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1 | INTRODUCTION among men worldwide." In Korea, colorectal cancer is the third
most commonly diagnosed cancer (16,672 newly diagnosed col-

According to GLOBOCAN 2018, colorectal cancer is the third orectal cancer cases in 2016) and the fourth leading cause of can-

most common cancer and fourth leading cause of cancer death cer death (4659 colorectal cancer deaths in 2016) among men.”
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Smoking is a well-established risk factor for colorectal can-
cer incidence,”™ and smoking was the leading risk factor for
men and was responsible for a large proportion of the cancer
burden in men in 2017.° Smoking leads to increased mortality
as well as to an increased risk of colorectal cancer incidence.
Smoking leads to poor prognosis when current smokers are
compared with nonsmokers.’ People who are continual smok-
ers after cancer diagnosis are at higher risk for future cancers
and death.” In the 2014 U.S. Surgeon General’s Report, to-
bacco smoking was said to lead to premature death, and these
results apply to cancer patients as well as survivors.” In a pre-
vious study, elevated colorectal cancer-specific mortality for
current smokers compared with nonsmokers was observed
among men, and colorectal cancer-specific mortality risk in
former smokers decreased significantly with duration since
cessation.® Smoking after diagnosis among colorectal cancer
patients was associated with a significant increase in the risk
of death compared to not smoking after diagnosis.9

As cancer therapy has improved and patients with col-
orectal cancer have increased, it becomes important to esti-
mate the association between lifestyle behavior and mortality
among patients diagnosed with colorectal cancer. After col-
orectal cancer diagnosis, patients may be recommended to
make lifestyle changes to improve prognosis. Previous stud-
ies reported that 24%—44% of patients who smoked at can-
cer diagnosis succeeded in quitting smoking.lo’12 In Schnoll
study,lo smoking cessation was measured after 3 months from
baseline. In Burke study,11 time of smoking cessation was not
clear, although information on former smoking was collected
at prediagnosis and postdiagnosis. The Mayer study12 was
case-control design and cases were answered to the question
about postdiagnosis former smoking. However, it is unclear
whether changes in smoking behavior affect mortality. There
are some studies that assess the association between smoking
status before colorectal cancer diagnosis and mortality,13 but
few studies investigate the changes in smoking status from
prediagnosis to postdiagnosis. Therefore, we conducted this
study to investigate the association of smoking status before
and after colorectal cancer diagnosis and mortality among
Korean men with colorectal cancer.

2 | MATERIALS AND METHODS

2.1 | Study population

This study was conducted based on the National Health
Insurance Services (NHIS) customized database, which is
a retrospective cohort based on claim data.'* The NHIS is
a mandatory single insure in Korea which covers approxi-
mately 97% of the Korean population (3% were covered by
Medicare) and contains medical resource utilization informa-
tion, demographic characteristics, and health examinations

from 2002 to 2017. The colorectal cancer cases were defined
based on the 10th International Classification of Diseases
(ICD-10) diagnostic code corresponding to colorectal cancer
(C18-20) and the claim code of its treatment (Table S1)."
We selected subjects diagnosed with colorectal cancer who
had undergone health examinations. We excluded colorectal
cancer patients who did not complete the smoking question-
naire at least once and who were diagnosed before age 20,
had missing age, did not have information on smoking at
least within 2 years and after 1 year of diagnosis, had missing
information on body mass index (BMI), physical activity, al-
cohol use, duration of smoking, and subsite. Finally, 37,079
participants were included in the final analysis (Figure 1).
This study protocol was approved by the Institutional Review
Board (IRB) at Seoul National University Hospital (IRB
number 1906-116-1041).

