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A B S T R A C T

This network meta-analysis (NMA), based on 12 phase-III studies with 9,236 metastatic NSCLC patients, aims to
compare the efficacy of treatments including at least one immune-checkpoint inhibitor (ICI) with or without
chemotherapy, as frontline therapy for advanced NSCLC patients. The NMA includes direct randomized evidence
on treatments of interest along with indirect evidence from randomized studies with chemotherapy as the
common comparator. Studies were identified by searching PubMed, and the abstracts of most recent main on-
cology congresses. The primary endpoint, Hazard-Ratio (HR) of Progression-free Survival (PFS), was estimated
by a frequentist-approach NMA. Results are presented in the overall cohort (all-comers or PD-L1-positive) ir-
respective of histology, and by histology, PD-L1 expression level and sex. According to the primary PFS-NMA in
the overall cohort, the combination of chemotherapy, first with pembrolizumab, second with atezolizumab
exhibit significantly higher benefit than any other treatment examined. This superior PFS benefit is found for
both squamous and non-squamous patients. Similarly for OS, the combination of pembrolizumab/chemotherapy,
and atezolizumab/bevacizumab/chemotherapy-(ABC), followed by pembrolizumab-monotherapy and atezoli-
zumab/chemotherapy, are the best treatments in the overall cohort, driven by the non-squamous histology. In
the PD-L1-high patients again the combination of chemotherapy with atezolizumab or pembrolizumab, exhibit
significant PFS benefit, followed by pembrolizumab-monotherapy. PFS benefit of these ICI/chemotherapy
combinations are also found in PD-L1-negative and PD-L1-intermediate patients(1%≤PD-L1 < 50%). Of note,
ABC is evaluated only for OS in non-squamous patients while the pembrolizumab-monotherapy PFS benefit and
the atezolizumab/chemotherapy OS benefit are probably under-estimated since most of the data stems from non-
significant interim analyses of ongoing studies [KN042;IM131/132/150].
In conclusion, the addition of chemotherapy to ICIs enhanced their treatment efficacy as first-line treatment

for advanced NSCLC patients. The combination of chemotherapy with either pembrolizumab or atezolizumab
show consistently higher efficacy than chemotherapy-alone or any other ICI-combination or monotherapy,
particularly in non-squamous patients.

1. Introduction

Lung cancer remains the leading cause of cancer deaths worldwide
[1]. Non-small cell lung cancer (NSCLC) represents 80-90% of lung
primary malignancies. NSCLC is most often diagnosed at a metastatic
stage, where 5-year survival rate ranges between 0 and 5% using tra-
ditional chemotherapy-based strategies[2]. The recent introduction of
immune checkpoint inhibitors (ICI), has resulted in an increase in

overall survival (OS) rates of patients with advanced NSCLC, as well as
melanoma, urothelial carcinoma, renal cell carcinoma and head and
neck carcinoma.

Activation of checkpoint cascades such as those controlled by PD-1
or CTLA-4, result in inactivation of tumor-specific T-cells and immune
evasion. Treatment with ICI using anti-programmed cell death protein 1
(PD-1), anti-programmed death-ligand 1 (PD-L1), and/or anti-cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) agents can reinvigorate T-
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cells and allows the adaptive immune system to target tumor cells[3–5].
The vast majority of NSCLC cases are attributable to tobacco car-

cinogens exposure. This aetiological association and the consecutive
mutational smoking signature are of particular relevance for cancer
immunotherapy[6]. In correlation with tumour immunogenicity, cur-
rent approaches targeting immune checkpoints exhibit increased ac-
tivity in tumours with a high number of somatic mutations, such as
smoking-induced NSCLC[7]. Conversely, ICI has been significantly less
successful in never-smokers, including oncogene-addicted ALK-rear-
ranged or EGFR-mutated NSCLC as well as other rarer oncogenic drivers
[7,8].

Treatment with anti-PD-(L)1 drugs currently represents the main-
stay of NSCLC immunotherapy and can result in impressive response
rates and durable disease remission, but only in a subset of patients.
Anti-PD-1 monoclonal antibodies nivolumab and pembrolizumab, and
anti-PD-L1 atezolizumab have all demonstrated an improvement in OS
compared with chemotherapy in the second-line and in later therapy
lines of advanced NSCLC, offering better survival outcome than doc-
etaxel[9–11].

Tumor cells (TC) PD-L1 expression assessed by im-
munohistochemistry has been extensively studied as a predictor of re-
sponse to anti-PD-(L)1 treatment and has been convincingly demon-
strated to be a valid biomarker[12–14].

In the frontline setting, pembrolizumab-monotherapy has demon-
strated a progression-free survival (PFS) and OS benefit over platinum-
based doublet chemotherapy in NSCLC with PD-L1 expression on at
least 50% of TC and no epidermal growth factor receptor (EGFR) sen-
sitizing mutation or anaplastic lymphoma kinase (ALK) gene re-
arrangement, representing 25-30% of frontline advanced
NSCLC(KN024[12,15]). Recently, in a cohort of patients with PD-
L1≥1% (PD-L1-positive), although a pembrolizumab PFS benefit was
apparent only for the subgroup of patients with PD-L1≥50% a sig-
nificant benefit in OS was found for the full cohort, possibly driven by
the PD-L1≥ 50%, with higher benefit for higher PD-L1 expression
(KN042[16]).

In contrast, PFS was not improved with nivolumab-monotherapy
compared with chemotherapy in patients with previously untreated
advanced NSCLC and PD-L1≥5%, nor for the subgroups of PD-
L1≥1% and PD-L1≥ 50% (CM026[17]).

Completing the landscape of treatment opportunities in frontline
therapy, irrespective of PD-L1 expression, and following the rational
interest in the ICI/chemotherapy combination, six trials have assessed
(IM130/IM131/IM132;KN189/KN407[18–23]) and reported to date on
the combination of platinum-based chemotherapy and anti-PD(L)1 ICI,
with one trial adding bevacizumab to that triplet in non-squamous
NSCLC (IM150[24]).

All of these trials have demonstrated a variable, but significant,
degree of PFS improvement in the intent-to-treat (ITT) cohort, with a
magnitude proportionally correlated to the level of PD-L1 expression.
Four of these trials have also demonstrated an OS benefit
(IM130;KN189/KN407;IM150[18,21–24]).

