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Background: The anti-PD-1/PD-L1 monoclonal antibody has showed promising results in various
cancers via enhancing T cell functions. However, many questions remain in the role and safety in previously-
treated, advanced non-small-cell lung cancer (NSCLC). Thus, we conducted a meta-analysis incorporating
all available evidences to evaluate the efficacy and safety of anti-PD-1/PD-L1 antibody compared with
chemotherapy.

Methods: PubMed, Web of Science and the Cochrane Library database were searched for the studies about
the efficacy and safety of anti-PD-1/PD-L1 antibody in previously-treated, progressive NSCLC patients.
Only randomized controlled trials (RCTs) comparing anti-PD-1/PD-L1 antibody with conventional
chemotherapy in NSCLC were included. Overall survival (OS) in the intention-to-treat population was the
primary outcome. The secondary outcomes were: progression-free survival (PFS) in the intention-to-treat
population, objective response rate (ORR), the incidence of adverse events, OS and PFS in different PD-L1
expression subgroups.

Results: Four trials with a total of 2,174 patients were included. Anti-PD-1/PD-L1 antibody showed a
significant benefit to OS in the intention-to-treat population [combined hazard ratio (HR) 0.67; 95% CI:
0.61-0.75, P<0.00001], a 33% reduction in the relative risk of death. PFS also favored anti-PD-1/PD-L1
antibody (HR 0.81, 95% CI: 0.70-0.95, P=0.009). The ORR was significantly higher with anti-PD-1/PD-L1
antibody than those with chemotherapy (RR of nonresponse, 0.92; 95% CI: 0.89-0.95, P<0.00001).
Ant-PD-1/PD-L1 antibody was associated with greater efficacy than chemotherapy across the end points of
OS and PFS when tumor PD-L1 expression scored >1%, >5%, and >50%, except for tumor PD-L1 expression
scored <1%. The group receiving anti-PD-1/PD-L1 antibody had lower rates of treatment-related adverse
events of any grade (RR 0.77; 95% CI: 0.73-0.81, P<0.00001) and treatment-related adverse events of grade
3-5 (RR 0.24; 95% CI: 0.14-0.41, P<0.00001).

Conclusions: Anti-PD-1/PD-L1 antibody significantly improved survival compared with chemotherapy in
previously-treated, progressive NSCLC patients. Besides, it also had a better safety profile.
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Introduction

Non-small-cell lung cancer (NSCLC) remains the leading
cause of cancer-related death worldwide (1,2). Although
advances in chemotherapy and targeted therapy have
improved the outcome of metastatic NSCLC, its prognosis
remains dismal (3). Effective options are limited for patients
with NSCLC whose disease progresses after conventional
chemotherapy.

In the last years, immunotherapy is a new strategy for the
treatment of previously-treated, advanced NSCLC. Immune
checkpoint inhibitors have been shown highly active in
different malignancies (4). Targeting the programmed death
1 (PD-1) receptor and its ligand programmed death ligand
1 (PD-L1) pathway is a promising therapeutic option.
Recently, the anti-PD-1/PD-L1 monoclonal antibody
has been developed for cancer immunotherapy. Emerging
evidences have implied that it improves survival in NSCLC
patients, thus providing a new treatment option in this
setting (5).

Several randomized controlled trials (RCTs) have been
performed to investigate the effect of the anti-PD-1/PD-L1
antibody in previously-treated, advanced NSCLC patients.
However, only on a limited scale. Performing meta-analyses
combining these data could provide a more reliable power
to notably assess the value of anti-PD-1/PD-L1 antibody in
NSCLC.

We conducted a systematic review and meta-analysis
to provide a more reliable and up-to-date evidence on the
effect of anti-PD-1/PD-L1 antibody on survival and other
key outcomes when compared with chemotherapy.

Methods
Literature-search strategy

A literature search was performed up to May 10, 2016
for published articles using the electronic databases of
PubMed, Web of Science, the Cochrane Library and
clinicaltrial.gov. Searches were limited to human studies,
without language restriction. The following terms and
their combinations were searched in [Title/Abstract]:
PD-1/PD-L1/Nivolumab/Pembrolizumab/MK-3475/
Pidilizaumab/MPDIL3280A/BMS-936559, non-small-cell
lung, cancer/carcinoma, and randomized controlled trial.
We also performed manual searches of references cited in
the retrieved articles and preceding reviews on the topic.
Besides, we reviewed the meeting abstracts and virtual
presentations of the American Society of Clinical Oncology
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annual meetings and European Society of Medical
Oncology congresses from 2010 to 2016.

