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Abstract

Association Between Prediagnostic Cigarette Smoking and Colorectal Cancer Survival

by Molecular Subtypes and Age-onset Status

Zacharie Eric Lolema Il Bakwa

Chair of the Supervisory Committee:
Amanda |. Phipps
Department of Epidemiology

Background: In the United States, colorectal cancer (CRC) remains the third most commonly
diagnosed malignancy in both men and women, and approximately 36% of CRC patients die
within the first five years after diagnosis. Several factors are known to affect the survival of CRC
patients, including smoking history; however, it is unclear whether previously-observed
associations between cigarette smoking history and CRC survival vary across molecular

subtypes of CRC or by age at CRC diagnosis.

Methods: We conducted a retrospective analysis of survival using data from two
complementary study populations: the Colon Cancer Family Registry (CCFR) and the Advanced
Colorectal Cancer of Serrated Subtype (ACCESS). This analysis included 4,901 participants
from the CCFR and ACCESS studies who completed a baseline questionnaire at the time of
enroliment. We used Pearson Chi-square tests of independence to determine if there was a
statistically significant difference in the distribution of cigarette smoking status by age at

diagnosis as a categorical variable (<50 years and = 50 years) and by different molecular



subtypes of CRC. We used univariate and multivariate Cox Proportional Hazards regression
analyses to describe associations of smoking with CRC survival overall and within groups

defined by age at diagnosis and molecular subtypes.

Results: Of the 4,901 participants included in this study, 1,378 participants died due to CRC
during study follow-up (average follow-up period = 13.6 years). Ever smoker participants had
27% higher instantaneous risk of dying from CRC than never-smokers (HR=1.27; 95% CI:1.13-
1.42). Even after adjusting for different covariates, ever smoker participants continued to have
21% higher risk of dying from CRC compared to never-smoker patients (HR=1.21; 95% CI:1.06-
1.38). In analyses stratified by age at diagnosis, the observed association with smoking was
limited to individuals with later-onset CRC. In analyses stratified by tumor molecular subtypes, a
statistically significant association of smoking with CRC survival was observed only among
participants with CRC type 4 (CIMP-low or negative, MSl-low or MSS, BRAF and KRAS

wildtype), although similar patterns of association were noted for most other subtypes.

Conclusion: Cigarette smoking is associated with poorer survival after CRC diagnosis,

particularly for individuals diagnosed with CRC at later ages.



Introduction

In the United States, colorectal cancer (CRC) remains the third most frequently diagnosed
malignancy in both men and women, and approximately 36% of CRC patients die within the first
five years after diagnosis.!? Several factors are known to influence survival in patients with CRC,
including the stage of the tumor at the time of diagnosis, tumor location, age at diagnosis, access
to treatment, and low socioeconomic status, to name a few.2®> Molecular characteristics of CRC
are also increasingly recognized as being associated with survival differences among CRC
patients.®? In particular, the presence (or absence) of microsatellite instability (MSI) status, CpG
island methylator phenotype (CIMP) status, and somatic hotspot mutations in KRAS and BRAF
have been found to be associated with differences in patient survival. 8° Authors have proposed
classification of CRC by combining these common biomarkers to define molecular subtypes of
CRC, and these molecular subtypes have also been associated with differences in survival among
patients with CRC."0

Cigarette smoking is an established risk factor for the development of CRC and has also
been associated with CRC survival'" and with certain individual tumor characteristics which are
themselves associated with survival (e.g., MSI status, CIMP status).®#%1213 Despite this growing
evidence, little is known about how the effect of cigarette smoking on CRC survival varies across
molecular subtypes of CRC.8

We conducted this study to assess if the association between cigarette smoking and CRC
survival varies across molecular subtypes of CRC. Additionally, given the growing burden of early-
onset CRC (i.e., diagnosed at ages <50 years)', and because it has been reported that
clinicopathological features, underlying molecular profiles, and risk factors differ between early-
onset and later-onset CRC patients™, we also examined whether the association between
smoking and CRC survival differed for early-onset vs. later-onset CRC.

