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Abstract

The effects of smoking on survival in BM patients have yet to be reviewed and meta-analysed. However, previous stud-
ies have shown that smokers had a greater risk of dying from lung cancer compared to non-smokers. This meta-analysis,
therefore, aimed to analyse the effects of cigarette smoking on overall survival (OS) and progression-free survival (PFS) in
lung cancer BM patients. PubMed, Embase, Web of Science, Cochrane and Google Scholar were searched for comparative
studies regarding the effects of smoking on incidence and survival in brain metastases patients up to December 2020. Three
independent reviewers extracted overall survival (OS) and progression-free survival data (PFS). Random-effects models
were used to pool multivariate-adjusted hazard ratios (HR). Out of 1890 studies, fifteen studies with a total of 2915 patients
met our inclusion criteria. Amongst lung carcinoma BM patients, those who were smokers (ever or yes) had a worse overall
survival (HR: 1.34, 95% CI 1.13, 1.60, I2: 72.1%, p-heterogeneity < 0.001) than those who were non-smokers (never or no).
A subgroup analysis showed the association to remain significant in the ever/never subgroup (HR: 1.34,95% CI 1.11, 1.63)
but not in the yes/no smoking subgroup (HR: 1.30, 95% CI 0.44, 3.88). This difference between the two subgroups was not
statistically significant (p=0.91). Amongst lung carcinoma BM patients, smoking was associated with a worse OS and PFS.
Future studies examining BMs should report survival data stratified by uniform smoking status definitions.
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Introduction

Brain metastases (BMs) have the highest incidence of
all central nervous system tumours in adult patients [1].
BMs disseminate most frequently from lung carcinomas
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(40-50%), breast carcinomas (15-25%) or melanoma
(5-20%) [4, 15, 40]. BM survival has remained abysmal
despite therapeutic and diagnostic advancements, leading
to severe deterioration in function and quality of life [35].

Tobacco use, specifically cigarette smoking, is a major
cause of preventable death and morbidity [39]. Smoking has
been demonstrated as a risk factor for numerous cancers,
including lung, liver and otolaryngological cancers. Both
malignancy incidence and therapeutic response to anti-onco-
logical agents are demonstrated to be altered due to smok-
ing [42]. Previous studies examining the effect of smoking
on cancer patients have often restricted the included patient
population to non-metastatic patients [36, 37]. Smoking ces-
sation may be less likely emphasised for many metastatic
patients, especially those who are considered incurable and
those with have limited expected survival time.

The effects of smoking on survival in BM patients have
yet to be reviewed and meta-analysed. This meta-analysis,
therefore, aimed to analyse the effects of cigarette smoking
on overall survival (OS) and progression-free survival (PES)
in lung cancer BM patients.

Materials and methods

The systematic review was conducted in accordance with
the 2020 Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist, and all steps of the
PRISMA checklist were completed [34].

Inclusion and exclusion criteria

Our inclusion criteria aimed to identify comparative obser-
vational studies which analysed the effect of smoking on
overall survival (OS) and/or progression-free survival (PFS)
in lung cancer patients with brain metastases. If papers
included more than one hazard ratio that met inclusion cri-
teria, all would be included as long as the patient popula-
tions did not overlap. Search results were limited to English-
language studies with > 10 participants.

Search strategy

The electronic databases MEDLINE (Pubmed), Web of
Science, EMBASE, Cochrane and Google Scholar were
searched using search terms related to smoking, intracra-
nial metastases originating from lung carcinoma and patient
survival (Supplementary materials, Appendix 1); studies
published up until 31st December 2020 were included in
our screening. Three independent authors (SC, IT, QZ) ini-
tially screened the title and abstracts against the inclusion
and exclusion criteria. Subsequently, full text articles were
retrieved and reviewed against eligibility criteria (SC, IT,
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QZ), with disagreements resolved through discussion with
each other or a fourth author (AH).

Data extraction

Relevant data from each included study were extracted by
three independent authors (SC, IT, QZ) as follows: (1) study
characteristics, (2) cohort demographics, (3) smoking status,
(4) primary tumour characteristics, (5) BM characteristics,
(6) treatment characteristics and (7) outcomes (OS, PFS).

