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Description of included studies

Colon Cancer Family Registry (CCFR)

The CCFR (www.coloncfr.org) is a National Cancer Institute-supported consortium

consisting of six centers . The CCFR includes data from approximately 42,500 total subjects
(10,500 case probands and 26,900 unaffected and affected relatives, 4,280 unrelated
population-based controls, and 920 spouses). The study recruited cases and unaffected
controls (age 20 to 74 years) beginning in 1998. All participants self-completed a standardized
guestionnaire that included questions about established and suspected risk factors for colorectal
cancer, including questions on medical history and medication use, reproductive history (for
female participants), family history, physical activity, demographics, alcohol and tobacco use,
and dietary factors. Participants from three of the six participating centers (Seattle-SCCFR,
Australia-ACCFR, Ontario-OFCCR) were included in this study.

Cancer Prevention Study-Il (CPS-I1)

The CPS-II Nutrition cohort (established in 1992) is a prospective study of cancer incidence and
mortality in the United States 23, All participants filled out a self-administered questionnaire that
included information on demographical, medical, dietary, and lifestyle factors. Biennial follow-up
guestionnaires have been sent out since 1997 in order to collect continuous information about
current exposures and new cancer diagnoses. All reported cancers are verified through medical
records, state cancer registry linkage, or death certificates. Controls were matched on race,
gender, and age. The Emory University Institutional Review Board approves all aspects of the
CPS-I1I Nutrition Cohort.

Darmkrebs: Chancen der Verhitung durch Screening (DACHS)

DACHS is a large German population-based case-control study started in 2003 in the Rhine-
Neckar-Odenwald region (southwest region of Germany) #°. The purpose of DACHS was to
assess the potential of endoscopic screening for reduction of colorectal cancer risk and to
investigate etiologic determinants of the disease, particularly lifestyle/environmental factors and
genetic factors. Briefly, cases with a first diagnosis of invasive colorectal cancer (ICD-10 codes
C18-C20) who were at least 30 years of age, German speaking, resident in the study region,
and mentally and physically able to participate in a one-hour interview, were recruited by their
treating physicians either in the hospital a few days after surgery, or by mail after hospital
discharge. Cases were confirmed by histologic reports and hospital discharge letters following
diagnosis of colorectal cancer. All hospitals treating colorectal cancer cancer patients in the
study region participated. Communitybased controls were randomly selected from population
registries, employing age frequency matching (5-year groups), sex, and county of residence.
Controls without a history of colorectal cancer were contacted by mail and follow-up calls.
During an in-person interview, data on demaographics, medical history, family history of
colorectal cancer, and various lifestyle factors were collected. Participants also donated blood
and mouthwash samples.
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European Prospective Investigation into Cancer (EPIC) - Sweden

EPIC is an on-going multicenter prospective cohort study designed to investigate the
associations between diet, lifestyle, genetic and environmental factors and various types of
cancer °. Briefly, 521,448 participants (~70% women) mostly aged 35 years or above were
recruited between 1992 and 2000. Participants were recruited from 23 study centers in ten
European countries. All study participants provided written informed consent, and ethical
approval for the EPIC study was obtained from the review boards of IARC and local
participating centers. The current study included participants from the northern Swedish EPIC-
Umea site, which is the Vasterbotten Intervention Study (VIP). Colorectal cancer cases were
identified by linkage with the Cancer Registry of Northern Sweden, which reports to the Swedish
Cancer Registry, and were verified by a gastrointestinal pathologist. Controls were selected
from the full cohort of individuals who were alive and free of cancer (except non-melanoma skin
cancer) at the time of case diagnosis.

Health Professionals Follow-up Study (HPES)

The HPFS was started in 1986 with the purpose of evaluating underlying etiologies of
cardiovascular disease and cancer (8). It originally included 51,529 male health professionals
currently residing in the United States who all completed a detailed questionnaire on health and
diet. The all-male study was designed to complement the all-female Nurses’ Health Study,
which examines similar hypotheses. Colorectal cancer and other outcomes were reported by
participants or next-of-kin and were followed up through review of the medical and pathology
record by physicians. Overall, more than 97% of self-reported colorectal cancers were
confirmed by medical record review. Information was abstracted on histology and primary
anatomical location of the tumor. Follow-up evaluation has been excellent, with 94% of the men
responding to date. Patients with available tumor molecular characterization were included in
this study.

