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Abstract

Background: Immune checkpoint inhibitors, which are a milestone in anti-cancer therapy, have been applied in
the treatment of multiple malignancies. Real-world data have suggested that smoking status may be associated
with the efficacy of anti-PD-1/PD-L1 therapy. Hereby, to evaluate“smoking benefit or not”, we included numerous
high-quality randomized controlled clinical trials (RCTs) without any restriction on category.

Methods: A systematic search of online database was performed from July 2010 to July 2019. Eligible studies
included phase II/III RCTs comparing PD-1/PD-L1 inhibitors with chemotherapy in the treatment of multiple
carcinomas and contained subgroup analysis of smoking status. Then, related hazard ratios (HRs) with 95%
confidence intervals (CIs) of overall survival (OS) were pooled.

Results:In the initial meta-analysis, compared with chemotherapy, the OS of non-smokers (HR, 0.81; 95% CI, 0.67–
0.98) and smokers (HR, 0.77; 95% CI, 0.71–0.83) were significantly prolonged with PD-1/PD-L1 inhibitors. Outcomes
from subgroup analysis showed that in anti-PD-1/PD-L1 monotherapy groups, non-smokers showed no significant
improvement in OS (HR, 0.94; 95% CI, 0.83–1.06), while the OS of smokers was significantly prolonged (HR, 0.79; 95%
CI, 0.74–0.85); in groups of PD-1/PD-L1 inhibitors combined with chemotherapy, the OS of non-smokers (HR, 0.45;
95% CI, 0.28–0.71) and smokers (HR, 0.72; 95% CI, 0.61–0.85) were significantly prolonged. Combined ipilimumab
and chemotherapy showed no significance in both groups.

Conclusion:Smokers benefit from either anti-PD-1/PD-L1 monotherapy or the combined regimen compared with
chemotherapy. Considering cost-effectiveness, monotherapy was recommended to smokers. For non-smokers, only
the combined regimen was feasible in non-small cell lung cancer.
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Introduction
Immune checkpoint inhibitors (ICIs), including PD-1/PD-
L1 and CTLA-4 inhibitors, are monoclonal antibodies that
remove tumor cells by activating T lymphocytes and en-
hancing immune response [1]. In 2010, a phase III ran-
domized controlled clinical trial (RCT) [2] confirmed that
ipilimumab, a CTLA-4 inhibitor, significantly improved

overall survival (OS) in patients with metastatic melanoma
compared with traditional vaccine therapy. Soon after, ipi-
limumab became the first FDA-approved ICI in 2011. The
success of CTLA-4 inhibitors greatly stimulated the re-
search of PD-1/PD-L1 inhibitors. Subsequently, trials with
CheckMate057 [3], CheckMate141 [4], and KEYNOTE
045 [5] demonstrated significant efficacy of PD-1 inhibi-
tors (including nivolumab and pembrolizumab) in
multiple carcinomas. In the process of advancing human
anti-cancer treatment, ICIs are applied to treat multiple
malignancies and are replacing the standard therapy.
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However, real-world data had shown that even with
the same treatment, due to individual characteristics, the
therapeutic effect can be quite different among cancer
patients with the same indication. Meanwhile, the high
cost of checkpoint inhibitors greatly increases the finan-
cial burden on patients [6]. Therefore, researchers have
conducted a large number of studies to explore factors
affecting the efficacy of checkpoint inhibitors, aiming to
provide a solid foundation in the selection of clinical
treatment regimens. Currently, wide research has con-
firmed that PD-L1 expression in tumor tissues can be
used to predict the efficacy of anti-PD-1/PD-L1 therapy
[5, 7, 8]. Similarly, tumor mutation burden (TMB) is
considered to be a robust predictor of efficacy in im-
munotherapy of non-small cell lung cancer (NSCLC) [9].
In terms of gender, sex-related dimorphism in immune
system response is acknowledged. To identify the gen-
eral perception in immunotherapy, a high-quality meta-
analysis conducted by Conforti et al. [10] also pointed
out that males benefit more than females in the treat-
ment using ICIs. In addition, the benefit of anti-PD-1/
PD-L1 therapy varies by tumor type. In melanomas,
Ribas et al. [11] found that intratumoral injection of an
oncolytic virus will enhance the immune recognition of
cancer, resulting in a high response rate in patients with
advanced disease. In squamous cell carcinoma of head
and neck (HNSCC), higher expression of the immuno-
therapy target PD-1 in HPV+ immune cells compared to
HPV− cells was observed, suggesting that HPV+ patients
may preferentially benefit from anti-PD-1 therapy [12].
In NSCLC, the benefit of anti-PD-1/PD-L1 therapy was
even correlated with intestinal flora [13]. Studies on the
relevant mechanisms are also rife in the field of tumor
molecular biology. Hugo et al. [14] analyzed somatic
mutations and transcriptome of melanoma and concluded
that the anti-PD-1 response might be improved by weak-
ening the biological process of IPRES, a transcriptional
signature related to innate anti-PD-1 resistance. Segovia
et al. [15] found that TMEM176B inhibitor (BayK8644)
can promote CD8+ T cell-mediated tumor suppression
and enhance anti-tumor activities of anti-CTLA-4 and
anti-PD-1 antibodies. For severe glycosylation of PD-L1,
Lee et al. [16] proposed to remove glycosylated N-chain,
further improved the detection of PD-L1, and predicted
the therapeutic effect of anti-PD-1/PD-L1.