2.2 | Data collection

Data on smoking status, duration of smoking (years), fre-
quency of alcohol intake, and frequency of physical activity
were collected by self-reported questionnaires during health
examinations biannually. Anthropometric indices, including
height and weight, were measured in a health-care center.
BMI was calculated as the subject’s weight (kg) divided by
the square of the subject’s height (m?). BMI was categorized
into four groups (<18.5; 18.5-24.9; 25.0-29.9; and >30)
based on the World Health Organization classification. As
we used claim data, we had limited information to assess the
tumor stage of the colorectal cancer patients. Therefore, we
categorized the subjects into three groups by the treatment
they had received, based on the idea that early stage patients
are likely to be treated only with surgery, while advanced-
stage patients tend to be treated with chemotherapy or ra-
diotherapy without surgery.16 In this study, we used the type
of treatment to reflect the cancer stage of colorectal cancer
patients (Figure S1). Smoking status (smoker vs. nonsmoker)
was reported at prediagnosis and postdiagnosis. Participants
were grouped according to the prediagnosis and postdiagno-
sis smoking status into four groups (nonsmoker/nonsmoker,
nonsmoker/smoker, smoker/nonsmoker, and smoker/
smoker). Information on the duration of smoking was col-
lected at the prediagnosis health examination and categorized
into four groups (<10, 10-19, 20-29, and >30 years). We
used claim data within 1 year of colorectal cancer diagno-
sis when calculating the Charlson comorbidity index using
Quan's coding algorithms.17 Death date and cause of death
data among subjects were individually linked to each subject
using Statistics Korea data. Colorectal cancer-specific deaths
were identified using ICD-10 codes (C18-20). Participants
were followed until death or 13 July 2017, whichever oc-
curred first. In an analysis regarding the association between
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Participants who did not have a health
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analysis, N=37,079

FIGURE 1 Selection of the study population

prediagnosis smoking status and mortality, the follow-up du-
ration was calculated from the date of diagnosis to death or
the end of the follow-up. When we performed analyses about
the postdiagnosis smoking status or change of smoking status
and mortality, the follow-up duration was calculated from the
date of postdiagnosis health examination to death or the end
of the follow-up.

\ 4

4) Participants who did not have
information on their body mass index,
frequency of physical activity, frequency
of alcohol consumption, duration of
smoking before diagnosis, and anatomical
subsite, N=538

2.3 | Statistical analysis

The characteristics of participants were compared by conduct-
ing the chi-squared test for categorical variables and #-test or
analysis of variance (ANOVA) for numerical variables. We
used a Cox proportional hazards regression model to evalu-
ate the association between smoking status and all-cause and
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colorectal cancer-specific mortality among colorectal cancer
patients by calculating hazard ratios (HRs) and 95% confi-
dence intervals (95% CIs).

Age at diagnosis with colorectal cancer, BMI, frequency
of physical activity, frequency of alcohol intake, treatment,
and Charlson comorbidity index were considered to be po-
tential confounders; thus, they were included in the model for
adjustment. Health examinations were used within 2 years
before colorectal cancer diagnosis and 1 year after colorectal
cancer diagnosis because we assumed that it would take time
for smoking behavior to affect the participant mortality. To
confirm the differences by treatment, analyses were stratified
by treatment. Because a previous study reported that there
was a different association between smoking and overall
mortality by anatomic site,'® we conducted stratified analyses
by subsite, that is, colon (C18) versus rectum (C19-20). In
the sensitivity analyses, we restricted subjects who had health
examinations within 1 year before colorectal cancer diagno-
sis to reflect smoking status shortly before colorectal cancer
diagnosis. All statistical analyses were conducted using SAS
software version 9.4 (SAS Institute Inc.), and figures were
generated using STATA SE 14.

3 | RESULTS

During the median follow-up of 6.3 years (245,542 person-
years), 3980 all-cause deaths and 2137 colorectal cancer
specific-deaths among colorectal cancer patients occurred.
The median duration from prediagnosis smoking status as-
sessment to colorectal cancer diagnosis was 0.37 years, and
that from cancer diagnosis to postdiagnosis smoking status
assessment was 2.53 years. Compared to the patients who
were nonsmokers before colorectal cancer diagnosis, those
who were smokers were younger and more likely to have
low BMI and drink alcohol frequently (all p-values <0.001).
Over 65% of colorectal cancer patients underwent surgery
only without chemotherapy or radiotherapy regardless of
smoking status (Table 1). The proportions of participants
who continued to smoke after diagnosis and who quit after
diagnosis among colorectal cancer patients were 11.3% and
18.7%, respectively.