Nivolumab/ipilimumab was evaluated in the specific subset of pa-
tients with high tumor mutational burden (TMB) (> 10Mut/Mb) and
showed a significant increase on the primary-endpoint of PFS compared
with chemotherapy irrespective of PD-L1 status (CM227[25,26]), while
the secondary endpoint OS did not reach significance to date. In a
secondary analysis, PFS was also found significant for all patients ir-
respective of TMB[25].

In squamous NSCLC, the combination of the anti-CTLA4 ipilimumab
with chemotherapy (paclitaxel/carboplatin) did not show statistical
benefit neither for the primary endpoint OS nor PFS (GOV17[27]).

The OS and PFS benefit of other ICIs, durvalumab with/without
tremelimumab versus platinum-based chemotherapy, was not found
significant in the primary cohort of patients with PD-L1≥ 25, with a p-
value higher than the pre-specified alpha (OS
HRdurvavschemo= 0.76,97.54%CI[0.56–1.02], p= 0.036; MYSTIC[28]).

In exploratory analyses, a benefit in response rate, PFS and OS of the
ICI-combination for high bTMB were reported, with improving OS HRs
for higher cut-offs (> 20 mut/Mb: HR=0.49,95%CI[0.32–0.74])[29].

Following these numerous randomized trials, building a high level
of evidence landscape, frontline immunotherapy strategy -being
monotherapy in high-PD-L1, dual ICI in high-TMB or anti-PD-(L)1 in
combination with chemotherapy in all-comers NSCLC- has become a
new standard of care in advanced NSCLC in absence of ALK or EGFR
addiction. Nevertheless, deciding between therapeutics remains a
challenge today.

The various options suffer the lack of direct cross-comparison stu-
dies, and inter-trial comparisons are of particular risk for inaccuracy, in
the context of differences in study patients’ populations and inclusion
criteria, in treatments including chemotherapies backbone schedules, in
stratification factors and trials maturity. An additional recognized issue
is, the non-proportional Hazard-Ratios (HRs) feature describing im-
munotherapy treatment outcome comparisons, particularly for PFS
[30].

The objective of the current study is to summarize and compare in a
systematic way, through a Network Meta-Analysis (NMA), all the
available to date published information on the efficacy of ICI(s), whe-
ther alone, in combination, or with chemotherapy, as first-line treat-
ment for advanced/metastatic NSCLC patients, with wild-type ALK and
EGFR. Analogous efforts so far have focused only on pre-treated pa-
tients[31–34], or did not include all recent clinical trial evidence
[35–38].

2. Methods

Analysis methods and inclusion criteria were specified in advance
and the study adheres to the PRISMA guidelines for NMAs[39].

2.1. Data Acquisition

2.1.1. Eligibility criteria
Randomized phase-III studies with at least one treatment with an ICI

were eligible for inclusion. The target population was untreated/che-
motherapy-naive advanced/metastatic NSCLC patients. Efficacy results
expressed as PFS or OS had to be provided. Excluded were trials for pre-
treated patients.

2.1.2. Information sources, search strategies and study selection
Studies were identified by searching the PubMed electronic data-

base (search date:3-April-2019; Flow-Chart/MESH-terms:Fig.1), as well
as the abstracts in the most recent main oncology congresses (2018:
AACR;ASCO;WCLC;ESMO;ESMO-IO; AACR2019), for related phase-III
clinical trials identified in the “clinicaltrials.gov” site (Table-S1).

To ascertain the quality of the studies included in the current NMA
we used the Cochrane’s risk of bias tool for randomized controlled trials
[40].

2.2. Statistical analysis

HR estimates (with 95%CIs, p-values) for indirect comparisons are
obtained from an NMA[41–45] under a frequentist framework. The
current NMA satisfies the technical requirement that each treatment
must be represented by at least one study and the network needs to be
connected (Network-Structure:Fig.2). Fixed-effect models are used,
since in most cases the treatment of interest is evaluated in only one
trial.

The primary endpoint of interest in the NMA is PFS in the overall
patient cohort, with OS and toxicity also examined. Additional cohorts
were based on histology (squamous/non-squamous) and PD-L1 ex-
pression [PD-L1-high:PD-L1≥ 50%; PD-L1-negative:PD-L1 < 1%);
PD-L1-intermediate:(1%≤PD-L1≤ 49%)]. Further subgroup analyses
by sex, and a direct meta-analysis by liver metastatic status, were
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carried out.
HRs in the logarithmic scale, are analyzed under the normality as-

sumption. Exploration of the surrogacy of PFS for OS is also performed
through evaluation of the association of the corresponding HRs, as well
as medians and one-year PFS/OS rates. Scatterplots and Spearman’s
correlation coefficients are shown. Toxicity is also presented as fre-
quency of grade≥3 adverse events (AEs) by randomized arm.

Statistical analysis was carried out in SAS.v4 (SAS
Institute,Cary,NC) and R.v3.4.2 (R Foundation for Statistical
Computing,Vienna,Austria).

2.2.1. Sensitivity analysis
Two different approaches for sensitivity analysis were considered,

using both a reduced and an extended analysis cohort. In the reduced
scenario, two studies including only PD-L1-positive patients
(KN042[16]:pembrolizumab-vs-chemotherapy; CM026[17]:nivolumab-
vs-chemotherapy), were removed from the analysis. In the extended
scenario, a phase-II trial, was added in the analysis cohort. This multi-
cohort trial comparing among others pembrolizumab/chemotherapy
versus chemotherapy-alone, satisfied all inclusion criteria except being
phase-III (KN021[46,47]).

Fig. 1. Flow chart of study selection (up to April 3, 2019)

Fig. 2. Network structure; Mix: All histologies, NSq: Non-Squamous patients, Sq: Squamous patients; (*): KN042 and CM026 include patients with PD-L1≥ 1%;
Notes: White circles correspond to control treatment arms; Trials and treatments in boxes are not evaluated at the primary PFS NMA
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In addition, a sensitivity analysis for the OS-NMA excluding the non-
significant interim results of three still ongoing atezolizumab/che-
motherapy studies (IM150[24,48]/IM131[19]/IM132[20]), was per-
formed.

3. Results

3.1. Studies included in the NMA

A total of 84 abstracts of published articles were screened
(PubMed), 7 of which met the inclusion criteria and were eligible to be
included in the NMA (selection process:Fig.1).