Methods
Study Participants

The present analysis utilized data from two complementary study populations: the Colon
Cancer Family Registry (CCFR) and the Advanced Colorectal Cancer of Serrated Subtype
(ACCESS) Study. Both study populations have been described in detail elsewhere.'>"" In
summary, the CCFR, which constituted the majority of our study population, is an international
collaborative effort including population-based recruitment sites in Australia (Melbourne, Victoria),
Canada (Toronto, Ontario), and the United States (Seattle, Washington; Mayo Clinic,
Minnesota);'>'® cases from the CCFR included in the present analysis were diagnosed with
incident invasive CRC between 1997-2008 at ages ranging from 18-74 years. The ACCESS Study
was a single-site population-based study conducted in western Washington State, including
persons diagnosed with incident invasive CRC between 2016-2018 at ages ranging from 18-74
years."

Participants from the CCFR and ACCESS who completed a baseline questionnaire at the
time of enrollment, and for whom data on at least one of four tumor markers were available (see
below) were included in this analysis. The baseline questionnaire used in the ACCESS Study was



based on the CCFR questionnaire; both questionnaires included questions pertaining to smoking
history and, as applicable, smoking patterns from a reference timepoint specified as two years
before CRC diagnosis. Baseline questionnaires also included items pertaining to demographic
factors (age, sex, height, weight, marital status, education), aspects of past and current medical
history (e.g., prior diagnosis of diabetes), physical activity, regular use of aspirin and other non-
steroidal anti-inflammatory drug (NSAID), alcohol consumption, and aspects of diet.'>"”

Cigarette Smoking

Study participants were requested to provide information about their cigarette smoking
status two years prior to baseline interview and at the time of their diagnosis. Participants who
had consumed at least one cigarette per day for a minimum period of three months were
considered as ever smokers; whereas those who had never smoked cigarettes, and those who
had smoked at least one cigarette per day but for a period less than three months were considered
as never smokers. Smokers were further subdivided into two groups: current smokers and former
smokers depending on whether they were actively smoking during the first time they responded
to the questionnaires. Current and former smokers were asked to provide further information on
the dates they first started and quit smoking, whichever applied to them.

To model for cigarette smoking intensity in this study, we used information on the average
number of cigarettes consumed per day and the number of years of smoking for each current and
former smoker participant in the study, and we calculated the number of pack-years (none, <20,
20-39, and 240) (defined as the average number of cigarettes used per day divided by 20 and
multiplied by the number of years smoked).The number of years since cigarette smoking
cessation before the diagnosis (i.e., cigarette abstention years) was calculated using the self-
reported ages when the concerned participants reported having quit smoking and their
corresponding ages at the time of their diagnosis (<0, 1-10, 11-20, >20, none).

Outcome Information

Details regarding vital status and cause of death data collection for the CCFR are provided
elsewhere.!" For the ACCESS Study, vital status and cause and date of death were determined
via linkage to the Puget Sound Surveillance Epidemiology and End Results cancer registry. For
both study populations, cases of CRC death referred to those with an underlying cause of death
directly attributed to CRC and its complications, and this was ascertained by referring to the
International Classification of Disease (ICD-10), tenth revision codes: C18.0-C.20.0 or C26.0.
Given the established relationship of cigarette smoking with several other causes of death, we
focused our analysis on the primary outcome of death attributed to CRC. Participants who died
due to causes other than CRC were considered as censored at the time of their death.