Compared to not smoking before colorectal cancer diag-
nosis, smoking before colorectal cancer diagnosis was asso-
ciated with significantly increased mortality (HR, 1.23; 95%
CI, 1.14-1.32). Subjects who had smoked 1019 years before
diagnosis showed the highest mortality among smokers (1.48
[1.19-1.83]). Significantly elevated mortality was found in
the population of patients who smoked after colorectal cancer
diagnosis compared to the population who were not smokers
after diagnosis (1.15 [1.05-1.26]) (Table 2).

When prediagnosis/postdiagnosis smoking status was
considered in the analysis, a significant increase in mortality

TABLE 1
colorectal cancer diagnosis

Characteristics according to smoking status before

Characteristics Nonsmoker Smoker
before diagnosis (N = 25,979) (N =11,100)
Age at diagnosis, years
<50 2,319 (8.9) 1,912 17.2)
50-59 6,321 (24.3) 3,748 (33.8)
60-69 9,563 (36.8) 3,680 (33.2)
>70 7,776 (29.9) 1,760 (15.9)
BMI before diagnosis
<18.5 456 (1.8) 376 (3.4)
18.5-24.9 15,318 (59.0) 7,279 (65.6)
25.0-29.9 9,511 (36.6) 3,209 (28.9)
>30.0 694 2.7 236 2.1)
Frequency of physical activity before diagnosis (per week)
0 11,895 (45.8) 5,644 (50.9)
1-2 6,187 (23.8) 2,897 (26.1)
>3 7,897 (30.4) 2,559 (23.1)
Frequency of alcohol intake before diagnosis (per week)
<1 13,099 (50.4) 3,491 (31.5)
12 6,953 (26.8) 3,733 (33.6)
34 3,324 (12.8) 2,204 (19.9)
>5 2,603 (10.0) 1,672 (15.1)
Treatment
Operation 17,738 (68.3) 7,379 (66.5)
Operation with 7,377 (28.4) 3,229 (29.1)
radiotherapy or
chemotherapy
Radiotherapy and 864 3.3) 492 (4.4)
chemotherapy
Charlson comorbidity index
0 1,453 (5.6) 790 (7.1)
1 3,228 (12.4) 1,512 (13.6)
2 3,527 (13.6) 1,610 (14.5)
>3 17,771 (68.4) 7,188 (64.8)
Subsites
Colon 15,564 (59.9) 6,228 (56.1)
Rectum 10,415 (40.1) 4,872 (43.9)

Abbreviation: BMI, body mass index.

