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Objective: This study aims to perform systematic review and meta-analysis of all randomized
controlled trials that compare the efficacy and safety of programmed death 1 (PD-1) inhibitors
versus chemotherapy alone in previously untreated advanced non-small cell lung cancer (NSCLC).
Materials and methods: Several databases, including Medline, Cochrane Library, Embase,
and Web of Science, were searched. The main outcome measures included overall survival (OS),
progression-free survival (PES), objective response rate (ORR), and adverse events (AEs).
Results: The results of meta-analysis are expressed as the hazard ratio (HR) or risk ratio
(RR) with their corresponding 95% confidence intervals (Cls). The final analysis included six
trials for 3,930 patients. PD-1 inhibitors led to a statistically superior survival benefit over
chemotherapy in patients with advanced NSCLC. OS was longer in patients who received
PD-1 inhibitors (HR =0.71, 95% CI =0.62-0.74, P=0.000). Furthermore, PD-1 inhibitors had
significantly higher objective response rate than chemotherapy (RR =0.20, 95% CI
=0.17-0.23, P=0.000). Meta-analysis showed that the AEs of any grade with PD-1 inhibitors
were lower than those with chemotherapy (RR =0.78; 95% CI =0.75-0.81, P=0.000).
Conclusion: PD-1 inhibitors showed a clinically meaningful survival benefit and an
improved safety profile in patients with previously treated NSCLC.
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Introduction

The management of non-small cell lung cancer (NSCLC) has evolved enormously.
Multiple treatment modalities, including surgery, chemotherapy, targeted therapy,
and radiotherapy, all led to robust improvements in the outcomes of this disease.'

Cytotoxic chemotherapy has become the backbone of treatment for patients with
advanced NSCLC for decades. Standard platinum-based doublets in unselected
patient populations have resulted in a median survival of 8-10 months.> With the
advent of targeted therapy, new therapeutic models have focused on targeting the
immune system. Programmed death 1 (PD-1) is an immune checkpoint receptor
that is expressed on activated T cells and hinders the immune response to protect
against excessive inflammation and the development of autoimmunity.’

PD-1 is a member of the immunoglobulin B7-CD28 family and can be expressed on
activated T cells.* This receptor is often considered as a marker of T cell exhaustion.
Effector T-cell function is inhibited when engaged by its ligand, PD-L1, which can be
expressed on both tumor and immune cells. PD-L1 is the major ligand for PD-1 and is
overexpressed in many malignant tumor cells, including NSCLC.>% In patients with
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cancer, the expression of PD-1 on tumor-infiltrating lympho-
cytes and its interaction with the ligands on tumor and
immune cells in the tumor microenvironment undermine
antitumor immunity and support its rationale for PD-1 block-
ade in cancer immunotherapy.” Tumor cell expression of PD-
L1 is a mechanism of tumor escape from a specific T-cell
response.® The combination of PD-1 and PD-L1 can inhibit
the proliferation and viability of CD4+ T cells and CD8+
T cells, thereby reducing the immune response to the sur-
rounding tissues and preventing autoimmune diseases in
humans.® One hallmark of cancer is immune evasion in
which the immune system does not mount an effective anti-
tumor response.” The combination of PD-1 and PD-L1 in
patients with tumor can reduce the T cell immune killing
effect of tumor local microenvironment, leading to tumor
immune escape and tumor growth stimulation.'

Blocking the PD-1 pathway can theoretically restore the
immune killing effect of T cells in the tumor microenviron-
ment and successfully inhibit tumors. Two antibodies against
PD-1 (nivolumab and pembrolizumab) have been approved
by the US Food and Drug Administration (FDA) for treating
patients with NSCLC and other tumor types.'" Several clin-
ical trials are currently evaluating an expansion of the indica-
tion for PD-1 inhibitions as monotherapy or in combination
with other treatments. Herein, we performed a meta-analysis
of randomized controlled trials (RCTs) and summarized evi-
dence of the efficacy and safety of PD-1 inhibitor monother-
apy in patients with advanced NSCLC. The completed RCT
showed that PD-1 inhibitors remarkably prolonged the sur-
vival benefits of patients with NSCLC.