Colorectal Cancer Molecular Subtypes

We grouped participants according to the classification of molecular subtypes adapted
from classifications first proposed by Dr. Jeremy Jass.'®'" This modified classification has five
distinct subtypes of CRC based on the combination of four molecular markers: MSI status, CIMP
status, somatic BRAF gene mutation status, and somatic KRAS gene mutation status. Each
subtype was characterized by the combined profile of four molecular markers as follows: type 1
(CIMP-high, MSI-high, mutated BRAF and KRAS wildtype), type 2 (CIMP-high, MSI-low or stable
(MSS), mutated BRAF, and KRAS wildtype), type 3 (CIMP-low or negative, MSI-low or MSS,
BRAF wildtype and mutated KRAS), type 4 (CIMP-low or negative, MSI-low or MSS, BRAF and
KRAS wildtype), type 5 (CIMP-negative, MSI-high, BRAF and KRAS wildtype)."!



Further details on how the individual biomarkers that comprise these subtypes were
determined have been provided elsewhere. In summary, MSI status was assessed using either
the 10-marker Bethesda panel'’ or a 4-marker immunohistochemistry panel for DNA mismatch
repair proteins.'® In both the CCFR and the ACCESS Studies, testing for mutations in KRAS was
restricted to sequencing of KRAS exon 2,' and testing for mutations in BRAF was restricted to
the predominant ¢.1799T>A (p.V600E) mutation.?° CIMP status was classified based on a
validated five-gene panel quantitative DNA methylation assay for participants from the C-CFR?"?2;
however, for participants in the ACCESS Study, and a small subset of participants from the C-
CFR, CIMP status was classified using an expanded eight-marker CIMP panel.?

Other covariates

We performed multivariate analyses to examine the association of smoking with CRC-
specific survival within different patient strata. Covariates included in our analyses were selected
a priori as those attributes most likely to confound the association between cigarette smoking and
CRC mortality.'"-1223-24 Specifically, we included the following covariates in our model: sex, regular
use of aspirin, body mass index (BMI), year of diagnosis, and study site. BMI was calculated using
participant’s height at the time of the diagnosis and their estimated weight two years before the
diagnosis of CRC and was categorized according to World Health Organization groupings (<18.5
kg/m?, 18.5-24.9 kg/m?, 25.0-29.9 kg/m?, 30+ kg/m?). CRC anatomic sites were classified as
proximal colon, distal colon, and rectal. Considering the changes in cigarette smoking habits as
well as the innovations in treatment of CRC, we accounted for years of diagnosis categorically
(22000, 2001-2010, >2010).

Statistical Analysis
Missing Values

To address the high proportion of missing values for certain variables in the initial
database, we performed the multiple imputation by chained equation method (MICE). The number
of rounds of multiple imputation was set at 10. To prevent feedback between different versions of
the same variables during the imputation process, we set the ridge parameter to 0.01 to make the
algorithm more robust. We performed the multiple imputation as well as the rest of the analysis
using R software version 2022.120.

Data Analysis

We used the Pearson Chi-square tests of independence to assess whether there was any
significant difference in the distribution of cigarette smoking status by age at diagnosis as a
categorical variable (<50 years and > 50 years) and by different molecular subtypes of CRC. To
describe CRC survival as associated with smoking status overall and by groups defined by age
at diagnosis and molecular subtypes, we used the Kaplan-Meier estimators to plot the survival
curves overall and the survival curves for each age and molecular subtype category, and we used
univariate and multivariate Cox Proportional Hazards regression analyses.

For the primary analysis, we used the exposure groups defined by cigarette smoking
status, and we performed univariate (unadjusted) and multivariate (adjusted) analyses. We first
investigated whether the association between cigarette smoking status and CRC survival varied
by groups defined by age at diagnosis, adjusting for the different covariates. We assessed this
association successively among those with early (< 50 years) and those with later CRC diagnosis
(=50 years). We also tested for a significant interaction between cigarette smoking status and age
at diagnosis adjusting for the same variables enumerated above.



To assess if the same association differs by groups defined by CRC molecular subtypes,
we used the same variables for adjustment, and we performed the analysis within each subgroup
of participants defined by the molecular subtypes. In addition to covariates described above, we
also adjusted these subtype-specific models for age at diagnosis as a continuous variable.