among participants who started smoking after colorectal can-
cer diagnosis compared to participants who had never smoked
was observed (1.30 [1.08-1.56]). Additionally, patients who
quit smoking after colorectal cancer diagnosis, smokers/non-
smokers in terms of the prediagnosis/postdiagnosis smoking
status, showed significantly elevated mortality compared with
those who did not quit smoking (1.30 [1.20-1.41]) (Table 2).
These patterns, the increased mortality among prediagnosis
and postdiagnosis smokers, persisted in the sensitivity analyses
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including subjects who had smoking status assessment within
1 year before a colorectal cancer diagnosis (Table S2). Patients
who were exposed to tobacco for 10-29 years before colorec-
tal cancer diagnosis had higher mortality (10-19 years: 1.48
[1.19 to 1.83]; 20-29 years: 1.40 [1.20-1.63]). Furthermore,
mortality was also elevated among patients who had continu-
ally smoked before and after colorectal cancer diagnosis (1.21
[1.09-1.34]). Among subjects who had smoked before diag-
nosis and continued smoking after diagnosis, patients who
smoked 10-19 years showed the highest mortality, although
the differences between groups were not marginally signifi-
cant (1.62 [1.10-2.39]) (Table 2). There was no significant as-
sociation between the prediagnosis or postdiagnosis smoking
status and the colorectal cancer-specific mortality. Regarding
the change in smoking status, the smoker/nonsmoker group
showed significantly elevated colorectal cancer-specific mor-
tality (1.21 [1.08-1.35]) (Table S3).
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In the stratified analysis according to subsite, quitting
smoking after diagnosis was associated with increased mor-
tality among both colon cancer patients (1.06 [0.90-1.25])
and rectal cancer patients (1.10 [0.92-1.32]), although not
statistically significant. For rectal cancer patients, starting
smoking after colorectal cancer diagnosis was not signifi-
cantly related to increased mortality (1.32 [0.98-1.78]). For
the stratified analysis according to cancer treatment, both
prediagnosis nonsmoking and postdiagnosis nonsmoking
had a relation to decreased mortality among colorectal can-
cer patients who underwent surgery only (0.61 [0.52-0.70]
for nonsmokers/nonsmokers; 0.86 [0.65-1.15] for nonsmok-
ers/smokers; and 0.80 [0.67-0.96] for smokers/nonsmokers).
However, associations between prediagnosis/postdiagnosis
smoking status and mortality among colorectal cancer pa-
tients who underwent surgery with radiotherapy or chemo-
therapy were different from those among colorectal cancer

TABLE 2 Association between prediagnosis and postdiagnosis smoking status and all-cause mortality among male colorectal cancer patients

No. of patients No. of deaths

Smoking status N =37,079) (N = 3,980)
Prediagnosis
Nonsmoker 25,979 2,819
Smoker 11,100 1,161
Duration of smoking, yearsb
<10 5,180 437
10-19 1,209 88
20-29 2,536 195
>30 2,175 441
Postdiagnosis
Nonsmoker 32,058 3,450
Smoker 5,021 530
Prediagnosis/postdiagnosis
Nonsmoker/nonsmoker 25,134 2,703
Nonsmoker/smoker 845 116
Smoker/nonsmoker 6,924 747
Duration of smoking, years’
<10 3,133 279
10-19 813 62
20-29 1,671 149
>30 1,307 257
Smoker/smoker 4,176 414
Duration of smoking, yearsb
<10 2,047 158
10-19 396 26
20-29 865 46
>30 868 184

Follow-up
Person-years (median) HR? 95% CI
173,026.02 6.36 1.00
72,516.93 6.20 1.23 1.14-1.32
27,081.25 5.16 1.25 1.12-1.38
8,552.68 6.95 1.48 1.19-1.83
16,833.66 6.33 1.40 1.20-1.63
20,049.34 9.46 1.12 1.01-1.24
131,120.29 3.63 1.00
20,072.28 3.58 1.15 1.05-1.26
103,690.09 3.66 1.00
3,686.39 3.99 1.30 1.08-1.56
27,430.20 3.54 1.30 1.20-1.41
9,233.50 2.62 1.23 1.09-1.40
3,733.26 4.00 1.50 1.16-1.94
6,836.01 3.64 1.58 1.33-1.87
7,627.43 6.23 1.22 1.07-1.39
16,385.89 3.55 1.21 1.09-1.34
5,965.80 2.70 1.17 1.00-1.38
1,656.83 3.70 1.62 1.10-2.39
3,466.05 3.59 1.10 0.82-1.48
5,297.21 6.58 1.23 1.06-1.43

*Adjusted for age at diagnosis, frequency of drinking, Charlson comorbidity index, body mass index, frequency of physical activity, and treatment.

®Prediagnosis duration of smoking.
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patients who underwent surgery only. Briefly, quitting smok-
ing after colorectal cancer diagnosis was significantly asso-
ciated with increased mortality only among colorectal cancer
patients who underwent surgery with radiotherapy or chemo-
therapy (1.42 [1.18-1.71]) (Table 3).