In parallel, the systematic search of the “clinicaltrials.gov” site, led
to the detection of 59 phase-III clinical trials involving ICI for lung
cancer patients. Reviewing in detail their characteristics, 29 phase-III
trials including untreated advanced/metastatic NSCLC patients with at
least one ICI as first-line treatment were identified. Subsequently, the
abstracts of most recent main oncology congresses were searched for
any of these 29 trials, yielding 11 relevant abstracts (Fig.1).

Removing overlaps, a total of seven distinct published articles and
eight presentations were identified as eligible to be included in our
analysis. These 15 articles/presentations correspond to 12 clinical
trials, further confirmed as eligible (SP).

3.2. Study Characteristics

Study-specific characteristics and NMA cohort information is sum-
marized in Table 1, while study design characteristics in the supplement
(Tables-S2&S3).

In 11 studies, the control arm was chemotherapy-alone (3 placebo-
controlled[21,22,27]) with only one study adding bevacizumab in both
the experimental and control arm (IM150[24,48]). ICI-monotherapy
was tested in four studies (pembrolizumab:two, nivolumab:one, dur-
valumab:one), and in combination with chemotherapy in eight (pem-
brolizumab:two; nivolumab:one; ipilimumab:one; atezolimumab:four,
one with/without bevacizumab). Finally, dual ICI-combination was
tested in two trials (nivolumab/ipilimumab; durvalumab/tremeli-
mumab) (Fig.2).

Nine studies use an all-comers design, entering NSCLC patients ir-
relevant of PD-L1 status. Only three studies use an enrichment design,
two by including only PD-L1-positive patients (KN042[16],CM026[17])
and one only PD-L1-high patients (KN024[12]).

Most of the 12 studies, have PFS and OS as co-primary endpoints,
with PFS or OS as the only primary endpoint in two studies each
(PFS:KN024[12],CM026[17];OS:KN042[16],GOV17[27]). In ten stu-
dies, the primary endpoint is evaluated in the overall study cohort
(including KN024 for PD-L1-high). In two of them, OS is additionally
evaluated as co-primary in subgroups based on PD-L1 cut-offs (≥50%
and ≥20%; KN042[16]) and on Teff-high-wt population
(IM150[24,48]). Finally, there are two studies with primary evaluation
only in specific pre-specified subsets based on PD-L1 cut-offs (PFS:PD-
L1≥5%,CM026[17]; co-primary PFS/OS:PD-L1≥ 25%,MYSTIC[28]).
Interim analyses were planned in almost all studies.

Only squamous patients were included in three trials while only
non-squamous in four. Five included NSCLC patients of both histolo-
gies, with histology as stratification factor (Tables 1&S2). For non-
squamous histology, ALK/EGFR status was confirmed for all studies
except one that simply used the known mutation status (CM026[17]).
Patients with confirmed or known ALK/EGFR mutation were excluded
from the NMA.

The median follow-up for all studies reporting PFS [range:7.8-20m]
is adequate for this endpoint (Table-S4, Fig.3i). In the control arm, for
chemotherapy-alone, the median PFS ranges from 4.8-6.5m. Interest-
ingly, for the PD-L1-high patients in KN024, the median-control PFS of
6.0 m is within this range. With bevacizumab added to chemotherapy,
median-control PFS is somewhat higher, reaching 6.8m(95%CI[6.0m-

7.1 m];IM150[24]). In most cases with a statistically significant relative
benefit in PFS, the median PFS under experimental treatment, improved
by at most 2.4m (except KN189:3.9 m; KN024:4.3m), while the one-
year PFS rate dramatically increased to almost doubling (Table-S4,
Fig. 3ii).

This discrepancy was not apparent for OS, observing analogous
magnitude in the increase of the absolute benefit in months and in the
one-year OS (Table-S4, Fig. 3iii-iv).

Based on Cochrane’s tool for randomized trials, all studies were
considered of low risk of bias (Table-S5).

3.3. Cohort description

A total of 9,236 NSCLC patients, randomized to receive as first-line
treatment, one or two ICIs (N= 2,220;24%) or in combination with
chemotherapy (N=3,047;33%) or chemotherapy-alone
(N=3,969;43%), were gathered from the 12 randomized studies re-
ported in the last three years (cohort characteristics: Tables 1 and 2&
S6).

Regarding all-comers, in studies testing atezolizumab and its com-
binations, PD-L1-high patients correspond only to 13-19% of the co-
hort, with PD-L1-negative patients around 50%. In the other studies,
PD-L1-high patients are more frequently observed (26-33%) and PD-L1-
negative patients less (23-35%).

Overall, 36% of the patients included in the NMA are squamous.
Among the five studies including all-histology patients, 18-39% are
squamous (Tables 1 and 2).

The majority of patients were current/former smokers (77%-93%),
males (59%-85%) more frequently so for squamous (81-85%; others:
59-71%), with median age 63-66 years, with PS=0 in 29-45%. Only a
few studies report patients with brain metastasis (8,9,13%; 3 studies)
and liver metastasis (13-20%; 6 studies).

3.4. Efficacy Evaluation: Progression-free Survival

PFS information is reported in all 12 studies, with 10 of them on all-
comers or a PD-L1 positive cohort (N=7,890), one only on PD-L1-high
patients ([KN024[12]), and one only on patients with PD-L1≥25%
(MYSTIC[28]). For PD-L1-high patients, PFS is available in eight studies
(N= 1,742), while for PD-L1-negative patients, in six (N= 1,784).

3.5. PFS-NMA for overall study cohort

The primary NMA includes nine of the ten studies with available
PFS information either in all-comers or PD-L1-positive patients, evalu-
ating six ICI-including treatments. For the one study not included, PFS
is currently available only for a treatment combination not connected in
the network (IM150[24,48]) (Fig.2).

In the overall NMA, the active study treatment is directly compared to
the corresponding control arm of chemotherapy-alone (Fig.4i). The com-
bination of chemotherapy with pembrolizumab (HRpooled=0.53,95%CI
[0.47-0.61]) or atezolizumab (HRpooled=0.65[0.59-0.72]) and of nivo-
lumab/ipilimumab (HR=0.83[0.72-0.96]) show a significant benefit in
PFS over chemotherapy-alone. No such significant benefit is found for ipi-
limumab/chemotherapy or for the ICI-monotherapies examined (pem-
brolizumab, nivolumab). Of note, negative final results are used for ipili-
mumab/chemotherapy and nivolumab (GOV17[27],CM026[17]), while
interim ones for pembrolizumab-monotherapy ((KN042[16]:study ongoing
for PFS).