Melbourne Collaborative Cohort Study (MCCS)

The MCCS is a prospective study, run between 1990 and 1994, that recruited 41,514 healthy
adult participants aged between 27 and 76 years (99% aged 40-69) from the Melbourne
metropolitan area ’. The goal of this study was to examine the role of lifestyle factors in the risk
of cancer and heart disease. Incident cases of colorectal cancer were identified through linkage
to population-based cancer registries in Australia. Cases included participants with a
histopathological diagnosis of invasive colorectal adenocarcinoma diagnosed after baseline.
Participants provided informed consent and sufficient FFPE material for somatic testing. Study
protocols were approved by the Human Research Ethics Committee at the Cancer Council
Victoria.

Newfoundland Familial Colorectal Cancer Registry (NFCCR)

The NFCCR is a case-control study that includes pathology confirmed colorectal cancer cases
less than 75 years of age diagnosed between January 1999 and December 2003, as identified
from the Newfoundland Cancer Registry. The Newfoundland Cancer Registry registers all cases
of invasive cancer diagnosed among residents of the province of Newfoundland and Labrador in
Canada. Consenting patients received a family history questionnaire and were asked to provide
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a blood sample and to permit access to tumor tissue and medical records. If a patient was
deceased, they sought participation of a close relative for the purposes of obtaining the family
history and permission to access tissue blocks and medical records. Population-based controls
were identified by random digit dialing from the residents of the province, and matched to the
cases on sex and five-year age groups. Patients with available tumor molecular characterization
were included in this study.

Nurses’ Health Study (NHS)

The NHS cohort, initiated in 1976, originally included information on health related exposures
from 121,700 married female registered nurses aged 30-55 8. Since 1976, follow-up
guestionnaires have been mailed every 2 years. Colorectal cancer and other outcomes were
reported by participants or next-of-kin and followed up through review of the medical and
pathology record by physicians. Overall, more than 97% of self-reported colorectal cancers
were confirmed by medical-record review. Information was abstracted on histology and primary
anatomical location of the tumor. The rate of follow-up evaluation has been high: as a proportion
of the total possible follow-up time, follow-up evaluation has been more than 92%. Colorectal
cancer cases were ascertained through June 1, 2008.

Northern Sweden Health and Disease Study (NSHDS)

The NSHDS is a population based study including residents of Vasterbotten county in Northern
Sweden. It includes more than 110,000 participants, of which approximately one third have
repeated samples, from three population-based cohorts: the Vasterbotten Intervention Project
(VIP), the Northern Sweden WHO Monitoring of Trends and Cardiovascular Disease (MONICA)
Study, and the local Mammography Screening Project (MSP). In the VIP cohort, which makes
up approximately 85% of the NSHDS, aims to invite all residents of Vasterbotten County to a
health examination upon turning 30 (some years), 40, 50 and 60 years of age. It was
established in 1985 and continues to recruit participants. In both the VIP and MONICA cohorts,
extensive measured and self-reported health and lifestyle data were collected, whereas data in
the MSP are more limited. Blood samples for research purposes are collected in all three
cohorts. The NSHDS is a part of EPIC, and the selection of colorectal cases and controls were
as described for EPIC-Sweden.
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Harmonization of Colorectal Tumor Marker Data

Testing for microsatellite Instability (MSI), mutations in the BRAF gene, mutations in the KRAS
gene, and CpG island methylator phenotype (CIMP) status was conducted by each study and
according to individual study protocols. The harmonisation procedures have been previously
described °1°,

Microsatellite Instability (MSI) Status

Most studies used polymerase chain reaction (PCR) based assessment of microsatellite status,
with the exception of NSHDS and EPIC-Sweden (13,14), which utilized immunohistochemical
(IHC) detection of deficiency for mismatch repair (MMR) gene proteins MLH1, MSH2, MSH6,
and PMS2 using standard procedures. Additionally, IHC was used for a subset of MCCS (15—
17) and CCFR (1,18) samples. For classification using IHC, tumors lacking nuclear staining in
tumor cells for at least one of these proteins were considered to have a positive MSI screening
status and MSI negative screens were considered microsatellite stable (MSS). The specific
markers assessed using PCR-based methods are summarized in Supplemental Table S2. To
harmonize markers across all studies, we created two categories for downstream analyses,
MSI-high and non MSI-high. For studies that categorized MSI status as MSI-high (MSI-H), MSI-
low (MSI-L), and MSS, we collapsed MSI-L and MSS into the non MSI-high category.