Materials and methods

This meta-analysis was conducted in accordance with the
PRISMA guidelines. The studies included in this meta-
analysis are previously published, and therefore, ethical
approval and informed consent are not required.

Inclusion and exclusion criteria

Only the RCTs that evaluated the effectiveness or safety of
PD-1 inhibitor monotherapy in patients with NSCLC were
eligible. In addition, patients had to be diagnosed with
NSCLC by pathological examination, and only unresect-
able NSCLC such as stage I1IB, stage 1V, and so on, was
considered. Patients previously treated with chemotherapy
and surgical operation were acceptable, but those who had
previously received immune checkpoint inhibitor therapy
were excluded. Considering an increased risk of pneumo-
nitis, patients who received more than 30 Gy of

radiotherapy to the lung in the previous 6 months were
also excluded. Additionally, phase I and single-arm phase
IT trials were excluded due to their lack of control groups.
No limitation was imposed on patient age, sex, or race.
Trials with uncertain or marked inequality of characteris-
tics between groups at baseline were also excluded. Two
investigators reviewed the articles independently to
exclude irrelevant and overlapping studies. The results
were compared, and disagreements were resolved by dis-
cussion and consensus. The process of inclusion and
exclusion of the literature is presented in Figure 1.

Search strategy and study selection

We searched electronic databases for literature published
up to August 2018; these databases were Medline,
Embase, Cochrane Library, and Web of Science. We
used advanced search for all databases.

The search terms used were (“Opdivo” [All Fields]),
(“Nivolumab” [All Fields]), (“Pembrolizumab” [All
Fields]), (“Keytruda” [All Fields]), (“PD-1" [All Fields]),
(“PD-1 antibody” [All Fields]), (“PD-1 inhibitors” [All
Fields]), (“immune checkpoint” [All Fields]), (“MK—
3475” [All Fields]), or (“BMS—936558” [All Fields]) and
(“non-small cell lung cancer” [All Fields]), (“NSCLC” [All
Fields]), (“lung cancer” [All Fields]), or (“non-small-cell
lung carcinoma” [All Fields]).

Efficacy indicators

The main outcome measures included overall survival (OS),
progression-free survival (PFS), overall response rate (ORR),
adverse events (AEs), and severe adverse events (SAEs)
(defined as grade 3 or higher). OS refers to the time from
random assignment to death, irrespective of the cause of
death. For patients with no event observed, the time to censor
refers to the time of last follow-up. PFS denotes the time
from randomization to the first occurrence of disease pro-
gression. One or more outcome measures had to be extracted
from a trial for it to be included in the meta-analysis.

The treatment efficacy of PD-1 inhibitors versus che-
motherapy was measured by a hazard ratio (HR) for OS
and PFS, and a risk ratio (RR) for AEs, objective response
rate (ORR), and SAEs, with their corresponding 95%
confidence intervals (CIs).

Data extraction
Two investigators searched the publications independently
by using standardized data abstraction forms. The name of
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Scientific articles identified from medline,
cochrone library, embase and web of science
(N=4891)

Articles excluded due to duplicates

Atrticles for title screening (N=3501)

publish by software endnote (N=1390)

Articles for abstract screening (618)

Unrelated with the topics (N=2883)

-Conference and congress article (N=148)
-Designing article (N=45)
-Meta-analysis and system review (N=106)

2

Articles for full text screening (N=69)

-CTLA-4 (N=156)
-PD-L1 (N=66)
-Phase 1/1b trials (N=28)

Articles excluded based on inclusion

A 4

Studies included in meta-analysis (N=6)

Figure | Flow diagram of the literature search and trial selection process.

the first author and the year of publication were used to
identify the study. From each study, the following informa-
tion were extracted: first author’s surname, year of publica-
tion, trial phase, number of subjects, interventions, histology,
and outcomes (OS, PFS, AEs, ORR, and SAEs) (Table 1).

