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Background: Some studies imply a strong correlation between smoking history and the efficacy of immune
checkpoint inhibitors (ICIs) in patients with advanced non-small cell lung cancer (NSCLC). Hence, a
systematic review and meta-analysis was conducted to comprehensively investigate this correlation.
Methods: Three online databases including PubMed, Embase and Cochrane Library were searched.
Abstracts and presentations from European Society of Medical Oncology (ESMO) and American Society of
Clinical Oncology (ASCO) were also reviewed. The deadline of search was Nov 9, 2019. Randomized clinical
trials (RCT) of ICIs that reported hazard ratio (HR) for overall survival (OS) or progressive-free survival (PFS)
by the smoking status of NSCLC patients were eligible for our study. We focused on publications issued in
English. A random effects model was implemented in the synthesis, and a two-step interaction test was used
to investigate the difference of ICIs efficacy among patients with different smoking histories.

Results: Twelve RCTs involving 6,497 NACLC patients [5,569 (85.72%) current/former smokers and
928 (114.28%) never smokers] were eligible for our systematic review and meta-analysis. The pooled HRs
[95% confidendial interval (CI)] of OS and PFS were 0.74 (0.67, 0.81) and 0.72 (0.59, 0.88) respectively for
current/former smokers in the experimental group with ICIs versus those in the control group. The pooled
HRs (95% CI) of OS and PFS were 0.81 (0.60, 1.08) and 0.92 (0.55, 1.54) respectively for never smokers in
the experimental group with ICIs compared with those in the control group. The difference of ICIs efficacy
in terms of OS between current/former and never smokers was insignificant [interaction HR (95% CI), 0.77
(0.69, 0.86), I’=25.4%, P_hetero=0.21].

Conclusions: The efficacy of ICIs in patients with smoking history is seemingly superior over patients
without smoking history, but insignificantly. The difference can be explained by several factors such as
insufficient sample size of non-smokers, and confounding factors. We suggest that smoking history cannot be

recognized as a predictor of immune therapy in advanced NSCLC.
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Introduction

Lung cancer is one of the most fatal human cancers
worldwide (1,2), and non-small cell lung cancer (NSCLC)
accounts for more than 80% of its total subtypes. The
majority of NSCLC patients are diagnosed at the advanced
stage without opportunity of radical surgery. Cisplatin-
based two-drug therapy is the standard chemotherapy.
The members of immune checkpoint inhibitors (ICIs)
mainly involving three types of monoclonal antibody [anti-
programmed cell death 1 (PD-1), PD ligand 1 (PD-L1) and
anti-cytotoxic T lymphocyte associated antigen 4 (CTLA-4)
inhibitors] are introduced into the treatment of advanced
cancers, including advanced or metastatic NSCLC (3-5).
Recently, dozens of randomized clinical trials (RCTs)
demonstrate that addition of ICIs into conventional
chemotherapy can significantly improve the survival
outcomes of advanced NSCLC patients compared with
placebo plus conventional chemotherapy (4,6-13).
Nevertheless, only specific subgroups of patients
substantially benefit from the addition of ICIs into the
systemic treatment. Thus, it is necessary to identify some
key indicators to guide clinical practice and maximize the
efficacy of ICIs. The existing research indicates that the
expression status of PD-L1 is an independent predictor of
the efficacy of ICIs in advanced NSCLC (14-16). Recently,
a high-rank meta-analysis analyzing twenty RCTs concludes
that even though ICIs can improve the overall survival (OS)
of advanced cancer patients, the magnitude of benefit is sex-
dependent (17). Male patients benefit significantly more
from the addition of ICIs than female patients do. Hence,
patient gender can be a clinical predictor of ICI efficacy. In
terms of other clinicopathologic features, subgroup analysis
of related RCTs suggests that smoking history can be a
predictor of ICI efficacy in advanced NSCLC patients.
Subgroup analysis by clinical characteristics in the
CheckMate 078 study (18) demonstrates that patients with
smoking history treated with ICIs in the experimental
group have a significant longer OS than those in the control
group. Even though patients without smoking history in
the experimental group show a prolonged OS compared
with the control group, the difference is insignificant. In
addition, an updated subgroup analysis of KEYNOTE-024
study discovers that the difference of ICI efficacy is only
significant in subgroup of ever smokers [hazard ratio (HR)
=0.59 (0.41-0.85)] (19). However, several shortcomings in
these RCTs may weaken the reliability of their evidences.
For example, most studies only recruit a small group of non-
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smokers, which results in a wide confidential interval (CI)
for relative HR. In addition, smoking history significantly
correlates with tumor mutational burden (TMB) status in
patients with advanced NSCLC (20,21). Thus, factors such
as TMB may also play a role in evaluating the predictive
value of smoking status.

