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Background: Smoking is associated with increased mortality in patients with
cancer. However, there are limited data on the impact of smoking on the
survival of patients with brain metastases. Therefore, this study aimed to evaluate
whether smoking was associated with survival and whether smoking cessation was
beneficial to these patients.

Methods: This study used lung cancer with a brain metastasis cohort of the West
China Hospital of Sichuan University from 2013 to 2021. Patients were stratified
according to smoking history; the distribution, clinical characteristics, and survival
data of each group were estimated. Kaplan-Meier analysis and risk analysis were
performed for the survival endpoint.

Results: Of the 2,647 patients included in the analysis, the median age was 57.8
years, and 55.4% were men. Among them, 67.1% had no smoking history, 18.9%
still smoked, and 14% reported quitting smoking. Compared with never smokers,
current smokers [HR, 1.51 (95% Cl, 1.35-1.69), p < 0.01] and former smokers [HR,
1.32(95% Cl, 1.16-1.49), p < 0.01] had an increased risk of death. However, quitting
smoking was not associated with improved survival [HR, 0.90 (95% CI, 0.77-1.04),
p = 0.16]. The overall survival increased with the increase of smoking cessation
years.

Conclusions: In lung cancer patients with brain metastases, smoking was
associated with an increased risk of death, but quitting smoking was not associated
with improved survival.
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Introduction

Lung cancer is the leading cause of cancer-related death (1). Approximately 81.3%
of patients with lung cancer are related to smoking (2). Although the overall smoking
prevalence has decreased significantly in the past years, cigarette smoking remains the
leading cause of lung cancer cases and deaths (3). Smoking in patients with cancer increases
overall mortality, cancer-specific mortality, treatment-related toxicity, and second primary
cancer (4, 5). The 2020 Surgeon General’s Report on quitting smoking added many new
pieces of evidence and conclusions to reveal the benefits of quitting smoking even after the
diagnosis of cancer (6). The American Association for Cancer Research, EMSO, the WHO,
and other organizations advocate smoking cessation as a standard cancer treatment (7-
10). More than half of lung cancers develop into brain metastasis during the course of the
disease (11). However, guidelines rarely specifically recommend smoking cessation for brain
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metastasis. Brain metastasis is a sign of poor prognosis in
patients with lung cancer, and the expected survival time is short
(12). Patients with advanced cancer are willing to quit smoking
differently from those diagnosed early. Pain, second-hand smoke
exposure, guilt about smoking, fear of stigmatization, and fatalism
of disease may represent obstacles to smoking cessation in patients
with cancer, particularly in those with advanced disease (13-16).
There is less evidence about the impact of smoking on the
survival of patients with brain metastases and the benefits of
quitting smoking on patients with brain metastases. Only a small
study of 366 brain metastases in patients with lung cancer found
that smoking had no effect on overall survival (17). Therefore,

10.3389/fneur.2023.1036387

we conducted this study to evaluate whether smoking affects the
overall survival rate of lung cancer patients with brain metastasis
and the benefits of quitting smoking on survival.

Methods
Study population

This study is a single-center retrospective cohort study on the
survival rate of lung cancer patients with brain metastasis in China.
From December 2013 to August 2021, lung cancer patients with

TABLE 1 Clinical and smoking characteristics of lung cancer patients with brain metastases.