Quality assessment

The Cochrane Collaboration’s tool was utilized to assess
the risk of RCT bias, considering the following aspects:
whether the method of allocation was truly random,
whether proper concealment of allocation existed, whether
equality occurred between the two groups at baseline in
terms of prognostic features, whether the eligibility criteria
were described, whether blinding of the outcome assessors
was performed, whether loss to follow-up in each treat-
ment arm was demonstrated, and whether intention-to-
treat (ITT) analysis was considered (Table 2).!12

Statistical analysis

All analyses were performed using Stata 12.0. The results
of the meta-analysis were expressed as the hazard ratio
(HR) or risk ratio (RR), with their corresponding 95% CI.
PFS and OS were measured in terms of HR and their

A 4

eriteria (N=63)

corresponding 95% CI. Risk ratio (RR) and corresponding
95% ClIs were the summary measurement of ORR and risk
of AEs. (We first tested the heterogeneity between the
studies using F statistics). °<50% was considered low-
level heterogeneity, and I°>50% pertained to high-level
heterogeneity. If heterogeneities existed, one of the follow-
ing techniques was used to attempt to explain such hetero-
geneities: (1) random effect model for meta-analysis, (2)
subgroup analyses, (3) sensitivity analyses. Basing on the
statistical significance of the heterogeneity test, we applied
a random effects model (I°<50%) or fixed effects model
(P>50%) to calculate the pooled results. Descriptive ana-
lysis was used if the heterogeneity between the groups was
excessively large. P<0.05 was considered statistically
significant.

Results

Articles included

The initial search yielded 4,891 records from Medline,
Cochrane Library, Embase, and Web of Science. Of
these, 1,390 studies were removed as duplicate records,
and 69 potential studies were identified for the full-text
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Table 2 Quality assessment by the Cochrane Collaboration’s tool
Reference Random Allocation Blinding of Blinding of | Incomplete | Selective | Other
Sequence | concealment | participants | outcome outcome reporting | bias
generation and assessment | data
personnel
Horn, L. 2017"3 High risk Unclear risk Unclear risk Unclear risk Unclear risk Unclear risk | Unclear risk
Carbone, D.P. 2017'* | Unclear risk Unclear risk Unclear risk Low risk Low risk Unclear risk | Unclear risk
Reck, M. 2016'* Low risk Unclear risk Unclear risk Low risk Low risk Unclear risk | Unclear risk
Herbst, R. S. 2016'¢ Unclear risk Unclear risk High risk High risk High risk Unclear risk | Unclear risk
Borghaei, H. 2015'7 Unclear risk Unclear risk High risk High risk High risk Unclear risk | Unclear risk
Brahmer, J. 2015'® Unclear risk Unclear risk High risk High risk High risk Unclear risk | Unclear risk

review. Among them, phase I and single-arm phase II
trials were excluded due to their lack of control groups.
Six RCTs (involving 3,930 patients) met the inclusion
criteria, and they were included in this meta-analysis.
Figure 1 outlines the selection process in detail.

Effectiveness

OS and median OS (95% ClI)

All of the studies reported OS and Median OS (95% CI)
data. The median OS (95% CI) in the PD-1 inhibitor
monotherapy and chemotherapy groups was 14.4 (95%
CI, 11.7-17.4) and 13.2 months (95% CI, 10.7-17.1) in
Carbone (2017),'* 9.2 (95% CI, 7.3-12.6) and 6.0 months
(95% CI, 5.1-7.3) in Horn (2017)"* arm1, 12.2 (95% CI,
9.7-15.1) and 9.5 months (95% CI, 8.1-10.7) in Horn
(2017) arm2, 10.4 (95% CI, 9.4-11.9) and 8.5 months
(95% CI, 7.5-9.8) in Herbst (2016)'® arml, 12.7 (95%
CI, 10.3-17.3) and 8.5 months (95% CI, 7.5-9.8) in
Herbst (2016) arm2, 9.2 (95% CI, 7.3-13.3) and 6.0
months (95% CI, 5.1-7.3) in Brahmer (2015),18 12.2
months (95% CI, 9.7-15.0) and 9.4 months (95% CI,
8.1-10.7) in Borghaei (2015),17 respectively. These
results indicated that PD-1 inhibitor monotherapy pro-
longed the survival time of patients with NSCLC.