Tumor classification was based on >4 interpretable markers for CCFR ', NFCCR 213, MCCS
14 >5 interpretable markers for CPS-II (unless all four markers were unstable in which case the
tumor was classified as MSI), and >7 interpretable markers for NHS and HPFS 5. For these
studies, tumors were classified as MSI-high (MSI-H) if 30% or more of the markers showed
instability and non MSI-high if < 30% and > 0% showed instability, or if no marker exhibited
instability.

DACHS ¢ determined MSI status using a mononucleotide marker panel 1’ that has high
concordance with the National Cancer Institute Bethesda Consensus Panel 8.

BRAF and KRAS Mutation Status

Studies used PCR, sequencing, and IHC techniques to assess BRAF and KRAS mutations. The
majority of studies evaluated the V600E mutation in BRAF exon 15 and KRAS mutations in
codons 12 and 13, though a few evaluated additional loci. In analyses, we included any
mutation identified by at least one study.

CCFR tested for the BRAF V600E mutation using a fluorescent allele-specific PCR (AS-PCR)
assay ¥ and used Sanger sequencing to assess mutations in KRAS codons 12 and 13 2022,
NFCCR tested for the BRAF V600E mutation using AS-PCR, followed by direct automatic
sequencing to verify mutations 22, and did not evaluate KRAS mutations. MCCS used a
fluorescent real-time AS-PCR assay *° to test for the BRAF V600E mutation and a real-time
PCR with high resolution melting (HRM) analysis followed by direct Sanger sequencing for
positive cases to identify KRAS mutations in codons 12 and 13 2. CPS-Il used PCR to assess
BRAF V600E mutations and KRAS codon 12, 13, and 14 mutations.
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DACHS °® used both Sanger sequencing and IHC analysis of V60OE expression to determine
BRAF mutation status. For sequencing, they amplified exon 15 of BRAF using FideliTaq
polymerase and sequenced using the BigDye Terminator v1.1 Cycle Sequencing Kit on an ABI
3500 Genetic Analyzer. DACHS determined KRAS mutation status by a single stranded
conformational polymorphism technique (SSCP) or by Sanger sequencing, as reported
previously 5. NSHDS and EPIC Sweden 2% used real-time PCR using an allelic discrimination
assay as described by Benlloch et. al. ® to detect BRAF V600E mutations and BigDye v.3.1
sequencing to detect mutations in KRAS codons 12 and 13 2.

HPFS and NHS performed PCR and pyrosequencing to identify BRAF codon 600 mutations 27~
2% HPFS and NHS used real-time PCR and pyrosequencing to identify KRAS mutations in
codons 12, 13, 61, and 146 272,

CpG Island Methylator Phenotype Status

Studies used gene promoter methylation analysis to determine CIMP status. The specific genes
assessed in each study are shown in Supplemental Table S3. Similar to the harmonization of
MSI status, we created two CIMP categories for downstream analyses, CIMP-high and CIMP-
low/negative. In instances where studies categorized CIMP-high, CIMP-low, and CIMP-
negative, we collapsed CIMP-low and CIMP-negative into the CIMP-low/negative category.

HPFS, NHS 2831 CPS-II, NSHDS, EPIC Sweden 2432, CCFR %34, MCCS *®° used the MethyLight
36 method to determine CIMP status. HPFS, NHS, CPS-Il, NSHDS, and EPIC Sweden used a
panel of eight genes, and CCFR and MCCS used a panel of five genes. The percent of
methylated reference (PMR) value was calculated and, for CCFR, CPS-Il, NSHDS, and EPIC
Sweden a gene was considered positive for methylation when the PMR>10. HPFS and NHS
used a PMR cutoff value of >4 for CDKN2A, MLH1, CACNA1G, NEUROG1, RUNX3, SOCS1,
and a PMR of >6 for CRABP1 and IGF2. HPFS, NHS, CPS-Il, and NSHDS classified tumors
with =26 methylated markers as CIMP-high, 1-5 markers as CIMP-low, and no markers as CIMP-
negative. CCFR and MCCS classified tumors with >3 methylated markers as CIMP-high and,
otherwise, as CIMP-low/negative.