Therefore, it is necessary to conduct a systematic review
and meta-analysis to summarize the current evidences
and assess whether or not different smoking histories can
predict the efficacy of ICIs in advanced NSCLC patients.
We present this systematic review and meta-analysis in
accordance with the PRISMA reporting checklist (available
at http://dx.doi.org/10.21037/jtd-20-1953).

Methods

There is no review protocol for the study.

Inclusion and exclusion criteria

A study conforming with the following criteria was
regarded as up to standard: (I) being conducted according
to the design of RCT; (II) focusing on the efficacy of ICIs
(PD-1/PD-L1/CTLA-4 inhibitors) in advanced NSCLC;
(III) reporting survival outcomes including either OS or
progressive-free survival (PFS) and the related HR (95%
CI); (IV) performing a subgroup analysis of HR (95% CI)
by smoking history. The exclusion criteria were: (I) non-
RCT, cohort study, case-control study or case series; (II)
other study types including case report, reviews and meta-
analysis; (III) investigating the efficacy of ICIs in other
types of cancers or not focusing on advanced NSCLC; (IV)
published protocol of RCT; (V) lack of subgroup analysis by
smoking history; (VI) publication in a non-English journal;
(VII) involvement of ICIs-treated participants in the control

group.

Search strategies

The target online databases were PubMed, Embase and
Cochrane Library. Because most of English references
were cited in PubMed and Embase, it guaranteed the
comprehensiveness of information retrieval. The search
of Cochrane Library can help to identify whether or
not our study is duplicated. In addition, we manually
retrieved abstracts and presentations from European
Society of Medical Oncology (ESMO) and American
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Society of Clinical Oncology (ASCO) in case of omission.
The deadline of search was Nov. 9, 2019. The search
strategies were formulated based on the following
keywords: “non-small cell lung cancer”, “NSCLC?”,
“immune checkpoint inhibitors”, “anti-programmed
cell death 17, “anti-programmed cell death ligand 17,
“anti-cytotoxic T lymphocyte associated antigen 47,
“avelumab”, “durvalumab”, “atezolizumab”, “ipilimumab”,
“pembrolizumab”, “nivolumab” and “random*”. The
repeatable search strategies for the three databases were
displayed in Appendix 1. Furthermore, the reference lists of
the included papers were screened for eligible studies.

Study screening and data retvieval

EndNote X7 was used to screen potential references.
After searching online databases, the entire reference lists
were downloaded and imported in the software. First, the
duplicate references were deleted by automatic and manual
classification. Then, the references focusing on other cancer
types than NSCLC were removed. Third, papers designed
as non-RCT, cohort study, case-control study, case series,
case report, review or meta-analysis were excluded. Next,
studies involving ICIs-treated participants in the control
group were regarded as disqualification. After the above
steps, the full texts of the remaining studies were reviewed.
If several publications originated from the same project, the
one with comprehensive and up-to-date data was our target.

From each eligible study, we extracted the title (if the
title was unobtainable, the name of first author + publication
year was used instead), registration number of study
protocol, histological subtype, median age of participants
(years), randomization ratio, regimes in experimental
and control groups, line of therapy, number of patients
(including never and current/former smokers), duration of
follow-up (month, minimum or median data), study drugs,
and HRs (95% CI) of OS and PFS by different smoking
histories. In addition, information of methodology in terms
of random sequence generation, allocation concealment,
blinding method, incomplete outcome data and selective
reporting was also extracted to assess the risk of bias
according to Cochrane Handbook for Systematic Review
of Interventions (22). We carefully compared the methods
and results of published articles with the corresponding
registered protocol. The detailed table of “risk of bias” was
reported in Table S1. The “risk of bias” figure was displayed
together with a forest plot.
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Data analysis