Smoking is considered an adverse behavior and has
been implicated in many clinical studies of anti-PD-1/
PD-L1 therapy as a part of patient characteristics. Previ-
ously, two pieces of meta-analyses have indicated that in
NSCLC, smokers have a benefit tendency in anti-PD-1
therapy, while non-smokers may not [17, 18]. However,
another meta-analysis published inJAMA Oncology
found the opposite [19]. Coincidentally, a number of ar-
ticles published recently also suggested this opposite

result [20, 21]. To investigate these conflicts, we in-
cluded a large number of high-quality RCTs without any
restriction on carcinoma category to evaluate“smoking
benefit or not” and provide some reliable evidence when
choosing therapy regimens.

Methods
Literature search
This meta-analysis was conducted in line with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines [22]. We searched PubMed, Embase,
Web of Science, and the Cochrane Library from 31 July
2010 until 31 July 2019 for relevant articles. The searched
terms consisted of three parts. [Neoplasms]:“Neoplasms”
was selected in the MeSH term and“Tumor”, “Cancer”,
“Carcinoma”, “Malignancy”, “Malignant neoplasms” were
retrieved in the field of Title/Abstract. All the above were
connected by“OR”. [Immune-checkpoint inhibitors]:“Im-
mune-checkpoint inhibitor”, “PD-1”, “PD-L1”, “Pembroli-
zumab”, “Nivolumab”, “Atezolizumab”, “Avelumab”,
“Durvalumab”, “CTLA-4”, “Ipilimumab” and “Tremelimu-
mab”, were retrieved in all fields, then connected by“OR”.
[Randomized controlled trial]: “Randomized controlled
trial”, “clinical trial” were selected in the MeSH term to re-
strict literature types.“AND” was then used to connect
these parts and used to get the results we needed. Without
omitting the negative results, we did not restrict search
terms related to smoking. The reference lists of retrieved
studies and relevant reviews were also searched to identify
additional eligible studies missed by the search strategies,
and the process was performed repeatedly until no further
article was found. Two investigators performed the refer-
ence search independently; when divergences appeared, a
third investigator was consulted.

Study eligibility
The inclusion criteria were randomized controlled trials of
ICIs versus standard therapy, phase II or III and that base-
line profile of patients included items such as smoking sta-
tus or tobacco use. Exclusion criteria were republished,
non-randomized controlled trials, no OS of non-smokers
and smokers on its subgroup analysis and no chemother-
apy control arm. If more than one publication was found
for the same trial, the most complete and updated version
was included in the final analysis. Following identification
of target objects, Cochrane collaboration’s tool for asses-
sing risk of bias was used to assess the quality of included
studies [23].

Data extraction
Data was collected independently by two investigators
(Mo and Hu). Discrepancies were consulted by a third
investigator (Gu). All data was extracted from primary
publications and their associated online appendices and
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were collected using a pre-designed electronic form. The
following information was involved: first author’s name,
year of publication, trial phase, carcinoma category, ther-
apy line, feature of each study, regimen of experimental
and control arms, number of evaluable patients, and the
percentages and hazard ratios (HRs) for OS (with the
relative 95% CI) of non-smokers and smokers on each
study.

