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ABSTRACT

Objective:
To determine the clinical validity of family history (FH) in colorectal cancer (CRC) risk classification.
Methods:

The Assessment of Risk of Colon Tumors In Canada case-control dataset was used to develop
regression models associating risk factors with CRC in Ontario adults. Two regression models
(“clinically-driven’ based on a previously published tool, and data-driven) examined discrimination
between CRC cases and controls, with and without the inclusion of FH as a risk variable.
Discrimination was assessed using the area under the receiver operator characteristics curve.

Results:

For males, with the addition of FH, there were statistically significant yet quantitatively modest
improvements in both models (3.7% clinically-driven, 6.8% data-driven). For females, while FH was
a statistically significant predictor of CRC status in the data-driven model, the improvement in
discrimination was not significant in either model.

Conclusion:

FH provides very small improvement in model discrimination beyond other standard CRC risk
factors.
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EXECUTIVE SUMMARY

Introduction

Having a family history (FH) of a disease is strongly associated with an individual’s risk for
many common complex diseases, such as colorectal cancer (CRC). For that reason, it is argued that
because FH is associated with elevated risk of so many conditions, it could be a useful screening
tool for general populations. While there is strong evidence available regarding disease risk
associated with a positive FH and many cases of its inclusion in clinical practice guidelines, there is a
lack of empirical evidence regarding its use in primary care and regarding its usefulness as a
screening tool. For it to be used in such a manner, there is a need for evidence regarding its

predictive accuracy.

Objectives

1) To assess the predictive accuracy of FH, measured through the improvements in risk
classification gained with the inclusion of FH definitions into CRC risk models.

2) To identify an optimal performing definition of FH available from the dataset.

Methods

To address objective 1, two sets of risk classification models for males and females were
developed using the Assessment of Risk of Colon Tumors In Canada (ARCTIC) case-control dataset.
A clinically-structured risk model was developed based on an existing risk assessment model used
by the National Cancer Institutes as the basis of their colorectal cancer risk tool. The second set of
models was developed in an empirical data-driven manner, evaluating a broader range of risk
factors available in the dataset. The improvements in risk prediction with the inclusion of FH were

measured through changes in the area under the receiver operator characteristics (ROC) curve.



To address the second objective, four definitions of FH were developed from the available
data, and assessed through area under the ROC curve (AUC). The definition identified with optimal
performance in terms of risk prediction was incorporated into the data-driven model as the

definition of FH.

Results

For males, the addition of FH created statistically significant, yet quantitatively modest
improvements in risk model discrimination in both the clinically-driven and data-driven models
(3.7% and 6.8%, respectively). For females, while FH was a significant predictor of FH in the data-
driven model, the modest improvements in model discrimination did not reach statistical

significance.

Of the four developed definitions of FH, ‘Having a FH of CRC in at least a second-degree

relative’ had the greatest model discrimination (AUC 0.773 (male), and 0.644 (female)).

Conclusion

While FH is strongly associated with CRC risk, its added discriminatory ability in risk
modeling is modest, even if statistically significant in males. The true value of any gain in
discrimination lies in its clinical relevance, which in this case would require investigation of clinical
utility, using, for example, risk re-classification analyses and decision analytic modelling. Risk re-
classification modeling would permit the quantification of the changes in false positives and
negatives that occur with the inclusion of FH. It is these changes that determine the clinical

importance of improved model discrimination.



CHAPTER I - INTRODUCTION

Personalized Medicine

The idea of personalized medicine is the tailoring of preventive and treatment interventions
according to individual risk or probability of response.® In effect, this is a version of stratified medicine,’
using risk algorithms, molecular diagnostics, and/or patients’ clinical profiles.3 In principle, more
accurate stratification should lead to higher rates of intervention effectiveness, lower incidence of
preventable disease, reduction in or avoidance of adverse effects, and more effective use of health care
resources. Although personalized medicine is most closely associated with genetics and the ‘omics’
sciences, the goal of improving risk or response stratification may be achievable through other biological

markers and also family history.

Family History

Although family history (FH) is frequently conceived of as reflecting genetic risk, in fact it offers
insight into a family’s shared genetic, environmental, and cultural factors which may alter members’
susceptibility or resilience to any number of medical conditions.* FH is known to be a risk factor for
many chronic diseases such as cardiovascular disease, cancer, diabetes, and stroke (See Table 1).%In
genetics terms, these are referred to as ‘complex disorders’, indicating a lack of simple inheritance

patterns that suggest single gene etiologies.

There are multiple methods for defining FH, with varying levels of detail and complexity.
Differing definitions could include the closeness of family (first-degree relative, second-degree relative),
the number of affected relatives, age of diagnosis of affected family members, history of a specific

cancer, such as CRC, or cancer in general, as well as other diseases that may be related.



Some have argued that, because FH is associated with elevated risk of so many conditions, it
would be useful as a screening tool for general populations, to identify people at elevated risk who
would benefit from targeted preventive interventions.’ Following through on this idea, Yoon, Scheuner
and colleagues® proposed a classification system to stratify risk (Figure 1), using FH, into three levels:

high, moderate, and average (general population).

Table 1 - Summary of meta-analysis pooled relative risk estimates and 95%
confidence intervals for different diseases and types of family history. °®
Disease N At least 1 FDR N At least 2 FDR N
Colorectal Cancer 58 (2.02"2;43) 47 (2.6?).,967.06) 10
Prostate Cancer 59 (2_235.,422.60) >0 (3_12.,257.84) 5
Breast Cancer - (1_7;,85_91) 52 i
Lung Cancer 29 (1.615',823_03) 25 (1_7?3.,5:.63) 7
Ovarian Cancer 33 (2_421.,8??.37) 26 (5.71;,1‘37;60) ’
Stroke 63 (. 512"75" 97) 36 (1_12',6; 46) 2
Multiple Sclerosis 32 (11%;1,'??;,4) 20 (5.1214) !

FDR, first-degree relative
N= number of studies providing data on each subgroup.

This approach to classifying risk is attractive, but it requires valid definitions of the thresholds
between risk strata. The authors went on to operationalize this classification system for a number of
conditions,® but it has not been validated in general clinical populations. While FH has been
represented in many risk prediction systems and clinical practice guidelines, the underpinning evidence
base appears to be sparse. One tendency is for estimates of relative risk (RR) to be used to guide risk
stratification. This (and similar metrics such as the odds ratio (OR) and hazard ratio (HR)) measures
strength of association,’ but does not provide an estimate of individual probability of disease. For the
latter, FH needs to be approached as a ‘test’, and predictive accuracy metrics (sensitivity, specificity,

predictive values, etc.) used to formally evaluate its performance.’
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Figure 1 - Proposed scheme for using FH to guide and inform prevention activities®

In addition, for (genetically) complex disorders, FH by itself will carry only weak predictive
information for individual disease risk:'* if FH alone were strongly predictive of the risk of a disease,
then the condition would not be ‘complex’, rather pedigree analysis would follow the pattern for highly
penetrant single gene etiology (sometimes referred to as ‘Mendelian’). Thus, for complex conditions, it
is necessary to consider the ‘added value’ that FH information provides for disease prediction beyond
standard risk factor assessment.* There remains little published information regarding the ‘added

value’ of FH to standard risk factor assessment for many complex diseases.™

In 2009, the National Institutes of Health (NIH) held a State-of-the-Science panel on Family
History and Improving Health and published recommendations™ regarding further research relating to
FH (Table 2). The NIH panel also concluded that for FH to be used as an evidence-based tool, its

performance in terms of predictive ability and prognostic value needs evaluation.™



Table 2 - Research Recommendations — 2009 NIH State of the Science Panel

1. Structure or characteristics of FH

What is a parsimonious series of questions (key elements) for use as a FH screening tool in primary care practice?

What are the environmental and lifestyle elements of an FH that are most useful in helping patients make positive
changes in health-related behaviours?

What are the best methods and key elements to collect FH across several common disease entities?

How does the accuracy and completeness of FH information vary according to the setting in which it is collected (e.g.
specialty care, primary care, community outreach, or the Internet)?

What is the optimal frequency for ascertaining and updating FH?

What are the best tools and methods for FH collection and interpretation?

What personnel and information technology resources and settings facilitate the collection of FHs that meet
individual, community, and clinical goals?

What are the best statistical approaches to ascertain the benefit of 1 key element of FH relative to another element?

How does the definition of family in diverse racial, ethnic, religious, social, cultural, and economic population groups
influence the collection and use of FH?

Do key elements of FH vary by race, ethnicity, religious belief, life stage, socioeconomic status, and culture?

How do family dynamics and health disorders affect and individual’s awareness and ability to report on FH?

2. Process of acquiring a FH

Who is the best family informant to convey a FH?

To what extent do demographic factors modify an informant’s ability to provide an accurate FH?

How might individuals, their families, and communities be best engaged in the collection of FH over time?

What are methods to minimize the time for collecting FH? Are there approaches to the assessment of FH across
several office visits, self-administered questionnaires, ancillary personnel, or record linkage that are effective?

How do the clinician’s knowledge, attitudes, beliefs, training, and skills influence the ability to collect, interpret, and
use FH?

How might FH, including environmental and behavioural risk factors, be improved by a systematic, technology-
supported approach?

What are optimal ways to use FH in a primary care setting to identify persons who can benefit from enhanced
surveillance or referral to genetic services?

What are the key facilitators, incentives, and barriers for clinicians, individuals, families, and organizations for the
collection of FH in primary care practice?

3. Expected outcomes of a FH interpretation

Besides disease risk assessment, what are the additional potential benefits in taking a thorough FH?

How and why does FH information change the behaviour of the clinician?