Quality assessment

Two independent authors (SC, QZ) assessed the quality
of each included article using the Newcastle Ottawa Scale
[46] for observational studies. Any disagreements were
discussed and resolved amongst the authors; if consensus
was not reached, a third author (IT) gave a final judge-
ment. The Newcastle Ottawa Scale assesses the domains of
subject selection (4 points), comparability (2 points) and
assessment of outcome (3 points) for a total of 9 points.
The score was interpreted as 0-3 points = “poor quality”,
4-6 points = “fair quality” and 7-9 points = “good quality”.
Studies were penalised in the “selection of the non-exposed
cohort” category if they lumped never and former smokers
in one category when reporting exposure to smoking.

Data analysis
Statistical methods and analysis

We only included studies providing a multivariate hazard
ratio (HR) in our main analysis. Pooled point estimates and
their 95% confidence interval were calculated in the meta-
analysis using the DerSimonian and Laird random-effects
model [11] to account for inter-study variation. Subgroup
analysis was performed to tease out heterogeneity in how
smoking was reported across studies. Across the fifteen stud-
ies, smoking status was reported as either ever vs. never
(12 studies) or yes vs. no (3 studies). If a study provided
both intracranial and extracranial PFS as opposed to giving
an overall PFS, only the results for intracranial PFS were
included in the analysis to avoid patient overlap. Unless oth-
erwise specified, a two-sided p value of <0.05 was consid-
ered statistically significant. Data analysis was performed in
RStudio v. 1.2.1335 (R Core Team, Vienna, Australia) using
the package meta [3].

Sensitivity analysis
We performed sensitivity analyses which included (1) pool-

ing the multivariate studies with the outlier removed and (2)
pooling studies that provided a univariate HR. Similar to the
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multivariate analysis, a subgroup analysis was performed to
compare studies reporting smoking as ever/never and yes/no.

Heterogeneity assessment and analysis

The degree of heterogeneity amongst studies was determined
using the p value for the Cochrane Q test (statistically significant
p value <0.1) [20] and Higgins’ and Thompson’s /* value [19].
Degree of heterogeneity was reported to be low, medium and
high with P values of 25%, 50% and 75%, respectively [10].

Small study effect

Potential small study effects were identified using a fun-
nel plot for visual determination of asymmetry, as well as

Egger’s test for statistical significance [14]. When small
study effects were indicated, the trim-and-fill method was
used to impute the potentially missing studies and recal-
culate the imputed pooled effect estimate, whilst acknowl-
edging the limitation of such a method, which assumes the
source of asymmetry to be due solely to small study effect
and not to other reasons.

Results

The search strategy returned 1890 articles following removal
of duplicated papers. After title and abstract followed by
full-text screening, fifteen studies [5, 6, 8, 12, 13, 18, 21,
23-25, 31, 32,41, 50, 52] included data on multivariate HR
(as opposed to univariate), meeting our inclusion criteria,

Fig. 1 Prisma flowchart )
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and were included in our review and meta-analysis (Fig. 1).
Papers reporting data on univariate HR [2, 8, 9, 12, 13, 16,
22-25,29-33,41, 42, 44, 48-52] (n=23) were pooled in a
sensitivity analysis and results can be found in supplemen-
tary materials. Of the 15 studies included, 13 were retrospec-
tive cohort studies, and two were prospective cohort stud-
ies. The mean study duration was 110.67 months, and the
mean follow-up duration for OS and PFS was 17.11 months
(Table 1). The most common covariates adjusted for in the
multivariate models were age (n=9) and sex (n="7); the
minimum number of covariates in a model was 3 [21, 26]
and the maximum was 11 [32]. Of the total 3094 pooled
participants, 63.2% (n=1956) were male. Smoking status
was reported in 87.0% (n=2692) of patients—for the pro-
portion that was reported, 64.2% (n=1727) were current or
past smokers and 35.8% (n=965) had no smoking history.
The histology of 48.2% (n=1492) of the primary lung car-
cinomas was adenocarcinoma (Table 2).

Overall survival

Fifteen studies, with a total of 2915 patients with brain
metastases, met our inclusion criteria. The pooled multi-
variate HR for overall survival was greater amongst smok-
ers than non-smokers (HR: 1.34, 95% CI 1.13, 1.60; 15
studies, I*: 72.1%; p-heterogeneity: < 0.0001) (Fig. 2). This
suggests that death rates in BM patients in the smoking
group were 34% higher than those in BM patients in the
non-smoking group. The HRs were found to have a high
level of heterogeneity.