All steps of analysis were performed in Review Manager 5.3.
The primary outcome in the systematic review and meta-
analysis is the difference of ICI efficacy between current/
former and never smokers. Other outcomes included the
difference of the PFS log (HR) between current/former
and never smokers, and the pooled OS and PFS HRs
(95% CI) for current/former or never smokers treated in
the experimental group versus those treated in the control
group. The pooled HRs were calculated using random
effect models. The statistical significance was defined as
P<0.05 and 1 did not fill into the 95% CI. Some trials
reported the HRs (95% CI) of current and former smokers
separately, we calculated the HR of current/former smokers
by pooling the two HRs (95% CI). We did a two-step
interaction analysis [recommended by Fisher ez 4l. (23)] to
identify who (never or current/former smokers) benefits
more from ICI treatment. First, we calculated an interaction
trial specific HR (95% CI) from the reported HR (95%
CI) of never and current/former smokers in each trial.
Second, these trial-specific interaction HRs (95% CI) were
combined according to a random effect model. A P value
(named as ‘P_hetero’) was given to judge the heterogeneity
between the two estimates. P_hetero<0.05 suggested a
significant difference of ICI efficacy between current/
former and never smokers. In addition, subgroup analysis
was conducted according to therapy line (1" line and >1%
line), study drug (PD-1 inhibitors and CTLA-4 inhibitors)
and histological types of NSCLC (nonsquamous, squamous,
and unclassified). The heterogeneity across these trials was
assessed by the I’ statistics and related P value. I’>50% or
P<0.05 indicated severe heterogeneity. Therefore, subgroup
analysis should be conducted and the explanation of
related pooled HR (95% CI) should take a cautious stand.
Publication bias was estimated using funnel plots.

Results

Records identified through online database search and
other sources were 4,529 and 12, respectively. After deleting
duplication, 2,917 studies were screened out by titles and
abstracts and then 2,020 publications were reviewed by
screening full texts. Finally, 12 RCTs (18,19,24-33) fulfilled
the inclusion and exclusion criteria (Figure I). All studies
were published from 2015 to 2019, except for one study
published in 2009. Among them, 10 RCTs focused on
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Records identified through Additional records identified
database searching through other sources
(n=4,529) (n=12)

Records after duplicates removed
(n=2,917)

Y

Records screened
(n=2,917)

Records without NSCLC
excluded
(n=897)

Y

Y

Full-text articles assessed
for eligibility
(n=2,020)

Full-text articles excluded,
with reasons
(n=2,008)
Meta-analysis, 91;

\4

Y

Case/review, 433;
Non-RCT trial, 1,316;

Studies included in
qualitative synthesis
(n=12)

RCT without ICls, 54;
References from a same
trial, 104;
Without data of smoking

Y

status, 10

Studies included in
quantitative synthesis
(meta-analysis)
(n=12)

Figure 1 The PRISMA search steps of our systematic review and meta-analysis. Twelve randomized clinical trials reporting smoking status

specific hazard ratio were finally eligible for our pooled analysis.

PD-1 inhibitors (two on atezolizumab, one on avelumab,
one on durvalumab, two on pembrolizumab, and four
on nivolumab), one RCT focused on CTLA-4 inhibitor
(ipilimumab) and one study focused on PD-1 and CTLA-4
inhibitors (ipilimumab and nivolumab) (7able I).

All the included RCTs were designed as phase III study
and the registration numbers were reported in all but
one published paper. They all focused on the advanced
stage (IIIB/IV or unresectable) or metastatic or recurrent
NSCLC. Specifically, four RCTs focused on the histological
subtype of nonsquamous carcinoma and two RCTs focused
on the histological subtype of squamous carcinoma. Five
RCTs investigated the efficacy of ICIs added to standard
chemotherapy as 1" line therapy compared with standard
chemotherapy. Six RCTs focused on the role of ICIs as >1*
line treatment versus docetaxel (75 mg/m?). And one study
evaluated the efficacy of pembrolizumab (200 mg) added
to pemetrexed and a platinum-based drug followed by
pembrolizumab as >1* line therapy compared with placebo
added to pemetrexed and a platinum-based drug followed

by placebo (Table I).

The sample size across the included studies ranged from
272 to 1,225 (median 555), the number of never smokers
ranged from 22 to 335 (median 78), and the median age
of participants across varied from 56 to 65 years. Of the
total 6,497 NACLC patients included, 5,569 (85.72%)
were current/former smokers and 982 (14.28%) were never
smokers. Except for two studies not reporting the median/
minimum follow-up length, four studies reported the length
of minimum follow-up ranging from 11.2 to 13.7 months
and eight studies presented the length of median follow-up
ranging from 10.5 to 33.3 months.