How are FH interpretation and findings best communicated to the individual/family to change health and disease
prevention and detection behaviours over time? What strategies minimize potential harms?

What are the short- and long-term effects of inaccurate, misinterpreted, or unavailable FH information?

Can FH information be linked to genomic information or to important intermediate markers of common chronic
diseases to predict change in outcome?

What are the short- and long-term effects on family dynamics of systematic FH taking in diverse populations and
cultural settings?

“ACCE Framework”

The evaluative approach to personalized medicine applications, including FH, fits well within
what is termed the ACCE framework — analytic validity, clinical validity, clinical utility, and ethical, legal
and social implications (Table 3).** This was designed to clarify the evidence required in genetic test

evaluation.




Table 3 - Elements and key components of evaluation framework for family history as a screening tool.”

Elements

Definition

Components

Analytic validity

An indicator of how well a test or tool measures the
property or characteristic (disease status among relatives)
that it is intended to measure.

Analytical sensitivity
Analytical specificity

Clinical validity

A measurement of the accuracy with which a test or tool
identifies or predicts a clinical condition.

Clinical sensitivity
Clinical specificity

Clinical utility Degree to which benefits are provided by positive and Availability of effective
negative test results (presence and absence of FH for interventions
disease). Health risks and benefits
Economic assessment
Ethical, legal, Issues affecting data collection and interpretation that Stigmatization
and social might negatively impact individuals, families, and society. Discrimination
implications Psychological harm

Risks to privacy and
confidentiality

Analytic validity refers to whether a test measures what it is supposed to measure, in this case

the accuracy of FH information actually captured by a FH tool. The metrics of interest are analytical

sensitivity, how well the FH tool identifies family members that do have the disease, and analytical

specificity, how well the FH tool identifies family members without the disease.’

Clinical validity refers to how well a test actually differentiates between individuals and groups

with or without the attribute of interest, e.g. presence or absence of disease. In the current context,

this means how accurately FH information stratifies patients according to actual disease risk. The key

elements of clinical validity are clinical sensitivity and specificity, as well as positive and negative

predictive values.” Ideally, these should be estimated from prospective studies in representative

populations.

Clinical utility is the assessment of the likely usefulness of a clinically valid test in patient

management — the degree to which health outcomes and/or resource use are improved when the test is

integrated into practice. In the current context, this would examine whether using a FH tool under

defined clinical circumstances leads to a higher proportion of people (those at higher risk of disease)

actually receiving effective clinical or preventive interventions than they would otherwise have done




(fewer false negatives), and/or a lower proportion of people (those at lower risk) avoiding unnecessary
interventions (fewer false positives). Full evaluation of clinical utility of FH information requires
approaches such as randomized controlled trials comparing FH based stratification versus current
practice (following through with altered clinical recommendations and interventions), or decision
analysis to model the impact. Ideally, clinical utility evaluation should include examining risks of harm

from a test (e.g. adverse psychological impact) and formal economic evaluation.

The final component of the ACCE framework is the consideration of ethical, legal and social
implications which encompass broader issues surrounding the use of the tool or test. This commonly
includes exploring issues such as stigmatisation, labelling, and discrimination, identifying ethical issues
specific to the use of the test, clarifying legal and regulatory issues which may need to be addressed, and

so forth.

This thesis focuses on applying the clinical validity component of the ACCE framework to FH

information in prediction of risk of colorectal cancer (CRC).

Colorectal Cancer

CRC is the third most common cancer in Canada, with an estimated 23,300 new cases in 2012,
and 9,200 deaths."* CRC is a complex disease where both environmental and genetic factors play an
etiological role, with environmental factors and lifestyle being dominant.” It has been suggested that
70% of CRC deaths in the United States are potentially avoidable through modification of diet alone.™
Of the evaluated risk factors for CRC, those supported by evidence are age (50 years or greater), being
overweight or obese, diet (low in fiber, high in fats and red meat consumption), personal medical history
(such as inflammatory bowel disease, diabetes, or previous history of colorectal polyps), use of aspirin
and other non-steroidal anti-inflammatory drugs (NSAID), estrogen status and use of hormone

replacement therapy, smoking, excess alcohol use and limited physical activity.'®™



Multiple genes have also been found to be associated with CRC, but in most cases they are not
sufficient for CRC development, rather they interact with other genetic and environmental factors to
increase or decrease CRC risk, or susceptibility to other etiological agents. The known genetic syndromes
such as Lynch syndrome (previously known as hereditary non-polyposis colorectal cancer, HNPCC) and
familial adenomatous polyposis (FAP) account for only about 5% of CRC cases, and these present with
highly recognizable inheritance patterns. However, although most CRC cases are considered ‘sporadic’,
there is undoubtedly familial clustering of the condition, the RR of even one affected first degree

relative being estimated at 2.24 (95% Confidence Interval: 2.06-2.43).°

A review of longitudinal studies suggested that the sensitivity of FH alone in CRC risk prediction
is around 13-14%, with a specificity of 92%.’ There appear to be no evaluations of the clinical utility of

using FH for CRC risk prediction.

Colorectal Cancer Risk Assessment

Deaths resulting from CRC are believed to be largely preventable. With regular screening,
detection can occur at an initial stage, when symptoms are not present, but when treatment is most

effective.?®*

CRC screening can be thought of as a multi-stage process: age being the first phase, and
fecal occult blood testing (FOBT) the second. FH fits into this process as an indicator of high risk, which
might prompt alterations in the timing or nature of screening. In Ontario, the CRC screening guidelines,
developed through Cancer Care Ontario (CCO), use age as the primary criterion for screening. In
Ontario’s Colon Cancer Check, the CRC screening program (Figure 2), individuals of 50 years of age or
older are eligible to be screened through FOBT every 2 years.?” Those at increased risk, defined as having

one or more family members with CRC, begin screening through colonoscopy (rather than FOBT) at age

50, or 10 years earlier than the family member’s age of diagnosis.*



The probability of survival is strongly associated with stage of detection - if caught early, there is
a 90% chance of cure, whereas these chances decrease when detected at an advanced stage.”® A
systematic review of randomized control trials (RCTs) of screening using FOBT indicated a reduction in
the relative risk of mortality of up to 25%.%* Most screening programs are based on regular FOBT
screening, applied after a threshold age (50 years in Ontario). This screening threshold shifts to an
earlier point when the person is identified as high risk, through the presence of a FH of CRC. While
population-based screening programs are evidence-based and effective in reducing mortality due to
CRC, no program is perfect: some CRC cases are diagnosed clinically at a younger age than the screening
thresholds, and some cases arise in the interval between screenings among those who participate in the
screening program. Recently, there has been concern regarding the reduced effectiveness of
colonoscopy screening in decreasing incidence and mortality of right-sided CRC;***> FH may have the

potential to act as a ‘safety net’ system that might catch these cases missed by colonoscopy.



TARGET
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Figure 2 - Overview of CCO’s Colon Cancer Check program.”
FOBT, fecal occult blood test.

Colorectal Cancer Risk Assessment Tools

Risk assessment tools, including tools that rely upon or incorporate FH, are often used to predict
individual risk for common complex diseases within broad categories (risk strata), in order to tailor
prevention strategies or guidance about screening.” For some diseases, there is a well-established
standard risk assessment tool or system. For example, in cardiovascular disease (CVD), approaches
derived from the Framingham cardiovascular risk profile are standard in North America.”® The
Framingham profile is used in clinical practice to determine an individual’s risk of cardiac events, using
the defined risk factors of age, sex, total cholesterol, high density lipoprotein (HDL) cholesterol, systolic

blood pressure, blood pressure medication use, smoking, diabetes, and history of cardiovascular



events.”® For CRC, there is no established equivalent. While there are knowledge syntheses that

16,27,28

summarize evidence regarding risk factors consistently associated with CRC no one model or set

of predictors has become a standard for use in clinical practice.

A candidate model for CRC risk classification has recently been developed and is used as the
basis for the National Cancer Institute’s colorectal cancer risk evaluation tool.” Specifically, Freedman
and colleagues developed colorectal cancer risk models for white men and women over the age of 50,
using data from two United States case-control studies, and age-specific CRC incidence rates from
Surveillance, Epidemiology, and End Results (SEER) data.’>*" Freedman’s model was validated in another
dataset; a similar modest performance was found in the replication dataset.> This validated model

could be useful as framework for model development in a Canadian population.

Colorectal Cancer Risk Classification

A better understanding of the value that FH adds to CRC risk assessment, beyond the standard
risk factors (personal history, behavioural, and environmental), could help to advise existing screening
guidelines. Small improvements in risk assessment could translate into better targeting of preventive
interventions (such as screening) to those most likely to benefit, with intensity of intervention targeted

to those at higher risk — potentially leading to important gains in population health.*

Risk assessment tools for CRC, as for any disease, must achieve useful levels of clinical validity —
i.e., must be able to correctly stratify a patient’s risk level.* Thus, to determine the independent value of
FH in risk assessment, careful examination is required of relevant test metrics such as sensitivity,
specificity, and the area under the receiver operator characteristics (ROC) curve (AUC).* Any research
on the health impact of FH in CRC risk stratification (clinical utility) requires first determining that

including FH in risk models indeed adds meaningfully to risk stratification.

10



Summary of Rationale

FH information may make an important contribution to risk stratification for CRC, and therefore
could be seen as a relatively low cost tool for personalizing risk advice. However, using FH in this way
requires evidence of its clinical validity. Currently, there is considerable evidence to support FH as a risk
factor for many complex disorders, but very few empirical analyses of its value in individual disease risk

stratification. This project makes use of a large, established dataset to add to this knowledge base.

