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Background: Immune checkpoint inhibitors (ICIs) combined with chemotherapy have been applied as a
first-line treatment for lung cancer, but consistent beneficial results have not been documented. Therefore,
our meta-analysis aimed to evaluate the effectiveness and safety of combination therapy to promote its
application.

Methods: We searched electronic databases for studies that estimated the safety and efficacy of combined
therapy. The objective response rate (ORR) and disease control response (DCR) parameters were evaluated
with odds ratio (OR) values of the combination arm over the non-combination arm. Hazard ratios (HR)
and its 95% confidence intervals (95% CI) were used to calculate progression-free survival (PFS) and
overall survival (OS) in the combination and non-combination arms. All treatment-related adverse events
(TRAEs) and 3 to 5 TRAESs were expressed as relative risk (RR) values of the combination arm over the non-
combination arm.

Results: Ten eligible studies involving 4,887 patients were identified. The pooled ORs for ORR and DCR
were 1.85 (95% CI: 1.30-2.63, P<0.01) and 1.14 (95% CI: 0.70-1.86, P<0.01), respectively. The pooled
HRs for PFS and OS were 0.67 (95% CI: 0.58-0.79, P<0.001) and 0.76 (95% CI: 0.65-0.88, P<0.001),
respectively. In subgroup analysis, ORR and DCR were significantly improved in the programmed cell
death-1/L1 (PD-1/L1) blockade for non-small cell lung cancer (NSCLC) group (subgroup A), with
a combined OR values of 2.36 (95% CI: 1.79-3.13, P<0.001) and 1.92 (95% CI: 1.10-3.35, P<0.001),
respectively. However, no significant benefits were observed in the cytotoxic T lymphocyte antigen-4
(CTLA-4) blockade for small cell lung cancer (SCLC) (subgroup B) and CTLA-4 blockade for NSCLC
groups (subgroup C). In addition, a significant improvement in PFS was observed in subgroup A, subgroup
B and subgroup C, with pooled HR values of 0.58 (95% CI: 0.52-0.63, P<0.001), 0.86 (95% CI: 0.76-0.97,
P<0.05) and 0.83 (95% CI: 0.68-1.00, P<0.05), respectively. Only subgroup A exhibited an OS benefit, with a
combined HR value of 0.67 (95% CI: 0.55-0.81, P<0.001). Moreover, as the expression of PD-L1 increased,
the PFS and OS benefits were more significantly. Furthermore, patients without central nervous system (CNS)
metastasis who were treated with PD-1/L1 inhibitors had a longer OS than patients with CNS metastasis (HR:
0.67, 95% CI: 0.55-0.80, P<0.001). Finally, combined therapy was associated with 3 to 5§ TRAEs (RR: 1.26,
95% CI: 1.08-1.47; P<0.01).

Conclusions: Patients treated with immunotherapy and chemotherapy in combination exhibited superior

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com 7 Thorac Dis 2018;10(12):6636-6652


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2018.11.72

Journal of Thoracic Disease, Vol 10, No 12 December 2018

6637

in ORR, DCR, PFES and OS as well as slightly increased TRAE levels compared with those of patients

treated with either monotherapy.
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Introduction

Lung cancer is a malignant tumor that exhibits among the
highest morbidity and mortality rates worldwide, and 57%
of lung cancer patients are in advanced stages of disease
at the time of first diagnosis. Non-small cell lung cancer
(NSCLC) accounts for approximately 80% to 85% of all
lung cancer cases and has a 5-year survival rate of less than
15% (1). Platinum-based traditional chemotherapy has
long been the standard first-line treatment for lung cancer
and has objective response rates (ORRs) ranging from
15-32% (2). Currently, lung cancer treatment remains
difficult worldwide. Unfortunately, despite the emergence
of targeted therapies and the improvement of traditional
treatments, disease progression and drug resistance remain
unavoidable.

With the development of immunotherapy and
an increased understanding of tumor immunity,
immunotherapy has gradually been applied in the clinic.
Immune checkpoint inhibitors (ICIs) can remove the
inhibitory signals between tumor cells and T cells and
reactivate T cell immune responses (3). Moreover, some
clinical trials have demonstrated that immunotherapy
can dramatically improve the prognosis of lung cancer
patients compared better than standard chemotherapy
alone (4,5). Current, immunotherapy regimens mainly
include programmed cell death-1 (PD-1) (nivolumab or
pembrolizumab), programmed cell death-L1 (PD-L1)
(atezolizumab, durvalumab or avelumab) and cytotoxic
T lymphocyte antigen-4 (CTLA-4) (ipilimumab) ICIs.
PD-1/L1 inhibitors are considered to be very promising
drugs in the treatment of NSCLC. Recently, nivolumab
was approved by the US Food and Drug Administration
(FDA) for the treatment of recurrent metastatic NSCLC
with targeted drugs or in combination with platinum-
based chemotherapy, and pembrolizumab was approved
for NSCLC as a second-line or higher treatment in
combination with PD-L1 and as a first-line treatment for

