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ABSTRACT

Purpose: To investigate the impact of programmed death-ligand 1 (PD-L1) expression, oncogenic
mutations, and clinical characteristics on survival after treatment with anti-PD-1/PD-L1 antibodies versus
chemotherapy in non-small cell lung cancer (NSCLC).

Patients and Methods: This meta-analysis included randomized trials comparing anti-PD-1/PD-L1
antibodies with chemotherapy. Hazard ratios (HRs) and 95% confidence interval (Cl) for overall survival
(OS) for the trial population and prespecified subgroups were extracted. We calculated pooled estimates
of treatment efficacy using the fixed-effects or random-effects model when appropriate. All statistical tests
were two sided.

Results: Seven trials involving 3871 patients were included. The pooled results showed that anti-PD-1/PD-
L1 immunotherapy significantly prolonged OS (HR: 0.73; 95% Cl, 0.63 to 0.84) and PFS (HR: 0.84; 95% Cl,
0.71 to 0.99) compared to chemotherapy. OS benefit from immunotherapy were observed in all PD-L1
expression subgroups (negative: HR, 0.79; 95% Cl, 0.67 to 0.93; weak-positive: HR, 0.80; 95% Cl, 0.67 to 0.95;
strong-positive: HR, 0.61; 95% Cl, 0.47 to 0.78). Strong-positive PD-L1 expression showed a trend towards
more benefit compared to weak-positive PD-L1 expression (interaction P = 0.08). KRAS mutant (HR: 0.60;
95% Cl, 0.39 to 0.93), EGFR wild-type (HR: 0.73; 95% Cl, 0.61 to 0.87) and smoker (HR: 0.70; 95% Cl, 0.60 to
0.83) subgroups achieved significant OS benefit from immunotherapy compared to corresponding
subgroups. Survival benefit to immunotherapy was not significantly associated with histology, CNS
metastases, age, gender and performance status.

Conclusion: This study confirmed that treatment with anti-PD-1/PD-L1 improves overall survival compared
with chemotherapy. Benefit was seen, regardless of PD-L1 expression levels; however, PD-L1 strong-
positive patients trended to have greatest benefit. Patients with a KRAS mutant or EGFR wild-type tumor
have improved survival benefit from immunotherapy compared with KRAS wild-type or EGFR mutant
NSCLC, respectively.
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Introduction

Therapeutic blockade of immune checkpoint pathways has
become an important paradigm shift in the treatment of non-
small cell lung cancer (NSCLC)." Programmed cell death ligand
1(PD-L1) and programmed cell death receptor 1(PD-1) path-
way represent critical immunosuppressive mechanisms to
block effector T-cell functions, leading to tumor immune eva-
sion and ultimately resulting in tumor dissemination, relapse,
and metastasis.” Strikingly, antibodies blocking the PD-1/PD-
L1 pathway have achieved success in the management of vari-
ous types of tumors in the clinic.>*

Anti-PD-1 antibodies (nivolumab and pembrolizumab) and
anti-PD-L1 antibody (atezolizumab) are US Food and Drug
Administration (FDA) approved and have emerged as the new

standard of care of advanced NSCLC in recent years based on
clinical trials revealing durable anti-tumor response and sur-
vival advantage over chemotherapy.”” However, response to
PD-1/PD-L1 blockade is observed only in a minority (less than
20%) of overall NSCLC patients with severe adverse events
occurring in 20%-40% of these patients.”” > Therefore, the
identification of patients who are more likely to benefit from
immunotherapy will be pertinent to maximizing efficacy and
minimizing toxicity."

One approach is to select patients based on tumor muta-
tional or neo-antigen burden using next-generation sequencing
technologies, which requires large sampling and further pro-
spective validations.'*'® In addition, PD-L1 protein expression
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in the tumor microenvironment (TME) may serve as a logical
biomarker for predicting response to PD-1 pathway inhibi-
tion"” and has already been explored in a number of pivotal tri-
als. While some studies®”>'® have revealed that patients with
higher PD-L1 expression levels achieved survival advantage,
other trials®'! observed that PD-L1 expression was not a pre-
dictive biomarker. In fact, inconsistencies were observed in tri-
als including participants enrolled under similar criteria,
treated with the same inhibitor and assayed using the same
diagnostic antibody.®'®

Adaptive immune resistance mediated by the PD-1/PD-L1
axis limits the action of cytotoxic T cells. Somatic mutations in
tumors have the potential to encode immunogenic neo-anti-
gens, capable of recognition by cytotoxic T cells, and affect the
response to immune checkpoint inhibitors.'* For patients har-
boring epidermal growth factor receptor (EGFR) activating
mutations which are characterized by remarkable response to
EGEFR tyrosine kinase inhibitors, the response rate to anti-PD-1
blockade showed limited efficacy in retrospective analysis.'”
Another commonly mutated oncogene in lung cancer is Kirsten
Ras viral oncogene homolog (KRAS), which remains an elusive
target despite a rapidly-evolving era of targeted therapies.
KRAS-driven murine lung cancer models have demonstrated a
lack of T cell infiltration in tumors as well as resistance to
immunotherapy.'®'® Interestingly, genomic and clinical data of
NSCLC patients indicated that, KRAS-activating mutations
correlated with higher mutational burden and might serve as a
potential biomarker of response to PD-1/PD-L1 blockade.*
Generating KRAS-driven murine lung cancer models with
defects in the DNA repair machinery is a novel strategy to
increase and mimic high mutation load in human NSCLC.
Results from recent clinical trials involving NSCLC patients
harboring these two driver mutations may provide insight into
these complex relationships. Moreover, we speculate that other
confounding variables (or cofactors) such as clinicopathologic
characteristics, histology, smoking status and central nervous
system (CNS) metastases may be associated with immunother-
apy benefits.

