1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Gastroenterology. Author manuscript; available in PMC 2021 July 01.

-, HHS Public Access
«

Published in final edited form as:
Gastroenterology. 2020 July ; 159(1): 241-256.e13. doi:10.1053/j.gastro.2020.03.054.

Risk Factor Profiles Differ for Cancers of Different Regions of the
Colorectum

Liang Wangl2, Chun-Han Lo?23, Xiaosheng He#, Dong Hang®, Molin Wang?6, Kana Wu’,
Andrew T. Chan3711.12.13  ghyji Ogino?92:10.11 Edward L. Giovannucci?’-8, Mingyang
Song23.7.12

1Center of Gastrointestinal Surgery, the First Affiliated Hospital, Sun Yat-sen University,
Guangzhou, P.R. China

2Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, USA

3Division of Gastroenterology, Massachusetts General Hospital and Harvard Medical School,
Boston, MA, USA

4Department of Colorectal Surgery, the Six Affiliated Hospital, Sun Yat-sen University,
Guangzhou, P.R. China

SDepartment of Epidemiology and Biostatistics, Jiangsu Key Lab of Cancer Biomarkers,
Prevention and Treatment, Collaborative Innovation Center for Cancer Personalized Medicine,
School of Public Health, Nanjing Medical University, Nanjing, P.R. China

6Department of Biostatistics, Harvard T.H. Chan School of Public Health, Boston, MA, USA
"Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA, USA

8Channing Division of Network Medicine, Department of Medicine, Brigham and Women’s
Hospital and Harvard Medical School, Boston, MA, USA

°Department of Oncologic Pathology, Dana-Farber Cancer Institute and Harvard Medical School,
Boston, MA, USA

1%program in MPE Molecular Pathological Epidemiology, Department of Pathology, Brigham and
Women'’s Hospital and Harvard Medical School, Boston, MA, USA

11Broad Institute of MIT and Harvard, Cambridge, MA, USA

12Clinical and Translational Epidemiology Unit, Massachusetts General Hospital and Harvard
Medical School, Boston, MA, USA

Corresponding author: Mingyang Song; Department of Epidemiology, Harvard T.H. Chan School of Public Health, 667 Huntington
Avenue, Kresge 906A, Boston, MA 02115; Tel: +01-617-432-1301; Fax: +01-617-566-7805, mingyangsong@mail.harvard.edu.
Author contributions: Study concept and design: LW, MS; acquisition of data: CHL, XH, DH, KW, MLW, ELG, ATC, MS; statistical
analysis: LW; interpretation of data: all authors; drafting of the manuscript: LW, MS; critical revision of the manuscript for important
intellectual content: CHL, XH, DH, KW, SO, ATC, ELG.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wang et al. Page 2

13Department of Immunology and Infectious Diseases, Harvard T.H. Chan School of Public
Health, Boston, MA, USA

Abstract

Background & Aims—The molecular features of colorectal tumors differ with their anatomic
location. Colorectal tumors are usually classified as proximal or distal. We collected data from 3
cohorts to identify demographic, clinical, anthropometric, lifestyle, and dietary risk factors for
colorectal cancer (CRC) at 7 anatomic subsites. We examined whether the associations differ
among refined subsites and whether there are trends in associations from cecum to rectum.

Methods—We collected data from the Nurses’ Health Study, Nurses’ Health Study 2, and Health
Professionals Follow-up Study (45,351 men and 178,016 women, followed for a median 23 years)
on 24 risk factors in relation to risk of cancer in cecum, ascending colon, transverse colon,
descending colon, sigmoid colon, rectosigmoid junction, and rectum. Hazard ratios were estimated
using Cox proportional hazards regression. We tested for linear and non-linear trends in
associations with CRC among subsites and within proximal colon, distal colon, and rectum.

Results—We documented 3058 cases of CRC (474 in cecum, 633 in ascending colon, 250 in
transverse colon, 221 in descending colon, 750 in sigmoid colon, 202 in rectosigmoid junction,
and 528 in rectum). The positive associations with cancer risk decreased, from cecum to rectum,
for age and family history of CRC. In contrast, the inverse associations with cancer risk increased,
from cecum to rectum, for endoscopic screening and intake of whole grains, cereal fiber, and
processed red meat. There was a significant non-linear trend in the association between CRC and
female sex, with hazards ratios ranging from 1.73 for ascending colon cancer to 0.54 for sigmoid
colon cancer. For proximal colon cancers, the association with alcohol consumption and smoking
before age 30 years increased from the cecum to transverse colon. For distal colon cancers, the
positive association with waist circumference in men was greater for descending vs sigmoid colon
cancer.