Based on the NMA estimates, the combination of chemotherapy
with either pembrolizumab or atezolizumab exhibit significantly higher
benefit than all other treatments evaluated, with the pembrolizumab-
combination better than the atezolizumab-combination
(HR=0.82[0.70-0.97]). The combinations of ipilimumab with either
nivolumab or chemotherapy are better than the ICI-monotherapies
examined.
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The findings remain essentially the same in the sensitivity analyses
performed (Fig.S1i-ii).

3.6. PFS-NMA by histological subtype

PFS results were reported separately for 2,120 squamous patients
and 2,285 non-squamous from seven trials (Squamous:
GOV17,KN407,IM131; Non-squamous: KN189,IM130/132; Mixed:
CM026). For both subtypes, the combinations of either pembrolizumab
or atezolizumab with chemotherapy are significantly better than che-
motherapy-alone and not significantly different between them
(Fig. 4ii.a-b). The combination ipilimumab/chemotherapy, evaluated
only in squamous patients, is no better than chemotherapy or nivo-
lumab-monotherapy. Nivolumab shows an effect not significantly dif-
ferent than chemotherapy for the squamous patients, while significantly
worse than chemotherapy for the non-squamous patients
(pinteraction= 0.074).

3.7. PFS-NMA by PD-L1 category

3.7.1. PD-L1≥50% Cohort
The PFS-NMA for PD-L1-high patients is based on eight trials eval-

uating four experimental treatments (N= 1,742) (Fig. 4iii). The ICI/
chemotherapy combinations of atezolizumab or pembrolizumab, are
significantly better than chemotherapy-alone as well as the ICI-mono-
therapies examined, and no different between them. Pembrolizumab is
also significantly better than chemotherapy and nivolumab.

3.7.2. PD-L1 < 1% Cohort
The PFS-NMA for PD-L1-negative patients (Fig. 4iv) is based on six

trials evaluating four experimental treatments, all combinations of ICIs
(with chemotherapy:3; dual-ICIs:1) (N=1,784), with no ICI-alone used
for PD-L1-negative patients. The combination of nivolumab/che-
motherapy is evaluated only for this cohort (CM227[25,49]). Any
tested combination of ICI/chemotherapy is significantly better than
chemotherapy-alone (HRs:0.69-0.74), with no treatment combination
significantly better than another (HRs:0.88-1.04). The dual-ICI combi-
nation (nivolumab/ipilimumab) is marginally non-significantly better
than chemotherapy (p=0.058).

3.7.3. Intermediate PD-L1 (1≤PD-L1≤ 49%) Cohort
For the subgroup of PD-L1-intermediate patients, results are more

limited (five studies, 972 patients). The only treatments evaluated are
the combination of chemotherapy with either pembrolizumab or ate-
zolizumab versus chemotherapy-alone. Both of the combinations are
significantly better than chemotherapy-alone (HRpooled= 0.55[0.44-
0.70]; HRpooled= 0.68[0.57-0.81]) while not different between them
(Fig.S2).

3.7.4. PFS-NMA by sex
PFS results were reported separately for 782 females and 1,635

males from four studies (CM026;KN189;IM131;IM132). For the ag-
gregate comparison of ICI(s) with/without chemotherapy versus che-
motherapy-alone the interaction of sex with the treatment is not sig-
nificant (mixed effects model: HRwomen= 0.65[0.38-1.12],
HRmen= 0.74[0.61-0.91], pinteraction= 0.59), (Fig.S3a-b). However,
treatment-specific sex differences are observed. In particular, women
seem to derive higher benefit, from the combination of pem-
brolizumab/chemotherapy versus either chemotherapy or nivolumab-
monotherapy (pinteraction= 0.018 and 0.0058, respectively).

Table 2
Patient characteristics of the included studies (overall cohort).

Study Experimental
arm(s)

Total N % PD-L1≥ 50% % PD-L1 < 1% % squamous % Current
/Former
smokers

% Males Median
age*
(range)

% PS 0/
1/2

% brain
metastasis

% liver
metastasis

1.KN024 Pembro 305 100.0 0.0 18.4 92.1 61.3 64.5/66
(33-90)

35.1/
64.6/ 0.3

9.2 -

2.CM026 Nivo 541 39.6 0.0 24.0 87.8 61.4 64
(29-89)

32.9/
66.0/ 0.9

12.8 16.6

3.GOV17 Ipi/Chemo 749 - - 100.0 - 84.8 64
(28-85)

34.6/
64.8/ 0.7

- -

4.KN189 Pembro/
Chemo

616 32.8 30.8 0.0 88.1 58.9 63.5/65
(34-84)

43.2/
56.2/ 0.2

- 18.7

5.IM150 ABC or Atezo/
Chemo

1202 18.0 48.6 0.0 80.4 59.9 63
(31-90)

43.1/
56.9/ 0.0

- 13.5

6.KN407 Pembro/
Chemo

559 26.1 34.7 100.0 92.7 81.4 65
(29-88)

29.2/
70.8/ 0.0

7.9 -

7.CM227 Nivo/Ipi 1166 - 32.0 28.0 85.5 66.6 64
(–)

34.0/
65.0/
<1.0

- -

8.KN042 Pembro 1274 47.1 0.0 38.7 78.0 71.0 63
(25-90)

30.4/
69.6/ 0.0

-

9.IM131 Atezo/Chemo 683 14.8 48.5 100.0 77.2 81.6 65
(23-86)

33.0/
67.0/ 0.0

- 20.4

10.IM132 Atezo/Chemo 578 13.1^ 47.4^ 0.0 88.4 66.4 -
(31-85)

41.5/
58.5/ 0.0

- 12.6

11.IM130 Atezo/Chemo 679 19.1 52.4 0.0 90.4 58.9 - 41.2/
58.5/ 0.1

- 14.7

12.MYSTIC Durva or Durva/
Treme

1188 29.8 22.7 32.2 85.7 69.0 64.5
(32-87)

39.4/
60.0/ 0.0

- -

(*): In cases that median age is not available for overall cohort, values by arm are presented
(^): Percentages based on patients with available information about PD-L1 status (IM132: N=344; 176 patients in atezo+ chemo arm and 168 in chemo arm)
Notes:
KN024: Includes only patients with PD-L1≥ 50%
IM150: Baseline characteristics are presented for the ITT population (N=402 for atezo+ chemo arm, 400 for atezo+ beva+ chemo arm and 400 for beva+ chemo
arm; data cut-off: January 22, 2018)
MYSTIC: Baseline characteristics are presented for patients with PD-L1≥25% (N=163 for durva arm, 163 for durva+ treme arm and 162 for chemo arm);
Percentages for PD-L1 expression based on all randomized patients
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3.7.5. PFS Meta-analysis by liver metastasis
Differential effect of ICI treatment by liver metastatic status could

be addressed in the context of the four studies evaluating atezolizumab,
where the PFS is reported by liver metastatic status (IM130/IM131/
IM132[18–20]; IM150[24]). Recently, results from KN189 on pem-
brolizumab/chemotherapy by liver metastatic status have also been
presented [50].