Furthermore, individual trials have limited statistical power
to validate significant response differences between patient sub-
groups. As such, we have pooled data from seven clinical trials,
totalling 3871 cases, to corroborate the predictive impact of
PD-L1 expression levels on the overall survival (OS) benefit
after treatment with anti-PD-1 versus conventional chemother-
apy. We further examine whether other cofactors including
known driver mutations and clinicopathologic characteristics
may also contribute to clinical benefit to anti-PD-1 treatment.

Patients and methods
Study eligibility and selection

All eligible studies were randomized trials that compared the
survival of anti-PD-1/PD-L1 immunotherapy against chemo-
therapy in adult patients with advanced NSCLC. In brief, rele-
vant studies were sought, with no language restrictions or
limitations on publication year, in Pubmed, Web of Knowledge
and Central databases (up to 31 December 2016), using the fol-
lowing terms: “(lung neoplasms OR nonsmall cell lung cancer)

AND (pembrolizumab OR Keytruda OR MK-3475 OR SCH
900475 OR nivolumab OR Opdivo OR BMS-936558 OR
MDX-1106 OR ONO-4538 OR atezolizumab OR Tecentrig OR
MPDL3280A OR RG7446 OR RO5541267 OR PD-1 OR PD-
L1) AND trial”. The search was supplemented by searching
trial registers, and reference lists of published articles. Abstracts
from conference proceedings of the American Society of Clini-
cal Oncology, the European Society for Medical Oncology
(ESMO), and the World Lung Cancer Conference were also
searched. For studies without survival data, the corresponding
authors and study sponsors were contacted.

Data extraction

For each included trial, the study name, year publication or
presentation, clinicopathologic characteristics and treatment
regimen were collected according to a predefined data extrac-
tion form. We further extracted treatment estimates for the fol-
lowing subgroups: age (< 65 v >65 years), gender (female v
male), Eastern Cooperative Oncology Group performance sta-
tus (ECOG PS) (0 v 1 and 2), smoking status (never-smoker v
current or former smoker), CNS metastasis status (no v yes),
EGFR mutation status (mutant v wild-type) KRAS mutation
status (mutant v wild-type), histology (non-squamous v squa-
mous), and PD-L1 expression level (negative v weak-positive v
strong-positive). Given the fact that the diagnostic antibodies
and cutoffs of PD-L1 expression varied with trials, PD-L1
strong-positive was defined as >5% tumor cells (TC) staining
for the 28-2 assay derived from CheckMate 026 trial*"?%,
>50% TC staining for the 22C3 assay derived from KEY-
NOTE-024 trial, and >5% TC staining and/or tumor-infiltrat-
ing immune cells (IC) staining (T'C2/3 or IC2/3) for the SP142
assay, respectively. The cutoff of PD-L1 negative and positive
expression was 1% in all trials. Data were independently
extracted by two authors (Q.Y.H. and H.Z.), and discrepancies
were resolved by consensus that included a third author.

Statistical analyses

The primary endpoint was OS, defined as the time from ran-
domization to death of any cause. The hazard ratios (HRs) and
its 95% confidence intervals (ClIs) for the overall population
and subgroups in an individual trial were applied to evaluate
the treatment effects, and extracted directly from the article or
presentation where possible. HRs and 95% ClIs not reported
directly were calculated by the methods detailed by Parmar
et al.>>** When heterogeneity was observed (I* statistic>50%),
the random-effects model®> was used to calculate the pooled
estimates with 95% ClIs, otherwise, the fixed-effect model was
used. We used the x* Cochran Q test to test the interaction
between treatment and patient subgroups when subgroups of a
category all benefited from immunotherapy over chemother-
apy. In addition, potential sources of heterogeneity were
explored through subgroup and meta-regression analysis.

A sensitivity analysis was conducted by excluding the analy-
ses of two first-line trials, which had more strict inclusion crite-
ria (untreated, PD-L1 strong-positive, and EGFR wild-type
patients), and used platinum-based doublet chemotherapy as
control treatment. Publication bias was assessed by funnel plots



and with the use of the Begg’s test and the weighted regression
test of Egger”® for overall and subgroup populations.

The meta-analysis was conducted in accordance with
recommendations of the Cochrane Collaboration and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Anal-
yses Statement, using the standard software (Stata 12.0, Stata
Corporation, College Station, TX). A two-sided P-value of
<0.05 was considered significant.