Statistical analysis
All statistical analyses were conducted with StataSE 12.0.
P value less than 0.05 was considered statistically signifi-
cant. Some studies divided smoking status into three cat-
egories: never smoking, former smoking, and current
smoking. For convenience of definition, we combined the
HRs of OS of former smoking and current smoking and fi-
nally renamed it“smoker”. Therefore, summary estimate
was calculated using random or fixed-effects models ac-
cording to heterogeneity. Heterogeneity among studies
was tested using Cochran Chi-square test andI2, whenI2

> 50%, and a random-effects model was chosen to pool
the outcomes, while a fixed-effects model was used when
I2 < 50%. Publication bias and sensitivity analysis were
performed depending on the number of studies included
in each meta-analysis.

Results
Literature search
According to the search strategies from Section 2.1,
2828 citations were obtained from PubMed, Embase,
Web of Science, and the Cochrane library database. Six
publications were supplied by manually searching the
reference lists and reviewed articles. After removal of
duplicates, 2053 records remained in total. All titles and
abstracts were screened and 1934 publications were ex-
cluded. After more detailed evaluation, 119 articles were
submitted; of all the remaining manuscripts, 102 were
excluded according to the following criteria breakdown:
52 studies were non-RCTs, 32 studies lack OS of non-
smokers and smokers in their subgroup analysis (with
the relative 95% CI), 13 studies were lack of chemother-
apy control arms, and 5 studies contained PD-1/PD-L1
in both arms. Eventually, 17 RCTs were included in the
meta-analysis [24–31] and a total of 11790 patients in-
volved. Figure1 shows the flow chart of the selection
process and detailed identification.

Study characteristics
The characteristics and baseline of the included studies
are summarized in Table1. Among the 17 studies, 16
studies were in phase III RCTs except one in phase II.
There were 3 types of carcinomas in this meta-analysis, in-
cluding 13 studies of lung cancer, 2 studies of urothelial
carcinoma (UC) and 2 studies of HNSCC. For

convenience, the latter two were defined as“other cancer”.
In these studies, subgroup analysis of non-smokers and
smokers were included, and the HRs of OS of two groups
(with the relative 95% CI) were served as the only index in
this article. However, because the Brahmer et al. study
[32] had an extremely low proportion of non-smokers,
these data were not available.

Quality of the included studies
Cochrane collaboration’s tool for assessing risk of bias
was used to assess the quality of included studies [23].
Most of the studies had a high risk of performance bias
due to their open-label design (Additional file6: Table
S1). Based on high-quality RCTs, other dimensions were
ensured at relatively low risk. The overall quality met
the requirements of meta-analysis.

Non-smoker vs. smoker in Anti-PD-1/PD-L1 Therapy
Overall, we divided the population of each study into 2 fixed
groups according to smoking status for meta-analysis. Com-
pared with chemotherapy, the OS of non-smokers (HR, 0.81;
95% CI, 0.67–0.98;P = 0.029) and smokers (HR, 0.77; 95%
CI, 0.71–0.83;P < 0.01) were significantly prolonged in 15
studies using PD-1/PD-L1 inhibitors (Fig.2). Heterogeneity
tests were done and suggested that there was still some het-
erogeneity in the total group (non-smoker fixed-group,I2 =
55.9%; smoker fixed-group,I2 = 37.5%; total,I2 = 48.6%). Be-
cause 15 studies and a total of 29 single items were under
consideration here, publication bias analysis was conducted
(Additional file 1: Figure S1) and the Egger test indicated that
there is no potential publication bias in the above data (P =
0.203). Subsequently, sensitivity analyses have confirmed the
robustness of the results (Additional file2: Figure S2).

Subgroup analysis
Given the heterogeneity of anti-PD-1/PD-L1, subgroup
analysis was conducted based on the therapeutic regimen.
In anti-PD-1/PD-L1 monotherapy groups, non-smokers
showed no significant improvement in OS compared with
chemotherapy (HR, 0.94; 95% CI, 0.83–1.06;P = 0.304),
while the OS of smokers were significantly prolonged
(HR, 0.79; 95% CI, 0.74–0.85;P < 0.01) (Fig.3). On this
basis, carcinoma types were analyzed. In NSCLC, non-
smokers showed no significant improvement in OS (HR,
1.01; 95% CI, 0.84–1.21; P = 0.921), while the OS of
smokers were significantly prolonged (HR, 0.79; 95% CI,
0.69–0.89;P < 0.01) (Additional file3: Figure S3). In other
cancer, non-smokers showed no significant improvement
in OS (HR, 0.85; 95% CI, 0.70–1.03;P = 0.094), the OS of
smokers was significantly prolonged (HR, 0.80; 95% CI,
0.70–0.91;P = 0.001) (Additional file4: Figure S4). The
three sets of data showed an excellent consistency.