A direct meta-analysis of the efficacy of the combination atezoli-
zumab/chemotherapy versus chemotherapy-alone (Fig.5), indicates a
differential effect of atezolizumab by liver metastatic status
(pinteraction= 0.035). For patients with liver metastasis the PFS benefit
of adding atezolizumab to chemotherapy is non-significant
(HR=0.81[0.64-1.04]), while significant for patients without liver

metastasis (HR=0.61[0.55-0.68]). However, this difference in effect is
not present when incorporating the treatment arms including bev-
acizumab (IM150[24]), with both groups deriving a significant benefit
from the atezolizumab combination (pinteraction= 0.32;
HR=0.71[0.57-0.88]; HR=0.61[0.56-0.68]; for with and without
liver metastasis, respectively).

Similarly, in the case of pembrolizumab/chemotherapy, no differ-
ential effect by liver metastatic status is found, and patients either with
or without liver metastasis display higher benefit under the pem-
brolizumab/chemotherapy treatment (HR=0.52[0.34-0.81] and
HR=0.48[0.39-0.59], respectively; pinteraction= 0.74).

When evaluating jointly IMP131/132/130 and KN189, treatment
with ICI/chemotherapy combination is found to provide benefit in both

Fig 3. i Median PFS and follow-up times by study; CNT: Control arm, EXP, Experimental arm, FU: Follow-up, Mix: All histologies, NSq: Non-Squamous patients, Sq:
Squamous patients, : 95% CI of the median PFS; (*): Median PFS for patients with PD-L1≥1% (CM026 and KN042); (^): Trial still ongoing for PFS (KN042);
Notes: KN024: In the EXP arm the upper limit of the 95% CI is not evaluable; data cut-off: May 9, 2016; IM150: CNT=beva+ chemo, EXP=atezo+beva+ chemo
(lighter colour since control different); CM227 and IM130: The minimum follow-up time is provided; MYSTIC: The reported median follow-up time is for patients
with PD-L1≥ 25%; No PFS information available; ii: One-year PFS by study; CNT: Control arm, EXP: Experimental arm, Mix: All histologies, NSq: Non-Squamous
patients, Sq: Squamous patients; (*): One-year PFS for patients with PD-L1≥ 1% (CM026 and KN042); (^): Trial still ongoing for PFS (KN042); Notes: For KN024,
GOV17 and KN407, 1-year PFS estimates have been derived based on visual inspection of the reported Kaplan-Meier plot (lighter colour) (KN024; data cut-off: May 9,
2016); IM150: CNT=beva+ chemo, EXP= atezo+beva+ chemo; MYSTIC: No PFS information available; iii: Median OS and follow-up times by study; CNT:
Control arm, EXP: Experimental arm, FU: Follow-up, Mix: All histologies, NR: Not Reached, NSq: Non-Squamous patients, Sq: Squamous patients, : 95% CI of
the median OS; (*): Median OS for patients with PD-L1≥ 1% (CM026, KN042 and MYSTIC); (^): Trial still ongoing for OS (IM150(ongoing only for atezo+ chemo vs
beva+ chemo), IM131 and IM132); Notes: KN024, KN407 and IM132: In the EXP arm the upper limit of the 95% CI is not evaluable (KN024; data cut-off: July 10,
2017); KN189: The median OS for the EXP arm is reported as NR. The estimate is (1/HR)*(Median in the CNT group); IM150: CNT=beva+ chemo, 1 st
EXP=atezo+ chemo, 2nd EXP= atezo+beva+ chemo (lighter colour since control different); CM227 and IM130: The minimum follow-up time is provided
(CM227; no OS information available); MYSTIC: The reported median follow-up time is for patients with PD-L1≥25%; 1 st EXP=durva, 2nd EXP=durva+ treme;
iv: One-year OS by study; CNT: Control arm, EXP: Experimental arm, Mix: All histologies, NSq: Non-Squamous patients, Sq: Squamous patients; (*): One-year OS for
patients with PD-L1≥ 1% (CM026 and KN042); (^): Trial still ongoing for OS (IM150(ongoing only for atezo+ chemo vs beva+ chemo), IM131 and IM132); Notes:
KN024; data cut-off: July 10, 2017; IM150: CNT=beva+ chemo, 1 st EXP=atezo+ chemo, 2nd EXP=atezo+ beva+ chemo; CM227 and MYSTIC: No OS
information available; KN042: 1-year OS estimates have been derived based on visual inspection of the reported Kaplan-Meier plot (lighter colour)
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subgroups, with an apparent higher benefit in the subgroup without
liver metastasis (HR=0.73[0.59-0.90] and HR=0.58[0.52-0.64] for
with and without liver metastasis, respectively; pinteraction= 0.087).

3.8. Efficacy Evaluation: Overall Survival

Information on OS is provided in 11 studies with 10 of them on all-
comers or a PD-L1 positive cohort (Fig.2) (N=7,588). The OS-NMA
includes two more ICIs than the PFS-NMA, (durvalumab with/without
tremelimumab) (MYSTIC[28]), as well as chemotherapy combined with
bevacizumab and/or atezolizumab (IM150[24,48]). OS is reported for
the triple combination of atezolizumab/bevacizumab/chemotherapy

(ABC) only for the full cohort (IM150[24,48]). For three of the studies
evaluating atezolizumab/chemotherapy, available immature OS in-
formation is used, based on non-significant results from interim analysis
(IM150[24,48], IM131[19], IM132[20]). Eight of the studies provide
information for the subgroup of PD-L1-high patients, while only five for
PD-L1-negative and PD-L1 intermediate.