For the secondary analyses, we used exposure groups defined by the number of pack-
years of cigarette smoking and the number of years since cigarette smoking cessation as main
exposures and we adjusted for the same variables as in the primary analysis.

The proportional hazards assumption was assessed using the Schoenfeld residuals
method. To address the violation of the proportional hazards’ assumptions for the main exposure
cigarette smoking status, we recategorized this variable in two levels: Never smokers and Ever
smokers. Current and former smokers were grouped as “ever smokers” as compared to “never
smokers” and the assumption was not violated.

All regression models used time since CRC diagnosis as the time axis, with delayed entr
at the time of study enroliment. Participant follow-up was continued until either death, loss to
follow up or the end of the follow-up period, whichever occurred first.

The significance level of 0.05 was used for any hypothesis test, and all performed
hypothesis tests were two-sided tests, and we used the software R and the R-studio interface
version 2022.120.

Results

Of the 4,901 participants included in this study, 1,378 participants died due to CRC during
study follow-up (average follow-up period = 13.6 years). Characteristics of the study population
are provided in Table 1, overall and according to cigarette smoking status. Overall, 57% of
participants were ever smokers. Compared to never smokers, ever smokers were more likely to
be male (57% vs. 43%) and to report regular use of aspirin or NSAIDs (32% vs. 25%). Ever
smokers with CRC were less likely to have been diagnosed as early-onset CRC as compared to
never smokers with CRC (27% vs. 37%), respectively), and were similar to never smokers with
regard to BMI. With respect to tumor characteristics, the distribution of molecular subtype
classifications was similar in ever vs. never smokers with CRC, with the exception that the
proportion of cases with MSI-high positive tumor subtypes (i.e., types 1 and 5) were slightly higher
among ever-smokers (Appendix 1). Participants with type 1 CRC had the highest proportion of
ever-smoking history (60.1%), and the lowest proportion of 56% was observed in those with type
3 molecular subtype (Appendix 1).

Cigarette Smoking Status and CRC Survival

During the follow-up period, of the total cases of CRC-related deaths that occurred, 62%
were ever smokers and 38 % never smokers. The Kaplan-Meier estimators show that participants
who had never smoked cigarettes had higher CRC-specific survival than those who have ever
smoked cigarettes (Figure 1). There was a 15-month difference in restricted mean survival times
between ever and never smokers, with ever smokers having the shorter mean survival time.

Results from the univariate model show that ever smoker participants had 1.27 (95% CI:
1.13-1.42) times higher hazard of dying from CRC than never smokers. Even after adjusting for
different covariates, ever smoker participants continued to have 21% higher risk of dying from
CRC compared to never smoker patients (HR=1.21; 95% CI: 1.06-1.38) (Table 2). In analyses



stratified by age at diagnosis, smoking history was not significantly associated with CRC-specific
survival among those with early-onset CRC (HR=1.06; 95% CI: 0.81-1.40), whereas a history of
ever smoking was associated with significantly poorer survival among those with late-onset CRC
(HR=1.26; 95% CI: 1.06-1.48). While notable, these observed differences did not translate to
statistically significant interaction by age at diagnosis (p-value: 0.38).

Although numbers were limited in case groups defined by less common molecular
subtypes, associations of smoking history with CRC-specific survival were consistent regardless
of molecular subtype; however, the observed association was only statistically significant with
regard to the predominant CRC type 4 (HR=1.23; 95% CI: 1.03-1.47) (Table 2).

Cigarette Smoking Pack-years, Smoking Cessation and CRC Survival

The effect of smoking cigarettes in terms of number of pack-years of smoking showed that
the risk of dying from CRC among ever smokers increased with the number of pack-years. When
compared to never smokers, participants with history of 240 pack-years of smoking had 52%
higher hazard of dying from CRC, followed by participants with history of 20-39 pack-years (24%
higher hazards) and then those with <20 pack-years (9% higher hazards of dying from CRC), with
a statistically significant positive trend across categories (p-value<0.001) (Table 3). Similar
patterns of association were observed among cases with late-onset CRC and those with subtype
4 CRC.