4 | DISCUSSION

In this study, both the prediagnosis and postdiagnosis smok-
ing status were associated with increased mortality among
colorectal cancer patients. A cohort study of the CHANCES
consortium showed significantly increased mortality among
those patients who were former smokers and current smokers
before colorectal cancer diagnosis.'® A meta-analysis showed
an increased all-cause mortality among current smokers from
5% to 51% compared to never smokers.'” Our results were

similar to previous results showing that smoking status be-
fore and after colorectal cancer diagnosis was associated with
elevated all-cause mortality.g‘zo"22 Additionally, all-cause
mortality among colorectal cancer patients who quit smoking
after diagnosis was not significantly different from that in
colorectal cancer patients who had continually smoked from
the time point before colorectal cancer diagnosis. Although
smoking cessation after colorectal cancer diagnosis was not
significantly different compared to continual smoking among
total population in this study, smoking cessation significantly
reduced the mortality among patients who were treated with
operation only. Those patients were likely to be in early can-
cer stage, thus, imply of our study is that smoking cessation
after diagnosis may improve survival among patients in early
stage colorectal cancer. Our results are inconsistent with a
previous population-based cohort in the United States that re-
ported increased all-cause mortality among current smokers

TABLE 3 Association between smoking status change and all-cause mortality among male colorectal cancer patients by subsite and treatment

Smoking status before and No. of patients

after diagnosis (N = 37,079) (N = 3,980)
Subsite
Colon
Nonsmoker/nonsmoker 15,075 1,621
Nonsmoker/smoker 489 58
Smoker/nonsmoker 3,808 401
Smoker/smoker 2,420 236
Rectum
Nonsmoker/nonsmoker 10,059 1,082
Nonsmoker/smoker 356 58
Smoker/nonsmoker 3,116 346
Smoker/smoker 1,756 178
Treatment
Operation
Nonsmoker/nonsmoker 17,139 1,136
Nonsmoker/smoker 599 59
Smoker/nonsmoker 4,326 256
Smoker/smoker 3,053 229
Operation with radiotherapy or chemotherapy
Nonsmoker/nonsmoker 7,159 1,343
Nonsmoker/smoker 218 48
Smoker/nonsmoker 2,252 431
Smoker/smoker 977 149
Radiotherapy or chemotherapy
Nonsmoker/nonsmoker 836 224
Nonsmoker/smoker 28 9
Smoker/nonsmoker 346 60
Smoker/smoker 146 36

No. of deaths

Follow-up
Person-years  (median) HR? 95% CI
61,793.54 3.64 0.80 0.70-0.92
2,175.61 3.94 0.89 0.66-1.18
15,225.73 3.57 1.06 0.90-1.25
9,377.30 3.49 1.00
41,896.56 3.69 0.85 0.72-1.00
1,510.78 4.02 1.32 0.98-1.78
12,204.47 3.49 1.10 0.92-1.32
7,008.60 3.57 1.00
72,866.98 3.82 0.61 0.52-0.70
2,682.40 4.17 0.86 0.65-1.15
18,137.76 3.74 0.80 0.67-0.96
12,167.93 3.58 1.00
27,854.66 3.35 1.09 0.92-1.30
887.12 3.60 1.31 0.95-1.82
8,125.30 291 1.42 1.18-1.71
3,700.93 3.24 1.00
2,968.45 2.79 0.97 0.68-1.39
116.82 3.64 0.93 0.45-1.94
1,167.14 2.78 0.85 0.56-1.29
517.02 291 1.00

*Adjusted for age at diagnosis, frequency of drinking, Charlson comorbidity index, body mass index, and frequency of physical activity.
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at the time of breast cancer diagnosis, and continual smokers
after diagnosis showed elevated all-cause mortality, although
there was attenuated risk of mortality among quitters after
diagnosis.23 One possible explanation is that lifetime cumu-
lative exposure to smoking plays a key role in mortality. As
our patients’ diagnosis age was more than 60 years, cumula-
tive exposure to smoking before diagnosis was likely to be
lifetime exposure and greater than that after diagnosis. Thus,
modification of smoking status after colorectal cancer diag-
nosis may not substantially influence the mortality among
smokers at cancer diagnosis. Additionally, these results could
be because some patients who quit smoking after diagnosis
did so as a result of poor health conditions.**

In our results, changes in smoking status after cancer di-
agnosis were not associated with colorectal cancer-specific
mortality. The association between smoking status and col-
orectal cancer-specific mortality may be attenuated since
smokers tend to have comorbidities; however, we adjusted
for the Charlson comorbidity index.