Characteristic

All patients

Current
Participants, n (%) 2,647 (100.0) 1,775 (67.1) 371 (14.0) 501 (18.9)
Mean age (SD), y 57.8 (11.0) 57.4 (11.5) 59.6 (10.3) 57.9 (9.8) 0.002
Gender, n (%) <0.001
Male 1,468 (55.4) 620 (35.0) 362 (97.5) 486 (97.0)
Female 1,179 (44.6) 1,155 (65.0) 9(2.5) 15 (3.0)
Histology, n (%) <0.001
Adenocarcinoma 2,416 (91.3) 1,672 (94.1) 316 (85.1) 428 (85.4)
Non-adenocarcinoma 231 (8.7) 103 (5.9) 55(14.9) 73 (14.6)
KPS, n (%) 0.593
<70 636 (24.0) 424 (23.8) 84 (22.6) 128 (25.5)
>70 2,011 (76.0) 1,351 (76.2) 287 (77.4) 373 (74.5)
Past medical history, 7 (%)
Hypertension 439 (16.5) 287 (16.1) 72 (19.4) 80 (15.9) 0.287
Diabetes 233 (8.8) 126 (7.0) 53 (14.2) 54 (10.7) <0.001
Alcohol drinking, 7 (%) <0.001
Yes 545 (20.6) 69 (3.8) 188 (50.9) 288 (57.4)
No 2,102 (79.4) 1,706 (96.2) 183 (49.1) 213 (42.6)
BMLI, n (%) 0.005
<18.5 221 (8.4) 157 (8.8) 20 (5.4) 44 (8.8)
18.5-23.9 1,801 (68.0) 1,228 (72.6) 239 (64.4) 334 (66.7)
>24 625 (23.6) 390 (18.6) 112 (30.2) 123 (24.5)
Number of brain metastases, 1 (%) 0.677
<3 1,680 (63.4) 1,128 (63.5) 241 (64.9) 311 (62.0)
>3 967 (36.6) 647 (36.5) 130 (35.1) 190 (38.0)
Extracranial metastasis, n (%) 0.006
Yes 515 (19.4) 321 (18.1) 94 (25.3) 100 (19.9)
No 2,132 (80.6) 1,454 (81.9) 277 (74.7) 401 (80.1)
Treatment, n (%)
Chemotherapy alone 445 (16.8) 282 (15.8) 57 (15.3) 106 (21.1) 0.015
Radiotherapy alone 80 (3.0) 49 (2.7) 16 (4.3) 15(2.9) 0.283
Target therapy alone 147 (5.5) 116 (6.5) 9(2.4) 22 (4.3) 0.003

BMI, body mass index (recorded when brain metastases was diagnosed); KPS, Karnofsky performance status.
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COX

Characteristics_ _ ___ __ Number (%) _________ e e HR (95%Cl) ____P.,value
Age 57.82 (11.07) ' ’ 1.00 [1.00, 1.01] 1
Smoke '
Never 1775 (67.1) :
Current 501 (18.9) ' - 1.33[1.14, 1.56] <0.001
gormer 371 (14.0) : = 1.20 [1.02, 1.41] 0.029
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Male 1468 (55.5 i - 1.13[0.99, 1.28] 0.069
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>70 2011 (76.0) ' - 0.79[0.71, 0.88] <0.001
Alcohol ;
No 2102 (79.4) '
Yes 545 (20.6) : - 1.04 [0.91, 1.19] 0.569
Hypertension '
No 2208 (83.4) :
Yes 439 (16.6) I L 0.99[0.87, 1.13] 0.874
Diabetes .
No 2414 }91.2) '
Yes 233(8.8) : - 0.97 [0.82, 1.15) 0.711
Brain metastases '
<3 1680 (63.5) '
23 967 (36.5) p - 1.10 [1.00, 1.21] 0.057
Extracranial metastasis '
Yes 515 (19.55) :
g%" 2132 (80.5) I L] 1.29 [1.14, 1.46) <0.001
<18.5 221 (8.3) :
224 625 (23.6) ! L 0.71[0.59, 0.85 <0.001
18.5-24 1801 (68.0) i - 0.80[0.68, 0.95 0.010
Adenocarcinoma '
Yes 2416 §91.3) :
No 231(8.7) ' - 1.23 [1.05, 1.45] 0.013
Chemotherapy :
Yes 445 (16.8) |
No 2202 (83.2) : . 0.95[0.83, 1.07] 0.385
Targettherapy '
Yes 147 ( 5.6) .
No 2500 (94.4) i - 1.25[1.00, 1.56] 0.047
Radiotherapy :
Yes 80 ( 3.0& '
NO. e s e mae e aan 2000(97.0) ! . _0.97[0.73,1.28] _ _ __ | 0.832_

I I ) I
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FIGURE 1
Multivariate Cox forest map of lung cancer patients with brain metastases. BMI, body mass index (recorded when brain metastases was diagnosed);
KPS, Karnofsky performance status; Brain metastases, number of brain metastases.

brain metastasis coded C34 and secondary invasive C79.3 were
screened from the West China Hospital of Sichuan University
database according to the 10th edition of the International
Classification of Diseases for Oncology (18).