No statistically significant association between smoking and CRC survival was observed
among those with early-onset CRC, although there were suggestive non-significant associations
in comparisons of non-smokers with those in the highest pack-years groups.

Even though the associations between time since smoking cessation and CRC survival
were not statistically significant, regardless of age at diagnosis and molecular subtype groups,
there was a statistically significant decreasing trend of CRC deaths across levels of time since
smoking cessation variable (p-value<0.001) (Table 5 & Table 6).

Discussion

We explored whether pre-diagnostic smoking history affects CRC-specific survival, and
whether this association differs between early-onset and late-onset CRC patients and according
to CRC molecular subtype groups. Our findings of poorer CRC-specific survival associated with
history of smoking are consistent with the results found by Phipps et al, who have reported a
statistically significant difference in hazard of CRC-specific deaths between ever-smokers and
never smokers, with ever smokers having 21% higher hazard®. These results also corroborate
the results previously reported by Munro, A.J et al who have found 21% higher hazard of CRC-
specific death when comparing active smokers to non-smokers?® Several other studies have
found associations of similar magnitude.?*?® Our findings also corroborate the results reported by
others indicating an increase in the hazards of death from CRC with increasing cumulative pack-
years of smoking.52¢ 27

Age-stratified results from our study are identical to the results reported by Phipps, A. | et
al® whose study sample is a subset of the current study (N=2,933). We found statistically
significant difference in hazards of dying from CRC between ever and never smokers only among
patients with late-onset CRC®. For the stratified analysis by molecular subtype groups, to our
knowledge, our study is the first one to assess the effect of smoking cigarette on CRC survival by
molecular subtypes considering the four biomarkers together. However, despite the absence of
statistically significant difference in hazards of death from CRC observed between ever smokers



and never smokers among participants with different molecular subtypes except for those with
subtype 4, our results show that the association with survival was mostly similar in magnitude
across the different molecular subtypes. This absence of statistically significant results could be
explained by the small number of participants within these molecular subtype groups.

Previous studies have shown tremendous evidence that cigarette smoking was associated
with these CRC biomarkers (MSI status, CIMP status, and BRAF mutation status).?-?® Given that
these tumor attributes considered individually or combined in subtypes are also known to be
associated with survival among patients with CRC, it is plausible that cigarette smoking could
influence CRC survival through an impact on tumor biology.'"19:20.30

Results from our study show that globally, the risk of death from CRC increases with the
number of pack-years of smoking when comparing ever-smokers to never-smokers.

Strengths and Limitations

These findings should be interpreted in the context of study limitations. In particular,
although efforts were made to enroll participants within a relatively short timeframe after
diagnosis, there was a time lapse of several months; as such, a number of otherwise eligible
individuals likely died before they could enroll in the CCFR or ACCESS studies. Survivor bias is
possible to the extent that such individuals differed from included participants with respect to their
smoking history. Cigarette smoking status, the average number of cigarettes consumed daily, and
the duration of smoking were all self-reported, which may have led to recall bias. Finally, not fully
accounting for key factors known to be linked with patient survival, such as socioeconomic level
and other comorbidities is a drawback of this study.

Despite the aforementioned limitations, our study has a number of noteworthy advantages
to consider. The study was conducted with a population-based sample of 4,901 participants from
three countries. The generalization of this study's findings could be aided by incorporating data
from multiple study centers in different nations. According to our knowledge, this study is the first
to examine the effects of smoking on survival by molecular subtypes accounting for the four most
commonly used molecular biomarkers of CRC tumors. The availability of data on potential
confounders and demographic variables has made it possible to derive less confounded
estimates of survival for each exposure group by adjusting for their effects.

Because smoking cigarettes is associated with both the risk of developing colorectal
cancer and the higher hazards of death from CRC, considerable efforts need to be deployed to
promote smoking cessation among people who have a higher risk of developing CRC as well as
among those who have already been diagnosed with CRC, regardless of their age at diagnosis
and the molecular subtypes, in order to improve the overall CRC-specific survival.