OS was significantly longer in patients treated with
PD-1 inhibitor monotherapy than with chemotherapy,
with an estimated HR of 0.70 (95% CI =0.62-0.80, test
of ES =1: Z =5.63, P=0.000). Moreover, 52.2% heteroge-
neity was identified among the included studies (P=0.041,
I’=52.2%). We conducted a sensitivity analysis to explore
the potential source of heterogeneity. The exclusion of one
study conducted by Carbone (2017) yielded evident
change (HR =0.68, 95% CI =0.62-0.74, test of ES =1:
Z =8.75, P=0.000; Figure 2). Furthermore, the test for
heterogeneity has disappeared (°=0).

PFS and median PFS (95% CI)

Five studies presented data for PFS and median PFS (95%
CI). The PFS in the PD-1 inhibitor monotherapy and
chemotherapy groups was 4.2 (95% CI, 3.0-5.6) and 5.9
months (95% CI, 5.4-6.9) in Carbone (2017), 3.9 (95%
CI, 3.1-4.1) and 4 months (95% CI, 3.1-4.2) in Herbst
(2016) arml, 4 (95% CI, 2.7-4.3) and 4 months (95% ClI,
3.1-4.2) in Herbst (2016) arm2, 3.5 (95% CI, 2.1-4.9) and
2.8 months (95% CI, 2.1-3.5) in Brahmer (2015), 2.3
(95% CI, 2.2-3.3) and 4.2 months (95% CI, 3.5-4.9) in
Borghaei (2015), respectively.

The combined estimates indicated that PD-1 inhibitor
monotherapy may be related to PFS (HR =0.82, 95%
CI =0.69-0.96, test of ES =1: Z =2.30, P=0.022). The
difference was statistically significant. However, the test
for heterogeneity was significant (P=0.000, °=79.6%).
Therefore, we conducted the sensitivity analysis to explore
the potential source of heterogeneity. The exclusion of one
study conducted by Reck (2016)" yielded similar results
(HR =0.87, 95% CI =0.76-1.00, test of ES =1: Z =2.17,
P=0.030). The test for heterogeneity was still significant
(P=85.3%). When we excluded the five other studies
individually, the overall estimates and heterogeneity did
not change substantially. Other attempts to diminish the
heterogeneity by excluding studies based on clinical char-
acteristics also failed. The results illustrated that PD-1
inhibitor monotherapy did not prolong the PFS in patients
with NSCLC when used with nivolumab (HR =0.89, 95%
CI =0.72-1.10, I’=82.6%, test of ES =1: Z =0.82,
P=0.411) or pembrolizumab (HR =0.72, 95% CI
=0.55-0.95, I’=80.1%, test of ES =1: Z =2.33, P=0.020;
Figure 3).

The pooled results indicated that patients with NSCLC
who were treated with PD-1 inhibitor monotherapy had similar
PFS with those treated with chemotherapy alone. Compared
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Study %
ID 0OS-HR (95% Cl)weight

Horn arm1 (2017) 0.62 (0.47, 0.80) 10.81
0.75 (0.63, 0.91) 22.61
0.71 (0.58, 0.88) 17.59
Herbst arm2 (2016) 0.61 (0.49, 0.75) 16.88

)
Horn arm2 (2017) )
)
)
Reck (2016) ¢ 0.60 (0.41, 0.89)5.09
)
)
)

Herbst arm1 (2016)

Brahmer (2015) 0.59 (0.44, 0.79) 8.93
Borghaei (2015) 0.73 (0.59, 0.89) 18.09
Overall (I-squared =0.0%,P=0.613) <> 0.68 (0.62, 0.74) 100.00

NOTE: Weights are from random effects analysis
T

41 68 1

Figure 2 Forest plots of overall survival for PD-I inhibitors monotherapy or chemotherapy.
Abbreviations: OS, overall survival; HR, hazard ratio.