Conclusions—In an analysis of 3058 cases of CRC, we found that risk factor profiles differed
for cancers along the colorectum. Proximal vs distal classifications are not sufficient to encompass
the regional variations in colorectal tumor features and risk factors.

Graphical Abstract
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Introduction

Colorectal cancer (CRC) is a heterogeneous disease, consisting of etiologically and
clinically different subtypes.1=3 Substantial evidence indicates that the molecular features
and risk factors of CRC vary by anatomic subsites, namely proximal colon, distal colon, and
rectum.*-8 These data have provided important insights into the etiologic heterogeneity of
CRC. However, accumulating evidence indicates the heterogeneity even within subsites
defined by proximal, distal, and rectal location. There does not appear to be an abrupt
change in clinicopathological and molecular features between anatomic boundaries such as
the splenic flexure, sigmoid and rectosigmoid.®~17 These data challenge the oversimplified
classification of CRC according to main subsites and highlight the need for investigations of
refined CRC subsites.

Previously, we examined major molecular features of CRC, including microsatellite
instability (MSI), CpG island methylator phenotype (CIMP), and BRAF mutation, according
to nine anatomic subsites; and found that the positivity of these markers gradually increased
from the rectum to the ascending colon.13: 14 Another study showed that the prevalence of
TP53, KRAS, BRAF, PIK3CA, and CTNNBI mutations differed by refined anatomic
location, even within the main subsites.1 Moreover, increasing data support the important
role of the gut microbiota in CRC. It is well known that the composition and abundance of
the gut microbiota vary considerably across anatomic sublocations in the colorectum.18-21
Together, these data indicate the importance of accounting for CRC subsites for better
understanding the etiology of CRC.

Leveraging the rich epidemiologic data in three large US cohorts, we investigated 24
demographic, clinical, anthropometric, lifestyle, and dietary risk factors in relation to CRC
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across seven anatomic subsites. We examined whether the associations differed across these
specific subsites and whether there was any linear trend in the associations from the cecum
to rectum.

Methods

Study population

The Nurses’ Health Study (NHS) enrolled 121,700 US registered female nurses aged 30-55
years in 1976. Nurses’ Health Study 2 (NHS2) included 116,430 registered US female
nurses aged 25 to 42 years at time of study entry in 1989. The Health Professionals Follow-
up Study (HPFS) enrolled 51,529 US male health professionals aged 40-75 years in 1986.
Details about the three cohorts have been described elsewhere.22-24 Briefly, participants
were mailed a questionnaire inquiring about their medical history and lifestyle factors at
baseline, and every two years thereafter. Dietary data were collected and updated every four
years using the validated food frequency questionnaires (FFQs) since 1980 in the NHS, 1991
in the NHS2, and 1986 in the HPFS. In the present analysis, we used these years as the study
baseline.

At baseline, we excluded participants with a history of inflammatory bowel disease or
cancer (except for non-melanoma skin cancer) and those with missing FFQs, a high number
of blank items on their FFQs (>70), or with implausible caloric intakes (men: <800 or
>4,200 kcal/d; women: <600 or >3,500 kcal/d). This study was approved by the Institutional
Review Board at the Brigham and Women’s Hospital and the Harvard T.H. Chan School of
Public Health, and those of participating registries as required.

Ascertainment of CRC cases

On each biennial follow-up questionnaire, participants were asked whether they were
diagnosed with CRC during the previous 2 years. For participants who reported CRC
diagnosis, we asked for their permission to acquire medical records and pathologic reports.
Study physicians, blinded to exposure data, reviewed all medical records to confirm CRC
diagnosis and to record the disease stage, histologic findings, and tumor location. We
defined proximal cancers as those that occurred in the cecum, ascending colon, and
transverse colon; distal colon cancers as those in the descending and sigmoid colon; and
rectal cancers as those in the rectosigmoid junction and rectum. Cancers in the hepatic
flexure were classified as transverse colon cancer and those in the splenic flexure as
descending colon cancer. We also assessed the distribution of major molecular markers
(microsatellite instability (MSI), CpG island methylator phenotype (CIMP), and BRAF and
KRAS mutations) according to tumor subsites (Supplementary Figure 1; detailedlaboratory
methods are provided in the Supplementary Methods). 25-27