Objectives

The overall goal of this project is to determine the clinical validity of FH in colorectal cancer risk

classification. The specific objectives are as follows:

1. Informed by established risk factors, excluding FH, to develop multivariate models of CRC risk in a
large dataset.

2. To assess the incremental improvements in risk classification gained when FH information is
incorporated in the model developed in objective 1.

3. To identify the specific definition of positive FH that produces the most gain in risk classification.

11



CHAPTER Il - METHODS

The project involved three parts:

I. Identification/development of a clinically driven risk-prediction model using standard risk
factors and comparison of model discrimination estimates with and without FH information.
II. Modeling of FH definitions to identify the definition with the best performance in terms of risk
discrimination.
lll. Development of a best-fit data-driven model of risk with and without FH information and

comparison of model discrimination estimates.

DATASET

This study used the Assessment of Risk of Colon Tumors in Canada (ARCTIC) case-control

dataset, collected through the Ontario Family Colon Cancer Registry (OFCCR).>**

This is a region-specific
subset of the international Colorectal Cancer Family Registry (Colon CFR), a collaboration of six centres

from North America and Australia united as a single resource to support the study of the etiology,

prevention, and the clinical management of CRC.*

Access to OFCCR data is managed through the National Cancer Institute’s (NCI’s) Informatics
Support Center, which provided permission for its use in this project (Appendix A). REB approval for the
secondary analysis of this existing dataset was obtained from the Ottawa Hospital Research Ethics board

(OHREB) (Appendix B).

12



PARTICIPANTS AND RECRUITMENT STRATEGY

OFCCR

The OFCCR used two case recruitment strategies (termed in the original study “population
based” and “clinic based”). For the current project, data pertaining only to participants recruited
through the population-based strategy were included.? Because of a particular interest in genetic
studies, the OFCCR sampling strategy targeted recruitment of individuals from families which appeared
at higher risk of CRC. Potentially eligible cases were individuals aged 20-74 with CRC diagnosed

3233 parmission to contact each

between 1997 and 2007, identified through pathology reports (Table 4).
potentially eligible case was sought from the primary care practitioner.*®> Where consent was received,
the participant was sent the Family History Questionnaire (Appendix C) to collect information about
first-degree relatives (FDRs), including cancer history.*® This information was used to develop a pedigree,
which was used to classify the case risk into one of three groups established by the OFCCR (see Table 5).
Reflecting the OFCCR interest in higher risk families, 100% of individuals from the high and intermediate
risk categories were selected to participate further in the study, compared with a 25% random sample of

those in the low risk ‘sporadic’ category. ** These sampled cases completed the Personal History

Questionnaire and those who did so comprised the study sample of cases for OFCCR.

The Personal History Questionnaire (Appendix D) collected additional information on personal
medical and health history, exposure to multiple risk factors, and family history information extended to

second-degree relatives (SDRs).**

Controls were randomly selected from the general population using telephone subscribers’ lists
and frequency-matched by age (5 year age groups) and sex with the OFCCR case distribution.®® Controls

completed both the Family History and Personal History questionnaires.

13



Table 4 — CFR eligibility specifications by centre 2

Population-based recruitment

CFR site/ascertainment source

e Diagnosed in Ontario with incident CRC between the ages of 20-74 years.
AND;

e 100% of cases in Amsterdam | and intermediate-risk families and their
FDR, half-siblings (at risk side), and blood relatives with HNPCC cancer (at-
risk side) were recruited.

e  100% of cases in multiple-case families (proband + with 2+ FDR or SDR
<36y with an HNPCC’ or other cancer) and all FDRs, half-siblings (at risk
side) and blood relatives with HNPCC (at-risk side) with their adult FDR
were recruited.

e 25% of cases in single-case families, and for 25% of these cases, all FDR,
half-siblings, and blood relatives with HNPCC with their adult FDR were
recruited

e All Cases with FAP were excluded.

Cancer Care Ontario/ Ontario
Cancer Registry

*HNPCC (Lynch syndrome) — includes colorectal, endometrial, stomach, small bowel, gastroesophageal, pancreatic, biliary duct,
liver, ovary, kidney, ureter, brain, and lymphoma cancer.

Table 5 — Criteria used to classify CRC risk of cases in the OFCCR*

High familial risk/Lynch Syndrome (Amsterdam Criteria)?’4

1. At least three relatives with colorectal cancer, one a first-degree relative to the other two, and
2. At least two successive generations affected with colorectal cancer, and

3. Colorectal cancer diagnosed under 50 years of age in at least one affected member, and

4. No Familial Adenomatous Polyposis (FAP)

Intermediate familial risk/Other risk

Proband has two relatives with any of the HNPCC cancers and two of the three are first-degree relatives, or
Any family member with an HNPCC cancer” <35 years of age, or

Proband <50 and relative with colon cancer <50 (first- or second-degree relative only), or
Proband <35 years of age, or

Proband with multiple primary colon cancers, or

Proband with other primary HNPCC cancer(s)?, or

Proband has multiple polyps, or

Peutz-Jeghers or hamartomatous polyp, or

Juvenile polyp, or

10. Inflammatory bowel disease, or

11. Unusual colorectal cancer histologiesb, or

12. Proband is Ashkenazi Jewish

WCReNOUAWNRE

Low/Sporadic risk

1. All other colorectal cancer cases (probands) not classified as high or intermediate risk

?Colorectal, endometrial, gastric, small bowel, gastroesophageal, liver, pancreas, biliary tract, ovarian, kidney, ureter, brain, lymphoma.
Carcinosarcoma, adenosquamous, spindle cell, metaplastic, choriocarcinoma, signet ring, undifferentiated, trophoblastic differentiation, small
cell neuroendocrine carcinoma
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ARCTIC

The ARCTIC dataset was comprised of Cases and Controls from the OFCCR, with the further

inclusion criteria of completion of the Family History and the Personal History questionnaires.

The OFCCR sampling design allowed for complete recruitment of participants aged 20-69.
However, in practice, recruitment of participants 70-74 did not reach target. Only 575 of an estimated
1175 (49%) were actually recruited (Appendix E). In response, statisticians at the OFCCR altered the
sampling weight for this group. In order to avoid complications for the current study, participants aged

70-74 were excluded.

SAMPLE STRUCTURE

The original dataset comprised 9035 participants who had completed the epidemiological
guestionnaire. The analysis sample was reduced to limit the impact of unequal probabilities of selection
based on participant recruitment in the OFCCR.>® A strategy to identify appropriate cases for inclusion,
and to help mitigate possible selection bias, was developed through discussion with the thesis advisory

committee (TAC) and via communication with experienced researchers.

Participants were limited to those who were recruited in the population-based recruitment step for
the OFCCR recruitment strategy, excluding those in the clinic based sampling, as clinic-based sampling
aimed to recruit cases and families meeting Amsterdam criteria for Lynch syndrome.>* The sample was
then limited to only the first identified case, and not those subsequently identified through the initial
case’s family. Participants 270 years of age were removed from the sample, due to the incomplete
recruitment of this age group (as above). Of the remaining potential participants, 12 were misclassified

(as case with no CRC, and control with CRC) and were removed.
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Participants sampled in Ontario encompass a broad range of racial backgrounds. Unlike the
participant sample used by the Freedman model, our sample was not limited to Caucasians, or those of

European descent.

Any participants who had Familial Adenomatous Polyposis (FAP) and those who met Amsterdam I/Il
criteria (Table 6) were excluded. Lynch syndrome, identified using the Amsterdam criteria, and FAP are
known genetic syndromes that present as highly recognizable inheritance patterns. Participants with
these syndromes were excluded from analysis as the analysis aimed to investigate CRC in the average

risk population.

Table 6 - Amsterdam I/Il Criteria for Lynch Syndrome**

Amsterdam | criteria

There should be at least 3 relatives with CRC and all following criteria should be present:
o Oneshould be an FDR of the other two

At least 2 successive generations affected

At least 1 diagnosis of CRC before age 50

FAP cases excluded

Tumors should be verified through pathological examination

O O O O

Amsterdam Il criteria

There should be at least 3 relatives with a Lynch syndrome-associated cancer (CRC, cancer of the endometrium,
small bowel, ureter, or renal pelvis)

o One should be an FDR of the other 2

o At least 2 successive generations should be affected

o Atleast 1 diagnosis before age 50

o  FAP cases excluded

o Tumors should be verified through pathological examination

FDR, first-degree relative; CRC, colorectal cancer; FAP, familial adenomatous polyposis.

VARIABLES

Main Outcome

The main outcome was colorectal cancer. The dataset included a dichotomous CRC status
variable: affected and unaffected. Affected cases were ascertained and confirmed by the OFCCR through

pathology reports and histology samples.
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Independent Variables

As three sets of models were developed for the three sections of the analysis (Table 7), the

independent variables are identified separately for each.

Table 7 — Analysis models

Name Model structure

Clinical Model Model based on an existing, clinically-structured CRC risk assessment
model,30 using available variables from the ARCTIC dataset.

Family History Model Investigation of varying definitions of FH available in the dataset to assess
which definition has superior performance in terms of risk discrimination.

Data-Driven Model Risk model developed with only variables identified as significant predictors
from a data-driven model selection.

