
LETTER TO THE EDITOR

The impact of smoking on the effectiveness of immune checkpoint inhibitors —
a systematic review and meta-analysis

Kirsty Wai Chung Leea, Sarah J. Lordb,c, Lawrence Kashermana, Ian Marschnerb,d, Martin Stocklerb, Richard
Grallae, James Chih-Hsin Yangf,g, Tony Mokh and Chee Khoon Leea,b

aCancer Care Centre, St George Hospital, Sydney, NSW, Australia; bNational Health and Medical Research Council (NHMRC) Clinical Trials
Centre, Sydney, NSW, Australia; cSchool of Medicine, University of Notre Dame, Sydney, Australia; dDepartment of Statistics, Macquarie
University, Sydney, Australia; eAlbert Einstein College of Medicine, Jacobi Medical Center, Bronx, NY, USA; fGraduate Institute of Oncology,
National Taiwan University, Taipei, Taiwan; gDepartment of Oncology, National Taiwan University Hospital, Taipei, Taiwan; hHong Kong
Cancer Institute, Department of Clinical Oncology, Chinese University of Hong Kong, Shatin, China

ARTICLE HISTORY Received 11 August 2019; Accepted 16 September 2019

Introduction

Immune checkpoint inhibitors (ICI) have substantially
improved outcomes for many advanced cancers. However,
only a subset of patients respond to these therapies. There is
currently no ideal biomarker to predict treatment benefit.
Tumor expression of programed death ligand 1 (PD-L1) has
been used in some settings, but its predictive value is not
universally applicable across all cancers [1]. More recently,
tumor mutation burden (TMB) has been investigated as a
promising biomarker for ICI benefit [2–4].

Tobacco smoking is strongly implicated in tumor muta-
genesis for non-small cell lung cancer (NSCLC), head and
neck cancer (HNC), and urothelium cancer (UC). Molecular
profiling of smoking-related NSCLC [5] and HNC [6] has
shown that these are characterized by a greater mutation
burden than tumors of never-smokers. However, in UC, no
association has been reported between smoking and muta-
tion type, spectrum, or frequency [7].

In clinical practice, there is considerable interest in whether
smoking status could be used to select patients for ICI therapy.
Uncontrolled randomized trials of NSCLC have reported that
smokers treated with ICI have more frequent tumor shrinkage
than nonsmokers [3,8,9]. Yet, in subgroup analyses of random-
ized trials, hazard ratios (HR) for progression free survival (PFS)
inconsistently trended towards more benefit for ever-smokers
or never-smokers [10,11]. No information on this association is
available for other cancers. To address this question, we per-
formed a systematic review and meta-analysis of randomized
trials to compare the relative treatment benefit of ICI versus
chemotherapy between ever-smokers and never-smokers.

Methods

We searched PubMed, MEDLINE and EMBASE from database
inception until June 30, 2018, to retrieve phase 2 and 3

randomized studies comparing ICI alone versus chemother-
apy alone in advanced cancers. The search terms were
‘Atezolizumab’ or ‘Durvalumab’ or ‘Ipilimumab’ or
‘Nivolumab’ or ‘Pembrolizumab’ or ‘Tremelimumab’ and
‘randomized’. Articles were limited to ‘English language’ and
‘Human’ studies. To identify unpublished trials and updated
data for published trials, we hand-searched proceedings
from international oncology conferences including the
American Society of Clinical Oncology, the European Society
of Medical Oncology, American Association for Cancer
Research, and International Association for the Study of Lung
Cancer from January 1, 2018 to June 30, 2018. Two investiga-
tors (KL and LK) independently performed the literature
search, and extracted data from all studies. All discrepancies
were resolved by consensus with all investigators.

Eligible trials studied ICI alone versus chemotherapy alone
as non-curative intent treatment for cancer, and published the
overall survival (OS) HR and 95% confidence intervals (CI) for
all patients, as well as separately for ever-smokers and never-
smokers. For each trial, KL and LK excerpted data on the study
design, blinding, study phase, cancer type, treatments given,
line of therapy, median follow-up time, primary endpoint and
distribution of ever-smokers versus never-smokers. Former
smokers and current smokers were analyzed as a group of
ever-smokers. As smoking status may be associated with sex
and age, we also examined treatment benefit for these sub-
groups to look for potential interaction in the study sample.
Data on oncogenic mutations and PD-L1 expression were
extracted as these are also known to potentially affect treat-
ment effect of ICI. When there were duplicate publications for
a trial, only the most recently reported data was analyzed. The
Cochrane Risk of Bias tool was used to assess the methodo-
logical quality of studies for the OS outcome.