Results
Characteristics of included trials

We screened 729 studies for eligibility and identified seven tri-
als involving 3,871 NSCLC patients for our meta-analysis
(Fig. 1). All trials were open label. Anti-PD-1/PD-L1 immuno-
therapy was the first-line treatment for patients in two studies,
CheckMate 026 and KEYNOTE-024, and the second-line or
onwards in the remaining five trials. Notably, anti-PD-1 anti-
bodies were examined in five trials (Nivomulab in the Check-
Mate studies and Pembrolizumab in the KEYNOTE trials),
while anti-PD-L1 antibodies (Atezolizumab) were investigated
in the POPLAR and OAK trials. Apart from the CheckMate
017 and 057 studies, which recruited only squamous and non-
squamous, the remaining studies included mixed histological
subgroups. KRAS mutation status was collected and identified
in the CheckMate 057 (11%), POPLAR (9.4%) and OAK (7%)
trials. Patients with EGFR mutations were excluded in the
CheckMate 026 and KEYNOTE-024 studies. The other trials
had accessible EGFR mutation status data except for the Check-
Mate 017. Clinicopathologic characteristics of patients are sum-
marized in Table 1.
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OS and PFS benefit from anti-PD-1/PD-L1 immunotherapy

Of the 3,871 NSCLC patients, 2,112 (55%) were randomized to
anti-PD-1/PD-L1 immunotherapy, and 1,759 (45%) were ran-
domly assigned to chemotherapy. Compared to chemotherapy,
anti-PD-1/PD-L1 immunotherapy significantly prolonged OS
(HR, 0.73; 95% CI, 0.63 to 0.84; P < 0.001, Fig. 2) and PFS
(HR, 0.84; 95% CI, 0.71 to 0.99; P = 0.04, Fig. 2). There was evi-
dent heterogeneity for both OS (I* = 61.7%, P = 0.016) and
PFS (I* = 79.2%, P < 0.001). Further subgroup analysis showed
therapy line was a potential source of heterogeneity for OS
(P = 0.007), and sample size for PFS (P < 0.001), but neither
was demonstrated by meta-regression analyses (both P > 0.05,
supplementary Table S1).

Association between PD-L1 expression and efficacy

As shown in Table 2, three diagnostic antibodies were used to
determine PD-L1 expression and the cutoffs of PD-L1 expres-
sion (negative, weak-positive and strong-positive) for each
assay were derived from the corresponding trials. The propor-
tion of patients with PD-L1 strong-positive expression in each
trial population, approximately one-third, was similar across
trials, suggesting that PD-L1 positivity is represented consis-
tently cross the studies examined.

We observed the greatest OS benefit in the PD-L1 strong
subgroup (HR, 0.61; 95%CI, 047 to 0.78; P < 0.001;
I? = 72.2%). Both PD-L1 weak-positive (HR, 0.80; 95%CI, 0.67
to 0.95; P = 0.01; I’ =0 %) and negative (HR, 0.79; 95% CI,
0.67 to 0.93; P = 0.006; I> = 18.4%) subgroups also demon-
strated superior OS benefit from anti-PD-1/PD-L1 immuno-
therapy compared to chemotherapy (Fig. 2). Compared with
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Figure 1. PRISMA flow chart displaying the search and selection process.

7 trials included in meta-analysis



paiyg 910¢
oL L€ 6¢ L 8L 058 /puod3g € 96A8EL [9Xe1920p A qewnzi|ozaly ‘|e 33 Jakowmnny AVO
pay 9L0Z ‘e 19
V/N 43 Ly ¥'6 q6l 18T /pu0d3s [4 L'6A9TL [9Xe1300p A qewnz||ozaly Jaydequaiya, dv1d0d
Adesayrowayd paseq 20
6 33 6¢ V/N 6L S0€ 1s4l4 €  P3ydesy 10N -wnune|d A qewnzijoiquiad  9L0Z ‘(e 1933Y  -JLONAIM
191e| S8 0L0
Sl 143 6¢ V/N '8l E0L Jopuoxes €/ ALTLAYOL [9Xe1220Q A qewnzljoiquad  910C ‘(8 1915G49H  -ILONAIN
Adesayrowsypd £10T 920
€l €€ 6¢ V/N Ll LvS 15414 € 8ELALEL paseq-wnune|d A qe[NWOAIN ‘le 13 suoque)  aleAIRYD
paiyga S10T LS50
4 L€ €6 L 0t 78S /pU0d3s € veATTL [9Xe1930(Q A qB[NWOAIN ‘|e 32 19eyblog  3RWYIAYD
SLoz L10
9 74 74 V/N 9 (444 puodas € 09AT6 [9Xe1920(Q A gejNWOAIN ‘le1s Jawyelg  A1eARPRYD
(%) siseyseIdpy WASAS (%) 0 (%) (%) s1e9h 59 (%) uonemn|y (%) uoneiniy (%) snowenbs (%) Jows swuaned  Adesdyy aseyd  (Syuow) uosuedwo) JLEYR sweN
SNOAJSN [eJIUDD) SdD0D3 Uswom SYYN -19ASN Jo 'oN Jo aun SO UeIpay juswieal| ‘sioyiny Apnis

€1396403-4 Q. HUANG ET AL.