DACHS ¥ determined CIMP status using a panel of five genes, and methods described by
Warth et. al. %. They determined methylation status from the methylation-specific PCR based
on the presence or absence of amplified product, and classified tumors with >3 methylated
markers as CIMP-high, 1-2 markers as CIMP-low, and no markers as CIMP-negative.
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Table S1. Description of participating studies

o . Country of No. of CRC No. of Assessment of
Study name  Abbreviation Design - .
origin cases controls diabetes status

Colo_n Cancer Family CCFR_Australia Case-control  Australia 758 182 Self-repgrt: Ever diagnosed
Registry - with diabetes?
Colo_n Cancer Family CCFR_Ontario Case-control  Canada 1175 1299 Self-repgrt: Ever diagnosed
Registry with diabetes?
Colo_n Cancer Family CCFR_Seattle Case-control United States 1843 758 Self-repprt: Ever diagnosed
Registry with diabetes?
Cancer Prevention CPsI| Cohort  United States 858 969 Self-report diabetes
Study Il yes/no/unknown
Darmkrebs: Chancen Case— Self-report by patient, not
der Verhitung durch DACHS control Germany 2309 3421 asked for diagnosis by
Screenin doctor.
European Prospective . .

AT Self-report: Ever diagnosed
Investigation into EPIC_Sweden Cohort Sweden 147 385 with diabetes by a doctor?
Cancer_Sweden
Health Professionals HPFS1 Cohort  United States 251 254 Self-report diabetes yes/no
Follow-up Study 1
Health Professionals HPFS2 Cohort  United States 378 205 Self-report diabetes yes/no
Follow-up Study 2
Melbourne Self-report: Ever diagnosed
Collaborative Cohort MCCS Cohort Australia 490 674 1-report. g

with diabetes by a doctor?
Study
Newfoundland Familial Self-report: Has a doctor
Colorectal Cancer NFCCR Case-control  Canada 513 466 ever told you that you had
Registries diabetes?
Nurses’ Health Study 1 NHS1 Cohort  United States 213 768 Self-report diabetes yes/no
Nurses’ Health Study 2 NHS2 Cohort  United States 580 314 Self-report diabetes yes/no
Northern Sweden . ;
Health and Disease NSHDS Cohort Sweden 241 289 Self-report: Ever diagnosed

Study

with diabetes?




Table S2. Summary of study specific assessment of microsatellite instability (MSI) status

Threshold for

. .
Study Markers*/ Proteins Interpretability

Definitions

BAT25, BAT26, BAT40, BAT34C4,
CCFR D5S346, D175250, ACTC, D18S55, >4 interpretable markers
D10S197, MYCL

BAT25, BAT26, BAT40, >5 interpretable markers
CPslI BAT34C4,ACTC, D10S197, (unless 4 markers were
D17S250, D18S55, D5S346, MYCL unstable)

DACHS BAT25, BAT26, CAT25 All 3 markers interpretable

EPIC_Sweden MLH1, MSH2, MSH6, and PMS2 Immunohistochemistry

BAT25, BAT26, BAT40, D18S55,
HPFS D18S56, D18S67, D185487, >7 interpretable markers
D2S123, D5S346, D175250

BAT25, BAT26, BAT40, BAT34C4,
MCCS D5S346, D17S250, ACTC, D18S55, >4 interpretable markers
D10S197, MYCL

BAT-25, BAT-26, BAT-40, BAT-
NFCCR 34C4, D5S346, D17S250, ACTC, >4 interpretable markers
D18S55, D10S197, MYCL

BAT25, BAT26, BAT40, D18S55,

NHS D18S56, D18S67, D18S487, >7 interpretable markers
D2S123, D5S346, D17S250

NSHDS MLH1, MSH2, MSH6, and PMS2 Immunohistochemistry

* MSI-H if >30% markers showed instability
* MSI-L if <30% and >0% showed instability
* MSS if no marker exhibited instability

* MSI-H if >30% markers showed instability
* MSI-L if <30% and >0% showed instability
* MSS if no marker exhibited instability

* MSI-H if >1 marker showed instability
* MSS if 0 markers showed instability

Immunohistochemical detection of deficiency
for selected mismatch repair proteins was used
to determine MSI status.