Tables and Figures

Table 1. Demographic and Clinicopathologic Characteristics of Study Participants by Smoking Status

Never Smoker Ever Smoker Overall

Sex

Male 43.3% 57.4% 51.4%

Female 56.7% 42.6% 48.6%
Age at Diagnosis

Mean (SD) 54.6 (11.9) 57.3 (11.0) 56.1 (11.5)

<50yrs 36.8% 27.4% 31.4%

250yrs 63.2% 72.6% 68.6%
Aspirin Use

Yes 25.0% 31.9% 28.9%

No 75.0% 68.1% 71.1%
BMI

Mean (SD) 27.6 (6.00) 27.7 (5.61) 27.6 (5.78)

Under weight 1.7% 1.8% 1.7%

Normal weight 36.3% 30.9% 33.2%

Overweight 35.6% 40.3% 38.3%

Obesity 26.4% 27.0% 26.7%
CRC sites

Proximal 37.2% 34.5% 35.7%

Distal 30.6% 30.6% 30.6%

Rectal 32.2% 34.9% 33.7%
Molecular Subtypes

typel 5.9% 6.8% 6.4%

type2 2.9% 2.9% 2.9%

type3 31.5% 29.8% 30.5%

types 53.5% 54.6% 54.1%

type5 6.2% 6.0% 6.1%
Diagnosis Years

< 2000 52.9% 62.9% 58.6%

> 2000 47.1% 37.1% 41.4%
CRC Deaths

alive 75.1% 69.5% 71.9%

dead 24.9% 30.5% 28.1%

Note: Only percentages are used because of multiple imputation



Table 2. Smoking Status and CRC Survival by Age at Diagnosis and by Molecular Subtypes

Unadjusted Models

Adjusted Models (*)

Overall

Age Groups
Early-Onset

Late-Onset

Molecular
Subtypes

Type1

Type2

Type3d

Type4d

Typeb

NS: Ref.
ES: HR=1.27(1.13-1.42) <0.001

NS: Ref.
ES: HR=1.16(0.95-1.41) 0.14

NS: Ref.
ES: HR=1.32(1.14-1.52) <0.001

NS Ref.
ES: HR=1.57(0.76-3.22) 0.21
NS: Ref.
ES: HR=1.39(0.62-3.14) 0.40
NS: Ref.
ES: HR=1.25(1.01-1.56) 0.042
NS: Ref.
ES: HR=1.28(1.09-1.51) 0.002

NS: Ref.
ES: HR=1.07(0.56-2.06) 0.82

NS: Ref.
ES:HR=1.21(1.06-1.38) 0.0046

NS: Ref.
ES: HR=1.06(0.80-1.40) 0.66

NS: Ref.
ES: HR=1.26(1.06-1.50) 0.007

NS: Ref.
ES: HR=1.67(0.69-4.03) 0.24

NS: Ref.
ES: HR=0.70(0.19-2.55) 0.57

NS: Ref.
ES: HR=1.18(0.92-1.52) 0.19

NS: Ref.

ES: HR=1.23(1.03-1.47) 0.025

NS: Ref.
ES: HR=1.17(0.46-2.99) 0.73

Note: NS= Never smoker

ES= Ever smoker

Type 1 (CIMP-high, MSI-high, mutated BRAF and KRAS wildtype)
Type 2 (CIMP-high, MSI-low or stable (MSS), mutated BRAF, and KRAS wildtype)
Type 3 (CIMP-low or negative, MSl-low or MSS, BRAF wildtype and mutated KRAS)

Type 4 (CIMP-low or negative, MSl-low or MSS, BRAF and KRAS wildtype)

Type 5 (CIMP-negative, MSI-high, BRAF and KRAS wildtype)
(*) We adjusted for sex, age at diagnosis, aspirin use, body mass index, CRC sites, molecular subtypes, and diagnosis years.