*S|el} JUINMUISUOD Ul syuanied Jo sasuReIRY) L djqe)



Trial HR 95% CI
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HR 95% ClI

Overall Survival

Progression-Free Survival

CheckMate 017 0.59 0.44 to 0.79 — 0.62 0.47 to 0.81 —
CheckMate 057 0.73 0.59 to 0.89 ——— 0.92 0.77 to 1.11 -
CheckMate 026 1.07 0.86 to 1.33 - 1.17 0.95 to 1.43 —-—
KEYNOTE-010 0.67 0.56 to 0.80 - 0.85 0.73 to 0.98 -
KEYNOTE-024 0.60 0.41 to 0.89 — 0.50 0.37 to 0.68 —
POPLAR 0.73 0.53 to 0.99 — 0.94 0.72 to 1.23 —
OAK 0.73 0.62 to 0.87 - 0.95 0.82 to 1.10
Overall 0.73 0.63 to 0.84 0.84 0.71 to 0.99
PD-L1 Negative (OS) PD-L1 Weak Positive (OS)
CheckMate 017 0.58 0.37 to 0.92 —— 1.13 0.55 to 2.34 —_—
CheckMate 057 0.0 0.66 to 1.24 ——— 1.00 0.56 to 1.77 —_—
CheckMate 026
KEYNOTE-010 0.76 0.60 to 0.96 —
KEYNOTE-024
POPLAR 1.04 0.62 to 1.75 —— 0.66 0.37 to 1.16 —_——
OAK 0.75 0.59 to 0.96 —— 0.81 0.57 to 1.14 —
Overall 0.79 0.67 to 0.93 0.80 0.67 to 0.95
PD-L1 Strong Positive (OS)
CheckMate 017 0.53 0.31 to 0.89 ——
CheckMate 057 0.43 0.30 to 0.62 —_—
CheckMate 026 1.02 0.80 to 1.30 ——
KEYNOTE-010 0.53 0.40 to 0.70 —
KEYNOTE-024 0.60 0.41 to 0.89 —
POPLAR 0.54 0.33 to 0.89 ——
OAK 0.67 0.49 to 0.90 ——
Overall 0.61 0.47 to 0.78
o!1 1I 1'0 0!1 1I 1'0
Favors Favors Favors Favors
anti-PD1 chemo- anti-PD1 chemo-
therapy therapy therapy therapy

Figure 2. Forest plot of the effect of treatment on overall survival and progression-free survival in all patients, as well as the effect of treatment on overall survival in sub-
groups of patients according to PD-L1 expression. Hazard ratios (HRs) for each trial are represented by the squares, and the horizontal line crossing the square represents
the 95% Cl. The diamonds represent the estimated overall effect based on the meta-analysis fixed effect. All statistical tests were two sided. PD-L1, programmed death-

ligand 1.

PD-L1 weak-positive subgroup, a trend towards greater benefit
of the PD-L1 strong-positive subgroup was observed (interac-
tion P = 0.08). Conversely, no difference in survival benefit
was observed between the PD-L1 negative and weak-positive
subgroups (interaction P = 0.92).

Of note, by limiting the analyses on second-line trials, sensi-
tivity analysis further confirmed the improved benefit of anti-
PD-1/PD-L1 immunotherapy in the PD-L1 strong-positive
subgroup (HR, 0.54; 95%CI 0.46 to 0.64; P < 0.001; I* = 0%;
supplementary Fig S1) when compared with the PD-L1 weak-
positive subgroup (HR, 0.80; 95%CI, 0.67 to 0.95; P = 0.01;
I = 0%; interaction P < 0.001).

Subgroup analyses

KRAS mutation, EGFR mutation and smoking status

In trials where OS of KRAS mutation subgroups were
reported, 121 patients (8.4%) had KRAS mutant tumors. The
pooled HR from anti-PD-1/PD-L1 immunotherapy compared

to chemotherapy was 0.60 (95%CI, 0.39 to 0.93; P = 0.02;
I’ = 0%) in the KRAS mutant subgroup, and 0.89 (95% CI,
0.68 to 1.17; P = 0.40; I = 0%) in the KRAS wild-type sub-
group (Fig. 3).

Among 2,907 patients with known EGFR mutation status,
272 patients (9.3%) harbored EGFR activating mutations. EGFR
mutant subgroup was not significantly associated with OS bene-
fit from anti-PD-1/PD-L1 compared to chemotherapy (HR:
1.11; 95%CL, 0.80 to 1.53; P = 0.54; I = 0%) (Fig. 3). However,
the EGFR wild-type subgroup was significantly associated with
improved OS (HR: 0.73; 95%CI, 0.61 to 0.87; P = 0.001;
P> = 68.1%) (Fig. 3).

Current or former smokers accounted for 85.3% (n = 2,839)
of patients whose smoking status was reported, and signifi-
cantly benefited from anti-PD-1/PD-L1 immunotherapy over
chemotherapy (HR, 0.70; 95%CI, 0.60 to 0.83; P < 0.001; P =
55.4%; Fig. 3). Survival advantage of immunotherapy was not
observed in the never-smokers (HR, 0.83; 95% CI, 0.64 to 1.08;
P =0.16; > = 0%; Fig. 3).
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Table 2. Summary of PD-L1 assay information and scoring system in constituent trials.