Assessment of risk factors

We obtained data for 24 CRC risk factors. Non-dietary exposures included age, sex, family
history of CRC in a first-degree relative, smoking history, height, body mass index (BMI),
BMI at age 18 for female and age 21 for male, leisure-time physical activity, aspirin use,
history of endoscopic screening, and alcohol consumption.28-30 Details of assessment of
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these risk factors are described in the Supplementary Methods. Using the semi-quantitative
FFQ data, we assessed intake of total fiber, cereal fiber, whole grains, total red meat,
processed red meat, unprocessed red meat, folate, calcium, marine omega-3 fatty acid intake
(including eicosapentaenoic acid, docosahexaenoic acid, and docosapentaenoic acid), and
vitamin D.3! Supplement use was included in calculation of total nutrient intake which was
further adjusted for total caloric intake by the residual method.32 Furthermore, to examine
the overall dietary patterns, we utilized Empirical Dietary Inflammatory Pattern (EDIP) and
Empirical Dietary Index for Hyperinsulinemia (EDIH). These dietary indices have shown
robust associations with inflammatory and insulin biomarkers, respectively. Details about the
development and validation of the EDIP and EDIH have been previously described.33-36

Statistical analysis

Participants were followed until the diagnosis of CRC, death, or the end of the follow up
(June 1, 2014 for the NHS and the HPFS, and June 1, 2013 for the NHS2), whichever
occurred first. We used the subsite-stratified multivariable Cox proportional hazards
regression model to calculate the hazard ratios (HRs) and 95% confidence intervals (Cls) of
CRC at each anatomic subsite in relation to risk factors.3’ To test for the overall
heterogeneity and potential linear trend in the magnitude of the associations across subsites,
we used the meta-regression method with a subtype-specific random effect term by treating
CRC subsites as a nominal and ordinal variable, respectively.3”: 38 We also performed a
heterogeneity test within the main subsites (i.e., proximal colon, distal colon, and rectum)
using the likelihood ratio test, by comparing the model in which the association with
exposures was allowed to vary by subsite to a model in which all the associations were held
constant.

All Cox models were stratified by age, sex, and calendar time except when age or sex was
considered as the main exposure. All models were adjusted for race and the non-dietary risk
factors. Details of statistical analysis are described in the Supplementary Methods. Dietary
factors were categorized into quintiles within each cohort and HRs were calculated using the
median of each quintile as a continuous variable. We calculated the HRs per certain
increment for continuous variables. The unit of increment was chosen based on the literature
and to reflect the distribution of the studied exposure in the US population. Given the known
sex difference, we examined sex-specific associations for BMI and waist circumference.

Given the increasing incidence of young-onset CRC in the US and other countries, we
characterized the subsite-specific risk factor profiles of CRC according to age at diagnosis.
Due to the small number of cases younger than age 50 years in our cohorts (h=199), we used
age of 60 years as the cutoff. For younger-onset CRC (<60 years), the follow-up ended when
participants reached age 60 years. For older-onset CRC (=60 years), participants did not
contributed person-time until age 60 years. We used the contrast test method to test whether
the associations with risk factors differ between younger-onset and older-onset CRC.37

All the analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA). Statistical
tests used in the analysis all were 2-sided and a Pvalue less than 0.05 was considered
statistically significant.
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Among 45,351 men and 178,016 women in the study, followed for a median of 23 years, we
documented 3058 CRC cases with available anatomic location data, including 474 cases in
the cecum, 633 in the ascending colon, 250 in the transverse colon, 221 in the descending
colon, 750 in the sigmoid colon, 202 in the rectosigmoid junction, and 528 in the rectum.
Another 232 CRC cases without anatomic location information were censored at the time of
diagnosis. Table 1 shows the basic characteristics of study participants. Tables 2—4 show the
multivariable associations of risk factors with CRC across the seven anatomic subsites.

Demographic and clinical factors

The positive associations with CRC weakened from the cecum to rectum for age (HR per 5
years ranged from 1.62 t0 1.32, Ajinear heterogeneity=0-04) and family history of CRC (HR
ranged from 1.86 to 1.10, Ainear heterogeneity=0-004) (Table 2). In contrast, the association
strengthened for endoscopic screening from the cecum to rectum (HR ranged from 0.75 to
0.50, Alinear heterogeneity=0-005). A statistically significant overall heterogeneity was found
for female sex (Poverall heterogeneity<0-001), with the highest HR observed for ascending
colon cancer (1.73, 95% CI, 1.40-2.15) and the lowest HR for sigmoid colon cancer (0.54,
95% Cl, 0.41-0.72).