1) Clinical Model

For this analysis, we used the existing National Cancer Institute CRC risk assessment tool

(hereafter referred to as the “Freedman model”)* to select variables for the regression analysis. The
Freedman model comprised separate risk models with different variables for men and women. Existing
variables in the ARCTIC dataset were operationalized and coded to match the Freedman definition as

closely as possible (Tables 8a,b).
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Table 8a — Male — Freedman and Clinical model

Risk Factor Freedman Definition Categories Clinical model Definition Categories
Polyp and Sigmoidoscopy and/or Sigmoidoscopy and/or colonoscopy in last 10 years,
Screening History colonoscopy and polyp and no history of polyps.
history No sigmoidoscopy and/or colonoscopy in last 10
years. .
Sigmoidoscopy and/or colonoscopy in last 10 years Not included N/A
and history of polyps.
Sigmoidoscopy and/or colonoscopy and polyps
unknown.
Physical Activity current leisure-time 0 current leisure-time 0 (REF)
activity, hours/week >0and<2 activity, hours/week >0and <2
>2and<4 >2and<4
4 4
NSAID use Non-user Non-user (REF)
Regular user* Regular user**
Smoking cigarettes/day Never smoker
>0and<11
>11and <20 Never Smoker (REF)
>20 Pack Years >0 and <20
Smoking years of smoking Never smoker 20-29
>0and< 15 230
>15and <35
235
Vegetable Servings/day <5 Servings/day <5 (REF)
Consumption 25 25
Body Mass Index kg/m’ <24.9 (under/normal) kg/m’ <24.9 (REF)
25.0 to < 30 (overweight) 25.0to <30
> 30 (obese) >30
Family History Number of FDRs with CRC | O Number of FDRs with CRC 0 (REF)
1 1
22 22

(REF) Indicates reference group.

* at least 3x/week for at least 1 month in previous year
**2x/week for at least 1 month at any point in the past
NSAID, non-steroidal anti-inflammatory.




Table 8b — Female — Freedman and Clinical model

Risk Factor Freedman Definition Categories Clinical model Definition Categories
Polyp and Sigmoidoscopy and/or Sigmoidoscopy and/or colonoscopy in last 10 years,
Screening History colonoscopy and polyp and no history of polyps.
history No sigmoidoscopy and/or colonoscopy in last 10
years. .
Sigmoidoscopy and/or colonoscopy in last 10 years Not included N/A
and history of polyps.
Sigmoidoscopy and/or colonoscopy and polyps
unknown.
Physical Activity current leisure-time 0 current leisure-time 0 (REF)
activity, hours/week >0and<2 activity, hours/week >0and <2
>2and<4 >2and<4
4 4
NSAID use Non-user Non-user (REF)
Regular user* Regular user**
Estrogen Status Within last 2 years Positive Current estrogen status Positive
Negative Negative
Vegetable Servings/day <5 Servings/day <5 (REF)
Consumption 25 25
Body Mass Index kg/m’ <24.9 (under/normal) kg/m’ <24.9 (REF)
25.0 to < 30 (overweight) 25.0to <30
> 30 (obese) >30
BMI-Estrogen N/A Not Included N/A
Interaction
Family History Number of FDRs with CRC | O Number of FDRs with CRC 0 (REF)
1 1
>2 >2

(REF) Indicates reference group.

* at least 3x/week for at least 1 month in previous year

**2x/week for at least 1 month at any point in the past
NSAID, non-steroidal anti-inflammatory; BMI, body mass index.
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Age

As cases and controls were age matched within 5-year age groups (by frequency matching),
age, in five-year intervals, was included in all models to control for any effect of inexact matching
during recruitment. The age variable was derived from self-reported date of birth in the Family
History Questionnaire (Appendix C). The 5-year age groups were created using participant age (at
time of questionnaire) and correspond to the age groups used for control selection. Participants

under 40 were grouped in one category because of small numbers.

Since age was included in the model to control for the unequal age distributions in cases
versus controls, and since sampling was carried out based on age, the results for this variable are

not meaningful as a potential risk factor.

Body mass index (BMI)

This variable was derived from the self-reported height and weight question (in the

Personal History Questionnaire (Appendix D)) using the formula BMI= weight (kg)/height® (m?).*

Polyp and Screening History

This variable was excluded from the analysis. In the Freedman model, this variable
indicated a history of colorectal polyp in the preceding 10 years, which necessarily included
differentiation between respondents who had, and had not, had a screening test (fecal occult blood
test (FOBT), sigmoidoscopy and/or colonoscopy). Although this variable could have been derived
from items in the Personal History Questionnaire, we concluded that, in the Canadian context, it
would have acted as a marker of cancer detection rather than as a risk factor. The screening
practices between the United States, where the Polyp and Screening History variable was

developed (in the Freedman model), differ to those in Ontario. In the United States colonoscopy is
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used as a primary screening method, whereas in Ontario colonoscopy is a secondary step in CRC
screening, following positive FOBT, and would be indicative of a higher probability of disease. This

assumption was explored in a sensitivity analysis (see Results).

Physical activity

This variable was derived from items in the Personal History Questionnaire (Appendix D,
page 109). It was not possible to match the Freedman approach to defining and classifying this
variable directly. Instead, a new composite physical activity variable was created, based on self-
reported activity in the respondent’s most recent age decade (determined from participant’s age at
time of questionnaire completion). In doing so, we had to take account of a large amount of missing

data.

To assigh a summary value of hours/week of physical activity, we combined responses to
participation in an activity (yes/no), with the weekly duration (Figure 3). These were summed
across activities. A response of ‘No’ for participation in an activity was assigned a value of 0
hours/week. A response of ‘Yes’ for participation in an activity accompanied by missing data for

duration was assigned as ‘missing’.

While this process helped to minimize the amount of missing data, there were still a large
proportion of participants with missing values for the ‘nearest decade’ (16.9%). For participants
with missing values for the most recent age decade, we imputed the level of physical activity using
the responses for the next most recent age decade, where this was available. With imputation in

this manner, the proportion of participants with missing data was reduced to 8.6%.
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Participants by age
30-49

50-69

20-29

< 20

Mearest Decade

50's

20's
W

o
“Did you participate regularly in physical activity for a total
of at least 30 minutes fwesk?”
Per each of: walking, jogging, running, bicycling, swimming,

racquet sports, aerobics/calisthenics, ball sports, heavy
household chores, other strenuous activities

hd
Yes

| Yes
hours/week hours/week
missing available

0 Hours

I Hours/week

MISSING

Figure 3 — Process for composition of physical activity variable (hours/week).

Non-steroidal anti-inflammatory medication (NSAID) use
This variable was derived from items in the Personal History Questionnaire. The Freedman

model defined “regular use” as at least 3 times a week for at least one month in the previous year.

%% For the Clinical model, ‘regular users’ were defined as those who reported use of Aspirin and/or
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Ibuprofen for at least twice a week for at least a month at any point in the past, all others being

classed as ‘non-regular users’.

Vegetable consumption

This variable was derived from items in the Personal History Questionnaire and was

converted into servings/day to match the Freedman model.***®

Smoking

This variable was derived from items in the Personal History Questionnaire. While the
Freedman model contained two smoking variables, based on number of cigarettes smoked, and on
years of smoking, these could not be separated in the ARCTIC dataset. A single variable of pack
years was created which incorporated the length (years) and intensity (cigarettes smoked/day)
components. Pack-years (PY) was calculated based on the definition from the National Cancer

Institute®’:

PY = (# cigarettes/day x years smoked)
20

Thresholds for categories of pack-years were obtained from another study modeling CRC
risk using Canadian data.*® Smoking, in pack-years was divided into 4 categories: never smoker, >0-

<20, 20-29, and 230.

Estrogen status

This variable (applicable to females only) was derived from an item in the Personal History
Questionnaire. While use of hormone replacement therapy (HRT) was available, menstrual status
was not available and could not be calculated. Therefore, based on the average age of menopause
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39,40

in Canada, 51 years, we assumed that respondents under 51 years were estrogen positive, and

those 51 and over were estrogen negative, with the exception of those taking HRT, who were
recorded as estrogen positive. We conducted a sensitivity analysis to test the effect of this

assumption.

BMiI-Estrogen interaction

A BMI-Estrogen interaction variable was planned, as it was included in the Freedman

model, based on the BMI and estrogen variables defined above.

Family history

This variable was derived from items in the Family History Questionnaire. The coding used

in the Freedman model was matched, i.e., number of FDRs with CRC.

2) Family History Model

This model was developed to examine the performance of different criteria for defining a
person as having a positive FH of CRC, with the intention of using the definition with the highest

AUC in the data-driven model to follow. Four possible definitions (Table 9) were created.

Table 9 - Different minimum criteria applied for classification as
having ‘positive’ family history
Definition Required degree of | Required number of
relationship relatives with CRC

1 First 22

2 First or second >2

3 First 21

4 First or second >1

CRC, colorectal cancer.
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These four definitions are somewhat nested, in that an individual meeting definition 1 (for
example) would also meet definitions 2, 3, and 4. The regression models of the FH definitions were
controlled for age, using the established 5-year age categories (<40, 40-44, 45-49, 50-54, 55-59, 60-

64, and 65-69 years).

3) Data-driven model

The last set of models was developed in a data-driven manner. Risk factors for CRC were
identified through literature review, and models (stratified by sex) best fitting the dataset were
developed. The candidate variables (Table 10) were operationalized based on Freedman model
definitions and other existing definitions of the risk factors. Variables included in the final model

were selected, through backward elimination, as significant at p<0.05.

The following variables were examined, in addition to those already developed for the Clinical
model. Each was selected because of evidence of association with CRC risk, on the basis of the

literature review.