We used the fixed-effects inverse-variance-weighted
method to pool trial data to estimate ICI benefit on OS. We
used the I2 statistic and Cochran Q test to quantify

CONTACT Kirsty Wai Chung Lee kirsty.lee@gmail.com Cancer Care Centre, St George Hospital, 30 Gray Street, Kogarah NSW 2217, Australia
Supplemental data for this article can be accessed here.

This article has been republished with minor changes. These changes do not impact the academic content of the article.
� 2019 Acta Oncologica Foundation

ACTA ONCOLOGICA
2020, VOL. 59, NO. 1, 96–100
https://doi.org/10.1080/0284186X.2019.1670354

http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2019.1670354&domain=pdf&date_stamp=2019-12-10
https://doi.org/10.1080/0284186X.2019.1670354
https://doi.org/10.1080/0284186X.2019.1670354
http://www.tandfonline.com


heterogeneity across studies, and the latter to test for a smo-
king–treatment interaction.

Results

We identified 11 eligible trials (Figure 1, Supplementary
Table S1). All trials were open-label. Eight studies were
assessed as low risk of bias [10–21]. Methodological quality
was unclear for three unpublished trials [22–24].

Of 7014 advanced cancer patients, 4685 (67%) had
NSCLC, 856 (12%) had squamous HNC, and 1473 (21%) had
UC. Among NSCLC patients, 3882 (82%) had no oncogenic
driver mutations, 750 (16%) had unknown mutation status,
103 (2%) had mutation of the epidermal growth factor recep-
tor (EGFR) or anaplastic lymphoma kinase (ALK) genes. There
were no mutation analyses for the trials of HNC and UC. Two
NSCLC trials selected 1815 treatment-naïve patients with PD-
L1 tumor proportion score of 1% or more [13,22]. All other
trials included patients with any PD-L1 expression, who had
received prior systemic therapy. Of the whole analyzed popu-
lation, a total of 1526 (22%) were never-smokers and 5431
(77%) were current or ex-smokers. Fifty-seven patients (<1%)

were excluded because smoking status or treatment effect
was unknown.

Patients were randomized to receive ICI (N¼ 3654) or
chemotherapy (N¼ 3360) (Supplementary Table S1). The ICI
agents were atezolizumab (N¼ 1224), nivolumab (N¼ 1276),
and pembrolizumab (N¼ 1154).

In the overall population, ICI improved OS over chemo-
therapy (pooled HR 0.81, 95%CI 0.76–0.81). There was a stat-
istically significant interaction between treatment
effectiveness and smoking status (ever-smokers [N¼ 5431]:
HR 0.79, 95%CI 0.72–0.85; never-smokers [N¼ 1526]: HR 0.91,
95%CI 0.81–1.01; interaction-p ¼ .04; Figure 2).

When the analysis was repeated in each tumor group,
treatment benefit was numerically greater for ever-smokers
than never-smokers for NSCLC (HR 0.78 versus 0.90) and UC
(HR 0.70 versus 0.89), but not for HNC (HR 0.84 versus 0.82)
(Supplementary Figures S1–3). The treatment–smoking inter-
action was not statistically significant within any of these
tumor subgroups.

Nine trials reported treatment effectiveness by sex (males:
N¼ 4031 [69.6%]; females: N¼ 1765 [30.5%])
[10–14,17–20,22–24]. ICI benefit for OS did not differ signifi-
cantly by sex (male HR 0.78, 95%CI 0.71–0.85; female HR

Figure 1. Flow diagram showing inclusion and exclusion of studies.
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0.87, 95%CI 0.78–0.97; interaction-p ¼ .13) (Supplementary
Figure S4). Ten trials reported treatment effectiveness by age
(<65 years: N¼ 3501 [57.6%]; �65 years: N¼ 2582 [42.4%])
[10–15,17–21,23–25]. ICI benefit for OS also did not differ sig-
nificantly by age (<65 years: HR 0.83, 95%CI 0.75–0.92;
�65 years: HR 0.75, 95%CI 0.68–0.83; interaction-p ¼ .19)
(Supplementary Figure S5).

Discussion

In this meta-analysis, ICI therapy is associated with a 19%
reduction in risk of death over chemotherapy for NSCLC,
HNC, and UC. Across these three cancers, ICI therapy pro-
vided an additional 13.2% relative OS benefit over chemo-
therapy for ever-smokers compared to never-smokers
(pooled HR 0.79 versus 0.91, interaction-p ¼ .04). Within each
tumor type, no statistically significant interaction between
smoking status and ICI effectiveness was demonstrated.