3.8.1. OS-NMA for full study cohort
In the overall NMA model for OS, with data from 10 studies, initially

nine experimental treatments are compared to the chemotherapy-alone
control arm, including an indirect comparison of the bevacizumab
combinations (Fig.6i.a-b). The combinations of chemotherapy with

Fig. 4. Forest plot for PFS HRs for direct and indirect comparisons i: overall cohorts; ii.a,b: By histology; iii: PD-L1-high; iv: PD-L1-negative
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pembrolizumab (HRpooled= 0.54[0.46-0.64]) or atezolizumab (with/
without bevacizumab) (NMA estimate: HR=0.75[0.59-0.94];
HRpooled= 0.85[0.75-0.95], respectively) as well as the pem-
brolizumab-monotherapy (HR=0.81[0.71-0.93]) show a significant
OS benefit over chemotherapy-alone.

Based on the NMA estimates, the combination of pembrolizumab/
chemotherapy is estimated to be consistently better than all other
treatments evaluated (HRs:0.51-0.72), while other promising treat-
ments are ABC and pembrolizumab-monotherapy, followed by atezo-
lizumab/chemotherapy, all no different between them.
Pembrolizumab-monotherapy and ABC are also better than the durva-
lumab/tremelimumab combination, with ABC also better than bev-
acizumab/chemotherapy. Excluding the non-significant interim ana-
lysis results on atezolizumab/chemotherapy combination
(IM150[24,48], IM131[19], IM132[20]), similar evidence for the OS
benefit is provided (results not shown).

3.8.2. OS-NMA by histological subtype
OS results by histology were similar to the overall cohort regarding

the combination of pembrolizumab/chemotherapy being the better
treatment choice for both histological types, with also ABC and atezo-
lizumab/chemotherapy in non-squamous (Fig. 6ii.a-b). ABC is eval-
uated only in non-squamous, ipilimumab/chemotherapy only in squa-
mous, while pembrolizumab-monotherapy (among others) could not be

evaluated here.

3.8.3. OS-NMA by PD-L1 category
3.8.3.1. PD-L1≥50% Cohort. : The OS-NMA for PD-L1-high patients is
based on eight trials evaluating six experimental treatments with 1,113
patients, and 917 patients in the control arm of chemotherapy-alone.

Pembrolizumab-alone and its combination with chemotherapy are
significantly better treatments than chemotherapy-alone
(HR=0.67[0.56-0.80] and HR=0.49[0.35-0.67], respectively). These
treatments do not display a significantly different OS between them or
compared to the combination of atezolizumab and chemotherapy, the
third preferred treatment according to the overall OS NMA (Fig. 6iii).

3.8.3.2. PD-L1 < 1% Cohort. : The NMA OS analysis for PD-L1-
negative patients is based on five trials evaluating four experimental
treatments (N=1325). Available immature OS information, from the
non-significant interim analysis of IM131 is used for atezolizumab/
chemotherapy along with the final OS data from IM130. Both
combinations of pembrolizumab and atezolizumab with
chemotherapy display a significant benefit over chemotherapy-alone
(HRpooled= 0.60[0.45-0.80] and HRpooled= 0.83[0.69-1.00],
respectively). Based on NMA estimates, durvalumab-monotherapy is
worse than all combination treatments (pembrolizumab/
chemotherapy, atezolizumab/chemotherapy, durvalumab/

Fig. 5. Forest plot for PFS HRs according to liver metastasis status

U. Dafni, et al. Lung Cancer 134 (2019) 127–140

135



tremelimumab). The combination of pembrolizumab/chemotherapy is
not significantly different than the combination treatments of either
atezolizumab/chemotherapy or durvalumab/tremelimumab (Fig. 6iv).

3.8.3.3. Intermediate PD-L1 (1≤ PD-L1≤ 49%) Cohort. : Results for
PD-L1-intermediate patients, are available only for five studies and
three experimental treatments (Fig.S4) on 1,511 patients. The
combination of pembrolizumab/chemotherapy is estimated to be
significantly better than chemotherapy and the other two treatments.

It should be noted, that once more for the atezolizumab/chemotherapy
combination, OS data is based on two trials with one providing only
non-significant interim results (IM131).

3.8.4. OS-NMA by sex
OS results were reported separately for 1,052 females and 2,596

males from five studies (KN407,KN189,KN042,GOV17,CM026). Results
are analogous to the corresponding PFS-NMA (Fig.S5a,b), noting that
the atezolizumab/chemotherapy combination is not evaluable here.

Fig. 6. Forest plots for OS HRs for direct and indirect comparisons i.a,b: Overall cohorts; ii.a,b: By histology; iii: PD-L1-high; iv: PD-L1-negative
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The treatment-specific sex differences observed for PFS are also present
for OS with women seeming to derive higher benefit compared to men
from the combination of pembrolizumab/chemotherapy versus che-
motherapy or any other treatment option (all pinteraction< 0.02).

3.9. Association of PFS and OS

The association of PFS and OS for both the control and experimental
arms is explored in the ten studies providing information on both, in the
overall study cohort (Fig.7i-iii; Table-S4). For the ICI-including treat-
ments, a high positive correlation is found for the medians
(ρSpearman= 0.75; Fig. 7i), and similarly for the one-year PFS and OS
rates (ρSpearman= 0.70; Fig. 7ii). The observed trends are the same, with
the highest median and %event-free rate observed with the combina-
tions of chemotherapy with pembrolizumab or atezolizumab (with/
without bevacizumab). This is true for the atezolizumab combinations
even though OS data is immature in three of the contributing studies. A
very high correlation is also describing the association of the summary
measure of HR for PFS and OS (ρSpearman= 0.91; Fig. 7iii), indicating
good surrogacy of PFS for OS[51].

3.10. Toxicity results

The incidence of any grade≥3 AE is presented, as available per
study (of any cause and/or treatment-related; Table-S7).

In the ICI/chemotherapy combinations, no significant difference in
incidence of any grade≥3 AE is detected between pembrolizumab/

chemotherapy and chemotherapy-alone (any-cause;KN189;KN407)
while a significant increase is observed with atezolizumab/che-
motherapy (both any-cause and treatment-related AEs; IM131/IM132/
IM130) and ipilimumab/chemotherapy (treatment-related AEs;
GOV17). For the ABC combination (IM150) no significant increase is
detected versus bevacizumab/chemotherapy.