Diabetes

This variable was derived from an item in the Personal History Questionnaire. Diabetes has

been indicated as a medical condition that can increase the likelihood of CRC.?”**

Inflammatory bowel diseases

This variable was derived from items in the Personal History Questionnaire, and was coded
‘ves’ if a respondent indicated having at least one of Crohn’s disease or ulcerative colitis, conditions

associated with an increased risk of CRC.%"*®
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Red meat consumption

This variable was derived from an item in the Personal History Questionnaire. Servings per
week were calculated, and categorized into four classes similar to those used in analysis of CRC risk

using Canadian data.*

Alcohol consumption

This variable was derived from items in the Personal History Questionnaire (Appendix D,
page 115), using a process similar to that for creating the physical activity variable. A composite
variable was created, based on self-reported consumption in the respondent’s most recent age

decade, accounting for the large amount of missing data.

The questionnaire collected information regarding consumption of beer, cider, wine, sake,
sherry, port, spirits and liqguor mixed drinks. To assign a summary value of drinks/week, responses
of consumption (yes/no) and quantity (number of drinks consumed per week) were combined. If a
participant had indicated ‘No’ for consumption of that alcohol type, a value of 0 drinks/week was
added. If the participant indicated ‘Yes’ and the number of drinks was missing, then the
consumption of that alcohol type was set to missing. A sum of drinks/week was created for each
participant with valid data (i.e., no missing data on the variables making up the composite) — this
sum was assumed to be representative of the participant’s true alcohol consumption during the
most recent decade. This method, while providing useful values of drinks/week for each

participant, still resulted in a large amount of missing data.

To minimize the amount of missing data, imputation, in the same manner as for the
physical activity variable, was used to estimate some participants’ levels of alcohol consumption;

i.e., we used values for previous decades when information was missing for the most recent
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decade. With this imputation process, the proportion of participants with missing data was reduced

from 21.3% to 6.2%.

Alcohol consumption, in drinks/week, was categorized to correspond with categories used

in previous analysis of OFCCR data.*

Education

This variable was derived from an item in the Personal History Questionnaire, and was

included as a marker of socio-economic status.

Family history

In contrast to the definition used in the Clinical model, the Data-driven model used as its FH

variable the one determined to have the highest AUC in the FH model above.

data-driven analysis

Table 10 — Additional candidate variable definitions for

Variable Division
Diabetes No
Yes
Inflammatory Bowel Disease No
Yes

Red Meat Consumption

<1 servings/wk
1-3 servings/wk
4-6 servings/wk
>7 servings/wk

Alcohol Consumption

0 drinks/wk
1-2 drinks/wk
3-7 drinks/wk

>7 drinks/wk

Education

< High School
High School Grad

Some Post-Secondary
Post-Secondary Grad

FH - Any FDRs or SDRs with CRC

No
Yes

FH, family history; FDR, first-degree relative; SDR, second-degree

relative; CRC, colorectal cancer
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STATISTICAL ANALYSIS

SAS software (version 9.3) was used for all analyses.

Weighting

All analyses were weighted using the sampling weights derived by the primary OCCFR
investigators, to account for the unequal probability of selection in the sampling design: for cases,
sampling weights were either set as 1.0 or 4.0 to account for undersampling of lower risk cases; and
for controls, all weights were 1.0 because there was no undersampling (Appendix E). Analysis
weights were calculated from the sampling weights so that the sum of the sampling weights in each

analysis was equal to the sample size:

Analysis weight = Sampling weight
Mean sampling weight

Univariate Analysis

Descriptive statistics of the dependent variable and the predictor variables considered for
all analyses were calculated according CRC status, stratified by sex. Chi-square tests were used to

assess the differences between cases and controls.

Multivariable Logistic Regression

Three sets of models were developed:

1) For the Freedman-based clinical model, base models without FH, for both sexes, were

created. The enhanced clinical model then incorporated Freedman’s definition of FH.
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2) The second set of regression models (stratified by sex) was created to determine the
performance of four definitions of FH, available from the dataset.
3) The last set of regression models (stratified by sex) was data-driven: we created an “ideal”

model, to which FH was then incorporated. The ideal model was considered to be that

with the best model discrimination.

Model performance (for the clinical and data-driven model sets) was assessed using 1) likelihood

ratio tests and 2) comparison of areas under the ROC curve (AUC).

Sub-analysis and Sensitivity Analyses

Sub-analyses were planned to examine the performance of the base models and base+FH

models when the population was stratified by age (<40 and >40).

Sensitivity analyses were planned to examine effects of excluding participants meeting
definite or probable ‘Amsterdam’ criteria for Lynch syndrome (see Table 6), and for the effects of
including the ‘Polyp and Screening History’ variable. We also planned a sensitivity analysis to
examine the potential misclassification of estrogen status for women near the average age of

menopause.

Risk re-classification analyses

In the original proposal, we planned to construct risk re-classification tables and calculate
the Net Reclassification Index (NRI) to evaluate the effect of FH on risk stratification. However, the
difficulty of this approach in case control data became apparent, because the reclassification
analysis uses the regression to calculate each participant’s probability of disease as a basis for

comparison of different models. The probability of CRC in the ARCTIC dataset was set by the study
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design (essentially 50%), and this is reflected in the regression equation. In all models, all
participants have a higher estimated probability of disease than would be expected for a sample
truly representative of the population. This impacts the “screening test” comparison of the models.
While the NRI and risk re-classification tables can be calculated, this calculation in a case-control
population would not be meaningful. Difficulties arise with the NRI when there is matching
between cases and controls, such as the age and sex matching in our data — because of this

matching, we would observe overweighting in NRI method.*
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CHAPTER Il - RESULTS

The sample for analyses included 3328 participants. Figure 4 summarizes the sample

reduction process detailed in the methods.

Full ARCTIC sample
N=9035

W

W

Clinic based
MN=776

Population based
N=8259

Second or later

3 Cases
h.J MN=4078
First case in family
MN=4172
Aged 270
¥ > N=769
Aged <70
MN=3403
Misclassified
> MN=12

Correctly classified
MN=3391

L 4

k

FAP or HNPCC
N=64

Analysis sample
N=3328

Figure 4 —Sample selection process
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Analyses were stratified by sex (Figure 5). Missing observations were excluded from

univariate analyses. The ‘Final Sample’ for regression analysis excluded participants with missing

observations for any of the included model variables.

Clinical Model
M= 3328

Females [1729)
Cases=1009
Controls=720

¢

Males {1599)
Cases=816
Controls=733

Data-Driven Model
N=3328

Final Sample*
M= 1501

Cases=8456
Controls=655

W

Females {1729)
Cases= 1009
Controls= 720

Figure 5 — Sample details for Clinical and Data-driven modeling.

Final Sample*
MN=1378

Cases=670
Controls=708

1

Males (1599)
Cases= 816
Controls= 783

Final Sample*
M=1259

Cases=706
Controls=353

W

*Final sample after excluding participants with missing data on included variables.

1) CLINICAL MODEL

Final Sample*
M=1278

Cases=614
Controls=5664

Among males (Table 11a), cases compared to controls were more likely to be younger (30.1% vs.

10.1%) and to be overweight or obese (75.4% vs. 64.7%). Cases were more likely to have a FH of CRC,

defined as one or two and greater affected FDRs, (20.9%) than controls (9.2%).
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Table 11a - MALE — Comparison of Clinical model by cases and controls
Variable Division Cases (N=816) Controls (N=783) X* Test
Un-weighted Weighted Un-weighted Weighted | p-value
N (%) %* N (%) %*
BMI Under/Normal 207 (25.91) 24.58 275 (35.35) 35.35
Overweight | 408 (51.06) 53.03 376 (48.33) 48.33 <0.0001
Obese | 184 (23.03) 22.38 127 (16.32) 16.32
Physical 0 hrs/wk 64 (8.83) 9.07 74 (9.95) 9.95
Activity >0and <2 hrs/wk | 97 (13.38) 13.81 102 (13.71) 13.71 0.6650
>2 and <4 hrs/wk 78 (10.76) 10.48 91 (12.23) 12.23 ’
>4 hrs/wk | 486 (67.03) 66.64 477 (64.11) 64.11
NSAID use Yes 32 (3.93) 4.40 48 (6.13) 6.13 0.1264
No | 782 (96.07) 95.60 735 (93.87) 93.87 :
Vegetables <5 Servings/day 776 (97.98) 98.08 759 (98.70) 98.70 0.3620
>5 Servings/day 16 (2.02) 1.92 10 (1.30) 1.30 ’
Smoking Never Smoker 312 (40.47) 37.21 280 (36.99) 36.99
>0 and <20 PY 223 (28.92) 29.61 226 (29.85) 29.85 0.9985
20-29 PY 82 (10.64) 10.78 80 (10.57) 10.57 ’
> 30 PY 154 (19.97) 22.40 171 (22.59) 22.59
Age <40 72 (8.82) 5.58 13 (1.66) 1.66
40-44 100 (12.25) 7.89 30(3.83) 3.83
45-49 | 200 (24.51) 16.67 36 (4.60) 4.60
50-54 84 (10.29) 11.16 113 (14.43) 14.43 <0.0001
55-59 | 90 (11.03) 13.84 170 (21.71) 21.71
60-64 118 (14.46) 20.39 197 (25.16) 25.16
65-69 152 (18.63) 24.48 224 (28.61) 28.61
FH 0 FDRs with CRC 619 (75.86) 79.09 711 (90.80) 90.80
1 FDRs with CRC 163 (19.98) 17.93 67 (8.56) 8.56 <0.0001
2+ FDRs with CRC 34 (4.17) 2.98 5(0.64) 0.64

*Weighted proportion to account for sampling design
Counts may not add up to total sample as missing data were excluded.
BMI, body mass index; NSAID, non-steroidal anti-inflammatory; PY, pack years; FH, family history; FDR, first-degree relative;
CRC, colorectal cancer.

Among females (Table 11b), cases were more likely to be younger than controls (30.4% vs.