Inclusion and exclusion criteria

Qualified studies meeting the following eligibility criteria
were included: RCTs; studies involving patients with
previously-treated, advanced NSCLC, which defined as
inoperable locally advanced (stage IIIB) or metastatic or
recurrent disease (stage IV); studies comparing anti-PD-1/
PD-L1 antibody with a conventional chemotherapy agent.

Studies were excluded based on the following criteria:
non-human studies; duplicate publications; reported
incomplete, useless data; meta-analyses, letters, reviews, or
editorial articles.

Data extraction and outcomes interest

Data from the included studies were extracted and
summarized independently by two reviewers (Yongxun
Zhuansun, Fengting Huang). Disagreement was resolved
by the discussion among the authors. The following
information was extracted from each article: first author
name, year of publication, name of the study, previous
chemotherapy agent, pathology or histology of cancer,
experiment drug, ECOG status, median age, number of
patients with anti-PD-1/PD-L1 antibody treatment or
chemotherapy and the follow-up duration.

The primary outcome measure was overall survival
(OS) in the intention-to-treat population. The secondary
outcomes were: progression-free survival (PFS) in the
intention-to-treat population, objective response rate
(ORR), the incidence of adverse events, OS and PFS in
different PD-L1 expression subgroups.

Quality assessiment and statistical analysis

The methodological quality of trials was assessed by
the Cochrane risk of bias toll. All the meta-analyses
were performed using Review Manager 5.3 (Cochrane
Collaboration, Oxford, UK). We addressed time-to-event
outcomes by gathering and summarizing hazard ratios (HR)
from Cox proportional-hazards models, including for the
primary outcome (OS) and secondary survival outcomes.
We used the method described by Tierney (6) to calculate
HR and/or associated statistics from published time-to-
event-analyses when data was not available in the report.
The generic inverse-variance method was conducted to
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Figure 1 Flow diagram of studies identified, included, and excluded.

pool data where feasible. Pooled dichotomous data from
other secondary outcomes was presented as risk ratios.
Statistical heterogeneity between studies was assessed
using the chi-square test with significance set at P<0.10,
and heterogeneity was quantified using the I* statistic. The
random-effects model was used if there was heterogeneity
between studies; otherwise, the fixed-effects model was
used.

Results
Characteristics of included studies

Four studies including 2,174 cases fulfilled the predefined
inclusion criteria and were included in the final analysis
(Figure ). The characteristics of included studies are shown
in Table 1. All the trials included were of high quality with
low bias of selection, performance, detection, attrition
and reporting (Figure 2). The patients recruited were
histologically confirmed and previously-treated, advanced
NSCLC patients. And all trials were open-labeled.

The outcomes of OS, PFS and ORR in the intention-to-
treat population

Anti-PD-1/PD-L1 antibody significantly improved OS
compared with chemotherapy (HR 0.67; 95% CI: 0.61-0.75,
P<0.00001) (Figure 3). PFS also favored anti-PD-1/PD-L1
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antibody (HR 0.81, 95% CI: 0.70-0.95, P=0.009) (Figure 4).
The ORR was markedly higher with anti-PD-1/PD-L1
antibody than with chemotherapy (RR of nonresponse, 0.92,
95% CI: 0.89-0.95, P<0.00001) (Figure ).

Subgroup analyses

We scored tumor cells expressing PD-L1 as a percentage of
total tumor cells (T'C) and tumor-infiltrating immune cells
expressing PD-L1 as a percentage of tumor area (IC).