Criteria (Cutoffs)

Study PD-L1 Antibody IHC Assay Interpretative Weak- Strong-  Percentage of Strong PD-L1 Expression Subgroup
Name Clone Provider Scoring Negative  positive positive among Evaluable Population
CheckMate 28-8 Dako North America TC membrane <1% >1% and >5% 81/225, 36.0%
017 <5%
CheckMate 28-8 Dako North America TC membrane <1% >1% and >5% 181/455, 39.8%
057 <5%
CheckMate 28-8 Dako North America TC membrane >1% and >5% 423/1325,31.9%
026 <5%
KEYNOTE-010 22C3 Dako North America TC membrane <1% >1% and >50% 633/2222, 28.5%
<50%
KEYNOTE-024 22C3 Dako North America TC membrane >50% 500/1653, 30.2%
POPLAR SP142 Ventana Medical TC membrane <1% >1%and >5% 105/287, 37%
Systems, AZ, USA Infiltrating 1Cs <5%
OAK SP142 Ventana Medical TC membrane <1% >1% and >5% 265/850, 31%
Systems, AZ, USA Infiltrating ICs <5%

Abbreviation: TC, tumor cell; IC, immune cells

Histology, CNS metastasis, age, gender and PS
The majority of patients (n =
mous lung cancers, while the remaining 998 patients (26%)
had squamous disease. Compared to chemotherapy, anti-

2,785; 74%) had non-squa-

PD-1/PD-L1 immunotherapy significantly reduced the risk
of death in both the non-squamous (HR: 0.73; 95%ClI, 0.61
to 0.89; P = 0.002; I’ = 71.2%) and the squamous sub-
groups (HR: 0.68; 95%CI, 0.58 to 0.80; P < 0.001; P =

Trial HR 95% ClI HR 95% CI
KRAS Mutant KRAS Wild-Type
CheckMate 017
CheckMate 057 0.52 0.29 to 0.95 — 0.98 0.66 to 1.48 ——
CheckMate 026
KEYNOTE-010
KEYNOTE-024
POPLAR
OAK 0.71 0.38 to 1.35 — 0.83 0.58 to 1.18 —
Overall 0.60 0.39 to 0.93 0.89 0.68 to 1.17
EGFR Mutant EGFR Wild-Type
CheckMate 017
CheckMate 057 1.18 0.69 to 2.00 —— 0.66 0.51 to 0.86 s
CheckMate 026 1.08 0.87 to 1.34 -
KEYNOTE-010 0.88 0.45 to 1.70 —— 0.66 0.55 to 0.80 -
KEYNOTE-024 0.60 0.41 to 0.89 —
POPLAR 0.99 0.29 to 3.40 —_— 0.70 0.47 to 1.04 ——t
OAK 1.24 0.71 to 2.18 —— 0.69 0.57 to 0.83 -
Overall 1.1 0.80 to 1.53 0.73 0.61 to 0.87
Never-Smokers Current/Former Smokers
CheckMate 017 0.59 0.44 to 0.80 ——
CheckMate 057 1.02 0.64 to 1.61 —— 0.70 0.56 to 0.86 -
CheckMate 026 1.02 0.54 to 1.93 —_— 1.04 0.74 to 1.45 ——
KEYNOTE-010
KEYNOTE-024 0.90 0.11 to 7.59 0.51 0.38 to 0.70 —
POPLAR 0.55 0.24 to 1.25 ——— 0.75 0.54 to 1.04 ——
OAK 0.71 0.47 to 1.08 —— 0.74 0.61 to 0.88 -
Overall 0.83 0.64 to 1.08 0.70 0.60 to 0.83
04 1 10 04 1 10
Favors Favors Favors Favors
anti-PD1 chemo- anti-PD1 chemo-
therapy therapy therapy therapy