Totally 3,404 (61.12%) patients across ten of the
included studies were reported with PD-L1 expression of
at least 1%. Two RCTs did not report the information of
PD-L1 expression. Only five trials displayed the situation
of EGFR (total of 346 patients) or KRAS mutation (totally
152 patients). In addition, all participants included in the
CheckMate 227 trial (30) were under high level of TMB.
Other included studies did not refer to TMB.
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Table 1 The baseline characteristics of the included studies in our systematic review and meta-analysis

. . Median age, ) ) No. of Follow up,
Study Registration No.  Cancer type years' Regimes Line patients" months
CheckMate 017 NCT01642004 Advanced 63 [NR] Nivolumab (3 mg/kg per 2 weeks) or >1st 272 [22, NR
squamous docetaxel (75 mg/m? per 3 weeks) line 250]
NSCLC
CheckMate 026 NCT02041533 Stage IV or 63 [32-89];  Nivolumab (3 mg/kg per 2 weeks) or 1stline 534 [59, Minimum
recurrent 65 [29-87] platinum-based doublet chemotherapy per 475] 13.7
NSCLC 3 weeks for up to six cycles
CheckMate 057 NCT01673867 Stage IlIB/IV 61 [31-84]; Nivolumab (3 mg/kg per 2 weeks) or >1st 576 [118, Minimum
or recurrent 64 [21-85]  docetaxel (75 mg/m?2 per 3 weeks) line 458] 13.2
nonsguamous
NSCLC
CheckMate 078 NCT02613507 Advanced 60 [27-78];  Nivolumab (3 mg/kg per 2 weeks) or >1st 504 [150, NR
NSCLC 60 [38-78]  docetaxel (75 mg/m? per 3 weeks) line 354]
CheckMate 227 NCT02477826 Stage IV or 64 [41-87];  Nivolumab (3 mg/kg per 2 weeks) plus 1stline 299 [23, Minimum
recurrent 64 [29-80] ipilimumab (1 mg/kg per 6 weeks), Nivo 276] 11.2
NSCLC (240 mg per 2 weeks) monotherapy, or
chemotherapy for patients with PD-L1
>1%; nivolumab (3 mg/kg per 2 weeks)
plus Ipilimumab (1 mg/kg per 6 weeks),
nivolumab (360 mg per 2 weeks) plus
chemotherapy, or chemotherapy for
patients with PD-L1 <1%

Govindan R NCT01285609 Stage IV or 64 [28-84];  Paclitaxel and carboplatin plus blinded 1stline 749 [83, Median
2017 recurrent 64 [28-85] Ipilimumab 10 mg/kg or placebo per 656] 12.5/11.8
squamous 3 weeks on a phased induction schedule

NSCLC for six cycles, with ipilimumab or placebo
from cycles 3 to 6 — ipilimumab or placebo
maintenance per 12 weeks
IMpower130 NCT02367781 Stage IV 64 [18-86]; Atezolizumab (1,200 mg per 3 weeks) + 1stline 679 [65, Median
nonsquamous 65 [33-85]  chemotherapy [carboplatin (area under 614] 18.5/19.2
NSCLC the curve 6 mg/mL per 3 weeks) + nab-
paclitaxel (100 mg/m?2 per week)] or
chemotherapy alone for four or six 3-week
cycles
JAVELIN Lung  NCT02395172 Stage IlIB or 64 [59-70]; Avelumab (10 mg/kg per 2 weeks) or >1st 528 [84, Median
200 IV or recurrent 63 [63-69]  Docetaxel (75 mg/m? per 3 weeks) line 444] 18.3
NSCLC
KEYNOTE-024 NCT02142738 Advanced 64.5 [33-90]; Pembrolizumab (200 mg per 3 weeks for 1stline 305 [24, Median
NSCLC 66 [38-85]  up to 2 years) or investigator’s choice of 216] 25.2
platinum-based chemotherapy (four to six
cycles)
KEYNOTE-189 NCT02578680 Metastatic 65 [34-84]; Pemetrexed and a platinum-based drug >1st 616 [73, Median
nonsquamous  63.5[34-84] plus either Pembrolizumab (200 mg) or line 543] 10.5
NSCLC placebo per 3 weeks for 4 cycles — Pemb
or placebo
OAK Study NCT02008227 StagelliBorlV 64 [33-85] Atezolizumab (1,200 mg) or docetaxel >1st  1,225[208, Median 28
NSCLC (75 mg/m?) per 3 weeks line 1,017]
PACIFIC NCT02125461 Unresectable, 64 [31-84];  Durvalumab (10 mg/kg per 2 weeks) or >1st 713 [64, Median
stage llI 64 [23-90] placebo line 649] 33.3
NSCLC