advanced NSCLC (6). CTLA-4 was the earliest known
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immune checkpoint and exclusively expressed in T cells,
thereby inhibiting the T cell response when it attaches to
B7 on antigen-presenting cells (APCs) (7). In addition,
CTLA-4 inhibitors enhance the immune system by
releasing checkpoints and removing regulatory T cells
from the tumor via an antibody-dependent cytotoxic
mechanism (8). In fact, single-agent PD-1/L1 blockade
therapy has limited activity, exhibiting ORRs of 15-25% (9).
New research results demonstrate that chemotherapeutic
agents can augment antitumor immunosurveillance
and subsequently enhance effector T cell activity (10).
Therefore, immunotherapy combined with chemotherapy
has offered new breakthroughs in lung cancer treatment,
and a considerable number of similar treatments have been
researched in clinical environments. Currently, few studies
have demonstrated that immunotherapy combined with
chemotherapy can synergistically improve the prognosis
of patients with lung cancer (11,12). However, recently
published studies evaluating the survival benefits of
combination therapy versus chemotherapy alone showed
that combination therapy did not significantly benefit
survival, and the rates of some treatment-related adverse
events (TRAEs) were even increased (11,13). Furthermore,
some lung cancer patients developed hyperprogressive
disease (HPD) and exhibited fatal adverse reactions
after receiving immunotherapy (14,15). Therefore, it is
important to weigh the benefits and risks between efficacy
and adverse reactions. Our meta-analysis provides a basis
for the assessment of immunotherapy combined with
chemotherapy and provides evidence supporting a new
therapeutic regimen for lung cancer patients.

Methods
Search strategy and study selection

Electronic databases, including PubMed, Embase, and
Web of Science, were searched for studies published
from 2008 to 2018 that could be included in this meta-
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analysis. A computerized search of the online proceedings
of the ASCO Annual Meeting, the European Society for
Medical Oncology (EMSO) and the Word Conference
of Lung Cancer (WCLC) was also performed. The dates
of the search ranged from the inception of each database
to October 10, 2018. Two investigators (Kaikai Shen
and Yuqing Wei) independently searched the databases.
The following keywords were used: (immunotherapy
OR PD-1/PD-L1 inhibitors OR CTLA-4 inhibitors OR
programmed death-ligand 1 OR programmed death-ligand
L1 OR pembrolizumab OR nivolumab OR atezolizumab
OR ipilimumab OR durvalumab [Title/Abstract]) AND
(chemotherapy [Title/Abstract]) AND (lung cancer OR
lung tumor OR lung neoplasms OR NSCLC [Title/
Abstract]). Finally, the search was extended by reviewing
references included in the retrieved articles. Study selection
was based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (16).
This study was approved by the ethics committee of Jinling
Hospital affiliated to Medical School of Nanjing University.

Inclusion criteria and exclusion criteria

The following predetermined inclusion criteria were used:
(I) the study reported the use of PD-1/L1 inhibitors or an
anti-CTLA4 antibody combined with chemotherapy for the
treatment of lung cancer; (II) the study directly or indirectly
investigated any of the following measurements: ORR,
disease control response (DCR), progression-free survival
(PES), overall survival (OS) and incidence of TRAEs; (IIT)
the study assessed first-line lung cancer treatments; (IV)
the study type was a randomized clinical trial (RCT); and
(V) the study was published in English. The following
predetermined exclusion criteria were used: (I) studies
without related data; (II) letters, case reports, and reviews;
and (II) duplicate publications.

Data extraction

Two independent authors (Kaikai Shen and Yuqing Wei)
extracted the data from the eligible studies. Disagreements
were resolved by discussion or consensus with a third
reviewer (Jinggang Cui). The following data were included:
authors, publication year, study type, patient numbers,
randomization, trial phase, treatment strategy, pathological
type, events of complete response, partial response, stable
disease vs. progressive disease, PFS, OS, and incidence of
any grade and grade 3 to 5 TRAESs.
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Statistical analysis

Relevant data were extracted from each study, and the pooled
odds ratio (OR) for ORR and DCR, hazard ratio (HR) for
PFS and OS, and relative risk (RR) for any grade and grade
3 to 5 TRAEs were estimated via a meta-analysis. 95%
confidence interval (95% CI) was used for HR endpoint
values. Heterogeneity was assessed using Chi’ testing and
the I’ statistic. A P value less than 0.05 indicates significant
heterogeneity, and an I* value greater than 50% indicates
significant heterogeneity (17). Visual inspection of the funnel
plot and Egger’s linear regression test were performed to
assess publication bias. A fixed effects model was used in the
analyses in which no substantial heterogeneity was noted
among the studies; otherwise, the random effects model was
applied. All the statistical tests used in our meta-analysis
were performed using STATA version 12.0 software (Stata
Corporation College Station, TX, USA). For all analyses, a P
value less than 0.05 indicates statistical significance.