Data collection and follow-up

Electronic medical records and social population registration
records collected information about demographic characteristics,
family, medical history, and survival time. We actively collected
data on smoking behavior through the electronic medical record,
including the years of smoking, the average amount of smoking per
day, whether they had quit smoking, and the time they had quit
smoking. We multiplied the number of cigarette packs smoked per
day by the patient’s number of years and calculated the cumulative
smoking per pack-year (based on 20 cigarettes per pack). A patient
was classified as a current smoker if he/she had evidence of active
smoking or had <1 year of smoking cessation. Moreover, we
classified patients who quit smoking at least 1 year before diagnosis
as former smokers.
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Patients’ general conditions when diagnosing diseases were also
obtained, including anthropometric data, functional status, chronic
health conditions, and Karnofsky performance status (KPS) score.
The number of brain metastases and other metastases was also
recorded. We also collected their history of drinking in their
life. Drinking is defined as drinking alcoholic drinks at least one
time a week in a year. We sorted all relevant treatment history,
imaging, and histopathological information into the patient’s data,
and determined electronic medical records and follow-up records
after the patient’s diagnosis, life state, tumor progression, and the
treatment process during the disease. This study was approved
by the ethics committees of the West China Hospital and the
written consent for patients included 161 in the study was exempted
by the ethics committees since the study only used retrospective
observation data (No. 2022127).

Statistical analyses

Descriptive statistics were conducted to summarize baseline
characteristics, with numbers and percentages for categorical

frontiersin.org
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FIGURE 2

Kaplan—Meier plots of overall survival for lung cancer patients with brain metastases based on smoking status.

variables and means for continuous variables. We imputed the
missing values with the average value. Hazard ratios (HR) and
95% confidence interval (95% CI) for survival associated with
smoke were estimated using Cox proportional hazards model.
Stratified analyses and multivariate Cox proportional hazards
analyses controlled for potential confounding. The multivariable
model was adjusted according to the age, gender, KPS score
at diagnosis, histological type (including adenocarcinoma and
non-adenocarcinoma), past medical history (including diabetes
mellitus and hypertension), the number of intracranial metastases,
the presence of extracranial metastasis, the radiotherapy alone,
target therapy alone, chemotherapy alone, the cumulative amount
of smoking at diagnosis, whether to quit smoking, the time
of quitting smoking, and the drinking status at diagnosis. The
model covariates were selected based on the available literature
to include the suspected prognostic factors for lung cancer with
brain metastasis survival and the variables that might influence
the assessed exposure (19-22). Kaplan-Meier survival curves were
used to compare the survival of current, former, and never smokers,
and the log-rank test was used to test this difference.

In this model, the start time is defined as the patients
first admission date and diagnosis as brain metastasis of lung
cancer. To assess the effect of smoking and quitting smoking
on overall survival, the date of death from any cause was set
as the end time. If the patient is still alive within the follow-
up time, we set the follow-up time (15 August 2021) as the end
date for the patient. Overall survival (OS) was defined as the
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interval from diagnosis of brain metastases to death. A subgroup
analysis was also performed among current and former smokers,
including the smoking intensity and duration since smoking
cessation. P-values that were reported as two-sided and <0.05
were considered statistical differences. All statistical analyses were
bilateral and performed using R statistical software (version 4.0.3,
Vienna, Austria).

Results

The study collected 2,647 lung cancer patients with brain
metastasis, the median age was 57.8, and 55.4% were men. Among
them, 67.1% had no smoking history, 18.9% still smoked, and 14%
reported quitting smoking. The median overall survival for the
cohort was 2 years (95%CI: 1.9-2.1). The median overall survival
rates of never smokers, former smokers, and current smokers were
2.2 years (95%CI: 2.1-2.3), 1.7 years (95%CIL: 1.5-1.9), and 1.5
years (95%CI: 1.3-1.7), respectively. The baseline characteristics of
patients are shown in Table 1.