Figure 3. Forest plot of the effect of treatment on overall survival in subgroups of patients according to mutations of KRAS and the epidermal growth factor receptor
(EGFR) gene, and smoking status. Hazard ratios (HRs) for each trial are represented by the squares, and the horizontal line crossing the square represents the 95% Cl. The
diamonds represent the estimated overall effect based on the meta-analysis fixed effect. All statistical tests were two sided.
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Trial HR 95% CI HR 95% Cl
Non-Squamous Squamous
CheckMate 017 0.59 0.44 to 0.79 —
CheckMate 057 0.73 0.59 to 0.89 -
CheckMate 026 1.17 091 to 1.52 T 0.82 0.54 to 1.24 —
KEYNOTE-010 0.63 0.50 to 0.79 - 0.74 0.50 to 1.09 —
KEYNOTE-024 0.55 0.39 to 0.76 —— 0.35 0.17 to 0.71 —=——v
POPLAR 0.69 0.47 to 1.01 — 0.80 0.49 to 1.30 ——
OAK 0.73 0.60 to 0.89 -— 0.73 0.54 to 0.98 ——
Overall 0.73 0.61 to 0.89 0.68 0.58 to 0.80
No CNS Metastases CNS Metastases
CheckMate 017 0.60 045 to 0.80 ey
CheckMate 057 0.71 0.58 to 0.88 1.04 0.62 to 1.76 ——
CheckMate 026
KEYNOTE-010
KEYNOTE-024 050  0.36 to 0.68 - 055 020 to 1.56 =
POPLAR
OAK 0.75 063 to 0.89 = 0.54 0.31 to 0.94 —
Overall 068 061 to 0.76 073 051 to 1.05
Age <85 years Age=65 years
CheckMate 017 0.52 035 to 0.75 —— 0.96 0.30 to 3.07 —_—
CheckMate 057 0.81 062 to 1.04 0.67 0.49 to 0.91 ——
CheckMate 026 1.13 0.83 to 1.54 —— 1.04 0.77 to 1.41 ——
KEYNOTE-010 0.63 0.50 to 0.79 - 0.76 0.57 to 1.02 —
KEYNOTE-024 0.61 0.40 to 0.92 — 0.45 0.29 to 0.70 —
POPLAR
OAK 0.80 0.64 to 1.00 - 0.66 0.52 to 0.83 -
Overall 0.74 061 to 0.90 0.72 0.58 to 0.89
Female Male
CheckMate 017 0.67 0.36 to 1.25 —_— 0.57 0.41 to 0.78 —
CheckMate 057 0.78 0.58 to 1.04 —— 0.73 0.56 to 0.96 —
CheckMate 026 1.15 0.79 to 1.66 — 0.97 0.74 to 1.26 —
KEYNOTE-010 0.69 051 to 0.94 —— 0.65 0.52 to 0.81 ——
KEYNOTE-024 0.75 046 to 1.21 —_— 0.39 0.26 to 0.58 —
POPLAR
OAK 0.64 049 to 0.85 — 0.79 0.64 to 0.97 —
Overall 0.75 0.65 to 0.87 0.68 0.55 to 0.83
ECOG Performance status 0 ECOG Performance status 1-2
CheckMate 017 0.48 0.24 to 0.99 —— 0.54 0.39 to 0.74 —_—
CheckMate 057 0.64 0.44 to 0.93 — 0.80 0.63 to 1.00 —_—
CheckMate 026 1.1 0.74 to 1.66 —— 1.02 0.79 to 1.32 ——
KEYNOTE-010 0.73 0.52 to 1.02 —— 0.63 0.51 to 0.78 -
KEYNOTE-024 0.45 0.26 to 0.77 — 0.51 0.35 to 0.73 —
POPLAR
OAK 0.78 0.58 to 1.04 — 0.68 0.56 to 0.84 -
Overall 0.73 062 to 0.85 0.69 0.57 to 0.83
on 4 I T
Favors Favors Favors Favors
anti-PD1 chemo- anti-PD1 chemo-
therapy therapy therapy therapy

Figure 4. Forest plot of the effect of treatment on overall survival in subgroups of patients according to histology, CNS metastases, age, gender and Eastern Cooperative
Oncology Group performance status (ECOG PS). Hazard ratios (HRs) for each trial are represented by the squares, and the horizontal line crossing the square represents
the 95% Cl. The diamonds represent the estimated overall effect based on the meta-analysis fixed effect. All statistical tests were two sided.

14.1%; Fig. 4). There was no significant difference in effi-
cacy of anti-PD-1/PD-L1 immunotherapy between two his-
tologic subtypes (interaction P = 0.58).

Of the 2,992 patients with reported CNS metastases sta-
tus, most patients (1,811, 90.9%) were without CNS metas-
tases; 181 (9.1%) were diagnosed with CNS metastases. The
pooled HR for OS was 0.68 (95%CI, 0.61 to 0.83; P <
0.001; I = 47.5%; Fig. 4) in the subgroup without CNS
metastases. The benefit in the subgroup with CNS metasta-
ses was borderline significant (HR, 0.73; 95%CI, 0.51 to
1.05; P = 0.09; I* = 37.4%; Fig. 4). The efficacy of immuno-
therapy was not significantly different between these two
subgroups (interaction P = 0.71).

The benefit of anti-PD-1/PD-L1 immunotherapy compared
with chemotherapy was similar in patients <65 years (HR,
0.74; 95%CI, 0.61 to 0.90; P = 0.003; I* = 64.6%) and
>65 years (HR, 0.72; 95%CI, 0.58 to 0.89; P = 0.002; P =
55.2%; interaction P = 0.85; Fig. 4). Of note, among patients
>75 years (n=72) whose data were available in the CheckMate
017 and 057 trials, OS of immunotherapy arm was numerically
shorter than that of chemotherapy (HR, 1.21; 95%CI, 0.68 to
2.12; P = 0.52; P = 33.2%).