Quality assessment

The methodological quality of randomized trials was
assessed using the Cochrane risk of bias tool (18). Two
reviewers (Kaikai Shen and Yuqing Wei) evaluated the risk
of bias for all the included studies by random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting and other biases. Each
item of bias was classified as three levels: “Yes” for a low
risk of bias, “No” for a high risk of bias and “Unclear”. Any
disagreements on judgment of the high, low or unclear risks
were resolved by a third investigator (Jinggang Cui). Finally,
the bias risks were categorized into three levels: low risk,
high risk and unclear.

Results
Search results and characteristics of the included studies

The screening process for study inclusion was summarized in
Figure 1. A total of 507 results were retrieved from PubMed,
857 results were retrieved from Web of Science, 419 results
were retrieved from Embase and 3 results were retrieved
from other sources (WCLC, ASCO and ESMO). A total
of 423 duplicated records were excluded. After referring
to full texts or abstracts, 310 records were removed that
did not satisfy the inclusion criteria, and 23 studies did not
provide the relevant outcome. Ten studies involving three
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Figure 1 Flow-chart of the different steps in the meta-analysis.

phases 2 trials (19-21) and seven phase 3 trials (13,22-27)
were identified for inclusion in our meta-analysis. All of
the studies were RCTs and most trials were in phase 3.
All studies involved first-line treatments of advanced lung
cancer patients. Regarding pathological types, seven studies
involved NSCLC, and three involved SCLC. Moreover,
of the seven NSCLC trials, three involved non-squamous
NSCLC, and two involved squamous NSCLC. Seven
studies were two-armed trials (13,19,22-24,26,27), and three
studies were triple-armed trials (20,21,25). In addition, in
the two triple-armed studies (20,21), data related to the
phase dosing regimen were selected for assessment in our
meta-analysis. Five articles (19,24-27) and one article (13)
investigated PD-1/L1 inhibitors combined with
chemotherapy in NSCLC and SCLC patients, respectively,
and two articles (20,22) and two articles (21,23) investigated
CTLA-4 inhibitors combined with chemotherapy in SCLC
and NSCLC patients, respectively. Ten and eight studies
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directly or indirectly provided data to calculate the ORs
for ORRs and DCRs, respectively. The HR values and its
95% ClIs for PFS and OS were available for extraction in
all trials. However, the HR values and its 95% ClIs for PFS
and OS related to PD-L1 expression levels <1%, 1-49%
and >50% were available for extraction in only four and
two studies, respectively. The HR value and its 95% CI for
OS on brain metastases were available in only four studies.
Furthermore, all studies were available to obtain RR for
any grade TRAEs and grade 3 to 5 TRAESs. In total, 4,887
patients were included in our meta-analysis. All of the study
patients had a PS of 0 to 1. The median age ranged from 61
to 65 years old. Detailed characteristics of the study were
summarized in Table 1.

The risk of methodological bias

The study qualities were evaluated by risk of bias assessment.
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Table 1 Characteristics of all studies included in the meta-analysis

Shen et al. Immunotherapy plus chemotherapy as a first-line treatment for lung cancer

Studv D Study tvpe Whether Experimental ~ Control Pathological Patients ORR (%) DCR (%) PFS (HR, OS (HR,
y yyp random group group type (E/C) (E/C) (E/C) 95% ClI) 95% Cl)
Langer, Phase 2 Y Pembro + Chemo Non- 60/63 55.0/28.6  88.3/69.8 0.53, 0.59,
2016 chemo alone squamous 0.31-0.91 0.34-1.05
NSCLC
Reck, 2013 Phase 2 Y Ipi + chemo  Placebo + SCLC 42/45 57.1/48.9  81.0/93.3 0.93, 0.75,
chemo 0.59-1.45 0.46-1.23
Lynch, Phase 2 Y Ipi + chemo  Placebo + NSCLC 68/66 32.4/13.6  77.9/72.7 0.69, 0.87,
2012 chemo 0.48-1.00 0.58-1.28
Reck, 2016 Phase 3 Y Ipi + chemo  Placebo + SCLC 478/476 62.1/62.2  88.3/88.7 0.85, 0.94,
chemo 0.75-0.97 0.81-1.09
Govindan, Phase 3 Y Ipi + chemo Placebo + squamous  388/361 44.3/46.8 80.9/88.4 0.87, 0.91,
2017 chemo NSCLC 0.75-1.01 0.77-1.07
Gandhi, Phase 3 Y Pembro + Placebo + NSCLC 410/206 47.6/18.9 84.6/70.4 0.52, 0.49,
2018 chemo chemo 0.43-0.64 0.38-0.64
Socinski, Phase 3 Y Atezo + bev + Bev + Non- 353/331 63.5/48.0 85.3/82.8 0.62, 0.78,
2018 chemo chemo squamous 0.52-0.74 0.64-0.96
NSCLC
Horn, 2018 Phase 3 Y Atezo + chemo Placebo + ES-SCLC 201/202 60.2/64.4 81.1/85.6 0.77, 0.70,
chemo 0.62-0.96 0.54-0.91
Vassiliki, Phase 3 Y Atezo + chemo Chemo Non- 292/286 47/32 NR 0.60, 0.81,
2018 alone squamous 0.49-0.72 0.64-1.03
NSCLC
Paz-Ares, Phase 3 Y Pembro + Placebo + squamous  278/281 57.9/38.4 NR 0.56, 0.64,
2018 chemo chemo NSCLC 0.45-0.70  0.49-0.85