In a univariate analysis of the entire population, current
smokers [HR, 1.51 (CI, 1.35-1.69), p < 0.01] and former smokers
[HR, 1.32 (CI, 1.16-1.49), p < 0.01] had an increased risk
of death compared with never smokers. After adjustment for
potential confounders and risk factors, smokers (current and
former smokers) still had an increased risk of death (Figure 1).
However, compared with the current smoker, we did not see the

frontiersin.org
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® s40 @ >40
Characteristics __ _ __ ___ Number(%) _Event __________________________=40_________ 240 ______P_
/AII parents 872 719 ——— 70% (67%, 74%) 64% (57%, 71%) 0.439
e

<598 390 (44.72) 321 —_— 69% (64%, 74%) 64% (53%, 78%) 0.675
258 482 (55.28) 398 . 72% (67%, 77%) 63% (56%, 72%) 0.49
Smoke

Former 371 (42.55) 301 —_——e 72% (67%, 77%) 69% (58%, 82%) 0.884
Current 501 (57.45) 418 ——— % 69% (65%, 74%) 61% (54%, 70%) 0.545
Sex

Male 848 (97.25) 705 ——— 70% (67%, 74%) 64% (58%, 71%) 0.603
Female 24 (2.75) 14 * 70% (53%, 91%) — (=) 0.164
Alcohol

No 396 (45.41) 329 — 68% (64%, 74%) 63% (54%, 75%) 0.909
Yes 476 (54.59) 390 ——— 72% (67%, 77%) 64% (56%, 73%) 0.225
Hypertension

No 720 (82.57) 600 —— 70% (66%, 74%) 62% (54%, 70%) 0.654
Yes 152 (17.43) 119 -——— 74% (66%, 82%) 71% (59%, 86%) 0.362
Diabetes

No 765 (87.73) 635 ——— 71% (67%, 75%) 63% (56%, 71%) 0.669
Yes 107 (12.27) 84 —————— 66% (56%, 78%) 65% (50%, 83%) 0.307
Chemotherapy

No 709 (81.31) 583 —— 70% (67%, 74%) 63% (56%, 71%) 0.588
Yes 163 (18.69) 136 —t—— 71% (63%, 79%) 68% (54%, 84%) 0.587
Radiotherapy

No 841 (96.44) 692 — 70% (67%, 74%) 64% (58%, 72%) 0.426
Yes 31(3.56) 27 ® 74% (59%, 93%)  25% (4.6%, 100%)  0.597
Targettherapy

No 841 (96.44) 696 ——%— 70% (67%, 74%) 64% (58%, 71%) 0.59
Yes 31(3.56) 23 = 71% (57%, 90%)  33% (6.7%, 100%)  0.078
Extracranial metastasis

No 678 (77.75) 576 ——— 69% (65%, 73%) 64% (57%, 72%) 0.875
Yes 194 (22.25) 143 2 74% (68%, 82%) 63% (51%, 79%) 0.168
Brain metastases
<3 552 (63.30) 457 -—t—, 69% (65%, 74%) 66% (59%, 75%) 0.685
23 320 (36.70) 262 ——— 72% (67%, 78%) 59% (49%, 71%) 0.052
KPS
<70 212 (24.31) 181 - — ¢ 67% (60%, 74%) 52% (40%, 67%) 0.007
>70 660 (75.69) 538 — 71% (68%, 75%) 68% (61%, 76%) 0.492
Adenocarcinoma

No 128 (14.68) 11 _— 57% (48%, 67%) 66% (50%, 85%) 0.202
Yes 744 (85.32) 608 ———t 73% (69%, 76%) 63% (56%, 71%) 0.167
BMI
<18.5 64 (7.34) 58 ——— 61% (48%, 77%) 72% (54%, 96%) 0.202
18.5-24 573 (65.71) 471 —_— 71% (67%, 76%) 58% (50%, 68%) 0.12
224 235 (26.95) 190 ; ; % 71% (64%. 78%) 73% (62%. 86%) 0.812
50 60 70 85
Cumulative smoking per pack year

FIGURE 3

Subgroup analysis of cumulative smoking in current smokers and former smokers for lung cancer patients with brain metastases. BMI, body mass
index (recorded when brain metastases was diagnosed); KPS, Karnofsky performance status; Brain metastases, number of brain metastases.

benefits of quitting smoking for the overall survival of patients [HR,
0.90 (CI, 0.77-1.04), p = 0.16] (Supplementary Figure 1). Figure 2
shows the Kaplan-Meier plots of overall survival for patients based
on smoking status. The cumulative pack years of smoking and
smoking cessation duration of 371 former smokers and 501 current
smokers were analyzed by subgroup analysis. According to the Cox
proportional hazard analysis, annual cumulative smoking was used
as a categorical variable, and smokers were divided into cumulative
package years of <40 pack-year and cumulative package years
of >40 pack-year; we found that cumulative smoking was not
associated with overall survival in current smokers and former
smokers (Figure 3). To assess the “time response” effect of quitting
smoking, a total of five groups were generated according to the
time of quitting smoking: current smokers, quitting smoking for
1-5 years, quitting smoking for 5-10 years, quitting smoking for
>10 years, and never smokers. Figure 4 shows that the overall
survival rate increased with smoking cessation years, but this was
not statistically significant.
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Discussion