Table 3. Smoking Pack-years and CRC Survival by Age Groups at Diagnosis

Pack-Years

Adjusted Models (*)

Overall
Never-Smokers
<20 Pack-Years
20-39 Pack-Years
240 Pack-Years
p-value for trend test <0.001
Early-Onset
Never-Smokers
<20 Pack-Years
20-39 Pack-Years
240 Pack-Years
Late-Onset
Never-Smokers
<20 Pack-Years
20-39 Pack-Years

240 Pack-Years

Note: Ref. indicates the reference group

Ref.
HR= 1.09(0.94-1.28)
HR= 1.24(1.03-1.50)

HR= 1.52(1.24-1.87)

Ref.
HR=0.94(0.69-1.28)

HR= 1.40(0.90-2.18)

HR= 1.39(0.63-3.09)

Ref.
HR=1.14(0.93-1.39)

HR=1.22(0.98-1.52)

HR=1.52(1.21-1.92)

0.25

0.02

<0.001

0.68

0.13

0.42

0.20

0.079

0.037

(*) We adjusted for sex, age at diagnosis, aspirin use, body mass index, CRC sites, molecular subtypes, and diagnosis years.



Table 4. Smoking Pack-years and CRC Survival by Molecular Subtypes
ADJUSTED MODELS (¥)

PACK-YEARS

Type1
Never-Smokers
<20 Pack-Years
20-39 Pack-Years
240 Pack-Years
Type2
Never-Smokers
<20 Pack-Years
20-39 Pack-Years
240 Pack-Years
Type3
Never-Smokers
<20 Pack-Years
20-39 Pack-Years
240 Pack-Years
Typed
Never-Smokers
<20 Pack-Years
20-39 Pack-Years
240 Pack-Years
Type5
Never-Smokers
<20 Pack-Years
20-39 Pack-Years
240 Pack-Years

Note: Ref. indicates the reference group
Type 1 (CIMP-high, MSI-high, mutated BRAF and KRAS wildtype)

Ref.

HR= 1.43(0.41-5.03)
HR= 1.16(0.34-3.92)
HR= 2.83(0.95-8.43)

Ref

HR= 0.72(0.15-3.46)
HR= 0.62(0.07-5.76)
HR= 0.57(0.06-5.80)

Ref.

HR= 1.04(0.76-1.44)
HR= 1.21(0.88-1.67)
HR=1.60(0.99-2.55)

Ref.

HR=1.11(0.89-1.38)
HR=1.30(1.02-1.66)
HR= 1.46(1.11-1.92)

Ref.

HR= 1.27(0.42-3.81)
HR=0.87(0.21-3.53)
HR=1.18(0.14-9.78)

Type 2 (CIMP-high, MSI-low or stable (MSS), mutated BRAF, and KRAS wildtype)
Type 3 (CIMP-low or negative, MSl-low or MSS, BRAF wildtype and mutated KRAS)
Type 4 (CIMP-low or negative, MSl-low or MSS, BRAF and KRAS wildtype)

Type 5 (CIMP-negative, MSI-high, BRAF and KRAS wildtype)

0.55
0.81
0.06

0.67
0.65
0.62

0.79
0.24
0.05

0.37
0.031
0.006

0.66
0.84
0.86

(*) We adjusted for sex, age at diagnosis, aspirin use, body mass index, CRC sites, molecular subtypes, and diagnosis years.