Y, yes; N, no; E, experimental; C, control; pembro, pembrolizumab; nivo, nivolumab; atezo, atezolizumab; bev, bevacizumab; ipi,
ipilimumab; chemo, chemotherapy; NSCLC, non-small cell lung cancer; ES-SCLC, extensive-stage small cell lung cancer; ORR, objective
response rate; DCR, disease control response; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence

interval; NR, not reported.

Random sequences were generated by using the random
number table in eight trials (13,19,21,22,24-27), while
random sequences were not generated in the other two trials
(20,23). Except for one trial (19), none of the trials provided
detailed information about the allocation concealment.
Blinding of participants and personnel was performed
adequately in all studies. Blinding of outcome assessment was
described in detail in three studies (21-23) and not clearly
described in the remaining seven studies. The follow-up
data were complete in all but one study (26). The selective
reporting bias was low in four studies (19,21,24,27) and not
clear in the remaining six studies (20,22,23,25,26). Other
potential biases, such as specific study design, incomplete
information and baseline unbalance were not clear in all
ten studies. Overall, the methodological qualities of these
studies were high. The details of bias risks assessment were
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summarized in Figures 2,3.

Efficacy assessment

Ten studies including 4,887 patients evaluated the efficacy
of immunotherapy combined with chemotherapy, which
was assessed in terms of the OR value (7able 2). The pooled
ORs for ORR and DCR were 1.85 (95% CI: 1.30-2.63,
P<0.01) and 1.14 (95% CI: 0.70-1.86, P<0.01), respectively.
Subgroup analysis revealed that the pooled ORs for ORR
in PD-1/L1 blockade for NSCLC (subgroup A), CTLA-
4 blockade for SCLC (subgroup B), and CTLA-4 blockade
for NSCLC (subgroup C) were 2.36 (95% CI: 1.79-3.13,
P<0.001), 1.03 (95% CI: 0.80-1.32, P=0.832) and 1.54
(95% CI: 0.48-4.99, P=0.472), respectively (Figure 4A4).
The pooled ORs for DCR in subgroup A, subgroup B and
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subgroup C were 1.92 (95% CI: 1.10-3.35, P<0.001), 0.66
(95% CI: 0.23-1.92, P=0.832) and 0.75 (95% CI: 0.37-1.52,
P=0.472), respectively (Figure 4B). The random effects
model was adopted when significant heterogeneity was
observed among the studies (I'=86.0%, P,=0.000).

Prognosis evaluation

We used the following two indicators to evaluate prognosis:
PES and OS (1able 2). The pooled HR value for PFS was
0.67 (95% CI: 0.58-0.79, P<0.001). Subgroup analysis
indicated that the pooled HRs for PES in subgroup A,
subgroup B and subgroup C were 0.58 (95% CI: 0.52-0.63,
P<0.001), 0.86 (95% CI: 0.76-0.97, P<0.05) and 0.83 (95%
CI: 0.68-1.00, P<0.05), respectively (Figure 5A). When
significant heterogeneity was detected, the random effects
model was adopted (I’=77.9%, P,=0.001). Moreover, the
PD-1/L1 inhibitors plus chemotherapy for NSCLC group
was further divided based on PD-L1 expression. The pooled
HRs for PES in the PD-L1 expression of <1%, 1% to 49%
and >50% groups were 0.66 (95% CI: 0.52-0.83, P<0.01),
0.61 (95% CI: 0.51-0.72, P<0.001) and 0.38 (95% CI: 0.30-
0.47, P<0.001), respectively (Figure 64). The random effects
model was adopted when significant heterogeneity was
detected among the studies (I'=59.6%, P,=0.004). Subgroup
analysis revealed similar results in OS. In the meanwhile,
the pooled HRs for OS in subgroup A, subgroup B and
subgroup C were 0.67 (95% CI: 0.55-0.81, P<0.001), 0.92
(95% CI: 0.80-1.06, P=0.266) and 0.90 (95% CI: 0.78-1.05,
P=0.193), respectively (Figure 5B). The random effects
model was adopted when significant heterogeneity was
observed (I’=67.2%, P,=0.002). In addition, the combined
HRs for OS in the PD-L1 expression <1%, 1% to 49% and
>50% groups were 0.60 (95% CI: 0.43-0.83, P<0.01), 0.56
(95% CI: 0.40-0.78, P<0.01) and 0.52 (95% CI: 0.36-0.74,

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 |

6641

P<0.01), respectively (Figure 6B). The fixed effects model
was adopted when limited heterogeneity was observed
(I’=0%, P,=0.852). Besides, the pooled HR for OS without
central nervous system (CNS) metastasis was 0.67 (95% CI:
0.55-0.80, P<0.001) (Figure 7).