In the rest of these studies, PD-1/PD-L1 inhibitors
combined with chemotherapy were served as the
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experimental arms (the Antonia et al. [24] study was se-
quential therapy with PD-1/PD-L1 inhibitors after che-
moradiotherapy), limited to NSCLC. In these groups,
compared with chemotherapy alone, the OS of non-
smokers (HR, 0.45; 95% CI, 0.28–0.71; P < 0.01) and
smokers (HR, 0.72; 95% CI, 0.61–0.85;P < 0.01) was sig-
nificantly prolonged (Fig.4). Compared with smokers,
non-smokers seemed to benefit more.

Non-smoker vs. smoker in anti-CTLA-4 therapy
In view of the differences in intervention and smoking sta-
tus, two ipilimumab-related studies were analyzed separ-
ately. The results showed that compared with
chemotherapy alone, the OS of light smokers (HR, 1.05;

95% CI, 0.84–1.31;P = 0.67) and heavy smokers (HR, 0.98;
95% CI, 0.79–1.20; P = 0.82) were not significantly im-
proved when combined with ipilimumab (Additional file5:
Figure S5).

Discussion
Although previous meta-analyses have attempted to clarify
the relationship between smoking and the efficacy of ICIs
[17, 18], due to the limitations of the number of studies,
the types of carcinomas and lack of subgroup analysis, the
results remained to be confirmed. In this meta-analysis,
we included a large amount of high-quality trials without
any restriction on carcinoma category. On this basis,

Fig. 1 Flowchart of literature screening process
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reasonable subgroup analysis allowed us to find some
promising results while reducing the heterogeneity.

In the analysis of the relationship between smoking
status and the efficacy of anti-PD-1/PD-L1 therapy, a
meta-analysis was performed including 15 related studies
(except two ipilimumab-related). Then, we drew a conclu-
sion that regardless of smoking or not, patients in the ex-
perimental arms always benefit, which is consistent with
the analysis of Lee et al. [19]. It seemed that the conclu-
sions drawn by Abdel-Rahman [17] and Li et al. [18] could
be reversed. Given the higher heterogeneity, we observed

these 15 studies and hypothesized that differences in
therapeutic regimens (anti-PD-1/PD-L1 monotherapy/
combined chemotherapy) of the experimental arms might
be the underlying cause of heterogeneity.

Therefore, subgroup analyses were performed accord-
ing to therapeutic regimens. The findings were surpris-
ing and situations turned to be in two different
directions. In monotherapy groups, among non-smokers,
no significantly prolonged survival was found as opposed
to controls (HR, 0.94,P = 0.304), while smokers did sig-
nificantly benefit from these agents (HR, 0.79,P < 0.01).

Fig. 2 Forest plot of the long-term prognostic outcomes of anti-PD-1/PD-L1 therapy (non-smoker vs. smoker),PNon-smoker= 0.029,PSmoker< 0.001

Mo et al. World Journal of Surgical Oncology          (2020) 18:15 Page 7 of 12



The total groups of monotherapy covered three types of
carcinomas closely related with smoking (NSCLC,
HNSCC, UC); then, further analysis was performed to de-
fine the benefit in different carcinomas. Two separate re-
sults were highly consistent with the total results. These
real-world outcomes suggested that there must be some
underlying mechanism, so we attempted to explain the
outcomes with the help of numerous studies.

The tendency of smokers benefiting from anti-PD-1/
PD-L1 therapy has been observed in the initial clinical
study of durvalumab, which found that smokers had a bet-
ter response trend to MPDL3280A (durvalumab’s pre-
market name) [33]. Since then, to clarify the relationship

between smoking status and efficacy of anti-PD-1/PD-L1
therapy, numerous studies emerged. Rizvi et al. [34] found
that smoking increased TMB, especially non-synonymous
mutations, which further improved the efficacy of anti-
PD-1/PD-L1 therapy. The implication is that smoking
history is a surrogate marker of tumor mutation and
neoantigen burden, and these, in turn, are surrogates for
downstream common denominators that ultimately lead
to immune recognition of cancer and activation of effect-
ive cancer rejection [35]. The relationship between smok-
ing and PD-L1 expression has not been observed in the
previous studies [36–38]. However, it has been confirmed
recently. Kerdidani et al. [39] tracked the entire process

Fig. 3 Forest plot of the long-term prognostic outcomes of anti-PD-1/PD-L1 monotherapy (non-smoker vs. smoker),PNon-smoker= 0.304,PSmoker

< 0.001
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