Anti-PD-1/PD-L1 antibody treatment predicted a
better outcome in evaluating OS when compared with
chemotherapy in the TC 250% or IC 210% (if IC was
detected) population (HR 0.56; 95% CI: 0.43-0.72,
P<0.00001), the TC >5% or IC >5% (if IC was detected)
population (HR 0.48; 95% CI: 0.37-0.62, P<0.00001), and
the TC 21% or IC >1% (if IC was detected) population
(HR 0.64; 95% CI: 0.56-0.73, P<0.00001). However, for
the TC <1% and IC <1% (if IC was detected) population,
there was no statistic beneficial between anti-PD-1/PD-L1
antibody and chemotherapy in evaluating OS (HR 0.83;
95% CI: 0.66-1.04, P=0.11) (Figure 6).

Besides, when compared with chemotherapy, anti-
PD-1/PD-L1 antibody showed superiority on PFS in the
TC 250% or IC 210% (if IC was detected) population
(HR 0.60; 95% CI: 0.49-0.74, P<0.00001), the TC >5%
or IC >5% (if IC was detected) population (HR 0.59; 95%
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Table 1 Characteristics of the included randomized controlled trials

Zhuansun et al. Anti-PD-1/PD-L1 antibody in NSCLC

No. of patients Follow-up

Source Study :_:;:1:; :iastt:?:;?/y or Disease stage Ei(fgesnmental Et(;:ﬁ meﬁ?:rin v Anti-PD-1/ duration,
’ PD-L1 chemotherapy mo

Borghaei CheckMate057 One prior Non- B or IV or Nivolumab Oor1 62 292 290 Minimum
2015 (7) platinum- squamous recurrent versus 13.2

based doublet NSCLC after radiation docetaxel

chemotherapy therapy or

surgical
resection

Brahmer CheckMate017  One prior Squamous- B or IV Nivolumab Oor1 63 135 137 Minimum
2015 (8) platinum- cell NSCLC versus 11

containing docetaxel

chemotherapy
Fehrenbacher POPLAR At least one NSCLC Advanced or Atezolizumab Oor1 62 144 143 Median
2016 (9) line platinum- metastatic versus 14.8

containing docetaxel

chemotherapy
Herbst KEYNOTE-010 Two or more NSCLC Advanced Pembrolizumab 0 or 1 63 690 343 Median
2016 (10) cycles of versus 13.1

platinum- docetaxel

doublet

chemotherapy,

as well as an

appropriate

tyrosine kinase

inhibitor

NSCLC, non-small-cell lung cancer; ECOG, Eastern Cooperative Oncology Group performance-status score.

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

I t t t i
0% 25% 50% 75%  100%

. Low risk of bias

D Unclear risk of bias

B High risk of bias

Figure 2 The graph showing the risk of bias of included studies.

CI: 0.47-0.74, P<0.00001), and the TC >1% or IC >1%
(if IC was detected) population (HR 0.77; 95% CI:
0.69-0.86, P<0.00001). However, there was no statistic
improvement on PFS between the groups in the TC <1%
and IC <1% (if IC was detected) population (HR 0.97; 95%

CI: 0.68-1.40, P=0.88) (Figure 7).
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Safety outcomes

Regarding treatment-related adverse events, the group
undergoing anti-PD-1/PD-L1 antibody therapy had
less incidence of treatment-related adverse events in

any grade (RR 0.77; 95% CI: 0.73-0.81, P<0.00001)

jtd.amegroups.com F Thorac Dis 2017;9(3):655-665



Journal of Thoracic Disease, Vol 9, No 3 March 2017

Hazard Ratio

659

Hazard Ratio

r I log[Hazard Rati E Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
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Figure 3 Forest plot and meta-analysis of overall survival in the intention-to-treat population. SE, standard error; IV, generic inverse

variance method; CI, confidence interval.
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Hazard Ratio
Study or Subgroup __log[Hazard Ratio SE_Weight IV, Random, 95% Cl
Borghaei 2015 -0.0834 0.091 28.3% 0.92[0.77,1.10]
Brahmer 2015 0478 0.1389 18.9% 0.62[0.47,0.81]
Fehrenbacher 2016 -0.0619 0.1366 19.3% 0.940.72,1.23]
Herbst 2016 024 007 33.4% 0.790.69, 0.90]
Total (95% Cl) 100.0% 0.81[0.70, 0.95]
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Figure 4 Forest plot and meta-analysis of progression-free survival in

inverse variance method; CI, confidence interval.