Thus, these results suggest a significant benefit of anti-
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Table 2 Subgroup analysis of ORR, DCR, PFS, OS, all TRAEs and 3 to 5 TRAEs

Subgroup anslysis No. .Of Pooled OR/HR/RR Significance test of OR/HR/RR Heterogeneity
studies (95%Cl) z P value I” (%) Q test P value
ORR
Total 9 1.85 (1.30-2.63) 3.41 <0.01 86.0 56.94 0.000
Subgroup A 5 2.36 (1.79-3.13) 6.01 <0.001 61.5 10.40 0.034
Subgroup B 2 1.03 (0.80-1.32) 0.21 0.832 0.0 0.55 0.459
Subgroup C 2 1.54 (0.48-4.99) 0.72 0.472 85.1 6.72 0.010
DCR
Total 7 1.14 (0.70-1.86) 3.41 <0.01 86.0 56.94 0.000
Subgroup A 3 1.92 (1.10-3.35) 6.01 <0.001 61.5 10.40 0.034
Subgroup B 2 0.66 (0.23-1.92) 0.21 0.832 0.0 0.55 0.459
Subgroup C 2 0.75 (0.37-1.52) 0.72 0.472 85.1 6.72 0.010
PFS
Total 9 0.67 (0.58-0.79) 5.01 <0.001 77.9 36.26 0.001
Subgroup A 5 0.58 (0.52-0.63) 11.25 <0.001 0.0 2.01 0.733
Subgroup B 2 0.86 (0.76-0.97) 247 <0.05 0.0 0.14 0.706
Subgroup C 2 0.83 (0.68-1.00) 1.98 <0.05 24.0 1.32 0.251
PD-L1 expression
Total 4 0.55 (0.47-0.65) 6.89 0.000 59.6 27.21 0.004
<1% 4 0.66 (0.52-0.83) 3.47 <0.01 52.4 6.31 0.098
1-49% 4 0.61(0.51-0.72) 5.52 <0.001 0.0 2.90 0.408
>50% 4 0.38 (0.30-0.47) 8.43 <0.001 0.0 0.37 0.947
0os
Total 9 0.76 (0.65-0.88) 3.63 0.000 67.2 24.41 0.002
Subgroup A 5 0.67 (0.55-0.81) 4.01 <0.001 61.3 10.33 0.035
Subgroup B 2 0.92 (0.80-1.06) 1.11 0.266 0.0 0.74 0.389
Subgroup C 2 0.90 (0.78-1.05) 1.30 0.193 0.0 0.04 0.837
PD-L1 expression
Total 2 0.56 (0.46-0.68) 5.82 0.000 0.0 1.98 0.852
<1% 2 0.60 (0.43-0.83) 3.11 <0.01 0.0 0.01 0.920
1-49% 2 0.56 (0.40-0.78) 3.40 <0.01 0.0 0.01 0.917
>50% 2 0.52 (0.33-0.82) 2.80 <0.01 37.0 1.59 0.208
CNS metastasis
Total 4 0.63 (0.51-0.79) 4.05 0.000 52.8 10.59 0.060
Yes 2 0.59 (0.21-1.72) 0.96 0.339 78.3 4.58 0.032
No 4 0.67 (0.55-0.80) 4.35 <0.001 35.6 4.66 0.198

Table 2 (continued)
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Table 2 (continued)
No. of Pooled OR/HR/RR Significance test of OR/HR/RR Heterogeneity
Subgroup analysis )
studies (95%Cl) z P value I” (%) Q test P value
All TRAEs
Total 8 1.02 (1.00-1.05) 1.67 >0.05 76.5 29.84 0.000
NSCLC 6 1.01 (0.99-1.03) 1.14 >0.05 66.4 14.88 0.011
SCLC 2 1.05 (0.99-1.11) 1.75 >0.05 41.4 1.71 0.191
All TRAEs of different ICls types
Total 8 1.02 (1.00-1.05) 1.67 >0.05 76.5 29.84 0.000
PD-1/L1 inhibitors 6 1.01 (1.00-1.02) 1.27 >0.05 0.0 2.15 0.813
CTLA-4 inhibitors 2 1.09 (1.04-1.14) 3.67 <0.001 0.0 0.13 0.723
3 to 5 TRAEs
Total 9 1.26 (1.08-1.47) 2.93 <0.01 88.4 69.01 0.000
NSCLC 6 1.34 (1.10-1.63) 2.97 <0.01 90.0 0.35 0.000
SCLC 3 1.05 (0.94-1.16) 0.86 >0.05 0.0 60.20 0.555
3 to 5 TRAEs of different ICls types
Total 9 1.26 (1.08-1.47) 2.93 <0.01 88.4 60.84 0.000
PD-1/L1 inhibitors 6 1.26 (1.01-1.57) 2.05 <0.05 91.8 8.72 0.013
CTLA-4 inhibitors 3 1.27 (1.03-1.56) 2.24 <0.05 774 69.01 0.000