17.7% under 50 years), and less likely to use NSAID medication regularly (4.6% vs. 8.8%). There were no

statistically significant differences between female cases and controls in BMI, levels of physical activity,

vegetable consumption, estrogen status, or FH.
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Table 11b - FEMALE — Comparison of Clinical model by cases and controls

Variable Division Cases (N=1009) Controls (N=720) X* Test
Un-weighted Weighted Un-weighted Weighted p-value
N (%) %* N (%) %*
BMI Under/Normal 493 (50.67) 49.59 367 (52.13) 52.13
Overweight | 302 (31.04) 31.90 213 (30.26) 30.26 0.6146
Obese | 178 (18.29) 18.50 124 (17.61) 17.61
Physical 0 hrs/wk 81 (9.00) 9.59 77 (11.37) 11.37
Activity >0and <2 hrs/wk | 112 (12.44) 13.27 89 (13.15) 13.15 0.5998
>2 and <4 hrs/wk | 146 (16.22) 15.27 111 (16.40) 16.40 :
>4 hrs/wk 561 (62.33) 61.87 400 (59.08) 59.08
NSAID use Yes 46 (4.58) 4.59 63 (8.75) 8.75 0.0006
No 959 (95.42) 95.41 657 (91.25) 91.25 ’
Vegetables <5 Servings/day 927 (95.17) 95.39 671 (93.72) 93.72 0.1385
>5 Servings/day 47 (4.83) 4.61 45 (6.28) 6.28 ’
Estrogen Negative 294 (29.46) 33.21 255 (35.71) 35.71 0.3006
Status Positive 704 (70.54) 66.79 459 (64.29) 64.29 ’
Age <40 79 (7.83) 5.86 30 (4.17) 4.17
40-44 98 (9.71) 8.51 49 (6.81) 6.81
45-49 194 (19.23) 16.01 48 (6.67) 6.67
50-54 119 (11.79) 12.37 114 (15.83) 15.83 <0.0001
55-59 124 (12.29) 12.72 125 (17.36) 17.36
60-64 175 (17.34) 19.16 174 (24.17) 24.17
65-69 220 (21.80) 25.38 180 (25.00) 25.00
FH - 0 FDRs with CRC 799 (79.19) 82.20 620 (86.11) 86.11
Freedman 1 FDRs with CRC 177 (17.54) 15.23 88 (12.22) 12.22 0.1013
2+ FDRs with CRC 33(3.27) 2.57 12 (1.67) 1.67

*Weighted proportion to account for sampling design

Counts may not add up to total sample as missing data were excluded.

BMI, body mass index; NSAID, non-steroidal anti-inflammatory; FH, family history; FDR, first-degree relative; CRC, colorectal
cancer.

REGRESSION MODELING

Age-adjusted ORs are presented, to account for age differences that were apparent from the

sampling design, and multivariate-adjusted ORs are presented for each variable included in the model.

Males

The results of the multivariate model show that of the six covariates (+ FH) included in the base

model, only three (BMI, NSAID use, and Age) and FH were significantly associated with CRC.
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For the male population, Table 12a shows that the odds of having CRC were statistically
significantly elevated for those who were ‘overweight’ (OR=1.89) or ‘obese’ (OR=2.27) compared to
those of ‘normal/underweight’. The odds were statistically significantly reduced for those regularly using
NSAID medication (OR=0.55). Participants with a positive FH of CRC had significantly elevated odds of

disease (OR= 2.42 for one affected FDR, 5.51 for >2 affected FDRs).

Table 12a — Male Clinical model — age and multivariate adjusted ORs
Variable Age-Adjusted OR® Multivariate-Adjusted OR®
OR 95% CI OR 95% CI
BMI
Under/Normal 1.00 - 1.00 -
Overweight 1.859 1.431, 2.415 1.894 1.450, 2.475
Obese 2.205 1.577, 3.082 2.266 1.608, 3.192
Physical Activity
0 hrs/wk 1.00 - 1.00 -
>0 and <2 hrs/wk 1.171 0.727, 1.887 1.363 0.833, 2.229
>2 and <4 hrs/wk 0.913 0.555, 1.502 0.980 0.584, 1.644
>4 hrs/wk 1.080 0.726, 1.606 1.135 0.751, 1.713
NSAID Use
No 1.00 - 1.00 -
Yes 0.598 0.361, 0.990 0.553 0.328,0.931
Vegetables
< 5 Servings/day 1.00 - 1.00 -
>5 Servings/day 1.392 0.487, 3.977 1.548 0.519, 4.617
Smoking
Never Smoker 1.00 - 1.00 -
>0 and <20 PYs 1.229 0.929, 1.625 1.218 0.914, 1.624
20-29 PYs 1.362 0.926, 2.002 1.378 0.925, 2.054
> 30 PYs 1.274 0.940, 1.727 1.226 0.894, 1.681
Age
<40 1.00* - 1.00 -
40-44 0.567 0.240, 1.344 0.577 0.240, 1.388
45-49 1.089 0.473, 2.506 1.015 0.435, 2.368
50-54 0.239 0.110,0.518 0.207 0.094, 0.456
55-59 0.194 0.091, 0.413 0.154 0.071, 0.335
60-64 0.271 0.128,0.570 0.226 0.105, 0.485
65-69 0.258 0.123, 0.543 0.219 0.102, 0.468
FH
0 FDRs with CRC 1.00 - 1.00 -
1 FDRs with CRC 2.366 1.645, 3.404 2.415 1.663, 3.506
2+ FDRs with CRC 5.199 1.729, 15.631 5.508 1.814,16.718

a - Adjusted for age, due to important differences in the age distributions of cases and controls that
may reflect the sampling design
b - Adjusted for all covariates.
* Unadjusted results for age.
OR, odds ratio; Cl, confidence interval; BMI, body mass index; NSAID, non-steroidal anti-inflammatory; PYs,
pack years; FH, family history; FDR, first-degree relative; CRC, colorectal cancer.
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Females

The results of the multivariate model show that of the six covariates (+ FH) included in the base
model, only three (physical activity, NSAID use and Age) were significantly associated with CRC, while FH
was not significant. Table 12b shows that the odds of having CRC were statistically significantly elevated
for those women who engaged in the highest levels of physical activity (OR=1.46). The effect of the
highest level of physical activity was noted in the multivariate adjusted analysis, but there was no effect
in the age-adjusted analysis. The odds were significantly reduced for those who regularly used NSAID
medication (OR=0.48). There was no significant effect of BMI, vegetable consumption, estrogen status,

or FH.

Interaction term

The BMI*Estrogen interaction was tested in the clinical model for females. The interaction term
was neither significant in the model that excluded FH (p=0.5172) nor in the FH-inclusive model

(p=0.5223). The interaction was removed as it did not contribute significantly to the model.
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Table 12b — Female Clinical model — age and multivariate adjusted ORs

Variable Age-Adjusted OR® Multivariate-Adjusted OR"
OR 95% CI OR 95% ClI
BMI
Under/Normal 1.00 - 1.00 -
Overweight 1.105 0.864, 1.413 1.121 0.873,1.438
Obese 1.024 0.763, 1.375 1.057 0.783,1.426
Physical Activity
0 hrs/wk 1.00 - 1.00 -
>0 and <2 hrs/wk 1.350 0.863, 2.113 1.384 0.881, 2.175
>2 and <4 hrs/wk 1.309 0.854, 2.007 1.359 0.882, 2.094
>4 hrs/wk 1.401 0.976, 2.011 1.457 1.009, 2.104
NSAID Use
No 1.00 - 1.00 -
Yes 0.482 0.311, 0.748 0.478 0.307, 0.745
Vegetables
< 5 Servings/day 1.00 - 1.00 -
>5 Servings/day 0.812 0.516, 1.278 0.812 0.511, 1.288
Estrogen Status
Negative 1.00 - 1.00 -
Positive 0.950 0.743,1.214 0.969 0.755, 1.244
Age
<40 1.00* - 1.00 -
40-44 0.868 0.471, 1.597 0.852 0.461, 1.576
45-49 1.820 1.008, 3.284 1.815 1.001, 3.293
50-54 0.648 0.375,1.121 0.672 0.382,1.184
55-59 0.624 0.362, 1.078 0.619 0.354, 1.085
60-64 0.660 0.391, 1.115 0.655 0.383,1.121
65-69 0.792 0.470, 1.334 0.788 0.458, 1.357
FH
0 FDRs with CRC 1.00 - 1.00 -
1 FDRs with CRC 1.208 0.882, 1.655 1.206 0.879, 1.656
2+ FDRs with CRC 1.754 0.784, 3.925 1.669 0.741, 3.757

a - Adjusted for age, due to important differences in the age distributions of cases and controls
that may reflect the sampling design

b - Adjusted for all covariates.

* Unadjusted results for age.

OR, odds ratio; Cl, confidence interval; NSAID, non-steroidal anti-inflammatory; BMI, body mass
index; FH, family history; FDR, first-degree relative; CRC, colorectal cancer.
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ASSESSMENT OF MODEL PERFORMANCE

Likelihood Ratio Tests

With the addition of FH to the model, a statistically significant contribution to the model was

observed for the males. For the females, there was no significant contribution observed (Table 13).

TABLE 13 - Likelihood ratio tests for Clinical models

Model Likelihood Ratio A df Adf p-value
Male
Base model 1717.329 17 - -
With FH 1682.889 34.439 19 2 3.326°
Female
Base model 1910.829 15 - -
With FH 1907.990 2.839 17 2 0.24183

df, degrees of freedom; FH, family history.

Area under the receiver operator characteristics (ROC) curve (AUC)

The AUC values, percentage change in AUC, and significance of change in AUC are presented in

Table 14, and ROC graphs comparing models with and without FH in Figures 6a (males) and 6b (females).