—a
[ —
—_—
-
| |
T

&
1 1
0.2 05 1 2 5
Favours [anti-PD-1/PD-L1]  Favours [chemotherapy]

the intention-to-treat population. SE, standard error; IV, generic

anti-PD-1/PD-L1  chemotherapy Risk Ratio Risk Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% Cl
Borghaei 2015 236 292 254 290 27.8%  0.92[0.86, 0.99] —
Brahmer 2015 108 135 125 137 135%  0.88[0.79,0.97] -
Fehrenbacher 2016 123 144 122 143 13.4% 1.00[0.91, 1.10] -1
Herbst 2016 564 690 31 343 453%  0.90[0.86, 0.95] -+
Total (95% Cl) 1261 913 100.0%  0.92[0.89, 0.95] *
Total events 1031 812

Heterogeneity: Chi? = 4.52, df = 3 (P = 0.21); 12 = 34%
Test for overall effect: Z = 4.83 (P < 0.00001)

t t t t
0.7 0.85 1 12 15
Favours [anti-PD-1/PD-L1]  Favours [chemotherapy]

Figure 5 Forest plot and meta-analysis of objective response rate in the intention-to-treat population (the RR was calculated from the

nonresponse events of the two treatment groups). RR, risk ratio; M-H, Mantel-Haenszel method; CI, confidence interval.

(Figure §8), especially in grade 3-5 (RR 0.24; 95% CI:
0.14-0.41, P<0.00001) (Figure 9). The most frequently
reported treatment-related adverse events in two groups
were fatigue, nausea, decreased appetite and asthenia,
which were lower in frequency in anti-PD-1/PD-L1
group than chemotherapy group (Figure 10). The most
common adverse events of special interest based on their
likely immune etiology in the anti-PD-1/PD-L1 group
were rash, pruritus, diarrhea, hypothyroidism, alanine
aminotransferase increased, aspartate aminotransferase

increased, and pneumonitis, which were higher in frequency
in anti-PD-1/PD-L1 group than chemotherapy, except for
diarrhea and rash (Figure 11).

Publication bias

Figure 12 shows a funnel plot of the studies included in
this meta-analysis that reported OS. The graphical funnel
plots of the studies included appeared to be symmetrical, no
evidence of publication bias was detected.
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Hazard Ratio
1V, Fixed, 95% Cl

1.5.5 TC250% or 1C210%
Fehrenbacher 2016 -0.7133 04035 1.4% 0.49[0.22, 1.08]
Herbst 2016 057 014 12.0% 0.57[0.43,0.74] -
Subtotal (95% CI) 13.4%  0.56[0.43,0.72] -
Heterogeneity: Chi?=0.11, df = 1 (P = 0.74); I?= 0%
Test for overall effect: Z = 4.43 (P < 0.00001)
1.5.6 TC25% or IC25%
Borghaei 2015 0.844 0.1893  6.6% 0.43[0.30,0.62] -
Brahmer 2015 06349 0269 3.2% 0.53[0.31,0.90] -
Fehrenbacher 2016 06162 02531 3.7% 0.54[0.33,0.89] -
Subtotal (95% CI) 13.5% 0.48[0.37,0.62] -
Heterogeneity: Chi? = 0.69, df =2 (P = 0.71); I?= 0%
Test for overall effect: Z = 5.54 (P < 0.00001)
1.5.7 TC21% or IC21%
Borghaei 2015 05276 0.1647  8.7% 0.59[0.43,0.81] -
Brahmer 2015 03711 0228 4.5% 0.69[0.44,1.08] - |
Fehrenbacher 2016 05276 0.1923  6.4% 0.59[0.40, 0.86] -
Herbst 2016 042 008 36.7% 066[0.56,0.77] ——
Subtotal (95% CI) 56.3% 0.64[0.56, 0.73] <&
Heterogeneity: Chi? = 0.64, df = 3 (P = 0.89); ?= 0%
Test for overall effect: Z = 6.88 (P < 0.00001)
1.5.8 TC<1% and IC<1%
Borghaei 2015 -0.1054 0.1609  9.1% 0.90[0.66, 1.23] - 1
Brahmer 2015 05447 02324  4.4% 0.58[0.37,0.91] -
Fehrenbacher 2016 0.0392 02647 34% 1.04[0.62, 1.75] -1
Subtotal (95% CI) 16.8% 0.83[0.66, 1.04] -
Heterogeneity: Chi? = 3.36, df = 2 (P = 0.19); 1= 40%
Test for overall effect: 2= 1.61 (P = 0.11)
Total (95% Cl) 100.0% 0.63[0.57, 0.69] 2

it Chi2 = - - S22 979 t } t t
Heterogeneity: Chi? = 15.17, df = 11 (P = 0.17); 2= 27% 02 05 1 2 5