ORR, objective response rate; DCR, disease control response; PFS, progression-free survival; OS, overall survival; PD-1/L1, programmed
cell death-1/L1; CTLA-4, cytotoxic T lymphocyte antigen-4; TRAEs, treatment-related adverse events; CNS, central nervous system;
NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; OR, odds ratio; HR, hazard ratio; RR, relative risk; Cl, confidence

interval; ICls, immune checkpoint inhibitors.

PD-1/L1 combined with chemotherapy for the treatment
of NSCLC compared with chemotherapy alone, and
as the level of PD-L1 expression increases, the benefit
becomes more obvious. The prognosis seems better
without CNS metastasis. Unfortunately, compared with
chemotherapy alone, CTLA-4 blockade therapy combined
with chemotherapy for the treatment of NSCLC or SCLC
benefits only PFS and not OS.

Safety assessment

To evaluate the safety of PD-1/L1 or CTLA-4 inhibitors
combined with chemotherapy in lung cancer patients,
TRAEs data were collected. Eight and nine studies
provided the exact numbers of any grade and grade 3 to 5
TRAES, respectively. The pooled RR for any grade TRAEs
was 1.02 (95% CI: 1.00-1.05, P>0.05). Subgroup analysis
demonstrated that the RRs for NSCLC and SCLC were
1.01 (95% CI: 0.99-1.03, P>0.05) and 1.05 (95% CI: 0.99-
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1.11, P>0.05), respectively (Figure 84). The pooled RRs for
the PD-1/L.1 and CTLA-4 blockades were 1.01 (95% CI:
1.00-1.02, P>0.05) and 1.09 (95% CI: 1.04-1.14, P<0.001),
respectively (Figure §B). The combined RR for grade 3 to
5 TRAEs was 1.26 (95% CI: 1.08-1.47, P<0.01). Subgroup
analysis revealed that RRs for NSCLC and SCLC were
1.34 (95% CI: 1.10-1.63, P<0.01) and 1.05 (95% CI:
0.94-1.16, P>0.05), respectively (Figure 8C). Subgroup
analysis based on the type of ICIs revealed that the RRs for
the PD-1/L1 and CTLA-4 blockades were 1.26 (95% CI:
1.01-1.57, P<0.001) and 1.27 (95% CI: 1.03-1.56, P<0.05),
respectively (Figure §D). All of above analyses were based on
random effects models given that significant heterogeneity
was observed.

The observed results indicated that the high levels of
TRAEs caused by combination therapy regimens were
significantly increased compared with those caused by
chemotherapy alone, especially in the CTLA-4 inhibitor
and NSCLC subgroup.
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Figure 4 Meta-analysis of response rates in immunotherapy plus chemotherapy vs. chemotherapy alone. (A) Forest plot of the pooled ORs
for the ORR in subgroup A, subgroup B and subgroup C; (B) Forest plot of the pooled ORs for the DCR in subgroup A, subgroup B and
subgroup C. Subgroup A, PD-1/L1 blockade for NSCLC; Subgroup B, CTLA-4 blockade for SCLC; Subgroup C, CTLA-4 blockade for
NSCLC; PD-1/L1, programmed cell death-1/1.1; CTLA-4, cytotoxic T lymphocyte antigen-4; NSCLC, non-small cell lung cancer; SCLC,
small cell lung cancer; OR, odds ratio; ORR, objective response rate; DCR, disease control response.
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Figure 5 Meta-analysis of survival in immunotherapy plus chemotherapy vs. chemotherapy alone. (A) Forest plot of the pooled HRs and
its 95% ClIs for PFS in subgroup A, subgroup B and subgroup C; (B) forest plot of the pooled HR and 95% CI for OS in subgroup A,
subgroup B and subgroup C. Subgroup A, PD-1/L1 blockade for NSCLC; Subgroup B, CTLA-4 blockade for SCLC; Subgroup C, CTLA-
4 blockade for NSCLC; PD-1/L1, programmed cell death-1/L.1; CTLA-4, cytotoxic T lymphocyte antigen-4; NSCLC, non-small cell lung

cancer; SCLC, small cell lung cancer; PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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Figure 6 Meta-analysis of survival among different PD-L1 expression levels in immunotherapy plus chemotherapy vs. chemotherapy alone.
(A) Forest plot of the pooled HRs and its 95% ClIs for PES in subgroup A with PD-L1 expression levels <1%, 1% to 49% and >50%; (B)
forest plot of the pooled HRs and its 95% CI for OS in subgroup A with PD-L1 expression levels <1%, 1% to 49% and >50%. Subgroup
A, PD-1/L1 blockade for NSCLC; PD-1/L1, programmed cell death-1/L.1; NSCLC, non-small cell lung cancer; HR, hazard ratio; CI,

confidence interval; PFS, progression-free survival; OS, overall survival.
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Sensitivity analysis and publication bias