While there is no standard categorizations of strength of discrimination, the observed AUCs would be

considered ‘no more than modest’ on the basis of Hosmer and Lemeshow’s categories .*
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Comparison of model performance for MALES with and without FH
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No FH {AUC=0.7246)

Figure 6a — Male Clinical model comparison

Comparison of model performance for FEMALES with and without FH
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With FH (AUC=0.6275)

No FH (AUC=0.6214)

Figure 6b — Female Clinical model comparison
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Table 14 — Change in AUCs for base and FH-inclusive Clinical models

Model AUC A AUC p-value
Male
Base model 0.7246 - -
With FH 0.7623 +0.0037 0.0443
Female
Base model 0.6214 - -
With FH 0.6275 +0.0061 0.7632

FH, family history; AUC, area under the curve.

The base model of the male sample indicates moderate (acceptable)® discriminatory ability. The
change in AUCs shows a statistically significant increase in discrimination of + 0.0037 with the addition
of FH to the model. The discriminatory ability of the base model for the female sample was marginal,

and the addition of FH to the model did not statistically significantly improve discrimination.

2) FAMILY HISTORY MODEL

We compared the age-adjusted ORs and AUCs for FH, stratified by sex, with different definitions

of FH (Tables 15a and 15b, Figures 7a and 7b).

Table 15a — Male - OR and AUC when different minimum criteria applied for classification as having ‘positive’
FH
Required degree Required number of OR (95% ClI) AUC (95% Cl)
of relationship relatives with CRC

First >2 5.451 (1.463, 4.900) 0.7013 (0.6761, 0.7266)
First or second >2 6.488 (3.593, 11.714) 0.7415 (0.7174, 0.7656)
First >1 2.909 (2.102, 4.025) 0.7443 (0.7204, 0.7682)
First or second >1 3.888(2.948, 5.128) 0.7731 (0.7502, 0.7960)

OR, odds ratio; AUC, area under the curve; FH, family history; Cl, confidence interval; CRC, colorectal cancer.
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Table 15b — Female - OR and AUC when different minimum criteria applied for classification as having ‘positive’

FH

Required degree
of relationship

Required number of
relatives with CRC

OR (95% Cl)

AUC (95% Cl)

First >2 1.592 (0.760, 3.335) 0.6165 (0.5906, 0.6425)
First or second >2 2.619 (1.748, 3.925) 0.6477 (0.6222, 0.6731)
First >1 1.300 (0.980, 1.724) 0.6248 (0.5989, 0.6508)
First or second >1 1.555 (1.239, 1.952) 0.6442 (0.6185, 0.6699)

OR, odds ratio; AUC, area under the curve; FH, family history; Cl, confidence interval; CRC, colorectal cancer.

The highest AUC was used to select the ‘best’ definition of FH. In men, this was having at least

one first or second-degree relative with CRC (AUC=0.773), and, in women, this was having at least two

first or second-degree relatives with CRC (AUC=0.6477).

For consistency between male and female models, the definition of ‘Having a FH of CRC in at

least a second-degree relative’ was chosen for the ‘best’ definition. While it was not the highest

performing AUC for women, the difference in model performance (AUC) from the superior model is only

0.0035 less.
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3) DATA-DRIVEN (EMPIRICAL) MODEL

In addition to the previously reported findings from the Clinical model (Tables 11a and 11b),

results for the variables included only in the Data-driven model are presented in Tables 16a and 16b.

For the males (Table 16a), cases were more likely to have inflammatory bowel disease (4.3% vs.
1.7%), more likely to consume red meat, and less likely to have had post-secondary education (57.9% vs
62.2%) than controls. Cases were more likely to have a positive FH of CRC (36.5%) than controls (13.3%).
There were no statistically significant differences between male cases and controls in diabetes or in

alcohol consumption.

For the females (Table 16b), cases were more likely to have inflammatory bowel disease (4.3%
vs. 2.2%), less likely to be smokers (46.0% vs. 49.4%), and less likely to have post-secondary education
(52.5% vs. 60.2%) than controls. Cases were more likely to have a positive FH of CRC (34.7%) than
controls (24.6%). There were no statistically significant differences between female cases and controls in

diabetes, red meat consumption, or alcohol consumption.
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Table 16a - MALE — Comparison of Data-driven model by cases and controls

Variable Division Cases (N=614) Controls (N=664) X* Test
Un-weighted | Weighted | Un-weighted | Weighted P-value
N (%) %* N (%) %*
Diabetes Yes 72 (8.93) 8.60 68 (8.71) 8.71 0.9438
No 734 (91.07) 91.40 713 (91.29) 91.29 '
Inflammatory Yes 36 (4.49) 4.30 13 (1.66) 1.66 0.0048
Bowel Diseases No 766 (95.51) 95.70 768 (98.34) 98.34 ’
Red Meat <1 Serving/wk 21 (2.66) 2.30 35 (4.68) 4.68
Consumption 1-3 Servings/wk | 309 (39.11) 40.66 367 (49.06) 49.06 <0.0001
4-6 Servings/wk | 244 (30.89) 29.25 196 (26.20) 26.20 '
>7 Servings/wk | 216 (27.34) 27.79 150 (20.05) 20.05
Alcohol 0 Drinks/wk 188 (24.48) 23.85 196 (26.06) 26.06
Consumption 1-2 Drinks/wk 49 (6.38) 5.06 60 (7.98) 7.98 0.0678
3-7 Drinks/wk | 167 (21.74) 22.43 162 (21.54) 21.54 '
>7 Drinks/wk | 364 (47.40) 48.66 334 (44.41) 44.41
Education < High School 184 (22.80) 25.36 191 (24.46) 24.46
High School Grad 136 (16.85) 16.78 104 (13.32) 13.32 0.0445
Some Post-Secondary | 270 (33.46) 33.41 249 (31.88) 31.88 ’
Post-Secondary Grad | 217 (26.89) 24.45 237 (30.35) 30.35
FH - Any FDRs No | 466 (57.11) 63.47 679 (86.72) 86.72 <0.0001
or SDRs Yes | 350 (42.89) 36.53 104 (13.28) 13.28 )

*Weighted proportion to account for sampling design
Counts may not add up to total sample as missing data were excluded.
FH, family history; FDR, first-degree relative; SDR, second-degree relative.
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Table 16b - FEMALE — Comparison of Data-driven model by cases and controls

Variable Division Cases (N=706) Controls (N=553) X* Test
Un-weighted Weighted Un-weighted | Weighted P-value
N (%) %* N (%) %*
Diabetes Yes 61 (6.12) 6.79 37 (5.17) 5.17 0.1876
No 936 (93.88) 93.21 679 (94.83) 94.83 '
Inflammatory Yes 47 (4.72) 4.28 16 (2.23) 2.23 0.0303
Bowel Diseases No 949 (95.28) 95.72 702 (97.77) 97.77 '
Red Meat <1 Serving/wk 50 (5.34) 5.68 48 (7.05) 7.05
Consumption 1-3 Servings/wk 461 (49.20) 48.73 344 (50.51) 50.51 0.3832
4-6 Servings/wk | 243 (25.93) 25.10 170 (24.96) 24.96 '
>7 Servings/wk | 183 (19.53) 20.49 119 (17.47) 17.47
Smoking Never Smoker 513 (53.00) 53.96 347 (50.58) 50.58
>0 and <20 PYs 301 (31.10) 29.85 188 (27.41) 27.41 0.0113
20-29 PYs 58 (5.99) 6.12 44 (6.41) 6.41 '
2 30 PYs 96 (9.92) 10.07 107 (15.60) 15.60
Alcohol 0 Drinks/wk | 529 (57.13) 57.82 381 (56.44) 56.44
Consumption 1-2 Drinks/wk 96 (10.37) 10.12 59 (8.74) 8.74
. 0.4879
3-7 Drinks/wk | 156 (16.85) 17.02 134 (19.85) 19.85
>7 Drinks/wk | 145 (15.66) 15.03 101 (14.96) 14.96
Education < High School | 218 (21.87) 23.44 129 (18.07) 18.07
High School Grad | 224 (22.47) 24.09 155 (21.71) 21.71 0.0163
Some Post-Secondary 345 (34.60) 32.66 269 (37.68) 37.68 )
Post-Secondary Grad 210 (21.06) 19.81 161 (22.55) 22.55
FH - Any FDRs No 610 (60.46) 65.26 543 (75.42) 75.42 <0.0001
or SDRs Yes 399 (39.54) 34.74 177 (24.58) 24.58 ’

*Weighted proportion to account for sampling design
Counts may not add up to total sample as missing data were excluded.
PYs, pack years; FH, family history; FDR, first-degree relative; SDR, second-degree relative.

45




REGRESSION MODELING

Model Selection

Two pairs of models (Tables 17a, 17b) were run in a data-driven manner. For both males and
females, base models were created without FH. All candidate variables were entered into the regression
analysis, and final models include only significant (at p<0.05) predictor variables determined through

backward elimination method for stepwise regression.

Candidate Models

Table 17a — MALE — Data-driven model Table 17b — FEMALE — Data-driven model
eliminated and significant variables eliminated and significant variables
Variable P-value Variable P-value
Eliminated Variables Eliminated Variables
Diabetes 0.7406 Vegetable Consumption 0.9701
Smoking 0.6671 BMI 0.9471
Physical Activity 0.6007 Diabetes 0.8111
Vegetable Consumption 0.5728 Red Meat Consumption 0.6830
Education 0.3773 Estrogen Status 0.6061
Alcohol Consumption 0.1512 Alcohol Consumption 0.3719
Inflammatory Bowel Disease 0.0996 Physical Activity 0.2784
Significant Predictors Smoking 0.0544
Age <0.0001 Significant Predictors
BMI 0.0001 Age 0.0055
NSAID Use 0.0450 Inflammatory Bowel Diseases 0.0485
Red Meat Consumption 0.039 NSAID Use 0.0008
NSAID, Non-steroidal anti-inflammatory; BMI, body mass Education 0.0335
index.