This retrospective study analyzed the survival of 2,647
The
showed that smoking affected the overall survival rate of

lung cancer patients with brain metastasis. results

lung cancer patients with brain metastasis. However, smoking
cessation was not associated with higher survival than
current smoking.

Contrary to our study, previous studies did not find an
association between smoking and lung cancer brain metastasis.
Kim et al. analyzed 313 non-small-cell lung cancer (NSCLC)
patients with brain metastasis, and univariate analysis showed
that smoking affected the overall survival; however, there was no
difference in the overall survival in the multivariate analysis (23).
In another study of patients with non-small-cell lung cancer, only
non-smokers in stage I had a significant survival advantage over
smokers, and smokers who quit smoking in stage II or III disease
had no significant reduction in the risk of death (24). But our
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FIGURE 4
The overall survival rate stratified according to smoke status and
years since tobacco cessation.

study found that smoking increased the risk of death in lung cancer
patients with brain metastases. This difference in part may be
explained by our large size simple to make the results more precise.

Previous studies have shown that smoking increases the risk
of brain metastasis (17, 25). Nicotine promotes brain metastasis
by polarizing microglia and inhibiting innate immune function
(25, 26). In addition, smoking affects the effect of chemotherapy
in advanced patients (27), and a significant difference in tumor
biology is the higher EGFR mutation rate of never smokers,
which may explain the better prognosis of never smokers after
treatment for the EGFR gene (28). It is shown that smoking
and tobacco products alter biological pathways of cancer leading
to increased proliferation, invasion, migration, angiogenesis,
decreased response to cytotoxic therapy, and activation of pro-
survival cellular pathways (29, 30). These may be the reasons for
the difference in prognosis between never smokers and patients
with a history of smoking. Some study also suggests that there is
a dose-dependent relationship between smoking and the survival
of patients with lung cancer (31, 32). In contrast to these results,
our study showed that compared with light to moderate smokers,
the overall survival of the heavy smoker (>40 pack-years) was not
significantly decreased.

Smoking is a main prognostic factor of lung cancer. Evidence
has shown that smokers who quit smoking for more than 1 year
had higher survival than current smokers. Zhou et al. suggested that
overall survival increased with the increase in smoking cessation
time among patients with early-stage NSCLC (33). Nia et al.
concluded that patients with early-stage NSCLC who quit smoking
have significantly less mortality than current smokers (34). In a
study of 4,200 smokers in the National Comprehensive Cancer
Network NSCLC cohort, only young patients with stage IV disease
who quit smoking >12 months before the diagnosis gained survival
benefits (35). However, we did not find the benefits of quitting
smoking for lung cancer patients with brain metastasis. Our study
suggested that long-term continuous quitting smoking may have
the trend of increasing survival. Paradoxically, when patients with
lung cancer have brain metastasis, the median survival time is short,
thus, they may not get the benefits of long-term quitting smoking.
However, cumulative smoking cessation time before the diagnosis
of brain metastasis may be essential to improve survival.
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This study has several limitations. First, the patient’s smoking
history and smoking cessation are from electronic medical records,
which will deviate from the patient’s self-report. A study revealed
that up to 50% of cancer patients’ self-reporting about smoking may
be inaccurate (36). Second, our information collection on tobacco
intake is based on cigarettes, ignoring alternative products such
as tobacco and nicotine. Third, although the large sample size is
a strength of our study, this is a study of a single agency and
the patients included in the cohort are all Asian. Therefore, the
generalizability of the results to other populations is questionable.

Conclusion

Different from previous studies, this study is not limited to
patients with non-metastatic lung cancer. Although the survival
time of patients with metastatic lung cancer is short, our results still
show the harm of smoking to patients with brain metastasis of lung
cancer. The survival rate of patients with smoking is lower than
that of patients without smoking. We failed to find the relationship
between quitting smoking and survival.
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