Given that not all of the efficacy parameters were presented
in all of the reviewed studies, we performed sensitivity
analysis to detect the impacts of uncertain factors based on
alternative study exclusion criteria. Our results were similar
to those obtained from the overall analysis of the pooled
trials upon the omission of any single study.

Next, to evaluate publication bias, Egger’s funnel plots
were constructed. Figure 9 shows no evidence of obvious
asymmetry for ORR (P>Itl= 0.196, Figure 94) or DCR
(P>1t1=0.980, Figure 9B). Similarly, regarding PFS and OS,
there was no evidence for significant publication bias related
to PFS (P>1tl= 0.340, Figure 104) or OS (P>1t1=0.138,
Figure 10B). In addition, there was also no publication bias
for TRAE data based on the visual distribution of the funnel
plot (data not shown), most likely because this meta-analysis
included a limited number of studies.

Discussion

Rapid progression or lower ORRs after standard cytotoxic
chemotherapy or immunotherapy alone for lung cancer
patients indicates that a new effective therapeutic regimen

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

is urgently needed. Currently, chemotherapeutic drugs
can activate the tumor immune response via a variety of
mechanisms to eradicate residual tumor cells, revealing the
synergistic effect of chemotherapy and immunotherapy. For
instance, chemotherapy can directly stimulate the congenital
immune response and acquired immune cells (28),
blocking the immunosuppressive pathway of tumor
progression (29,30) and enhancing the antigenicity and
immunogenicity of tumor cells (31-33). We performed this
meta-analysis to investigate the efficacy and safety of PD-1/
L1 or CTLA4 inhibitors combined with chemotherapy as a
first-line treatment for lung cancer.

Some clinical trials assessed immunotherapy combined
with chemotherapy in lung cancer patients. We observed
significantly increased ORRs, DCRs, PFS and OS in
treatment-naive patients who were treated with PD-1/L1
or CTLA-4 blockade therapy combined with chemotherapy
compared with patients who received chemotherapy alone.
To the best of our knowledge, our meta-analysis provided
vigorous evidence of and insight into the efficacy and risks
associated with using immunotherapy and chemotherapy in
combination.

ICIs combined with chemotherapy showed synergistic
effects in some preclinical trials (34,35). Our research

7 Thorac Dis 2018;10(12):6636-6652
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Figure 8 Meta-analysis of toxicity in immunotherapy plus chemotherapy vs. chemotherapy alone. (A) Forest plot of the pooled RRs for

any grade TRAEs for immunotherapy combined with chemotherapy in NSCLC and SCLC; (B) forest plot of the pooled RRs for any
grade TRAEs for PD-1/L1 inhibitors and CTLA-4 inhibitors combined with chemotherapy; (C) forest plot of the pooled RRs for grade 3
to 5 TRAEs for immunotherapy combined with chemotherapy in NSCLC and SCLC; (D) forest plot of the pooled RRs for grade 3 to 5
TRAEs for PD-1/L1 inhibitors and CTLA-4 inhibitors combined with chemotherapy. RR, relative risk; TRAESs, treatment-related adverse
events; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; PD-1/L1, programmed cell death-1/L1; CTLA-4, cytotoxic T

lymphocyte antigen-4.

revealed an impressive efficacy of the combination of
PD-1/L1 inhibitors with chemotherapy in treatment-
naive NSCLC patients, in which the pooled ORs for ORR
and DCR were 2.36 (95% CI: 1.79-3.31) and 1.92 (95%
CI: 1.10-3.35), respectively. Meanwhile, PFS and OS
were significantly prolonged, with HRs of 0.58 (95% CI:
0.52-0.63) and 0.67 (95% CI: 0.55-0.81), respectively. Xu

© Journal of Thoracic Disease. All rights reserved.

et al. (36) performed a meta-analysis and demonstrated that
ICIs plus chemotherapy significantly increased PFS but
not OS in NSCLC. In our study, data regarding combined
therapy were updated. We found that NSCLC patients
administered combined therapy exhibited higher PFS and
OS than patients treated with chemotherapy alone. One
possible reason for this result was that more phase 3 studies
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for all eligible studies that provided a HR for OS. HR, hazard ratio; PFS, progression-free survival; OS, overall survival.

were included in our meta-analysis. Thus, this result should
be confirmed in future clinical trials.