Test for overall effect: Z = 9.48 (P < 0.00001)
Test for subaroun differences: Chiz = 10.37. df =3 (P =0.02). 2= 71.1%

Favours [anti-PD-1/PD-L1]  Favours [chemotherapy]

Figure 6 Forest plot and meta-analysis of overall survival in different PD-L1 expression subgroups. T'C, tumor cells expressing PD-L1 as a

percentage of total tumor cells; IC, tumor-infiltrating immune cells expressing PD-L1 as a percentage of tumor area; SE, standard error; IV,

generic inverse variance method; CI, confidence interval.

Discussion

This meta-analysis of four RCT5 including 2,174 patients
indicated that anti-PD-1/PD-L1 antibody could
significantly improve OS and PFS, comparing with
chemotherapy in previously-treated, advanced NSCLC
patients. Also, there was a superior ORR and safety profile
in anti-PD-1/PD-L1 antibody treatment.

Antibodies directed against the immunosuppressive
molecules PD-1 and PD-L1 have shown remarkable
antitumor activity in NSCLC in various of clinical trials
(11-13). In the initial phase I-II single arm trials with anti-
PD-1/PD-L1 antibodies, durable responses and disease
stabilization were reported in patients with NSCLC (14,15).
In recent years, several RCTs have been conducted to
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evaluate the efficiency of anti-PD-1/PD-L1 antibodies
in previously-treated, advanced NSCLC patients when
compared with chemotherapy, with OS as the primary
endpoint (7-10). Docetaxel served as the standard of care,
and these four trials included in this meta-analysis all used
docetaxel as the comparator. Our data indicated that anti-
PD-1/PD-L1 antibody possessed a significant survival
benefit over chemotherapy (33% lower risk of death). The
OS benefit observed in our meta-analysis is consistent with
the results of prior studies of anti-PD-1/PD-L1.

Moreover, our results implied that anti-PD-1/PD-L1
antibody was associated with a significant improvement in
PFS (19% lower risk of progression). The benefit of PFS
is controversial. A meta-analysis including three RCTs did
not show significant improvement of PFS in anti-PD-1/

F Thorac Dis 2017;9(3):655-665
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Subtotal (95% Cl) 15.8%  0.60[0.49, 0.74] -
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 1.00); I* = 0%
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Heterogeneity: Tau? = 0.00; Chi? = 1.36, df = 3 (P = 0.71); 2= 0%
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Fehrenbacher 2016 0.1133 02295 6.1% 1.12[0.71, 1.76] - 1
Subtotal (95% Cl) 224%  0.97[0.68, 1.40] e
Heterogeneity: Tau? = 0.06; Chi? = 5.24, df = 2 (P = 0.07); I = 62%
Test for overall effect: Z=0.15 (P = 0.88)
Total (95% CI) 100.0%  0.74[0.64, 0.85] L 4
T

Heterogeneity: Tau? = 0.03; Chi? = 23.81, df = 11 (P = 0.01); I = 54%
Test for overall effect: Z = 4.35 (P < 0.0001)
Test for subaroun differences: Chi2 = 10.01. df = 3 (P =0.02). [2=70.0%

015 017 1 1f5 2
Favours [anti-PD-1/PD-L1] Favours [chemotherapy]
Figure 7 Forest plot and meta-analysis of progression-free survival in different PD-L1 expression subgroups. TC, tumor cells expressing
PD-L1 as a percentage of total tumor cells; IC, tumor-infiltrating immune cells expressing PD-L1 as a percentage of tumor area; SE,

standard error; IV, generic inverse variance method; CI, confidence interval.

anti-PD-1/PD-L1  chemotherapy Risk Ratio Risk Ratio
tudy or Subgrou Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