In the two ICI-combinations, a non-significant decrease in treat-
ment-related severe AEs is detected for nivolumab/ipilimumab
(CM227), while for durvalumab/tremelimumab this decrease is sig-
nificant compared to chemotherapy-alone (MYSTIC). Similarly, all ICI-
monotherapies of either pembrolizumab (KN024,KN042), nivolumab
(CM026), or durvalumab (MYSTIC) exhibit significantly lower in-
cidence of treatment-related severe AEs compared to chemotherapy.

4. Discussion

Since 2011, the randomized exploration of ICI treatments has drawn
extensive attention in many patient categories with promising results,
as well as potential cure as in the case of selected NSCLC and advanced
melanoma patients. Randomized ICI testing in NSCLC, started more
recently with first promising results published in 2015 in the second-
line treatment, leading to the approval of pembrolizumab, atezoli-
zumab and nivolumab[31–34,52].

Initially, in the indication of frontline therapy, an enrichment
strategy design led to the approval of pembrolizumab for PD-L1-high
patients([KN024[12]). Almost all subsequent studies included all-co-
mers, either restricted or stratified by histological subtype, stratified or

Fig. 7. i Scatterplot of median OS versus PFS by study; Note: For KN189 the median OS for the EXP group is reported as not reached (NR). The estimate is (1/
HR)*(Median in the CNT group); ii: Scatterplot of 1-year OS rate versus PFS rate by study; Note: The following 1-year estimates have been derived based on visual
inspection of the reported Kaplan-Meier plot: KN024 (PFS), GOV17 (PFS), KN407 (PFS), KN042 (OS); iii: Scatterplot of HRs OS versus PFS by study; CNT: Control
arm, EXP: Experimental arm, Sq: Squamous patients
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exploring PD-L1 expression level, with only two requiring PD-L1-posi-
tivity. All these studies are included in the present NMA.

Platinum-based chemotherapy and the combination of che-
motherapy with pembrolizumab are to date the only EMA-approved
options for first-line treatment in advanced/metastatic NSCLC wt ALK/
EGFR irrespective of PD-L1 status, while the standard of care for PD-L1-
high is pembrolizumab-monotherapy, FDA- and EMA-approved. The
approved chemotherapy backbones for the pembrolizumab/che-
motherapy combination are carboplatin and either paclitaxel or nab-
paclitaxel [based on KN407] for squamous, and carboplatin or cisplatin
and pemetrexed, for non-squamous [based on KN189]. According to the
ESMO guidelines, along with the EMA-approved pembrolizumab-com-
bination, atezolizumab/chemotherapy with/without bevacizumab are
recommended treatments for any PD-L1 expression in the treatment
algorithm for stage-IV NSCLC[53].

The field is expanding in a very rapid pace, with 17 currently active
additional Phase-III studies (clinicaltrials.gov-Oct2018) including,
apart from the ICIs already reported, at least one more (avelumab), and
different combinations evaluated (Table-S8).

To our knowledge, our NMA is the first systematic review, encom-
passing the entirety of publicly available results from first-line Phase-III
randomized studies testing ICIs and their combinations in this cohort,
including information reported as recently as in April 2019. The focus is
on frontline chemotherapy-naïve patients, not eligible for targeted
therapies, thus excluding patients with known ALK/EGFR mutations.
The relative benefit on PFS/OS irrespective of PD-L1-positivity, and by
PD-L1 levels, were explored. Of importance, the TMB classification
could not be examined in this NMA.

The use of five approved anti-PD-L1 IHC assays corresponding to
each different ICI tested, is a well-known limitation, and for IMP stu-
dies, the "positive" test for PD-L1 expression, is based not only on TCs
but also on tumor infiltrating immune cells[54,55]. In our NMA, this is
of no consequence for the primary overall cohort analysis, but we re-
cognize it as an important limitation for the analyses by PD-L1 level
since the subgroup breakdowns are reported in each study based on the
different approved assays. The histology mix is different across studies,
and is confounded with a higher proportion of males in squamous co-
horts and different backbone chemotherapy. A separate analysis by
histology addressed this issue, while also PD-L1 levels and sex are
evaluated as effect modifiers through subgroup analysis. Other patient
and cohort characteristics are similar across studies, and importantly
the study control arms exhibit similar median PFS and OS, supporting
the validity of the indirect and mixed comparisons described by the
NMA.

In the primary NMA in the overall cohort, the PFS of three combi-
nation treatments, pembrolizumab/chemotherapy, atezolizumab/che-
motherapy and nivolumab/ipilimumab fare better than chemotherapy.
The PFS benefit of the ICI combinations with chemotherapy is sig-
nificantly higher than any other treatment examined, with pem-
brolizumab/chemotherapy faring better than atezolizumab/che-
motherapy. This difference is not significant when examined by
histology, with both combinations shown to be the better treatments for
both squamous and non-squamous. Interestingly, in the one negative
study on nivolumab included in this NMA, a differential effect of ni-
volumab between squamous and non-squamous histology is apparent
(pinteraction= 0.074). A detrimental effect of nivolumab in non-squa-
mous patients is detected (HR=1.29[1.2-1.63]), that is not discussed
as such in the original publication (CM026[17]).

When examining OS, again the combination of pembrolizumab/che-
motherapy is the better treatment, followed first by the ABC combination,
then pembrolizumab-monotherapy and atezolizumab/chemotherapy, all no
different between them. ABC is only present in the OS-NMA for the full
cohort, with a significantly higher OS also to nivolumab, the combination of
durvalumab/tremelimumab and bevacizumab/chemotherapy. The OS
benefit shown for the combinations of atezolizumab is mainly driven from
the non-squamous subtype. Of note, the OS-NMA could be under-estimating

the OS benefit of atezolizumab/chemotherapy, by using non-significant
interim data from three of four still ongoing studies
(IM150[24,48],IM131[19],IM132[20]). Sensitivity analysis, exploring this
bias did not show different results.

For PD-L1-high patients, pembrolizumab-monotherapy, the stan-
dard of care, does provide statistically significant PFS benefit over
chemotherapy, but again the combination of chemotherapy with ate-
zolizumab or pembrolizumab are overall the better treatments re-
garding PFS. For OS, pembrolizumab/chemotherapy and pem-
brolizumab-alone are significantly better than chemotherapy, while no
different than atezolizumab/chemotherapy.