PD-1 and PD-L1 serve as a coinhibitory signal by
blocking T cells that could continue to function and attack
cancer cells (37,38). The KEYNOTE-001 study (39)
showed that NSCLC patients expressing PD-L1 at
high levels significantly benefited from pembrolizumab.
KEYNOTE-010 (40) and KEYNOTE-024 (41) also
showed that the expression of PD-L1 was crucial for
immunotherapy efficacy. In our study, higher PD-L1
expression levels were correlated with a greater the benefit
of combination therapy, and this level may be an effective
factor in predicting the efficacy of PD-1/L1 inhibitor plus

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

chemotherapy for the treatment of NSCLC. Furthermore,
a meta-analysis of the CheckMate 017 and CheckMate
057 (42) study showed that patients with brain metastasis
who used nivolumab had a longer median OS and fewer
TRAESs than patients treated with docetaxel. A retrospective
analysis showed that immunotherapy was equally effective
in patients with/without brain metastasis. Our study
revealed that patients who did not appear to have baseline
brain metastases had better immune treatment. Therefore,
further studies are needed to verify these results.

SCLC patients with a higher tumor mutation burden
(TMB) seem to have exhibit a better prognosis (43),
suggesting that SCLC patients are more likely to benefit
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from immunotherapy. However, our results suggest that
CTLA-4 blockade therapy plus chemotherapy for the
treatment of SCLC is less than ideal, as only a PFS benefit
was observed. Some studies showed that the mutations of
some genes, such as TP53, RB1, and PTEN, negatively
regulate the immune response (44,45). The tumor-
suppressor genes TP53 and RB1 are mutated in the
majority of patients with SCLC, while PTEN mutations
are present in 10-18% of SCLC patients (45), which may
weaken the effectiveness of immunotherapy. Additional
larger clinical trials are needed to verify this conclusion.
Notably, the benefits of checkpoint inhibitors used
simultaneously or sequentially in combination with
chemotherapy remain controversial. One NSCLC study (21)
revealed that the phased ipilimumab plus chemotherapy
group exhibited improved PFS and OS compared with those
in the control but not to those in the concurrent ipilimumab
group. In addition, regarding extensive SCLC disease (20),
phased ipilimumab but not concurrent ipilimumab also
improved PFS and OS versus those in the control group.
Therefore, the administration of immunotherapy combined
with chemotherapy still needs to be further explored.
Previous studies revealed that patients receiving PD-1/
L1 axis inhibitors exhibit fewer TRAESs than those receiving
CTLA-4 inhibitors, whereas patients receiving combination
therapy exhibit more TRAEs than patients receiving either
monotherapy (46,47). The most commonly reported TRAEs
were nausea, vomiting, anemia, constipation, fatigue,
neutropenia, sepsis, thrombocytopenia, rash, pyrexia,
pneumonitis, acute kidney injury, hepatitis and peripheral
neuropathy. Fatigue is the most commonly reported TRAEs
across studies using PD-1/L1 and CTLA-4 inhibitors,
occurring in 16-37% and 42% of patients respectively (48).
Hu ez al. (49) discovered that the incidence of pneumonitis
among patients receiving PD-1/L1 inhibitors was
significantly increased compared with that among patients
undergoing chemotherapy. Diarrhea and colitis are most
common toxicities observed in patients treated with CTLA-
4 blockade therapy rather than PD-1/L1 inhibitors (49,50).
In our study, we observed a significantly increased RR for
all grade TRAEs in the CTLA-4 inhibitor group, while no
significant difference was noted in the PD-1/L1 inhibitor
group. Notably, in NSCLC group, the PD-1/L1 inhibitor
group and the CTLA-4 inhibitor group, we also observed
increased grade 3 to 5 TRAE:s for those receiving combined
therapy. These results suggest that the combination of
CTLA-4 inhibitors plus chemotherapy was associated
with an increased risk of TRAEs compared with that
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associated with the combination of PD-1/L1 axis inhibitors
plus chemotherapy. In addition, combined therapies were
associated with a high level of TRAEs. Therefore, caution
should be applied regarding the clinical application of these
combinations, and large clinical trials are further needed to
establish conclusive evidence.

However, the shortcomings of this meta-analysis
should be noted. Firstly, the number of studies included
in this analysis was insufficient, especially in terms of
subgroup analysis. Relevant subgroups, such as population
characteristics, previous treatment regimens and sensitive
gene mutations should be added in subsequent studies.
Secondly, potential publication biases, such as race and
ethnicity, were likely present despite the lack of evidence
obtained from our statistical tests and further exploration
is needed. Finally, studies were limited to those published
in English, which may have resulted in a potential
language bias.

In conclusion, our meta-analysis revealed that
immunotherapy plus chemotherapy is an effective option as
a first-line treatment for lung cancer and slightly increases
the high level of adverse reactions. Thus, physicians should
engage in balanced discussions with their patients on the
risks and benefits of treatment options for lung cancer.
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