Borghaei 2015 199 287 236 268 29.6%  0.79[0.72,0.86] "

Brahmer 2015 76 131 1M 129 136%  0.67[0.57,0.79] -

Fehrenbacher 2016 9% 142 19 135 14.8%  0.77[0.67,0.87] -
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Favours [anti-PD-1/PD-L1] Favours [chemotherapy]

Heterogeneity: Chi? = 3.50, df = 3 (P = 0.32); I* = 14%
Test for overall effect: Z = 9.98 (P < 0.00001)

Figure 8 Forest plot and meta-analysis of treatment-related adverse events of any grade. M-H, Mantel-Haenszel method; CI, confidence interval.
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anti-PD-1/PD-L1  chemotherapy Risk Ratio Risk Ratio
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Total events 154 381

Heterogeneity: Tau? = 0.24; Chi? = 21.04, df = 3 (P = 0.0001); I = 86% ' !

o 0.01 0.1 1 10 100
Testfor overalleffect: 2 = 529 (P < 0.00001) Favours [anti-PD-1/PD-L1] - Favours [chemotherapy]

Figure 9 Forest plot and meta-analysis of treatment-related adverse events of grade 3—5. M-H, Mantel-Haenszel method; CI, confidence interval.

anti-PD-1/PD-L1  chemotherapy Risk Ratio Risk Ratio
r r Events  Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

1.8.1 Fatigue

Borghaei 2015 46 287 78 268 10.8%  0.55[0.40, 0.76]

Brahmer 2015 21 131 42 129 57%  049[0.31,0.78]

Fehrenbacher 2016 29 142 47 135  64%  0.59[0.39,0.87]

Herbst 2016 95 682 76 309 14.0%  0.57[043,0.74]

Subtotal (95% Cl) 1242 841 36.9%  0.55[0.47,0.66]

Total events 191 243

Heterogeneity: Chi? = 0.35, df = 3 (P = 0.95); 1= 0%
Test for overall effect: Z = 6.76 (P < 0.00001)

1.8.2 Nausea

Borghaei 2015 34 287 70 268  9.7%  045[0.31,0.66]
Brahmer 2015 12 131 30 129 40%  0.39[0.21,0.73]
Fehrenbacher 2016 17 142 37 135 51%  0.4410.26,0.74]
Herbst 2016 68 682 45 309 83%  0.68[0.48,097]
Subtotal (95% Cl) 1242 841 271%  0.51[0.41,0.64]
Total events 131 182

Heterogeneity: Chi? = 4.05, df = 3 (P = 0.26); = 26%
Test for overall effect: Z = 6.10 (P < 0.00001)

1.8.3 Decreased appetite

Borghaei 2015 30 287 42 268 58%  0.67[0.43,1.03]
Brahmer 2015 14 131 25 129 34%  0.55[0.30,1.01]
Fehrenbacher 2016 25 142 21 135 00%  1.13[0.67,1.92]
Herbst 2016 79 682 49 309 9.0%  0.73[0.53,1.02]
Subtotal (95% Cl) 1100 706 18.2%  0.68[0.53,0.86]
Total events 123 116

Heterogeneity: Chi? = 0.65, df =2 (P = 0.72); 1= 0%
Test for overall effect: Z = 3.16 (P = 0.002)

1.8.4 Asthenia

Borghaei 2015 29 287 47 268 6.5%  0.58[0.37,0.89]

Brahmer 2015 13 131 18 129 24%  0.71[0.36, 1.39] I
Fehrenbacher 2016 9 142 18 135 25%  0.48[0.22,1.02]

Herbst 2016 39 682 35 309 64%  050[0.33,0.78]

Subtotal (95% Cl) 1242 841 17.8%  0.55[0.43,0.72]

Total events 0 18

Heterogeneity: Chi? = 0.89, df = 3 (P = 0.83); 1= 0%
Test for overall effect: Z = 4.41 (P < 0.0001)

Total (95% CI) 4826 3229 100.0%  0.57[0.51,0.63]
Total events 535 659

Heterogeneity: Chi? = 8.87, df = 14 (P = 0.84); = 0%

Test for overall effect: Z = 10.46 (P < 0.00001)