Anthropometric and lifestyle factors

For anthropometric measures (Table 3), we did not find any statistically significant
heterogeneity across the seven subsites, although in men, within distal colon cancer, a
statistically significant heterogeneity was found for waist circumference between cancers in
the descending and sigmoid colon (HR per 10 cm, 1.83 and 1.27, respectively, Aeterogeneity
=0.004). We found an increasing association for cancers from the cecum to transverse colon
for alcohol intake (HR per 14 g/day, 0.99 to 1.25, Ayeterogeneity= 0-02) and smoking before
age 30 (HR per 20 pack-year, 1.08 to 1.43).

Dietary factors and dietary pattern

We found association with cancers strengthened from the cecum to rectum for whole grain
(HR per 20 g/day ranged from 1.08 to 0.75, Ainear heterogeneity=0-02), cereal fiber (HR per
5g/day ranged from 1.13 to 0.60, Ajnear heterogeneity=0-007), and processed red meat (HR per
3 serving/week ranged from 0.96 to 1.23, Ainear heterogeneity=0-04) (Table 4). A statistically
significant heterogeneity was also found for folate intake between cancers in the descending
and sigmoid colon (HR per 400pg/day, 1.10 and 0.76, respectively, Aeterageneity=0.05). For
EDIP, a particularly strong positive association was found with cancers in the cecum and
sigmoid colon (HR per 1 unit, 1.54 and 1.52, respectively). In contrast, EDIH showed a
particularly strong association with increased risk of transverse and descending colon
cancers (HR per 1 unit, 2.19 and 2.02, respectively). A statistically significant heterogeneity
was also found for EDIH between cancers in the rectosigmoid junction and rectum (HR per
1 unit, 0.71 and 1.54, respectively, Fheterogeneity=0-05).
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Younger- and older-onset CRC

We identified 901 patients with younger-onset CRC and 2389 with older-onset CRC. The
basic characteristics of patients in the two groups are summarized in Supplementary Table 1.
As shown in Figure 1-2, we found that age and family history of CRC were more strongly
associated with younger-onset CRC than older-onset CRC, whereas BMI, waist
circumference and whole grain intake were more strongly associated with older-onset CRC.
(All Pfor heterogeneity < 0.05) (Detailed data are presented in Supplementary Table 2-4).
Height showed a stronger association with increased risk of younger- than older-onset CRC,
whereas a stronger association with older- than younger-onset CRC was observed for several
individual dietary factors, including cereal fiber, total vitamin D, total folate, and processed
red meat. Similar patterns by tumor subsite were observed for younger- and older-onset
CRC.

Discussion

Using data from three prospective cohorts, we evaluated 24 risk factors in relation to CRC
risk by seven refined anatomic subsites. We found that the associations of certain risk factors
with CRC varied substantially across refined subsites and even within the proximal, distal
colon, and rectum. Our findings challenge the oversimplified classification of CRC into
proximal and distal colon and rectal cancer and have implications for better understanding
the etiology of CRC and improving prevention strategies.

Demographic factors

We found a weakened association of age with cancers from the cecum to rectum, with the
strongest association observed in the ascending colon. Similarly, ascending colon cancer was
more common in women, compared with other locations. These findings may be explained
by the fact that older age and female sex are features of serrated CRC that is more
commonly developed in the proximal colon, particularly ascending colon. Serrated CRC is
characterized by certain molecular features, such as MSI, BRAF mutation, and CIMP.39-42
Indeed, we found that ascending colon cancer had the highest rates of MSI, BRAF mutation,
and CIMP. (Supplementary Figure 1).13. 14 Interestingly, among subsites, we found that
sigmoid colon cancer is particularly prevalent in men. This observation is consistent with the
reported sex difference in incidence of CRC by anatomic sites.*3

The positive association of family history with CRC risk was found to weaken gradually in
cancers from the cecum to rectum. Consistent with our findings, Lynch syndrome in CRC
has been associated with MSI-high status that is more prevalent in the proximal colon.*4: 4
Moreover, within microsatellite-stable CRC, family history was shown to be primarily
associated with higher risk of CRC with low methylation level of long interspersed nuclear
element-1 (LINE-1).48 LINE-1 sequences constitute about 18% of the entire human genome
and hypomethylation of LINE-1 has been suggested as a surrogate of genomic
hypomethylation and been shown to vary across anatomic subsites of CRC.14 Therefore,
differences in heritable predisposition to epigenomic instability across the colorectum may
be a potential explanation for the subsite heterogeneity in the familial risk of CRC.
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Endoscopic screening and aspirin use