In the PD-L1 negative cohort, importantly, all three combinations
with chemotherapy examined (pembrolizumab, atezolizumab, nivo-
lumab) exhibit superior PFS to chemotherapy-alone, without an ap-
parent separation between the three combinations. For OS, a different
set of treatments is available, now including durvalumab and its com-
bination with tremelimumab (MYSTIC[28]). The combination of pem-
brolizumab/chemotherapy and atezolizumab/chemotherapy are su-
perior to chemotherapy-alone while no different between them and
durvalumab/tremelimumab. Durvalumab-alone is clearly less effica-
cious than any combination treatment. We again note that the combi-
nation atezolizumab/chemotherapy is at a disadvantage, with OS data
partly based on a non-significant interim analysis (IM131[19]).

Lastly, in the PD-L1-intermediate subgroup, the combination of
pembrolizumab/chemotherapy and atezolizumab/chemotherapy, pro-
vide statistically significant benefit in PFS compared to chemotherapy,
while this is verified in OS only for pembrolizumab/chemotherapy,
with again partly non-significant data used for the atezolizumab com-
bination (IM131[19]).

Sex is also explored for a possible differential effect on PFS/OS
treatment benefit, and again the same treatment combinations qualify.
Interestingly, pembrolizumab/chemotherapy seems to benefit more
women than men.

Finally, the question on whether treatment efficacy is different for
patients with and without liver metastases was explored through direct
meta-analysis, for the atezolizumab studies and the more recently
presented KN189 subgroup results. A differentiating effect of liver
metastasis on the PFS benefit of the atezolizumab/chemotherapy
combination was found, which is cancelled when ABC is added to the
treatments. When the effect of both the pembrolizumab/chemotherapy
and atezolizumab/chemotherapy treatments is explored in the meta-
analysis, a beneficial effect of the ICI/chemotherapy combination is
observed for both liver metastasis subgroups, with an apparent higher
benefit in the subgroup without liver metastasis (pinteraction= 0.087).

The clear aim of this study was to use the entirety of available in-
formation to date. Thus, even data based on interim analyses of ongoing
studies were incorporated in the analysis. This, as already noted, could
have under-estimated the pembrolizumab-monotherapy PFS benefit
and the atezolizumab/chemotherapy OS benefit, and it is important to
recognize that upcoming information might affect the present conclu-
sions. Other limitations due to data availability include that not all
patients and treatments evaluated in the overall cohort are present in
the analysis by histology and/or in other analyses. As an example, data
on durvalumab and durvalumab/tremelimumab was provided only for
the OS-NMA and not the primary PFS-NMA, while ABC was evaluated
only for OS in the overall cohort with information stemming from non-
squamous patients.

NMA results should always be interpreted with caution since they
are partly based on indirect comparisons, and thus subject to satisfying
both a.the transitivity assumption and b.the consistency assumption
between direct and indirect evidence. The former is satisfied here since
patient populations and effect modifiers are comparable in the included
trials and/or addressed in subgroup analyses while the latter could not
be verified due to lack of direct evidence from head-to-head trials[56].

Another possible NMA limitation, is the use of HRs as efficacy
measure across studies, while the PFS hazards are not necessarily
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proportional. An indication of the lack of proportionality for PFS, is
seen by the comparison of the marginal improvement in median PFS,
vis-à-vis the almost doubling of %PFS improvement at one-year, for the
six of the seven studies with statistically significant PFS HR in the
overall cohort (KN407,CM227,IM150, IM131,IM132,IM130). This dis-
crepancy between magnitude of benefit in medians versus one-year
survival, is not apparent for OS, pointing out that the problem of non-
proportionality in PFS does not translate to a similar problem for OS.

In addition, PFS was used as outcome in our primary NMA, while a
debate on the surrogacy of PFS regarding OS exists in most tumour
types. The issue cannot be considered settled although recently PFS is
more acceptable as surrogate outcome in advanced NSCLC[57]. Al-
lowing crossover to the experimental arm for patients progressing in the
control arm is a common and ethical practice, which further compli-
cates the issue by casting doubt on the purity of OS outcome. In seven of
the ten studies reporting both PFS and OS results, the significance of the
reported effect is the same for both endpoints (both non-significant:2
studies; both significant:5). Surprisingly, PFS (secondary endpoint) is
non-significant while OS is significant in one study still ongoing for the
final analysis of PFS (KN042,[16]). In the two studies testing the ate-
zolizumab/chemotherapy combination versus chemotherapy, PFS is
significant while OS is not, but the OS results are immature and follow-
up continues.

The level of association, and the similar trends observed regarding
median PFS/OS, one-year PFS/OS, and corresponding HRs, indicate
that PFS is a good surrogate for OS in this cohort and the family of ICI-
including treatments, as well as that the PFS HR non-proportionality
and the crossover did not particularly affect the results. Thus, the
limitation of the PFS HR non-proportionality, the surrogacy issue and
the crossover issue are apparently surpassed for the current NMA since
the conclusions stemming from either PFS or OS are consistent re-
garding the relative importance of treatments.

In addition, the conclusion that the specific ICI-chemotherapy
combinations are the most promising treatments is robust, being
reached across different PD-L1 cut-offs, as well as in the examined
subgroups by histology and sex. Also importantly, observed toxicity is
generally acceptable compared to the toxicity observed for the che-
motherapy-alone option.

6. Conclusion

A very strong message comes from this systematic review and NMA
of ICI treatments as first-line, demonstrating the evidence-based defi-
nition of new standards of care for advanced NSCLC. First, che-
motherapy is clearly inferior of any ICI and chemotherapy combination.
Second, in ICI treatment combinations a backbone of chemotherapy is
preferred than another ICI. The addition of chemotherapy to ICIs has
enhanced the treatment efficacy as first-line treatment for advanced
NSCLC patients. The NMA, subject to the limitations described, con-
sistently suggests as preferred treatments, the combination of pem-
brolizumab/chemotherapy and of atezolizumab/chemotherapy without
or with bevacizumab (ABC: only OS available in non-squamous patients
in the overall cohort). Pembrolizumab-monotherapy benefit in high-PD-
L1 is also confirmed, inferior to pembrolizumab/chemotherapy for PFS
but not different for OS in this specific subgroup of patients.
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