Table 1 Characteristics of included studies

Subgroup analysis

A subgroup analysis was performed to tease out heteroge-
neity in how smoking was reported across studies. Stud-
ies reporting smoking as ever/never had significant results
showing smoking to be associated with an increased risk of
death (HR: 1.34, 95% CI: 1.11, 1.63; 12 studies; 1% 73%:;
p-heterogeneity < 0.01). Studies reporting smoking as yes/
no also displayed that smoking increased the risk of death,
but these results were not statistically significant (HR: 1.30,
95% CI: 0.44, 3.88; 3 studies; I*: 56%: p-heterogeneity: 0.10)
(Fig. 3).

Progression-free survival

The pooled multivariate HR for PFS demonstrated worse
outcomes amongst smokers (HR: 1.35,95% CI 0.68, 2.68; 5
studies; I*: 80.8%; p-heterogeneity: 0.0003), when compared
to non-smokers; however, this analysis did not reach statisti-
cal significance (supplementary materials Fig. 4) (Fig. 4).
Stratifying by how smoking was reported was not feasible
due to the paucity of studies in each category.

Sensitivity analysis

Rerunning our multivariate analysis excluding the outlier
result (Li 2019) resulted in a pooled multivariate HR of 1.39
(95% CI 1.18, 1.64; 14 studies, >=28.6%: p-heterogeneity:
0.15). This was similar to our results including the outly-
ing HR (supplementary materials Fig. 1). Our sensitivity

Study number  Author (year) Country Study design Sample size/# of Study duration Follow-up
deaths (if provided)  (months)’ duration

(months)?

1 Du T, 2020 China Retrospective cohort 144 125 10

6 Zhuang Q, 2020 China Retrospective cohort 250/230 120 18.9

2 Li YD, 2019 UsS Retrospective cohort 125 41 -

3 Chen CH, 2019 Taiwan Retrospective cohort 141 60 20.3

4 Hendriks LEL, 2019  The Netherlands Prospective cohort 255 66 15.8

France

5 LuF, 2019 China Retrospective cohort 206/97 84 22.7

7 Inal A, 2018 Turkey Retrospective cohort 698 159 -

8 Kim IA, 2018 South Korea Retrospective cohort 142 131 -

9 Kobayashi H, 2018 Japan Retrospective cohort 59/39 360 17.9

10 Byeon S, 2016 Korea Retrospective cohort 121 107 18.4

11 Zhang Q, 2016 China Retrospective cohort 43 28 -

12 Duell T, 2015 Germany Prospective cohort 118/103 96 8.6

13 Cai L, 2014% China Retrospective cohort 178 132 28

14 Sekine A, 2014 Japan Retrospective cohort 197 91 10.5

15 Kim J, 2013 South Korea Retrospective cohort 313 60 -

IStudy duration refers to time period in which patients were included in the study. >Follow-up refers to the median follow-up time for patients
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Author Hazard Ratio HR 95%-Cl Weight
Kim, 2013 ——— 1.24 [0.81;1.90] 7.2%
CailL, 2014 = 1.22 [1.04;1.43] 12.7%
Sekine, 2014 — 1.52 [0.67;3.43] 3.1%
Duell, 2015 —f—— 1.20 [0.74;1.95] 6.3%
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Fig.2 Forest plots showing pooled multivariate HR and 95% CI
for all studies that compared overall survival comparing smokers
vs. non-smokers lung carcinoma BM patients. Each study is shown
by the point estimate of the hazard ratio and 95% confidence inter-
vals (extending lines). The diamond centre represents the estimated
pooled hazard ratio and width represents its 95% confidence interval
(labelled total)

smaller sample size. Several previous studies that examined
the effect of smoking on cancer patients have restricted the
examined cohort to non-metastatic patients [36, 37]. How-
ever, there is previous literature examining the effect of
smoking on different types of metastases which have found
similar results to ours [17, 27].

Our sensitivity analysis of univariate HR was consist-
ent with our multivariate results. Controlling for other fac-
tors in the multivariate analysis resulted in the pooled effect
size being more strongly suggesting the risk of death was
greater amongst smokers. The overall quality assessment of
the studies was noted to be “good”. However, it is impor-
tant to note that three studies—Hendriks et al. (2019) [18],
Inal et al. (2018) [21] and Kim et al. (2013) [24]—reported
smoking status to be unknown for 14/255, 66/698 and
26/313 patients, respectively. Another key aspect limiting
the quality of these studies is that smoking was self-reported
by the patients and the fact that some studies did not explic-
itly categorise patients as current, former and never smokers,
and instead lumped former and never smokers together.