Endoscopic screening reduces CRC incidence and mortality.4” In this study, we found that
the beneficial association of endoscopic screening with CRC varied greatly by subsites. This
is consistent with prior data indicating the limited effectiveness of endoscopic screening for
prevention of proximal colon cancer. Possible explanations include anatomic and procedural
(e.g., poor bowel preparation) reasons and overrepresentation in the proximal colon of

serrated polyps that tend to be flat and pale and are difficult to detect and completely resect.
48

We found that regular aspirin use was associated with lower risk of CRC across all anatomic
locations, with no significant heterogeneity observed. Prior studies that assessed aspirin-
CRC relationship by tumor subsites reported inconsistent findings. Some studies*® 50 but
not others®50-52 found a stronger association of aspirin use with proximal than distal colon
cancer. On the other hand, the beneficial association of aspirin use with CRC risk has been
primarily observed in tumors that overexpress PTGS2 (cyclooxygenase-2, COX-2),%1 whose
expression does not seem to vary by CRC location.>2

Lifestyle factors

We found that pack-years of smoking before age 30 and alcohol intake were more strongly
associated with increased cancer risk in the transverse colon than other subsites. Prior
studies have linked smoking and alcohol to specific molecular subtypes of CRC, namely
TP53, KRAS, BRAF mutations, MSI, CIMP, and LINE-1.30. 53-56 For example, alcohol
consumption was associated with increased risk of CRC tumors characterized by LINE-1
hypomethylation cancers,>* and some studies suggested smoking was associated with higher
risks for CIMP-high, MSI-high and BRAF-mutated tumors.30: 56 Therefore, differences in
tumor molecular characteristics may underlie the subsite heterogeneity for the carcinogenic
effect of smoking and alcohol.

Anthropometric factors

For anthropometric measures, consistent with prior data,’ we found that the positive
associations of BMI and waist circumference were stronger in men than in women, possibly
due to the anti-CRC effect of elevated levels of estrogen that counteracts the adverse effect
of adiposity in obese women.®8 Moreover, in line with prior studies that indicate a stronger
association of BMI and waist circumference with distal than proximal colon cancer,>® we
found that these anthropometric measures were most strongly associated with increased risk
of descending colon cancer in men. The biology underlying the observed differences across
refined subsites remains poorly understood. Obesity-related hyperinsulinemia may promote
carcinogenesis by increasing the bioavailability of tumor promoter IGF1 (insulin like growth
factor 1). IGF1 has been shown to activate the PI3BK/AKT signaling pathway by P/IK3CA
mutation.8%: 61 A much higher prevalence of PIK3CA mutation has been found in
descending colon cancer than CRC in other locations.}!: 13 Moreover, increasing data
indicate that obesity may influence cancer risk through alterations of the microbiome.19
There are substantial differences in the microbial composition and function across subsites
of the colorectum.2L: 62. 63 |n addition, subsite differences in the biochemical environment,54
mucosal immunology,®® and gene expression may also play a role.2: 66
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Dietary factors and dietary pattern

For whole grain and cereal fiber, we noted inverse association with cancers strengthened
from the cecum to rectum. One prior study found that high intake of whole grains and
dietary fiber were inversely associated with risk of ZP53-mutated CRC,87 whose prevalence
increases from the cecum to the rectum.1! Moreover, compared to the colon, the rectum is
much more exposed to genotoxic and cytotoxic damages due to the longer transit time and to
the fecal mass storage before expulsion through defecation.8 Increasing evidence indicates
an intricate interplay between whole grain, fiber, gut microbiota, and CRC.1%: 69 For
example, Fusobacterium nucleatum has been known to promote colorectal carcinogenesis
through various mechanisms.12: 70. 71 We recently reported higher intake of whole grains and
cereal fiber was more strongly associated with lower risk of £ nucleatum-positive CRC than
F. nucleatum-negative CRC.72 However, it remains unknown how the gut microbiota in
cancer-free individuals may modify the anti-CRC effect of fiber.

