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Smoking, smoking cessation, and survival after cancer
diagnosis in 128,423 patients across cancer types

Dear Editor,

Given the systemic and substantial health consequences
of smoking and the significant cancer risk from smok-
ing [1, 2], it is expected that cancer patients would quit
smoking after cancer diagnosis. However, the smoking rate
among cancer survivors is only slightly lower than that
among the general population [3, 4], and 64% of smok-
ers diagnosed with cancer continued to smoke even after
they learned they had cancer [5]. In addition, some for-
mer smokers may resume smoking after surviving cancer
[6]. A number of previous studies have investigated the
association between smoking and clinical outcomes in
cancer patients [1, 7-10]. Nevertheless, most studies were
conducted in smoking-related cancers, and evidence for
non-smoking-related cancers is limited. There is an urgent
need for more convincing evidence showing the harms of
smoking and the benefits of smoking cessation to promote
smoking cessation in cancer patients and survivors. We
systematically studied the associations of smoking status,
smoking intensity, age at initiation, and smoking cessation
at cancer diagnosis with all-cause mortality in a prospec-
tive cohort 0f 128,423 cancer patients across 23 cancer types
from the MD Anderson Cancer Patients and Survivors
Cohort.

Among the 128,423 cancer patients enrolled, 14,058
(10.9%) were current smokers, 50,716 (39.5%) were former
smokers, and 63,649 (49.6%) were never smokers at diag-
nosis. Supplementary Table S1 shows the selected patient
characteristics at cohort entry by smoking status. Supple-
mentary Figure S1 shows the percentage of never, former,
and current smokers across 23 cancer types. During a
median follow-up period of 7.6 years (range, 0-19.1 years),
646,063 person-years were accumulated, and 53,817 (41.9%)
deaths were recorded. Patients who never smoked had the
best survival, while patients who were currently smoking
had the worst survival (Figure 1A). Compared to never
smoking, after multivariable adjustment, the HRs were
1.09 (95% CI = 1.06-1.11) for former smoking and 1.19 (95%

Abbreviations: HR, hazard ratio; CI, confidence interval.

CI =1.16-1.23) for current smoking). Compared with never
smokers, former smokers had up to 3.7 years shortened
life expectancy and current smokers had up to 5.9 years
shortened life expectancy (Figure 1B).

As shown in Figure 1C, compared with never smokers,
the risk of death increased as the number of cigarettes
smoked per day increased among current smokers, and the
HR was 1.15 (95% CI = 1.08-1.24), 1.27 (95% CI = 1.20-1.34),
or 1.32 (95% CI = 1.24-1.41) for those who smoked <10, 11-
20, or >21 cigarettes/day, respectively. We also analyzed
smoking consumption as a continuous variable, and con-
sistent results were observed (Supplementary Figure S2).
Similarly, there was a dose-response relationship between
younger age at smoking initiation and the risk of death
(Figure 1D), and the HR was 1.17 (95% CI = 1.05-1.30), 1.24
(95% CI = 1.16-1.32), or 1.32 (95% CI = 1.24-1.41) for those
who started smoking at the age of >26, 18-25, or <17 years
old, respectively. We also assessed the association between
pack-years with all-cause mortality, and we observed con-
sistent results (Supplementary Figure S3). As shown in
Figure 1E, compared with current smokers, longer time
since quitting among former smokers was associated with
greater reduction in the risk of death from all cancers, with
areduction of 3% (HR = 0.97,95% CI = 0.93-1.01), 5% (HR =
0.95, 95% CI = 0.89-1.00), 11% (HR = 0.89, 95% CI = 0.85-
0.93), and 15% (HR = 0.85, 95% CI = 0.82-0.88) for quitting
<5, >5but <10, >10 but <20, or >20 years ago, respectively.
In contrast, the reduction in the risk of death was greatest
for never smokers, by 20% (HR = 0.80, 95% CI = 0.76-0.83)
relative to smokers. The harms of cigarette smoking and
the benefits of smoking cessation, were stronger among
patients with non-smoking-related cancers than among
patients with smoking-related cancers (Figures 1C-E).