The improvement in OS with anti-PD-1/PD-L1 immuno-
therapy versus chemotherapy did not significantly differ by
gender (interaction P = 0.28) and ECOG PS (interaction P =
0.65; Fig. 4).
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Publication bias

Funnel plots (not shown), as well as Egger’s test and Begg’s test,
yielded no publication bias in the overall and subgroup popula-
tions (all P > 0.05), with the exception in the subgroup without
CNS metastases (Begg’s P = 0.09; Egger’s P = 0.03)

Discussion

Treatment with anti-PD-1/PD-L1 antibodies compared with
chemotherapy is associated with 27% reduction in the risk of
death, and 16% reduction in the risk of disease progression
among the overall population (Fig. 2). When stratifying
patients based on PD-L1 expression level, we observed that
immunotherapy offered the greatest OS benefit in the strong-
positive subgroup, but also significantly improved the OS in
the negative and weak-positive subgroups. OS benefit was
observed in the KRAS mutant patients, but not in the KRAS
wild-type patients. Conversely, OS benefit was observed in the
EGFR wild-type patients, but not in the EGFR mutant patients.
Current or former smokers had significant survival benefit
from immunotherapy, but never-smokers did not. There was
no differential treatment effect for OS by histology, CNS metas-
tasis status, age, gender and ECOG PS score.

Early-phase trials demonstrated the positive correlation
between objective response rate (ORR) and PD-L1 staining
intensity in NSCLC patients.”'®'> However, the unique radio-
graphic response patterns of anti-PD-1/PD-L1 immunother-
apy, including “pseudoprogression”, limit the power of the
conventional evaluation criteria to assess its activity.”’>* When
using OS, the “gold-standard” endpoint, to evaluate the predic-
tive value of PD-L1 expression in anti-PD-1/PD-L1 immuno-
therapy, the evidence remains controversial. For instance, the
CheckMate 057° and POPLAR” trials showed that OS improve-
ment was significant in the patients with higher PD-L1 expres-
sion, whereas OS of patients with PD-L1 negative tumors in
the anti-PD-1/PD-L1 group was similar to that in the chemo-
therapy group. In contrast, anti-PD-1/PD-L1 immunotherapy
was beneficial to all patients regardless of PD-L1 expression in
the CheckMate 017° and OAK'' trials. To collectively charac-
terize the predictive value of PD-L1 levels in anti-PD-1/PD-L1
immunotherapy, our current study classified all randomized
patients as PD-L1 negative, weak-positive and strong-positive
subgroups on the basis of trial data, and demonstrated
that PD-L1 strong-positive patients gained the greatest OS ben-
efit from PD-1/PD-L1 blockade. Correlation analysis revealed
that PD-L1 expression level was a modifier of treatment effect
on OS, which was further confirmed by sensitivity analysis
when restricted to second-or later-line therapy.

Furthermore, both PD-L1 negative and weak-positive sub-
groups also had significant survival benefit from anti-PD-1/
PD-L1 immunotherapy, indicating that PD-L1 expression is
not a robust biomarker to predict patient response to immuno-
therapy. Indeed, PD-L1 expression is dynamic and is an induc-
ible biomarker affected by various factors. For instance,
activated T cell and innate immune cells in the TME can release
interferon gamma (IFN-y) which increases PD-L1 expression.”
Additionally, PD-L1 expression may be clustered in an area
infiltrated with IFN-y positive T cell; thus, small biopsies of

tumor tissues may miss the PD-L1 positive area and produce
false negative results.”® This finding also highlights that anti-
PD-1/PD-L1 immunotherapy should not be limited to patients
with PD-L1 strong-positive tumors. Similar benefits between
PD-L1 negative and weak-positive patients were supported by
the phase 1 KEYNOTE-001 trial, in which the survival curves
of the two groups were close.” The ongoing trials, including
KEYNOTE-042 (NCT02220894), will provide more data on
the efficacy of anti-PD-1/PD-L1 immunotherapy for PD-L1
weak-positive or negative patients.”!

Activating KRAS mutations are the most frequent genetic
alteration in NSCLC and effective therapies for this subclass are
lacking.>*** Strikingly, our finding that anti-PD-1/PD-L1
immunotherapy provided significant OS benefit for patients
with KRAS mutant NSCLC is of utmost importance. Clearly,
given the lack of success of current therapies in targeting KRAS
mutations, these immune checkpoint inhibitors offer a promis-
ing option for this subgroup of NSCLC patients. Although the
factors that render KRAS mutant NSCLC more sensitive to
anti-PD-1/PD-L1 immunotherapy remain largely unknown,
potential mechanisms include defective DNA repair, including
mismatch repair, with increased mutational load.”® Interest-
ingly, the study by Dong et al. also suggested that patients with
TP53 mutations alone or co-occurring TP53/KRAS mutations
had increasing PD-L1 expression, reflecting T cell infiltration
and augmented tumor immunogenicity, supporting its predic-
tive value for response to PD-1 blockade immunotherapy.
Additionally, clinical activity in patients treated with immune
checkpoint inhibitors is suggested to be mediated by neo-epi-
tope-reactive T cells.'* Potentially, KRAS-mutant oncoproteins
contain single point mutations that serve as neo-epitopes, and
can be distinguished from wild-type KRAS by the presence of
T cells. Consistently, compared with wild-type, KRAS mutation
NSCLC patients had significantly higher candidate neo-antigen
burden, supporting their favorable benefit to anti-PD-1 treat-
ment.”® Apart from immune checkpoint blockade, strategies
that enhance a T-cell response against mutated tumor antigens
may be of clinical benefit in patients with cancer.’®*” Recently,
Tran and colleagues reported a case with metastatic colorectal
cancer had substantial tumor regression in the lung after adop-
tive transfer of T cells targeting KRAS G12D.*® Their work fur-
ther supports the vital role of immunotherapy in targeting
mutant KRAS cancers.