EDIP is an index that characterizes the inflammatory potential of diet based on circulating
inflammatory markers. Higher EDIP has been associated with increased CRC risk.”2 In the
current study, we found the positive associations between EDIP and risk of cecal and
sigmoid cancer were 40-60% higher than cancers in other sites. The strong association of
EDIP with cecal cancer may be related to functional interaction between KRAS mutation
and inflammation. Several studies have reported a higher rate of KRAS mutation in cecal
than non-cecal CRC.11: 14, 74 There is evidence that mutant KRAS requires an additional,
potentially inflammatory, stimulus to activate its oncogenic activity.”> 76 On the other hand,
gut microbiota may be another explanation for our findings due to the substantial differences
in the composition of mucosa microbiota across subsites.20

Hyperinsulinemia and insulin resistance have been linked to increased risk of CRC.36 In the
current study, we found that EDIH, a dietary index that reflect insulinemic potential, was
more strongly associated with increased risk of transverse and descending colon cancer. As
discussed above, the IGF1-PI3K/AKT pathway may underlie the stronger associations of
insulin-related factors with descending colon cancer. Regarding transverse colon cancer, its
molecular characteristics are distinct from other right-sided locations and to a large degree
resemble descending colon cancer.11 However, because hyperinsulinemia and insulin
resistance are related to complex metabolic changes, further studies are needed to better
understand the molecular mechanisms underlying the strong association of EDIH with
transverse and descending colon cancer.

Differences between younger- and older-onset CRC

The incidence of CRC in adults younger than 50 years has been increasing in the United
States and several other countries. The increase is more pronounced for rectal cancer than
colon cancer, and the causes for such increase remain unclear. In the current study, we found
that family history of CRC were more strongly associated with increased risk of younger-
and older-onset CRC, consistent with prior studies.”’ In contrast, adiposity and several
dietary factors assessed in middle-to-late adulthood showed a stronger association with
older- than younger-onset CRC. Interestingly we found that compared with older-onset
CRC, attained height showed a stronger association with higher risk of younger-onset CRC,
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especially rectal cancer. Height is influenced by genetic and early-life nutritional and health-
related factors. Our previous study found that height as a marker of pre-adult IGF-I
bioactivity was related to several Western-related cancers including CRC.’8 Therefore, these
findings suggest a potential role of /n utero and early-life nutritional exposures in young-
onset CRC.

As the first effort to characterize the risk factor profiles of CRC according to refined
anatomic subsites, our study has several strengths, including the prospective design, large
sample size, repeated assessment of risk factors using validated instruments over 3 decades,
and central medical record review for tumor location assessment. Our study also has some
limitations. First, multiple comparisons were performed and thus some of the findings may
be due to chance. Further studies may be needed for confirmation of the findings. However,
all the risk factors and statistical comparisons were selected a priori on the basis of existing
literature. We also interpret our results in a holistic way, prioritizing biological plausibility,
coherence and consistency rather than statistical significance alone. Second, lifestyle and
dietary factors are all self-reported and thus subject to measurement error. However, given
the prospective design, any error in exposure assessment would have likely attenuated the
observed associations. Third, despite the overall large size of the cohorts, the numbers of
cases for certain subsites are rather limited. Finally, our participants are all health
professionals and largely Caucasians, thus limiting the generalizability of our findings.
However, our previously reported associations of risk factors with CRC have been largely
confirmed by other cohorts. In addition, the homogenous study population helps reduce
confounding, although residual confounding cannot be ruled out due to the observational
design.

Our findings provide novel data for the heterogeneity of CRC risk factors according to tumor
subsites. A better understanding of CRC risk factors according to tumor subsites may lead to
development of subsite-specific prediction tools that may have better accuracy compared to
the current prediction models for any CRCs. Accurate risk assessments may facilitate
tailored screening strategies. Furthermore, identification of subsite-specific risk factors will
facilitate development of targeted primary prevention strategies. For example, dietary
modifications that improve metabolic health may be considered for individuals at high risk
of developing distal colon cancer. While there is a long way ahead to realize these promises
of precision prevention, our study provides the proof of principle for that future.

In conclusion, in this hypothesis-generating study, we found that the risk factor profiles
differed for cancers across the colorectum, even within the proximal or distal tumors.
Current proximal vs. distal classifications may not fully recapitulate the regional variations
in the etiology of CRC. Future studies should account for precise anatomic subsites and
elucidate the underlying mechanisms for the distinct risk factor profiles of cancer across the
colorectum.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What you need to know
Background and Context

The molecular features of colorectal tumors differ with their anatomic location, usually
classified as proximal or distal. It is important to identify risk factors for colorectal cancer
(CRC) at refined anatomic subsites.

New Findings

Risk factors, including age, family history, diet, screening, alcohol use, smoking, and sex,
differ for cancers along the colorectum.

Limitations

This was a study of 3 large cohorts in the United States—additional studies are needed of
other populations.