Compared with never smoking, current smoking was
associated with an increased risk of death for 20 of 23 (sta-
tistically significant in 9 of 23) cancer types (Figure 1F).
Similarly, former smokers had an increased risk for 18 of
the 23 (statistically significant in 7 of 23) cancer types, but
the risk was generally smaller than that for current smok-
ers (Figure 1F). As shown in Supplementary Figure S4, the
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Smoking status, smoking intensity, age at initiation, and smoking cessation at cancer diagnosis with all-cause mortality in a

prospective cohort of 128,423 cancer patients across 23 cancer types. (A) Kaplan-Meier survival estimates by smoking status. (B) Life

expectancy by smoking status among male and female patients. (C-D) Effects of smoking amount (C) and age at initiation (D) among current

smokers on the risk of death. (E) Effects of smoking cessation on the risk of death. (F) Association of smoking status with the risk of death by

specific cancers
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associations of smoking status with the risk of death were
significant among most subgroups.

In this study, we assessed the benefits of smoking ces-
sation prior to cancer diagnosis on the risk of death after
cancer diagnosis, which has not been studied as com-
prehensively as that for smoking cessation after cancer
diagnosis. We found that earlier smoking cessation prior to
cancer diagnosis was associated with a greater reduction
in the risk of death after cancer diagnosis in a dose-
response manner, with long-term quitting approaching the
risk reduction among never smokers, which strongly sup-
ports that it is never too late to stop smoking even for those
who would develop cancer.

An interesting finding of our study was that the harms
of current smoking and benefits of smoking cessation
on mortality after cancer diagnosis were more evident
for non-smoking-related cancers than for smoking-related
cancers. One possible explanation is that, in our study,
patients with non-smoking-related cancers on average sur-
vived longer than patients with smoking-related cancers,
suggesting that the effects of current smoking and smok-
ing cessation have a longer time to accumulate and are less
likely to be dominated by the effects of a cancer diagnosis.
Another interesting finding was that the prevalence of cur-
rent smoking among patients with non-smoking-related
cancers was high and close to that among patients with
smoking-related cancers (9.7% vs. 13.8%). Future smoking
cessation efforts should be directed at not only smoking-
related cancers but also non-smoking-related cancers.

Our study has several strengths. It was a large prospec-
tive cohort study among cancer patients with compre-
hensive epidemiological and clinical data and long-term
follow-up data, and we were able to adjust for a long list
of potential confounders. Second, the dose-response rela-
tionship between the harms of current smoking and the
benefits of smoking cessation was assessed. Additionally,
we simultaneously studied a broad-spectrum of 23 spe-
cific cancers, with each cancer represented by at least
1000 cases. Finally, the treatment strategies were stan-
dardized and few individuals were lost to follow-up. We
also acknowledge several potential limitations. Some cur-
rent smokers at cancer diagnosis might quit smoking later,
which might lead to underestimation of the risk associ-
ated with current smoking. Second, we cannot exclude the
possibility that some of the observed association/effect is
due to residual confounding from misclassification of the
adjusted confounders that were self-reported or related to
unmeasured factors. Third, when generalizing the preva-
lence of current or former smokers in cancer patients to
other populations in the US or other countries/regions,
caution should be taken due to different smoking and
cessation rates in different populations. Meanwhile, the

associations of smoking status, smoking intensity, age
at initiation, and smoking cessation at cancer diagnosis
with all-cause mortality observed in this study should be
generalizable to other populations in the US or other coun-
tries/regions. Four, information on household income is
not available in this dataset.

In summary, our study provided strong evidence show-
ing significant harms of current smoking and benefits
of smoking cessation on survival after cancer diagnosis
across cancer types, especially non-smoking-related can-
cers. These findings support the development of evidence-
based smoking cessation services to promote a difficult but
important behavior change.
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