Smoking cessation after diagnosis was related to a lower
risk of mortality than continual smoking among putative early
stage cancer patients who underwent surgery only. Previous
studies regarding the association between postoperative out-
comes and smoking have reported a significantly elevated
risk of postoperative mortality among current smokers.' 1.25.26
Similar to these studies, our result showed that those who
quit smoking after colorectal cancer diagnosis was associ-
ated with a lower risk of mortality than continual smokers.
Although the claim data did not contain the stage of colorec-
tal cancer, patients who were treated with only surgery were
likely to have early stage disease.””?® Thus, the baseline haz-
ard for mortality would be higher among colorectal cancer
patients who underwent surgery with radiotherapy or chemo-
therapy and among those who were treated with radiotherapy
or chemotherapy than among those who received surgery
only. Hence, the impact of smoking cessation after diagnosis
on the decrease in mortality would not be revealed among
colorectal cancer patients who underwent surgery with ra-
diotherapy or chemotherapy due to the high baseline hazard.

Furthermore, smoking before colorectal cancer diagnosis
had a greater impact on the increase in mortality than smok-
ing after diagnosis in this study. There have been studies re-
porting that the treatment effect was not good in patients who
were smokers before cancer diagnosis. Thus, a decreased
treatment effect due to smoking before diagnosis would
worsen the prognosis of colorectal cancer patients.

Our study has several limitations. Since we used claim
data, it was not possible to precisely identify all of the factors
of the colorectal cancer patients. Thus, we used operational
definitions using treatment codes and hospitalization notes
with colorectal cancer treatment (Table S1). These assump-
tions could diminish an overestimation of colorectal cancer
incidence. The claim data do not contain information on the
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stage of colorectal cancer, which is crucial when predicting
prognosis. Accordingly, we conducted stratified analyses
by treatment. In our study, the survival analysis according
to treatment reasonably predicted prognosis (Figure S1).
Because we restricted the study population as patients who
survived more than 1 year after diagnosis, the study popu-
lation had a better survival than the total colorectal cancer
patients. However, the effect of smoking cessation to prog-
nosis may not be biased because patients who had the worst
prognosis could not receive a benefit of smoking cessation
on long-term survival. Despite the limitations above, this
study has meaning in that the prediagnosis and postdiagnosis
smoking status were considered simultaneously in the analy-
sis to assess the association between smoking and mortality.
Previous studies evaluated mortality among colorectal cancer
patients in relation to changes in smoking status. However,
detailed information on changes in smoking status before and
after diagnosis has rarely been considered in previous stud-
ies. Furthermore, we conducted stratified analysis according
to cancer treatment (operation only, operation with radiother-
apy or chemotherapy, and radiotherapy or chemotherapy) to
reflect the cancer stage of colorectal cancer patients by re-
garding cancer treatment as a proxy for cancer stage. A previ-
ous study showed that approximately 18% of cancer patients
were current smokers, and 10% of those were recent quitters,
while 35% of those were former smokers.? In our study, ap-
proximately 11% of smokers before colorectal cancer diag-
nosis continued smoking after colorectal cancer diagnosis,
and approximately 19% quit smoking after colorectal cancer
diagnosis.

In conclusion, we suggest that the prediagnosis smoking
status has a greater impact on all-cause mortality among
colorectal cancer patients. The postdiagnosis smoking sta-
tus is also associated with elevated mortality among col-
orectal cancer patients. Additionally, smoking cessation
may help to improve survival after diagnosis among col-
orectal cancer patients who were treated by operation only.
Since patients who undergo surgery only are more likely
to survive long-term, smoking cessation is crucial in such
patients.
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