Impact

The proximal vs distal colon classifications are too broad for accurate calculation of CRC
risk; risk factors vary for tumors in different regions of the colorectum.

Lay Summary

Risk factors differ for tumors that develop in different regions of the colon and rectum.
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Exposure ANCRC HR (95% C1) P Proximal colon cancer HR (95% CI) P Distal colon cancer HR (95% CI) P Rectal cancer HR (95% Cy P
Age, per 5 years <0001 0.003 0.005 <.0001
Younger-onset - 1.73 (1.62-1.85) ——  191(168-217) —-— 1.69 (1.51-1.89) ——  1.85(1.62:212)
Older-ormet . 1.31(1.271.35) - 1.38 (1.32-1.44) - 1.23(1.18-1.31) - 1.28 (1.19-1.37)
Female sex 088 093 062 021
Younger-onset . 0.75 (0.62-0.91) —.— 1.05 (0.74-1.49) —— 0,66 (0.47-0.81) e 0.93 (0.65-1.34)
Oudor-orset . 0.74 (0.68-0.80) R 1.06 (0.62-1.59) - 0.72 (0.60-0.85) - 0.72 (0.50-0.67)
Family history of CRC 0.02 048 0.09 003
Younger-onset . 1.61(1.38-1.88) — 175(1.34-229) ——  164(1.25214) ———  147(1.09-1.98)
Oider-arset - 1,35 (1.23-1.48) . 1.59 (1.38-1.80) — 1.29 (1.08-1.55) . 1.02(0.82:1.27)
Endoscopic screening 032 016 019 093
Younger-onset .- 0.63 (0.47-0.83) — 0.96 (0.61-1.51) —— 0,60 (0.36-1.01) -~ 0.54 (0.29-0.97)
Oider-orset - 0.53 (046-0.61) - 0,67 (0.55-0.62) - 0.40 (0.29-0.55) - 0.52 (0.370.72)
Regular aspirin use 072 096 0.18 0.02
Younger-onset - 0.72 (0.62-0.84) = 0.70 (0.53-0.92) -~ 0.58 (0.44-0.77) . 0.95 (0.72-1.25)
Oider-ormet - 072 (0.66-0.78) - 0.71 (0.63-0.80) - 075 (0.64-0.88) - 0,66 (0.55-0,79)
Smoking, per 20 pack-year 0.40 057 038 0.90
Younger-onset e 1.08 (1.00-1.17) po— 1.14 (1.00-1.31) gy 0.99 (0.86-1.14) p— 1.16 (1.01-1.34)
Oider-orset . 1.10 (1.07-1.14) . 1.15(1.08-1.21) 1.07 (1.00-1.15) - 1.11(1.03-1.20)
Smoking before age 30, per 20 pack-year 0.35 032 084 0.57
Younger-onset . 1.16 (0.94-1.43) —— 1.05 (0.70-1.57) d— 1.22 (0.85-1.77) —t—— 1.20 (0.80-1,80)
Older-onset . 122 (1.08-1.37) — 1.26 (1.05-1.51) e 1.27 (1.01-1.60) d=z 1.20 (0.92-157)
Alcohol intake, per 14 glday 0.78 0.05 068 062
Younger-onset - 1.10 (1.02-1.19) -T- 0.98 (0.83-1.15) e 1.13(0.99-1.29) — 1.15(1.00-1.33)
Oider-onset . 1.11(1.06-1.15) - 1.10 (1.03-1.17) - 1.09 (1.01-1.18) - 1.12(1.021.23)
Height, per 10 cm 0.06 038 047 031
Younger-onset - 1.28(1.16-1.42) e 1.24 (1.04-1.49) —~ 1.26 (1.06-1.49) —— 141 (1.17-1.70)
Oider-orset - 1.15(1.09-1.22) - 1,18 (1.08-1.29) e 1.1 (0.88-1.24) - 1.22(1.07-1.39)
Physical activity, per 7.5 MET hour/week 023 0.60 0.99 0.10
Younger-anset 0.97 (0.93-1.00) 0.98 (0.91-1.04) < 0.96 (0.90-1.02) - 0.96 (0.89-1.03)
Oider-onset 0.98 (0.98-1.00) } 0.99 (0.96-1.03) < 0.96 (0.92-1.00) 1.00 (0.96-1.05)
BM, per § kg/m* 0.002 001 0.05 023
Youngee-onset - 1.06 (0.96-1.16) - 0.96 (0.61-1.14) t— 1.10 (0.94-1.28) - 1.10 (0.92-1.30)
Oidor-orset . 1.23(1.17-1.28) - 1.20 (1.12-1.29) -~ 1.28 (1.18-1.40) - 124 (111-1.37)
BM at age 18721, per 5 kgim® 052 091 0.18 074
Younger-onset - 1.13(1.03-1.24) -— 1,18 (1.00-1.39) R 1,08 (0.92-1.27) b 1.16 (0.97-1.38)
Oider-anset - 1.14 (1.08-1.20) - 1.14 (1.05-1.24) - 118 (1.07-131) I 117 (1.04-1.32)
Waist circumference, per 10 cm 001 0.04 036 0.18
Younger-onset .- 1.03 (0.96-1.11) - 0.98 {0.86-1.11) b 1.13(1.00-1.27) -+ 1.02 (0.89-1.17)
Older-ormet . 1.14 (1.10-1.19) - 1.12(1.05-1.18) - 1,18 (1.09-1.27) - 1.14 (1.04-1.25)
—_— —_— JRNEN F— ity
04 1 16 22 04 1 16 22 04 1 186 22 04 1 18 22