Test for subaroun differences: Chiz = 3.02. df = 3 (P = 0.39). 2= 0.7%

. o|||| oo qH\ il

T T T T
0.2 0.5 1 2 5
Favours [anti-PD-1/PD-L1]  Favours [chemotherapy]

Figure 10 Forest plot and meta-analysis of the most frequently reported treatment-related adverse events. M-H, Mantel-Haenszel method;

CI, confidence interval.
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anti-PD-1/PD-L1  chemotherapy Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
1.9.1 Rash
Borghaei 2015 27 287 8 268  57% 3.15[1.46,6.81]
Brahmer 2015 5 131 8 129 52% 0.621[0.21,1.83] - 1
Herbst 2016 73 682 14 309  6.0% 2.36[1.36,4.12) —_
Subtotal (95% CI) 1100 706 16.9% 1,84 [0.84, 4.06] -
Total events 105 30

Heterogeneity: Tau? = 0.32; Chi2 = 6.11, df = 2 (P = 0.05); 1= 67%
Test for overall effect: Z = 1.52 (P = 0.13)

1.9.2 Pruritus

Borghaei 2015 24 287 4 268 53% 5.60[1.97, 15.94] -

Brahmer 2015 3 131 0 129 2.5% 6.89[0.36, 132.15] ’
Herbst 2016 57 682 5 309  55% 5.17[2.09, 12.76] -

Subtotal (95% CI) 1100 706 13.2% 5.42[2.78,10.55] -

Total events 84 9

Heterogeneity: Tau? = 0.00; Chi = 0.04, df = 2 (P = 0.98); = 0%
Test for overall effect: Z = 4.97 (P < 0.00001)

1.9.3 Diarrhea

Borghaei 2015 22 287 62 268  6.1% 0.33[0.21,0.52] -
Brahmer 2015 10 131 26 129 5.8% 0.38[0.19, 0.75] -
Fehrenbacher 2016 10 142 30 135  5.8% 0.32[0.16, 0.62] -
Herbst 2016 46 682 56 309  62% 0.3710.26, 0.54] -
Subtotal (95% Cl) 1242 841  23.9% 0.35[0.28, 0.45] *
Total events 88 174

Heterogeneity: Tau? = 0.00; Chi = 0.29, df = 3 (P = 0.96); = 0%
Test for overall effect: Z = 8.30 (P < 0.00001)

1.9.4 Hypothyroidism

Borghaei 2015 19 287 0 268 26%  36.43[221,600.35) —_—
Brahmer 2015 5 131 0 129 25%  10.83[061,193.94] y
Herbst 2016 B8 682 1309 37%  21.75[3.02 156.84] s —
Subtotal (95% CI) 1100 706 89%  20.98 [5.13, 85.86] —l——
Total events 72 1

Heterogeneity: Tau? = 0.00; Chi? = 0.36, df = 2 (P = 0.83); 2= 0%
Test for overall effect: Z = 4.23 (P < 0.0001)

1.9.5 Alanine aminotransferase increased

Borghaei 2015 9 287 4 268 51% 2.10[0.65, 6.74] T
Brahmer 2015 2 13 1129 31% 1.97[0.18, 21.45]

Herbst 2016 % 682 4309 53% 2.72[0.95,7.77) —
Subtotal (95% Cl) 1100 706 13.5% 2.37[1.13,4.98] -
Total events 35 9

Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 2 (P = 0.94); = 0%
Test for overall effect: Z=2.29 (P = 0.02)

1.9.6 Aspartate aminotransferase increased

Borghaei 2015 9 287 2 268 45%  420[092,19.27] —
Brahmer 2015 2 131 1129 34%  197[0418,2145]

Herbst 2016 17 682 3309 50% 257[0.76, 8.70] T
Subtotal (95% CI) 1100 706 12.6% 2.92[1.21,7.08] -

Total events 28 6

Heterogeneity: Tau? = 0.00; Chi? = 0.37, df = 2 (P = 0.83); [*= 0%
Test for overall effect: Z = 2.38 (P = 0.02)

1.9.7 Pneumonitis

Borghaei 2015 8 287 1 268 3.6% 7.4710.94, 59.33] -
Brahmer 2015 6 131 0 129 26%  12.80[0.73, 224.96] ’
Herbst 2016 26 682 3 309 5.0% 3.93[1.20, 12.88] -

Subtotal (95% CI) 1100 706 11.2% 5.18 [1.96, 13.65] .