Table 5. Smoking Cessation Years and CRC Survival by Early and Late-onset Status

Adjusted Models (*)

Overall

Continued to Smoke
Quit<10y

Quit 10-20 y
Quit>20y

Never Smoked
p-value trend test <0.001
< 50 Years
Continued to Smoke
Quit<10y

Quit 10-20 y
Quit>20y

Never Smoked

2 50 Years
Continued to Smoke
Quit<10y

Quit 10-20 y
Quit>20y

Never Smoked

Note: Ref. indicates the reference group

(Ref)
HR= 0.86(0.64-1.15)
HR= 0.86(0.65-1.15)
HR= 0.80(0.60-1.07)

HR=0.71(0.56-0.92)

(Ref)
HR=0.84(0.48-1.48)
HR=1.14(0.61-2.12)
HR=1.05(0.50-2.19)

HR=0.95(0.55-1.61)

(Ref)
HR=0.88(0.62-1.26)

HR=0.77(0.53-1.14)
HR=0.72(0.51-1.01)

HR=0.64(0.47-0.88)

0.31

0.30
0.13

0.008

0.55

0.67

0.89

0.83

0.48

0.18
0.05

0.005

(*) We adjusted for sex, age at diagnosis, aspirin use, body mass index, CRC sites, molecular subtypes, and diagnosis years.



Table 6. Smoking Cessation Years and Survival by Molecular Subtypes*

Adjusted Models (*)

Type1

Continued To Smoke Ref.

Quit<10Y HR=0.28(0.05-1.69) 0.15
Quit 10-20 Y HR=1.14(0.61-2.12) 0.67
Quit>20Y HR=1.05(0.50-2.19) 0.89
Never Smoked HR=0.95(0.55-1.61) 0.83
Type3

Continued To Smoke Ref.

Quit<10Y HR=0.90(0.50-1.64) 0.72
Quit 10-20 Y HR=0.80(0.50-1.27) 0.34
Quit>20Y HR=0.82(0.49-1.38) 0.45
Never Smoked HR=0.72(0.47-1.13) 0.15
Typed

Continued To Smoke Ref.

Quit<10Y HR=0.94(0.61-1.44) 0.76

Quit 10-20 Y HR=1.01(0.67-1.52) 0.97

Quit>20Y HR=0.81(0.54-1.21) 0.29
Never Smoked HR=0.75(0.53-1.07) 0.1

Type5

Continued To Smoke Ref.

Quit<10Y HR=0.78(0.09-6.08) 0.80

Quit 10-20Y HR=0.54(0.03-9.00) 0.63

Quit>20Y HR=1.53(0.28-8.50) 0.61

Never Smoked HR=0.84(0.17-4.06) 0.82

Ref. indicates the reference group.

*Small numbers precluded analysis for Type 2 tumors.

Type 1 (CIMP-high, MSI-high, mutated BRAF and KRAS wildtype)

Type 3 (CIMP-low or negative, MSl-low or MSS, BRAF wildtype and mutated KRAS)

Type 4 (CIMP-low or negative, MSl-low or MSS, BRAF and KRAS wildtype)

Type 5 (CIMP-negative, MSI-high, BRAF and KRAS wildtype)

(*) We adjusted for sex, age at diagnosis, aspirin use, body mass index, CRC sites, molecular subtypes, and diagnosis years.



Appendix1. Distribution of Participants Smoking Status by Molecular Subtypes

type1 type2 type3 typed type5 Overall

Smoking Status
Never Smoker 39.5% 43.0% 44.1% 42.2% 43.4% 42.7%

Ever Smoker 60.5% 57.0% 55.9% 57.8% 56.6% 57.3%

Note: Only percentages are used because of multiple imputation

Appendix2. Distribution of Participants Smoking Status by Age at Diagnosis

<50yrs 250yrs Overall

Smoking Status
Never Smoker 50.0% 39.4% 42.7%
Ever Smoker 50.0% 60.6% 57.3%

Note: Only percentages are used because of multiple imputation

Appendix3. Distribution of Participants Molecular Subtypes by Age at Diagnosis Groups

<50yrs 250yrs Overall
Molecular subtypes
typel 0.9% 8.9% 6.4%
type2 2.2% 3.2% 2.9%
type3 30.7% 30.4% 30.5%
types 56.3% 53.1% 54.1%
type5 9.9% 4.3% 6.1%

Note: Only percentages are used because of multiple imputation
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