Figure 1.

Multivariable associations of demographic, clinical and lifestyle factors with subsite-specific
risk of colorectal cancer according to age at diagnosis (Younger-onset CRC: diagnosed at
age of <60 years; older-onset CRC: diagnosed at age of =60 years) in the NHS, NHS2, and

HPFS.

Hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated using age- and
cohort-stratified Cox proportional hazards model with further adjustment for race, height
(continuous), family history of colorectal cancer (yes or no), history of lower gastrointestinal
endoscopic screening (yes or no), body mass index (continuous), pack-years of smoking
(continuous), physical activity (continuous), alcohol intake (continuous), and regular aspirin
use (yes or no). When age and sex are the main exposures, the model was only adjusted for
each other of the two variables. Pfor heterogeneity was calculated between younger-onset
CRC and older-onset CRC using the contrast test method. Abbreviations: BMI, body mass
index; CRC, colorectal cancer; HPFS, the Health Professionals Follow-up Study; NHS, the
Nurses’ Health Study.
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Exposure All CRC HR (95% CI) P Proximal colon cancer HR (95% C1) P Distal colon cancer HR (35% C1 P Rectal cancer HR (95% C1) P

Total fber intake, per 30g/day 007 001 081 0.41
Younger-onset —t—— 1.26 (0.78-2.03) ——— 189 (0.79-4.50) —T— 1.28(056284) ————— 114 (0.46-2.86)
Okser-onset 0.77 (0.58-1.04) — 0.68 (0.43-1.05) —_— 0.92 (0.52-1.63) — 0.64 (0.33-1.24)

Whole grain intake, per 20 glday 003 015 0.03 027
Younger-orset T 1.04 (0.92-1.17) At 1.14 (0.92-1.42) e 1.10 (0.88-1.36) — 0,97 (0.76-1.22)
Otder-arset 0.89 (0.83-0.85) - 0.95 (0,85-1.05) - 0.85(0.74-097) o 0.77 (0.66-0.91)

Ceroal fiber intake, per § giday 0.15 0.57 0.04 017
Youngercnset - 0.96 (0.80-1.16) e 1.00 (0.71-1.41) —— 1.15 (0.83-1.59) e 0,84 (0.59-1.20)
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Ofder-ormet . 1.22 (1.04-1.43) S 1.15 (0.91-1.45) —— 1.42(1.05-194) qp— 1.35 (0.94-1.93)
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Figure 2.

Multivariable associations of dietary factors with subsite-specific risk of colorectal cancer
according to age at diagnosis (Younger-onset CRC: diagnosed at age of <60 years; older-
onset CRC: diagnosed at age of =60 years) in the NHS, NHS2, and HPFS.
Hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated using age- and
cohort-stratified Cox proportional hazards model with further adjustment for race, height
(continuous), family history of colorectal cancer (yes or no), history of lower gastrointestinal
endoscopic screening (yes or no), body mass index (continuous), pack-years of smoking
(continuous), physical activity (continuous), alcohol intake (continuous), and regular aspirin
use (yes or no). Pfor heterogeneity was calculated between younger-onset CRC and older-
onset CRC using the contrast test method.
Abbreviations: CRC, colorectal cancer; EDIP, empirical dietary inflammatory pattern;
EDIH, empirical dietary index for hyperinsulinemia; HPFS, the Health Professionals
Follow-up Study; NHS, the Nurses’ Health Study.
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