T, the order is that the age of experimental group followed by the age of control group; ', the order in the bracket is that the number of never
smokers followed by the number of current/former smokers. NR, not refer; NSCLC, non-small cell lung cancer.
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No. of patients Hazard Ratio Hazard Ratio Risk of Bias

Study or Subgroup log[Hazard Ratio] SE Total Weight |V.Random.95% Cl IV, Random, 95% CI ABCDETF
Checkiviate 017 -0.5276328 0.153 250  6.6% 0.59[0.44,0.80] @272 2608
Checkiviate 026 0.07696104 0.271 368 2.5% 1.08 [0.63, 1.84] EE— 2200
Checkiviate 057 -0.356675 0.11 458 10.4% 0.70[0.56,0.87] ®>2?2200
Checkiviate 078 -0.3147107 0.178 354  5.2% 0.73[0.52,1.03] ®@22200
Govindan R 2017 -0.1278334 0.089 656 13.2% 0.88[0.74, 1.05] Pe0e00ee
IMpower1 30 -0.210721 0.117 614  9.6% 0.81[0.64,1.02] @22 200
JAVELIN Lung 200 -0.1863296 0.117 444  9.6% 0.33[0.66, 1.04] @22 200
KEYNOTE-024 -046203546 0.169 216 5.7% 0.63[0.45,0.88] ®22200
KEYNOTE-189 -0.6161861 0.138 543  1.7% 054 [0.41,0.71] —-— [EORE Sl e SEe e
OAK Study -0.2484614 0.074 1017  15.6% 0.78[0.67,0.90] @200
PACIFIC -0.356675 0.114 649  9.9% 0.70[0.56,0.88] AR
Total (95% CI) 5699 100.0% 0.74[0.67,0.81]

Heterogeneity: Tau* =0.01; Chi* = 16 48, df= 11 (P =0.09); F =39% 02 05 1 9 5

Test for overall effect: Z =6.62 (P <0.00001)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

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

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

Favours experimental Favours control

Figure 2 The forest plot displayed overall survival (OS) of current/former smokers. The risk of bias mainly originated from allocation

concealment, blinding of participants and personnel, and blinding of outcome assessment. And only mild heterogeneity existed across these

studies. The pooled hazard ratio based on a random effect model showed a significant improvement of OS in the experimental group versus

control group (P<0.00001).

The risk of bias of each included trial was analyzed
according to the Cochrane standard. The randomized
allocation sequences were generated in every trial with
different ratios (1:1, 2:1 or 1:1:1). Three RCTs were double-
blinded. The majority of trials were in danger of selection,
performance, and detection biases. All studies reported the
results in accordance with the corresponding study protocol
and showed low risk of attrition and reporting biases. The
details of risk of bias were displayed in Table S1.

Eleven trials involving 5,569 patients and seven trials
involving 2,970 participants analyzed the efficacy of ICIs
(OS and PFS, respectively) in current/former smokers in
the experimental group compared with those in the control
group. Patients with smoking history in the experimental
group showed a significantly reduced risk of death [pooled
HR =0.74 (0.67, 0.81), P<0.00001, ’=39%, Figure 2]
or disease progression [pooled HR =0.72 (0.59, 0.88),
P<0.0001, I’'=80%, Figure 3] compared with those in the
control group. Similar but smaller benefits were observed
in patients without smoking history. The pooled HRs of
OS (ten trials involving 928 patients) and PFS (five trials
involving 465 participants) showed that never smokers in
the experimental group had a tendency of reduced risk
of death [pooled HR =0.81 (0.60, 1.08), P=0.15, I’'=63%,
Figure S1] or disease progression [pooled HR =0.92 (0.55,
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1.54), P=0.23, I’'=82%, Figure S2] compared with those in
the control group.

The interaction analysis showed that the difference of
ICI efficacy between current/former and never smokers
was significant in terms of OS [interaction HR =0.77 (0.69,
0.86), P<0.00001, I’=25.4% (P_hetero=0.21), Figure 4.
The significant difference of ICI efficacy between the
two types of smoking history remained in terms of PFS
[interaction HR =0.77 (0.71, 0.85), P<0.00001, ’=89.9% (P_
hetero<0.0001), Figure S3] compared with the controls.