Several biologic processes explain the link between
smoking and poor outcomes in metastatic patients. Recently,
a 2019 study found that smoking increased the incidence of
brain metastases in lung cancer patients and that nicotine
had a critical impact on promoting metastatic development
by skewing microglia to alternatively activated phenotype
and suppressing their role in innate immunity [47]. This
ultimately enhances metastatic tumour growth. It is well-
established that smoking alters biologic pathways of cancer
resulting in greater proliferation, migration, invasion, angio-
genesis and activation of pro-survival cellular pathways [42,
43]. This leads to a more malignant tumour phenotype and
can therefore worsen outcomes of patients. This further sup-
ports our findings that smoking increases the risk of death in
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Fig.4 Forest plots showing HR and 95% CI across all studies that
compared progression-free survival comparing smokers vs. non-
smokers lung carcinoma BM patients

patients with brain metastases and stresses the importance of
advocating smoking cessation for these patients.

Only three out of the 15 included studies reported on
EGFR mutation status. Previous papers have found an asso-
ciation between smoking and a lower number of EGFR
mutations [38, 45]. However, Tseng et al. [45] found that
smokers had a shorter median overall survival (OS) amongst
both EGFR-mutant and EGFR-wild type patients (17.8 vs.
21.1 months, and 7.9 vs. 11.4 months, respectively; both
p<0.001). If there is indeed a relation between smoking
and EGFR mutation status, this suggests that we should not
adjust for EGFR mutation as it is a downstream consequence
of the exposure (smoking) and we would be over adjusting.
Future studies should report on mutational status in order to
further understand the relation of smoking to overall survival
with respect to mutational status.

Additional questions must be addressed in order to
achieve a more in-depth understanding of the impact of
smoking on patients with lung cancer and metastases. Inter-
estingly, a recent meta-analysis comparing lung cancer
patients who quit smoking at or around diagnosis or during
treatment to those who continued smoking concluded that

Fig.5 Funnel plot of standard

quitting smoking was significantly associated with improved
overall survival [7]. Future studies should report whether
patients have quit smoking after diagnosis/around treatment
in order to enable a meta-analysis that can analyse whether
quitting smoking is indeed beneficial for patients with brain
metastases. Notably, only four out of 15 studies [6] explicitly
defined that overall survival counted cancer-related deaths
only; future studies conduct a competing risk analysis where
they report cause-specific hazards or sub-distribution haz-
ards for cancer- or non-cancer-related causes of deaths [28].
Studies should also report the number of deaths from each
cause.

Strengths and limitations

Limitations of this study include limiting our search to stud-
ies published in English. Additionally, there was heterogene-
ity in the way smoking status was reported (ever vs. never,
yes vs. no) and we were unable to analyse the difference
between current smokers and former smokers; nevertheless,
we stratified our results by the way smoking categories were
reported. Moreover, only two studies, Zhang et al. 2016 [50]
and Kim et al. 2013 [24], provided data on current, past and
never smoking. Heterogeneity in the definition of smoking
status is an important limitation for future studies to address
because the “no” category could include participants who
were both never or former smokers, which can confound the
estimated association. There was also a lack of consistent
reporting of point estimates with only a portion of studies
reporting multivariate HR along with univariate HR.
However, this study also had several strengths. We
were able to demonstrate that smoking cessation improved
survival outcomes in patients with lung carcinoma brain
metastases. A strict protocol was adhered to in perform-
ing the meta-analysis. We were meticulous in extracting
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MV-adjusted HRs in our main analysis and considered
univariate HRs in a sensitivity analysis, as these would be
biassed. Additionally, we teased out the heterogeneity in
which smoking was reported. Furthermore, we analysed
15 studies with a sample size of 3094, which allowed good
power in detecting a statistically significant hazard ratio,
which favoured non-smokers.

Conclusion

In conclusion, our meta-analysis suggests that a smoking
history has detrimental effects even in a progressive phase
of malignancy. There were similar results for PFS but this
did not reach statistical significance. Future studies should
use a standardised way of reporting smoking status, such as
never, past and current smokers, to facilitate analysis on how
smoking cessation after diagnosis impacts survival. Future
studies should document whether patients have quit smok-
ing after diagnosis/around treatment in order to determine if
quitting smoking is indeed beneficial for patients with brain
metastases. Additionally, a time-to-event analysis would be
beneficial to compare brain metastases between never, past
and current smokers.
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