Study %
ID PFS-HR (95% Cl) Weight
nivo

Carbone (2017) -~ > 1.15(0.91,1.45)  16.39

Brahmer (2015) 0.62(0.47,0.81)  15.09

Borghaei (2015)
Subtotal (l-squared = 82.6%,P=0.003)

— 0.92(0.77,1.11)  18.01
— 0.88 (0.64, 1.20)  49.49

pembro
Herbst arm1 (2016) — 0.88 (0.74, 1.05)  18.26
Herbst arm2 (2016) 0.79 (0.66, 0.94)  18.20

Reck (2016) 0.50 (0.37,0.68)  14.05

—;—o—
_;_._
—_——
Subtotal (I-squared =80.1%,P=0.007) ~—=—___ 1 — 0.72 (0.55,0.95)  50.51

Overall (I-squared =79.6%,P=0.000) 0.80 (0.66, 0.97)  100.00

NOTE: Weights are from random effects analysis

T T
.37 .8 1 1.45

Figure 3 Subgroup hazard ratio of progression-free survival for PD-I inhibitors monotherapy or chemotherapy.
Abbreviations: PFS, progressive-free survival; HR, hazard ratio.
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with chemotherapy, PD-1 inhibitor monotherapy did not
improve the PFS.

Objective response rate

Five studies reported objective response rate (ORR) data. The
objective response rate, according to Reck (2016), was 44.8%
(95% CI, 36.8-53.0) in the pembrolizumab group and 27.8%
(95% CI, 20.8-35.7) in the chemotherapy group. The con-
firmed objective response rate was significantly higher with
nivolumab than with docetaxel (19% [95% CI, 15-24] vs 12%
[95%CI, 9-17], P=0.02) in Borghaei (2015). The confirmed
objective response rate was significantly higher with nivolu-
mab than with docetaxel (20% [95% CI, 14-28] vs 9% [95%
CI, 5-15]; P=0.008) in Brahmer (2015).

The pooled results showed that PD-1 inhibitors signifi-
cantly improved the objective response rate (RR =0.23, 95%
CI=0.18-0.28, test of ES =0: Z=7.65, P=0.000). Furthermore,
88.3% heterogeneity was identified among the included stu-
dies, and it was unacceptable. Therefore, we conducted
a sensitivity analysis to explore the potential source of hetero-
geneity. When we excluded the results of Reck (2016) indivi-
dually, the overall estimates and heterogeneity changed
significantly (P=38.8%, P=0.163), suggesting the source of
heterogeneity. The combined estimates indicated that the com-
bined use of PD-1 inhibitors might improve an objective

response rate (RR =0.20, 95% CI =0.17-0.23, 12=38.8%; test
of ES =0: Z=14.33, P=0.000) (Figure 4).

PD-LI| expression levels and overall
survival (OS)

Only two studies reported tumor PD-L1 expression levels in
1% and 10% respectively. To sum up, the rates of overall
survival in the PD-L1 expression levels favored nivolumab
(Figure 5). The efficacy of nivolumab, including a survival
benefit, was observed regardless of tumor PD-L1 expression
levels, with results showing that PD-L1 expression was neither
prognostic nor predictive of efficacy in the population of
patients with squamous-cell NSCLC. We think that the lack
of an association between PD-L1 expression and efficacy is
probably not related to the performance of the PD-L1 assay but
is rather a function of complex interactions between tumors
and the immune system.