The subgroup analysis was available in terms of line
of therapy, study drug and subtype of histology. Because
only one type of CTLA-4 inhibitor (ipilimumab) was
available, the subgroup analysis by study drugs were based
on individual drugs (atezolizumab, avelumab, bevacizumab,
durvalumab, ipilimumab, nivolumab, pembrolizumab). The
subgroup analysis of ICI efficacy confirmed that current/
former smokers in the experimental group benefited
more than those in the control group. For patients
without smoking history, subgroup analysis showed that
statistical significance was only identified in the subgroup
of pembrolizumab [pooled HR =0.32 (0.10, 0.98)] in
terms of OS (Table S2). At the endpoint of OS, patients
with smoking history benefited more from ICI therapy
than never smokers based on subgroup analysis of pooled
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No. of patients Hazard Ratio Hazard Ratio Risk of Bias
Study or Subgroup log[Hazard Ratio] SE Total Weight IV, Random. 95% CI 1V, Random, 95% CI ABCDEF
Checkiviate 017 -0.4620355 0.143 250 9.5% 0.63 [0.48,0.83] @200
Checkiviate 026 0.10436002 0.114 475 10.7% 1.11[0.89,1.39] @22208
Checkiviate 057 -0.1863296 0.106 458 11.0% 083 [0.67,1.02] 02272009
Checkiviate 078 -0.1392621 0.149 354 9.2% 0.87[0.65,1.17] 022290@
Checkiviate 227 05621189 0.157 276 8.9% 057[0.42,0.78] 2200
IMpoweri 30 -0.4462871 0.097 614 114% 0.64[0.53,0.77] 0222009
KEYNOTE-189 -0.6348783 0.112 543 10.8% 053 [0.43,0.66] .- Peeee®
Total (95% Cl) 4155 100.0%  0.72[0.59, 0.88]

Heterogeneity: Tau? = 0.06; Chi? = 29.87, df= 6 (P <0.0001); = 80%
Test for overall effect: Z =3 .20 (P = 0.001)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

0.2 0.5 1 2 5

Favours experimental Favours control

Figure 3 The forest plot displayed progressive-free survival (PFS) of current/former smokers. The risk of bias mainly originated from

allocation concealment, blinding of participants and personnel, and blinding of outcome assessment. Severe heterogeneity was discovered

across these studies. The pooled hazard ratio based on a random effect model showed a significant improvement of PES in the experimental

group versus control group (P<0.0001).

interaction HR (7able 2). No significant difference was
found between current/former and never smokers at the
endpoint of PFS according to subgroup analysis.

The publication bias of each pooled analysis was
estimated using a funnel plot (Figures S4-S9). Slight visual
publication bias was identified across these studies.

Discussion

The systematic review and meta-analysis shows that current/
former smokers benefit from the treatment of adding ICIs
into chemotherapy compared with the control group.
However, there is no significant difference of ICI efficacy
between patients with and without smoking history. The
current systematic review and meta-analysis only recruited
a small number of patients without smoking history
(14.28%). The number of patients without smoking history
included in most of studies is less than 100 (median, 78).
Therefore, the pooled HR (95% CI) at each endpoint
(OS or PFS) for never smokers fails to reach a statistical
significance. Severe heterogeneity exists across trials in the
magnitude of ICI efficacy (both OS and PFS) in patients
without smoking history. Several factors may contribute to
the heterogeneity, such as the small size of never smokers
in each trial, the difference of study drugs, and line of
treatment. Thus, the strength of evidence is weak in the
population of never smokers. In terms of efficacy of ICIs for
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never smokers, we cannot make an inference that addition
of IClIs is noneffective for patients without smoking history.
Because the HRs of OS and PFS for never smokers are
evidently less than 1, we believe that the increase of sample
size of never smokers may shrink the corresponding 95% CI
and improve the strength of evidence. In addition, smoking
history was not recognized as a stratification factor during
the randomized allocation in most of included studies.
Hence, future randomized trials focusing on the balance of
smoking history across groups are crucial for us to further
evaluate the efficacy of ICIs in never smokers.

The interaction analysis shows that the ICI efficacy is
similar in both patients with and patients without smoking
history. We comprehensively recruited fourteen RCTs,
in which two studies only reported the survival data of
current/former smokers (28,30). For avoiding ecological
bias, these two studies were excluded from interaction
analysis between current/former and never smokers. The
significant heterogeneity in terms of PFS HR (95% CI)
between current/former and never smokers may originate
from the small sample size of non-smokers.