Total events 40 4

Heterogeneity: Tau? = 0.00; Chi? = 0.72, df = 2 (P = 0.70); I*= 0%
Test for overall effect: Z = 3.32 (P = 0.0009)

Total (95% Cl) 7842 5077 100.0% 2.20[1.21, 3.98] -

Total events 452 233

Heterogeneity: Tau? = 1.46; Chi? = 164.56, df = 21 (P < 0.00001); I* = 87% ' § ! !

Test f Il effect: Z = 2.60 (P = 0.009 00t o f 10 100
estfor overall effect Z.=2.60 (P =0.009) Favours [anti-PD-1/PD-L1]  Favours [chemotherapy]

Test for subaroun differences: Chi = 129.86. df = 6 (P < 0.00001). 2= 95.4%

Figure 11 Forest plot and meta-analysis of immune-related adverse events. M-H, Mantel-Haenszel method; CI, confidence interval.
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Figure 12 Funnel plot illustrating meta-analysis of overall survival.

SE, standard error.

PD-L1 antibody group compared with docetaxel group (16).
Notably, our data with more participants and lower
publication bias provided a more reliable evidence on this
issue. Small population size in individual studies and different
inclusion criterion may lead to this inconsistency. Whereas
there were separate nivolumab studies for squamous and
non-squamous histology, KEYNOTE-010 and POPLAR
enrolled patients regardless of histology. Both checkmate
studies limited enrolment to who received only one line of
previous treatment, whereas KEYNOTE-010 and POPLAR
enrolled patients who received at least one line of previous
treatment (7-10). Our findings including four RCTs and 2,174
participants provided additional insights into the efficiency of
anti-PD-1/PD-L1 to improve PFS. However, this issue needs
to be reevaluated in large RCTs in the future. The benefit
of anti-PD-1/PD-L1 antibody was further reflected by a
significantly higher ORR as compared with chemotherapy
(RR of nonresponse, 0.92).

Identifying patients most likely to benefit from anti-
PD-1/PD-L1 antibody is a clinical challenge worthy of
more attention. In our meta-analysis, improvements in OS
and PFS were observed in the patients with T'C or IC >1%.
Itis implied that anti-PD-1/PD-L1 antibody treatment may
contribute to a better outcome in the patients with TC or
IC >1%.

The safety profile of anti-PD-1/PD-L1 antibody was
favorable in comparison with chemotherapy, with less
treatment-related adverse events of any grade, especially
of grade 3-5. Immune-mediated adverse events with
immunotherapies such as pneumonitis and hypothyroidism
were much higher in frequencies than that of chemotherapy.
However, these adverse events were always infrequent
and of low severity and were managed with the use of

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Zhuansun et al. Anti-PD-1/PD-L1 antibody in NSCLC

established guidelines.

The present meta-analysis has the following limitation
that must be taken into account. Four RCTs were included
in the meta-analysis. KEYNOTE-010 was a large study
that included a high percentage of the patients included
in our analysis. An eligibility inclusion criterion for
KEYNOTE-010 was that the tumors have at least 1%
tumor cells positive for PD-L1 in contrast to CheckMate
017, CheckMate 057, and the POPLAR study that included
both PD-L1 positive and negative. This creates a bias in
the data for enrichment of tumors that are PD-L1 positive.
High levels PD-L1 expression on tumors correlates with
response to anti-PD-1/PD-L1 antibody (17). Therefore,
the enrichment for PD-L1 positive tumors creates bias to
overestimate the efficiency of anti-PD-1/PD-L1 antibody in
the entire group that combines PD-L1 positive and negative.
Besides, in the subgroup analyses, anti-PD-1/PD-L1
antibody did not show survival benefit over chemotherapy
among patients whose tumors did not express PD-L1. This
indicates that anti-PD-1/PD-L1 antibody must be carefully
evaluated for tumors that are PD-L1 negative.

In conclusion, anti-PD-1/PD-L1 antibody had a
better safety profile and superior survival benefit over
chemotherapy in patients with previously-treated, advanced

NSCLC.
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