Safety

AEs

Five studies presented data for AEs. Treatment-related
AEs of any grade have been reported in patients with
cancer treated with PD-1 inhibitors. The AEs of PD-1
inhibitors are different from those of traditional cytotoxic

Study %
ID ORR-RR (95% CI)  Weight
Carbone (2017) ‘ % 0.26 (0.21, 0.31) 17.88
Herbst arm1 (2016) —*—:‘— 0.18 (0.14, 0.22) 24.17
Herbst arm2 (2016) —o—f— 0.19 (0.14, 0.23) 24.05
Brahmer (2015) ' 0.20 (0.13,0.27) 12.27
Borghaei (2015) _— 0.19 (0.15,0.24)  21.62
Overall (I-squared =(38.8%,P=0.163) <> 0.20 (0.17,0.23) 100.00
NOTE: Weights are from random effects analysis E

T t T

0 13

Figure 4 Forest plots of objective response rate for PD-| inhibitors monotherapy or chemotherapy.

Abbreviations: ORR, objective response rate; RR, risk ratio.
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Study % Study %
D HR (95% Cl) Weight D HR (95% Cl) Weight

PD-Liexpression<1%

Brahmer (2015) 0.58 (0.37,0.92) 22.04

Horn arm (2017)

Overall (I-squared = 21.1%,P=0.260)

+ 0.78 (0.61,0.99) 77.96

0.73 (0.59,0.90)  100.00

PD-L1expression>1%

Brahmer (2015) _— 069 (0.45,1.05) 23.71

Horn (2017) —_—

Overall (I-squared = 0.0%,P=0.905)

0.67 (0.53,0.85) 76.29

0.67 (0.55,0.83) 100.00

Study %

D HR (95% CI) ~ Weight

PD-L1expression level>10%

Brahmer (2015) 0.50(0.28,0.89) 20.53

Horn arml (2017) —_—

Overall (I-squared = 0.0%,P=0 852y<>

0.47 (0.35,0.63) 79.47

0.48 (0.37,0.62) 100.00

Study %

D HR (95% CI) Weight

PD-L1expression level>50%

Herbst arm1 (2016) —_— 0.53 (0.40,0.70) 67.74

Horn arml (2017) _

0.42(0.28,0.63) 32.26

Overall (I-squared = 0.0%,P=0.355) 0.49 (0.39, 0.62) 100.00

Figure 5 Forest plots of overall survival (OS) for PD-L| expression level.
Abbreviation: HR, hazard ratio.

chemotherapy to some extent. The present meta-analysis
included 1,521 patients with NSCLC who received PD-1
inhibitors and 1,428 patients who received platinum-based
therapy, showing a significantly increased risk of treat-
ment-related AEs in patients with chemotherapy in the
pooled analysis. The low-level heterogeneity between the
studies and a fixed effect model was used to analyze the
results (P=0.427, I’=0.0%). Meta-analysis showed that
AEs of any grade with PD-1 inhibitors were lower than
those with docetaxel for chemotherapy. The difference was
statistically significant (RR =0.78, 95% CI =0.75-0.81,
Z =11.89, P=0.000; Figure 6). The safety profile of PD-1
inhibitors observed in this meta-analysis was favorable
compared with that of chemotherapy.

SAEs

Five studies reported data for AEs of grade 3 or 4. The
treatment-related AEs of grade 3 or 4 with docetaxel
obtained a higher rate than with nivolumab, mainly attri-
buting to anemia and fatigue. Statistical heterogeneity
existed among the studies (P<0.0001, /’=83.1%), which
were analyzed using a random effects model. The results
of the analysis showed that PD-1 inhibitors were signifi-
cantly lower than the docetaxel-based chemotherapies in
AEs of grade 3 or 4. The difference was statistically

significant (RR =0.31; 95% CI =0.22, 0.44; Z =6.72;
P=0.000). (Figure 7A)

We performed a subgroup analysis based on two anti-
bodies against PD-1 inhibitors (nivolumab and pembroli-
zumab). The aggregated results illustrated that AEs of
grade 3 or 4 with PD-1 inhibitors were lower than those
with docetaxel for chemotherapy, when used with pem-
brolizumab (RR =0.44; 95% CI =0.36, 0.53; 12=12.7%;
Z =8.73; P=0.000) or nivolumab (RR =0.21; 95% CI
=0.12, 0.38; I’=83.1; Z =5.35; P=0.000) (Figure 7B).