The current stratification of smoking history includes
never, former, or current smokers. Some studies calculated
the corresponding HR (95% CI) according to each type
of smoking history, and some other trials combined
the former and current smokers. In addition, two trials
stratified smoking history as heavy and never/former/
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Current/former smokers 1.08[0.63, 1.84] 5.3% 1.06 [0.70, 1.59]
Never smokers 1.02[0.54, 1.93]
CheckMate 057
Current/former smokers 0.70[0.56, 0.8 ——
Never smokers 1.02 E0,54, 1.63} —_— r 11.9% 0.80 [0.56, 1.14]
CheckMate 078
Heavy smokers 0.67[0.49, 0.91] —=— 11.4% 0.70 [0.55, 0.88]
Never/former/light smokers 0.73[0.52, 1.03] ——
Govindan R 2017
Current/former smokers 0.88[0.74, 1.05] —-r - 12.4% 0.93 [0.74, 1.16]
Never smokers 1.19[0.71, 1.99] [ —
IMpower130
Current/former smokers ~ 0.81[0.64, 1.02] —— — 9.2% 0.79 [0.63, 0.98]
Never smokers 0.55[0.23, 1.29] e
JAVELIN Lung 200
Current/former smokers 0.83[0.66, 1.04] —_ - - 10.6% 1.13[057, 2.25]
Never smokers 1.69[0.97, 2.95] i
KEYNOTE-024
Current/former smokers 0.63[0.45, 0.88] —i— _—— 5.9% 0.64 [046, 0.88]
Never smokers 0.90[0.11, 7.59] “ - >
KEYNOTE-189
Current/former smokers 0.54[0.41,0.71] —_— P — 8.2% 0.39[0.17, 0.88]
Never smokers 0.23[0.10, 0.54] pE
OAK Study -
Current/former smokers 0.78[0.67, 0.90 9
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Never smokers 044 Eo_21, 0_93} —_ —o— 9.8% 0.63[043,092]
* 100.0% 0.77 [0.69, 0.86]
0.2 05 1 g 5 02 05 1 2 5 Heterogeneity: df = 10 (P = 0.21);
Favours experimental Favours control Favours greater effect Favours greater effect 12=25.4%
of ICIs in patients with  of ICls in patients Test for overall effect: Z =5.07
smoking history without smoking history (P <0.00001)

Figure 4 The interaction hazard ratio of overall survival (OS) involved 10 studies by different smoking histories (current/former versus

never smokers). The left panel shows the effect of HR (95% CI) for each subgroup within each trial. The right panel shows the interaction

between HR (95% CI) and smoking history, along with a meta-analysis of the interaction estimates. Mild heterogeneity was discovered

across these studies (I’=25.4%, P=0.21). There was no significant difference in the efficacy of immune checkpoint inhibitors in terms of OS

between never and current/former smokers compared with controls for each smoking status.

light smokers. Therefore, the results of our study in terms
of never smokers may be affected by the discrepancy of
stratification. However, one advantage of dividing smoking
history as heavy and never/former/light smokers is that the
severity of smoking is considered. Because the mainstream
classification of smoking history ignores the smoking
severity, which is commonly determined by the length
of smoking years and number of cigarettes smoked every
day. We believe that the magnitude of ICI efficacy can be
magnified in patients with smoking history and be shrunk in
never smokers.

If our results approximate to the truth, what factor(s) can
explain the situation? Are there other variables correlated
to the efficacy of ICIs (e.g., PD-L1 expression status,
gene mutation, and TMB) that are distributed differently
between patients with and patients without smoking
history? Otherwise, can smoking history be an independent
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predictor of the efficacy of ICIs in NSCLC patients?
Unfortunately, there is insufficient information reported
in the included studies for us to further investigate the
relationship between smoking history and these variables.
As we know, the score of TMB is significantly higher in
patients with smoking history than in non-smokers (34,35).
Therefore, TMB may be a confounding factor that impacts
our understanding about the role of smoking status in
immune therapy for NACLC patients.