Although ICI therapy demonstrates a higher relative OS
advantage for ever-smokers, the estimate of treatment effect
for never-smokers does not rule out a modest benefit, as the
upper bound of the pooled confidence interval for OS HR

just crossed unity. Despite pooling data from 11 trials involv-
ing 7014 patients, the statistical test of interaction was bor-
derline (p ¼ .04). Never-smokers only comprised a fifth of
this analysis cohort, thus further study in larger samples of
never-smokers will be important. Inconsistencies in the defin-
ition of smoking status between trials, unreliability of self-
reporting, and failure to account for changes in tobacco
usage over the entire trial period [26] may also limit the
study estimates. Alone, these findings do not support select-
ing patients for ICI therapy based on smoking status.

The validity of smoking history can be marred by recall
bias and reporting bias. Thus, researchers have investigated
objective biomarkers potentially linked to the effect of smok-
ing. It is widely hypothesized that the benefit of ICI therapy
for smokers is due to their greater tumor neoantigen load.
Multiple studies have shown that TMB [2,3] may be a surro-
gate for overall neoantigen load. High plasma-based TMB
reliably predicted improvement in progression-free survival
(PFS) from atezolizumab over docetaxel in two second-line
advanced NSCLC trials [27]. High tissue-based TMB also pre-
dicted PFS improvement from nivolumab-ipilimumab over
platinum chemotherapy in a large first-line advanced NSCLC

Figure 2. Forest plot of hazard ratios for overall survival comparing immune checkpoint inhibitors versus chemotherapy in ever-smokers and never-smokers patient
subgroups. Hazard ratio for each trial is represented by the square and the horizontal line crossing the square represents the 95% confidence interval (CI). The dia-
mond represents the pooled overall effect size estimated using a fixed-effect meta-analysis. All statistical tests were two-sided. �Hazard ratio could not be esti-
mated for never-smoker subgroup because there were only 17 patients in CHECKMATE 017 trial.

98 K. W. C. LEE ET AL.

https://doi.org/10.1080/0284186X.2019.1670354
https://doi.org/10.1080/0284186X.2019.1670354
https://doi.org/10.1080/0284186X.2019.1670354


trial [28]. A retrospective cohort study of multiple different
advanced cancers treated with ICI reported that higher TMB
was associated with improved OS, but the TMB cut points
associated with improved survival varied markedly between
cancer types [4]. The comparability of different TMB plat-
forms, number and types of genes analyzed, and an appro-
priate cut point to classify patients as ‘high’ TMB still need to
be addressed before this biomarker is suitable for rou-
tine use.

This study has several strengths. We used trial data to
provide robust randomized comparisons and examined OS
as the most clinically relevant endpoint. To date, this is the
largest study to assess the interaction between smoking and
ICI effectiveness, and the first meta-analysis to examine other
tobacco-implicated cancers beyond NSCLC. This study also
has several limitations. None of the trials provided clear defi-
nitions for smoking exposure or reported changes in smok-
ing status during the study. We were unable to compare the
HR PFS or response rates between ever-smokers and never-
smokers due to paucity of published data. Prior studies have
reported a greater OS benefit for ICI in men than in women
[29], and for younger versus older patients [30]. Our prior
work also demonstrated that patients with metastatic EGFR
mutant NSCLC had inferior survival when treated with ICI as
compared with docetaxel in the second-line setting [25].
Although the majority of these patients were nonsmokers,
we are unable to account for the potential confounding
effect of EGFR mutation status without access to patient
level data. However, it is important to note that only 2% of
all patients in our NSCLC cohort had known EGFR mutations
and these patients accounted for less than 1% of all patients
with advanced cancer included in this meta-analysis. In the
HNC and UC cohorts, these patients are not known to have
driver mutations that could affect responses to ICI. Therefore,
the impact of EGFR mutation in NSCLC on the overall result
of this analysis would probably be minimal. We also could
not detect a significant difference in ICI effectiveness by sex
or age, suggesting that the confounding impact of these fac-
tors, if any, would be minimal. Furthermore, given that the
included studies were large randomized trials, we expect
potential confounders to be equally distributed between the
randomized arms and hence impact minimally on estimates
of relative treatment effects.

In this meta-analysis where never-smokers are relatively
under-represented, our results highlight the importance of
stratifying patients by smoking status in all future trials of
ICI, especially in the absence of a clear predictive molecular
biomarker. Our literature search found no report of smoking
history in trials investigating ICI in the treatment of non-
tobacco-implicated cancers. A standardized definition of
smoking status, such as those defined by the National Health
Interview Survey is needed for all ICI oncology trials. This
includes better quantification of smoking exposure such as a
objectively quantifying smoking history, or using objective
tests such as cotinine levels in body fluid [26]. Ongoing
research is required to better understand the molecular basis
of treatment effect modification by smoking in ICI therapy.
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