Discussion

This study reports the results of a meta-analysis that
showed superior survival and an improved safety profile
with PD-1 inhibitors versus the standard chemotherapy in
patients with advanced and previously treated NSCLC.
Herein, the OS with PD-1 inhibitor monotherapy was
longer than that with chemotherapy (HR =0.68; 95% CI
=0.62, 0.74). This advantage persisted with extended fol-
low-up. However, in the primary efficacy population with
stage IV or recurrent NSCLC participated in this trial,
those who received first-line monotherapy with PD-1 inhi-
bitors failed to have longer PFS than those who received
chemotherapy.
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Figure 6 Forest plots of relative risks of treatment-related adverse events associated with PD| versus chemotherapy.

Abbreviations: AEs, adverse events; RR, risk ratio.

The benefit of PD-1 inhibitors was further reflected by
a significantly higher objective response rate compared
with chemotherapy, and a markedly better durability of
response. The duration of response with PD-1 inhibitors
was longer than that with other treatment options for
patients who have had disease progression during or after
prior platinum-based doublet chemotherapy or targeted
agents. PD-1 inhibitors were associated with significantly
longer OS and a significantly higher response rate than
chemotherapy but not with longer PFS. The observed
results regarding PFS may be driven by subgroups of
patients, as suggested by the subgroup analyses for smok-
ing status and EGFR mutations or ALK translocations.'*-*

In clinical setting, positive correlation between
response to PD-1 inhibitors and mutational load, smoking
signature, DNA repair pathways, and higher neoantigen
burden has been observed (Rizvi et al, 2015), and more
recently the association of clinical benefit form PD-1 inhi-
bitors and higher tumor mutational burden has been
confirmed.?!

Moreover, we also extract the associated information
about HR of smoking status in Reck2016 (current HR 0.68
[0.36,1.31]; former HR 0.47 [0.33,0.67]; never HR 0.90
[0.11,7.59]) and Borghaei 2015 (current or former HR 0.70

[0.56,0.86]; never HR 1.02 [0.64,1.61]). The results

approximately proved that Nivolumab would have more
benefits in Smoking people.

In addition, we conducted a meta-analysis according to
the PD-L1 expression levels. We found that the efficacy of
nivolumab, including a survival benefit, was observed
regardless of tumor PD-L1 expression levels, with results
showing that PD-L1 expression was neither prognostic nor
predictive of efficacy in the population of patients with
squamous-cell NSCLC. We think that the lack of an asso-
ciation between PD-L1 expression and efficacy is probably
not related to the performance of the PD-L1 assay but is
rather a function of complex interactions between tumors
and the immune system. Limitations of these analyses
were that PD-L1 expression was assessed in archival
tumor tissue, which may not have reflected tumor PD-L1
status at the time of treatment, and that only 83% of the
patients who underwent randomization had quantifiable
PD-L1 expression in Brahmer2015.

However, the improved safety profile and the durability
of responses to PD-1 inhibitors suggest that it might be
a reasonable option for patients regardless of PD-LI
expression.

The safety profile of PD-1 inhibitors observed in this
meta-analysis is consistent with that in prior prediction and
was favorable compared with chemotherapy, with most