Recently, three related articles implied that patients with
smoking history showed significantly better treatment effect
of ICI therapy than non-smokers for NSCLC (36-38).
However, the critical shortcoming which resulted in
the unreliability of their conclusions is the statistical
method. One of them did not report the detailed
statistical method (36). The study reported by El-Osta
et al. formed the conclusion based on only four studies
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Table 2 Subgroup analysis of pooled interaction hazard ratio comparing current/former with never smokers by therapy line, study drugs and

histological subtypes
OS_current/former versus never PFS_current/former versus never
e Nowoftials  "OLESCLRO) | hotwogemary N0 HR@sn o) hetoogeneny
Lines
>1st line 5 0.80 (0.71, 0.91) 1’=0.0%; P=0.53 3 0.78 (0.44, 1.38) ’=0.0%; P=0.92
1st line 6 0.76 (0.69, 0.85) 5 0.81 (0.46, 1.44)
Drugs
Beva 1 0.66 (0.48, 0.90) P=27.2%; 3 0.63(0.34, 1.16) [P=45.3%;
Nivo 3 0.80 (0.64, 1.01) P=0.22 3 1.30 (0.65, 2.59) P=0.14
Atez 2 0.80 (0.71, 0.89) 1 0.63(0.35, 1.12)
Pemb 2 0.58 (0.39, 0.85) 1 0.43 (0.23, 0.81)
Avel 1 1.13 (0.57, 2.25)
Ipil 1 0.93 (0.74, 1.16)
Durv 1 0.63 (0.43, 0.92)
Histological subtypes
NSCLC 6 0.77 (0.67, 0.87) [=36.0%; 4 1.00 (0.66, 1.54) [’=39.9%;
Non-squamous 4 0.72 (0.60, 0.87) P=0.21 4 0.60 (0.30, 1.20) P=0.22
Squamous 1 0.93 (0.74,1.16)

Atez, atezolizumab; Avel, avelumab; Beva, bevacizumab; Durv, durvalumab; Ipil, ipilimumab; Nivo, nivolumab; OS, overall survival; Pemb,

pembrolizumab; PFS, progressive-free survival.

in terms of the ICI efficacy for non-smokers (36). We
believe that the conclusions are incorrect. The other two
studies investigated the difference of ICI efficacy between
smoker and non-smoker by evaluating the inter-group
heterogeneity. Mo et al. reported that the inter-group
heterogeneity between smoking and non-smoking group
was 48% and the P value was not displayed (37). Another
study reported a significantly high level of inter-group
heterogeneity (76.6%, P=0.04) between smoker and non-
smoker group (38). The statistical method used by the
above two studies is named the deluded approach which is
vulnerable to ecological bias. The biggest superiority of our
study versus the above two studies is that we used a more
reliable statistical method (the deft approach) to evaluate
the difference of ICI efficacy between smoking and non-
smoking group. Therefore, we believe that the present
study shown more reliable outcomes.

A strength of the current systematic review and meta-
analysis is that all included studies are phase III randomized
trials and all but one of those studies have study protocols

© Journal of Thoracic Disease. All rights reserved.

registered on the clinical trial registration platform. The
risk of bias analysis indicates that only several studies
were conducted according to the double-blind method.
Therefore, the risk of bias mainly generated from
procedures related to patient allocation, performance, and
outcome assessment. Because we cannot make a judgement
of high risk based on insufficient information, the we
made a judgement of “unclear risk” for open label trials
in terms of selection, performance and detection biases.
Nevertheless, we still remind readers that the strength of
the results in our systematic review and meta-analysis may
be weakened by the above risk of biases.

As is well-known, a large number of study subjects
is important for a meta-analysis to draw a substantial
conclusion. The total number of participants in our
systematic review and meta-analysis is above 6,400, and
thus, the finding in terms of NSCLC patients with smoking
history is conclusive. However, the small size of never
smokers in the present study is a critical limitation against
us to draw a decisive conclusion about the efficacy of ICIs
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in NSCLC patients without smoking history. The current
meta-analysis is based on published results rather than on
the data of individual patients. And we cannot clarify that
whether or not variables such as PD-L1 expression status
and TMB are distributed unevenly across experimental and
control groups. In addition, a slight publication bias exists
across the included trials. This situation can be explained
by the fact that still many clinical studies do not report
the subgroup results based on clinical features, including
smoking status. And some studies fail to calculate the
relative HR (95% CI) for never smokers because of the
small sample size. The above limitations may also impact
the explanation of our results.

Conclusions

ICIs can improve the OS and PFS of NSCLC patents with
smoking history. The current evidences fail to identify a
significant higher efficacy of adding ICIs in patients without
smoking history, because of the significantly small sample
size of never smokers included in each trial. The efficacy
of ICIs in patients with smoking history is seemingly
superior over that in patients without smoking history.
Furthermore, we cannot figure out whether or not other
clinicopathological features such as PD-L1 expression
status, play a role in the magnitude of ICI efficacy for
patients with different smoking histories. We suggest that
smoking history cannot be recognized as a predictor of ICI
efficacy in patients with advanced NSCLC.
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