On the other hand, consistent with retrospective evidence
and previous meta-analysis of three trials'”*%, there was no OS
advantage of anti-PD-1/PD-L1 immunotherapy compared with
chemotherapy among patients harboring EGFR mutations, but
there was a 27% reduction in the risk of death among patients
with EGFR wild-type NSCLC. Moreover, differential treatment
effect for OS was also observed by smoking status. Lower muta-
tional burden and immunogenicity could potentially explain
the lack of effectiveness of immunotherapy in patients whose
tumors harbor EGFR mutations, many of whom are never-
smokers.'>"”

A recent study by Stephane Champiat and colleagues
showed that older patients (>65 years) more frequently exhib-
ited hyperprogressive disease, a novel aggressive pattern of pro-
gression which was associated with inferior OS in patients.*
This raises concern about treating older patients with anti-PD-



1/PD-L1 antibodies. Nevertheless, the benefits of immunother-
apy in older and younger patients were almost identical in our
pooled analysis (HR, 0.72 vs. 0.74). Interestingly, among
patients older than 75 years, survival was numerically shorter
with immunotherapy versus chemotherapy, similar to older
patients with renal cell carcinoma®’, although small sample size
should be noted during data interpretation. This may be
explained by the age-related immunosenescence, including
declining number of CD8" T cells, modified expression of T
cell co-stimulatory/co-inhibitory proteins, and higher levels of
immune suppressive inflammatory cytokines.*"** Special atten-
tion should be paid to >75-year-old patients in clinical practice
and future studies.

CNS metastases are common in patients with advanced
NSCLC, and associated with poor survival. Patients with CNS
metastases were excluded in some trials, due to uncertainty
about the action of these immune modulatory antibodies in the
CNS.* The efficacy of immunotherapy in these patients
remains unclear due to the paucity of data. Early analysis of a
non-randomized phase 2 trial showed an encouraging activity
of Pembrolizumab in NSCLC patients with CNS metastases
(ORR 33%); however overall survival data is not yet mature.*
The current study demonstrated the OS benefit of anti-PD-1/
PD-L1 immunotherapy over chemotherapy in patients, and the
benefit is similar to patients without CNS metastases (interac-
tion P = 0.71). Additional studies are warranted to confirm
this benefit and to explore activity of the combination with
radiation and other checkpoint inhibitors.*’

The major strength of this meta-analysis is that we included
all randomized trials comparing anti-PD-1/anti-PD-L1 immu-
notherapy with chemotherapy in NSCLC from the most up-to-
date publications. Both anti-PD-1 and anti-PD-L1 antibodies,
of which difference in efficacy was not observed (supplemen-
tary Table S1), were eligible for the study. The comprehensive
analysis overcomes the problem of inadequate statistical power
in individual trials to assess the efficacy among subgroups.
Another strength is the use of OS as the primary endpoint,
which accurately reflects the durable outcomes of immunother-
apy as opposed to PFS and ORR.

There are also limitations in the present study. Outcomes
from subgroups in some trials were unavailable for our analy-
ses. This also suggests that future studies should pay close
attention to certain populations, such as patients whose tumors
harbor KRAS mutations and patients >75-year-old. Addition-
ally, the benefit in PD-L1 negative and weak-positive subgroups
was derived from second- or later-line therapies, so the benefit
in these patients in first-line setting requires further investiga-
tion by randomized trials (NCT02477826, NCT02220894 and
NCT02409342).

Our findings have significant clinical implications having
identified specific sub-populations more or less likely to
respond to PD-1/PD-L1 blockade. OS benefit difference existed
in the PD-L1 expression subgroups, the oncogenic mutation
subgroups and the smoking subgroups. Hence, future studies
should obtain these data, and consider them as stratification
factors. Lastly, the finding that patients in all PD-L1 expression
subgroups benefited from immunotherapy highlights the neces-
sity of exploring novel effective biomarkers. Patient-specific
factors (e.g. age) and molecular features (e.g. KRAS, EGFR
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mutational status) may prove useful in the future to develop
tailored treatment regimens using PD-1/PD-L1 blockade.

In summary, anti-PD-1/PD-L1 immunotherapy significantly
prolonged the OS and PFS of patients with advanced NSCLC
compared with chemotherapy. Although patients with PD-L1
strong-positive NSCLC gained greatest OS benefit, patients
with PD-L1 negative or weak-positive NSCLC also benefited
from PD-1/PD-L1 blockade. OS benefit of anti-PD-1/PD-L1
immunotherapy compared with chemotherapy was also
observed in KRAS mutant, EGFR wild-type and current or for-
mer smoker subgroups, but not in the corresponding sub-
groups. The OS benefit of immunotherapy was observed in all
subgroups of histology, CNS metastases status, age, gender and
ECOG PS.
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