Cancer Management and Research 2019:11

submit your manuscript

4627

Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al

Dove

Study %
D RR (95% Cl) Weight
platinum-based E
Carbone (2017) —— 0.35(0.26,0.46)  18.06
1
Reck (2016) —— 0.50 (0.37,0.68) 17.79
1
- = 65.8%,P=0. 0.42 (0.29,0.59 )
Subtotal (I-squared = 65.8%,P=0.087) Q ( ) 35.85
i
docetaxel E
Herbst arm1 (2016) —E—o— 0.36 (0.26,049)  17.52
Herbst arm2 (2016) E—o— 0.45(0.34,0.60)  18.07
1
Brahmer (2015) —_— 0.12(0.07,024)  11.72
1
Borghaei (2015) — 0.19(0.14,0.28)  16.84
1
Subtotal (I-squared = 86.7%,P=0.000) <> 0.26 (0.16,0.44)  64.15
i
1
Overall (I-squared = 83.1%,P=0.000) <> 0.31(0.22,0.44)  100.00
NOTE: Weights are from random effects analysis :
T * T
.0652 1 15.3
Study SAEs %
D RR(95% Cl)  Weight
nivo E
1
Carbone (2017) — 0.35(0.26,0.46) 18.06
1
Brahmer (2015) <& * H 0.12(0.07,0.24) 11.72
1
Borghaei (2015) S 0.19(0.14,0.28) 16.84
Subtotal (I-squared = 83.1%,P=0.003) ~—__ = 0.21(0.12,0.38) 46.62
1
i
pembro :
Herbst arm1 (2016) —_—— 0.36 (0.26,0.49) 17.52
1
Herbst arm2 (2016) D 0.45 (0.34,0.60) 18.07
1
Reck (2016) o e 0.50 (0.37,0.68) 17.79
1
- = 0 =| !
Subtotal (I-squared = 12.7%,P=0.318) : < 0.44 (0.36,0.53) 53.38
i
Overall (I-squared = 83.1%,P=0.000) <> 0.31(0.22,0.44) 100.00
1
NOTE: Weights are from random effects analysis |
T T

T
.07 .31 .68 1

Figure 7 Subgroup risk ratio of severe adverse events. (A) Subgroup risk ratio of severe adverse events based on docetaxel and platinum duplexes. (B) Subgroup risk ratio
of severe adverse events associated with PD| versus chemotherapy.
Abbreviations: SAEs, severe adverse events; RR, risk ratio.

patients having low SAEs. The frequencies of AEs includ-  to discontinuation. Only a small percentage of patients in

ing severe toxic events, were substantially less with PD-1  the PD-1 inhibitor group reported immune-related AEs

inhibitors than with chemotherapy, similar to AEs, leading (eg, fatigue, pneumonitis, and diarrhea), which were
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infrequent and of low severity in this study; they were
managed with the use of established guidelines.”* No new
safety concerns were identified. Immune-mediated AEs
with immunotherapies, such as PD-1 inhibitors, differed
from those seen with traditional cytotoxic therapies, and
particular attention should be given to rapidly evaluate and
initiate the treatment. When early detection and correct
management, immune-mediated side effects are basically
reversible. Therefore, PD-1 inhibitors led to a statistically
superior survival benefit over chemotherapy in patients
with advanced NSCLC. The benefit was observed regard-
less of the PD-L1 expression level.

Further research is needed to identify relevant biomarkers
that have sufficient sensitivity and specificity to predict
which patients are most likely to benefit.?* In conclusion,
PD-1 inhibitors showed a clinically meaningful survival
benefit, with an improved safety profile, compared with the
current standard of care in patients with advanced and pre-
viously treated NSCLC. Given that this meta-analysis
included monotherapy, combined PD-1 inhibitors and che-
motherapy were often used to maximize the OS in clinical
practice, and the results of the combination therapy may be
also better than the results of chemotherapy alone. However,
considering the potential heterogeneity of combination ther-
apy and monotherapy, the meta-analysis excluded this study
because we were unable to calculate the efficacy and safety
of combination therapy originating from PD-1 inhibitors or
chemotherapy. Combination therapy may improve survival
benefit to some extent.***> However, formulating evaluation
criteria for the efficacy of solid tumors based on the char-
acteristics of immunotherapy is necessary. Hence, these
issues need to be further explored.

Similar to other meta-analyses, our study has several
limitations. First, as we only included five RCTs in these
meta-analyses, the publication bias was not assessed in
this study. Second, the data were extracted from summary
data rather than from the individual patients from each
trial. Finally, specific biomarkers, which have sufficient
sensitivity and specificity to predict which patients are
most likely to benefit, could not be incorporated into
analysis.

Conclusion

PD-1 inhibitors showed a clinically meaningful survival
benefit and an improved safety profile in patients with
previously treated NSCLC.
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