95% confidence intervals (Cls); diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided.
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Figure 11: Forest plot of the Odds Ratio (OR) for objective response rate for studies where a checkpoint inhibitor (CPI) plus chemotherapy was compared with
chemotherapy alone. Squares represent the OR of each single study (size of the square reflects the study-specific statistical weight); horizontal lines represent
95% confidence intervals (Cls); diamonds represent the pooled estimates, based on a random-effects model. All statistical tests were two-sided. Abbreviations:

Nab, nab-paclitaxel; WT, wild-type.

or in subsequent lines settings (CHECKMATE-057, and OAK
[30,31]. However, there have been evidence that survival benefit
could be attained with atezolizumab plus CTX [17,18,26], or with
pembrolizumab with CTX in the first-line setting even for PD-L1
negative patients [20,21]. On the other hand, in the KEYNOTE-042
no OS advantage was achieved in those patients with 1%-49% PD-
L1 expression [28]. Such observations suggested that PD-L1 score
alone is not a perfect predictor biomarker and its role needs to be re-
examined. In a phase II trial of patients with colorectal cancer, while
pembrolizumab benefited patients with Mismatch Repair (MMR)-
deficient, those with MMR-proficient gained no benefit [32]. Enough
data about MMR in NSCLC are lacking.

The relationship between the effects of CPIs and smoking
history was rather interesting. In the analysis of PES, patients with
current smoking history showed a trend of more benefit with CPIs
as compared with never smokers. The same pattern was shown in
the analysis of OS where current and former smokers benefited more
compared with never smokers. The benefit gained by CPIs among
ever smoker was consistent with results reported from other studies
(33,34].

Our current meta-analysis demonstrated several strengths. First,
the analysis included all relevant randomized trials that tested CPIs
in the first-line setting either as monotherapy or in combination with
CTX and used the updated published data of 7,095 patients. Second,
the analysis quantified the outcomes in several patient subgroups,
most importantly the influence of age, gender, TMB, and PD-L1
expression. Third, we were able to show that the studies that examined
CPIs in the first-setting showed insignificant publication biases.

Fourth, the meta-analysis analyzed the demonstrated
heterogeneity in the pooled effects of PFS or OS, an exercise that was
not attempted in the other published meta-analyses. The number of
patients included in the experimental arms, male gender proportion,
PD-L1 expression, and median duration of follow-up prevailed as the
variables that explained most of the variance across studies. Patients
number was positively associated with HR suggesting lesser benefit
with increasing study population. It is certain that larger studies are
more able to reliably reflect the true benefit of an intervention. The
lower benefit, albeit remains significant, in association with larger
studies. On the contrary, small studies can produce false-positive

results, or they over-estimate the true effect [35]. Moreover, since
the introduction of CPIs the survival of patients with metastatic
NSCLC has significantly improved [36], it was not surprising that we
demonstrated that the variability in duration of follow-up is associated
with variability in the reported outcome between studies. Finally, we
also identified that the variability in PD-L1 expression is an additional
variable that contributed to the demonstrated heterogeneity [36].

On the other hand, there were also some limitations. First, in
several pooled effect estimates, there were significant between trials
heterogeneity. That may have had its impact on the precise estimate of
the benefit, however, we extensively investigated such heterogeneity
and we have been able to identify its potential sources. Second, while
we analyzed the pooled effects irrespective of the CPI used, it would
have been inappropriate to compare benefits according to different
agent agents while there have never been head-to-head comparative
trials.

The current met-analysis quantified the clinical benefit of CPIs
used in the first-line setting for patients with advanced NSCLC
without targetable therapies. Although employing such approach
represents a paradigm shift in the management of such patients,
currently, CPIs use is associated with a significant high cost. In a
recent review, Aquiar et al. analyzed the cost-effectiveness of immune
CPIs in NSCLC [37]. In patients with squamous histology, the
incremental Quality-Adjusted Life Years (QALY) of using nivolumab
was 0.23, while the incremental cost-effectiveness ratio (ICER) was
US$128,000. Using a PD-L1 expression cutoff value had minimal
effect improved incremental QALY. For patients with nonsquamous
histology, the incremental QALY of nivolumab was 0.12 and the
ICER was US$121,000. All patients with PD-L1 of >1, pembrolizumab
use was associated with an incremental QALY of 0.13 and an ICER
was US$116,000. Considering such data and the fact that PD-L1
expression may not be an optimal predictor, there is a dear need for
additional biomarker(s) that would allow better selection of patients
to offset such high cost.
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