* MSI-H if >30% markers showed instability
* MSI-L if <30% and >0% showed instability
* MSS if no marker exhibited instability

* MSI-H if >30% markers showed instability
* MSI-L if <30% and >0% showed instability
* MSS if no marker exhibited instability

* MSI-H if >30% markers showed instability
* MSI-L if <30% and >0% showed instability
* MSS if no marker exhibited instability

* MSI-H if >30% markers showed instability
* MSI-L if <30% and >0% showed instability
* MSS if no marker exhibited instability

Immunohistochemical detection of deficiency
for selected mismatch repair proteins was used
to determine MSI status.

*Includes mononucleotide, dinucleotide and other markers for MSI testing. A subset of CCFR and MCCS used

immunohistochemical detection of deficiency for mismatch repair proteins.



Table S3. Summary of study specific assessment of CpG Island Methylation Phenotype (CIMP)

status

Study

Panel genes

Marker positive
definition

CIMP-high

CIMP-
low/negative

CCFR

CPslI

DACHS

EPIC_Sweden

HPFS

MCCS

NFCCR*

NHS

NSHDS

CACNAILG, IGF2, NEUROG1,
RUNX3, and SOCS1

CDKN2A, MLH1, CACNA1G,
NEUROG1, RUNX3, SOCS1,
IGF2, CRABP1

MGMT, MLH1, MINT1, MINT2,
MINT31

CDKN2A, MLH1, CACNALG,
NEUROG1, RUNX3, SOCS1,
IGF2, CRABP1

CDKNZ2A, MLH1, CACNA1G,
NEUROG1, RUNX3, SOCS1,
IGF2, CRABP1

CACNAI1G, IGF2, NEUROG1,
RUNXS, and SOCS1

N/A

CDKN2A, MLH1, CACNA1G,
NEUROG1, RUNX3, SOCS1,
IGF2, CRABP1

CDKNZ2A, MLH1, CACNA1G,
NEUROG1, RUNX3, SOCS1,
IGF2, CRABP1

PMR > 10

PMR > 10

N/A

PMR > 10

PMR > 4 for CDKN2A,
MLH1, CACNALG,
NEUROG1, RUNX3,
SOCS1. PMR > 6 for
CRABP1, IGF2

PMR > 10

N/A

PMR > 4 for CDKN2A,
MLH1, CACNALG,
NEUROG1, RUNX3,
SOCS1. PMR > 6 for
CRABP1, IGF2

PMR > 10

>3 methylated markers

26 methylated markers

<2 methylated markers

<5 methylated markers

>3 methylated markers

21 methylated markers

26 methylated markers

<2 methylated markers

0 methylated markers

<5 methylated markers

>3 methylated markers

N/A

26 methylated markers

21 methylated markers

<2 methylated markers

N/A

<5 methylated markers

0 methylated markers

*CIMP status was not assessed in the NFCCR.



Table S4. Combined colorectal tumor subtypes

Type

No. of cases

MSI status

CIMP status

BRAF status

KRAS status

Previously specified marker combinations 3°-4!

1 416 MSiI-high High BRAF mutated KRAS wildtype
2 175 non MSI-high High BRAF mutated KRAS wildtype
3 1758 non MSI-high Low/Negative BRAF wildtype KRAS mutated
4 2957 non MSI-high Low/Negative BRAF wildtype KRAS wildtype
5 198 MSiI-high Low/Negative BRAF wildtype KRAS wildtype
Additional marker combinations
6 181 non MSI-high Low/Negative BRAF mutated KRAS wildtype
8 173 non MSI-high High BRAF wildtype KRAS mutated
9 207 MSiI-high Low/Negative BRAF wildtype KRAS mutated
11 115 non MSI-high Low/Negative BRAF wildtype KRAS mutated
14 123 MSiI-high High BRAF wildtype KRAS wildtype
Removed due to 50 or fewer cases
7 24 non MSI-high High BRAF wildtype KRAS wildtype
10 4 MSI-high High BRAF wildtype KRAS wildtype
12 40 MSI-high Low/Negative BRAF mutated KRAS wildtype
13 3 MSI-high Low/Negative BRAF mutated KRAS mutated
15 30 MSI-high High BRAF wildtype KRAS mutated
16 8 MSI-high High BRAF mutated KRAS mutated
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