The results of the multivariate models, including FH, are presented in Tables 18a and 18b. Age-
adjusted ORs are presented, to account for age differences that were apparent from the sampling

design, and multivariate-adjusted ORs are presented for each variable included in the model.

Males

For the male population (Table 18a), the odds of CRC are statistically significantly increased for

those in the ‘overweight’ and ‘obese’ categories, and for those who consume greater quantities of red
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meat. Odds were significantly reduced for those who regularly used NSAID medication. As compared to

those with no FH of CRC, the odds are significantly increased for those with a positive FH (OR=4.03).

Table 18a — Male — Age and Multivariate adjusted ORs for Data-driven model

Variable Division Age-Adjusted OR® Multivariate-Adjusted OR’
OR 95% ClI OR 95% CI

BMI Under/Normal 1.00 - 1.00 -
Overweight 1.713 1.308, 2.243 1.746 1.316, 2.317
Obese 1.935 1.371,2.732 1.850 1.289, 2.655

Red Meat <1 Serving/wk 1.00 - 1.00 -
Consumption 1-3 Servings/wk 1.865 0.984, 2.533 1.754 0.909, 3.385
4-6 Servings/wk 2.593 1.349, 4.983 2.239 1.142,4.389
>7 Servings/wk 2.785 1.438,5.392 2.567 1.298, 5.074

NSAID use No 1.00 - 1.00 -
Yes 0.598 0.354, 1.010 0.470 0.270, 0.816

Age <40 1.00* - 1.00 -
40-44 0.556 0.232,1.330 0.592 0.239, 1.468
45-49 1.164 0.499, 2.718 1.365 0.569, 3.276
50-54 0.238 0.110, 0.516 0.255 0.114, 0.569
55-59 0.189 0.088, 0.404 0.184 0.084, 0.406
60-64 0.272 0.129, 0.575 0.298 0.137,0.646
65-69 0.261 0.124, 0.550 0.284 0.131, 0.616

FH - Any FDRs No 1.00 - 1.00 -
or SDRs Yes 3.895 2.878,5.271 4.034 2.957, 5.502

a - Adjusted for age, due to important differences in the age distributions of cases and controls that may reflect the
sampling design

b - Adjusted for all covariates.

* Unadjusted results for age.

OR, odds ratio; Cl, confidence interval; NSAID, non-steroidal anti-inflammatory; BMI, body mass index; FH, family history; FDR,
first-degree relative; CRC, colorectal cancer.

Females

For the female population (Table 18b), the odds are significantly increased for those with
inflammatory bowel diseases, and significantly decreased for those who regularly use NSAID medication
and those who have a post-secondary education. As compared to those with no FH of CRC, there is a
significant increase in odds for those with any affected first- or second-degree family members

(OR=1.77).
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Table 18b — Female — Age and Multivariate adjusted ORs for Data-driven model

Variable Division Age-Adjusted OR® Multivariate-Adjusted OR®
OR 95% CI OR 95% CI
NSAID use No 1.00 - 1.00 -
Yes 0.447 0.279,0.718 0.478 0.307, 0.745
Inflammatory No 1.00 - 1.00 -
Bowel Diseases Yes 2.003 0.996, 4.030 2.089 1.023, 4.264
Education < High School 1.00 - 1.00 -
High School Grad 0.794 0.545, 1.156 0.767 0.523,1.123
Some Post-Secondary 0.609 0.434, 0.853 0.590 0.418, 0.832
Post-Secondary Grad 0.617 0.420, 0.906 0.609 0.412,0.901
Age <40 1.00* - 1.00 -
40-44 1.027 0.532,1.983 1.114 0.572,2.172
45-49 1.705 0.919, 3.163 1.600 0.852, 3.005
50-54 0.681 0.383, 1.210 0.662 0.368, 1.190
55-59 0.731 0.411, 1.299 0.731 0.406, 1.319
60-64 0.792 0.457,1.374 0.794 0.450, 1.400
65-69 0.938 0.542,1.621 0.892 0.505, 1.575
FH — Any FDRs or No 1.00 - 1.00 -
SDRs Yes 1.706 1.313,2.217 1.767 1.354,2.304

a - Adjusted for age, due to important differences in the age distributions of cases and controls that may reflect the

sampling design

b - Adjusted for all covariates.
* Unadjusted results for age.

OR, odds ratio; Cl, confidence interval; NSAID, non-steroidal anti-inflammatory; BMI, body mass index; FH, family history; FDR,
first-degree relative; CRC, colorectal cancer.

ASSESSMENT OF DATA-DRIVEN MODEL PERFORMANCE

Likelihood Ratio Tests

With the addition of FH to the model, a statistically significant contribution to the model was

observed for both models (Table 19).

Table 19 — Likelihood ratio tests for Data-driven models

Model ‘ Likelihood Ratio ‘ A df Adf p-value
Male
Base model 1595.890 13 - -
With FH 1506.560 89.33 14 1 <0.0001
Female
Base model 1598.070 12 - -
With FH 1579.833 18.237 13 1 <0.0001

df, degrees of freedom; FH, family history.
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AUC comparison of Data-driven models

The discriminatory ability of the models was assessed using the AUC. AUC values, percentage

change, significance of change are presented in Table 20, and ROC graphs comparing models with and

without FH are presented in figures 8a (males) and 8b (females).

Table 20 — Change in AUCs for base and FH-inclusive Data-driven models

Model AUC A AUC p-value
Male
Base model 0.7250 - -
With FH 0.7931 +0.0681 0.0003
Female
Base model 0.6165 - -
With FH 0.6475 +0.0310 0.1605

FH, family history; AUC, area under the curve.

The base model of the male sample indicates moderate (acceptable)® discriminatory ability. The

change in AUCs shows a statistically significant increase in discrimination of + 0.0681 with the addition

of FH to the model. The discriminatory ability of the base model for the female sample was marginal,

and an increase in AUC of +0.0310 is not statistically significant.
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Comparison of model performance for MALES with and without FH
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Figure 8a — Male - Data-driven model comparison
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Figure 8b — Female - Data-driven model comparison
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4) STRATIFIED AND SENSITIVITY ANALYSES

STRATIFIED SUB-ANALYSIS

Due to lack of sufficient data in the <40 age group, the intended age-stratified analysis was not
undertaken for the Clinical model due to a small sample size in the <40 age group. The analysis was
restricted to the 240 group. Frequency tables for the <40 age group, multivariate-adjusted ORs for the
240 group, and comparison of AUCs of the 240 and the all ages groups are provided in Appendix F.

Results for the 240s group were similar to those of the full sample.

SENSITIVITY ANALYSES

Polyp and Screening History

The ‘Polyp and Screening History’ variable was removed from the model because we were
concerned that its inclusion would conflate its status as a risk factor with its status as a marker of cancer
detection. An analysis was run with the variable re-introduced to test the change in model performance
with its inclusion. Results of the re-inclusion of the Freedman’s polyp/screening variable are shown in

Tables 21a, 21b and 22.

The inclusion of the Polyp and Screening History variable into the model had a very large effect
on the model. Its inclusion controlled the model, with FH becoming statistically non-significant (Tables
21a and 21b). The change in AUC with the addition of FH was +0.0034 in males and +0.0007 in females

(Table 22).
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Table 21a — MALE — Clinical model multivariate-adjusted ORs — Models with and without Polyp and

Screening History

With Polyp/Screening
OR (95% Cl)

Without
Polyp/Screening
OR (95% ClI)

BMI
Under/Normal 1.00 1.00
Overweight 1.85 (1.31, 2.63) 1.89 (1.45, 2.48)
Obese 2.42 (1.52, 3.86) 2.27 (1.61, 3.19)
Physical Activity
0 hrs/week 1.00 1.00

>0 and £2 hrs/week
>2 and <4 hrs/week
>4 hrs/week

1.21(0.64, 2.31)
0.85 (0.44, 1.64)
1.34 (0.78, 2.29)

1.36 (0.83, 2.23)
0.98 (0.58, 1.64)
1.14 (0.75, 1.71)

NSAID Use
No 1.00 1.00
Yes 0.46 (0.23, 0.90) 0.55 (0.33, 0.93)
Vegetables
< 5 Servings/day 1.00 1.00
>5 Servings/day 1.72 (0.46, 6.44) 1.55(0.52, 4.62)
Smoking
Never Smoker 1.00 1.00
>0 and <20 PYs 1.08 (0.74, 1.59) 1.22 (0.91, 1.62)
20-29 PYs 0.93 (0.56, 1.56) 1.38 (0.93, 2.05)
> 30 PYs 0.95 (0.62, 1.46) 1.23 (0.89, 1.68)
Age
<40 1.00 1.00
40-44 0.44 (0.13, 1.46) 0.58 (0.24, 1.39)
45-49 1.11 (0.36, 3.41) 1.02 (0.44, 2.37)
50-54 0.14 (0.05, 0.40) 0.21 (0.09, 0.46)
55-59 0.09 (0.03, 0.26) 0.15 (0.07, 0.34)
60-64 0.11 (0.04, 0.32) 0.23(0.11, 0.49)
65-69 0.09 (0.03, 0.24) 0.22 (0.10. 0.47)
FH

0 FDRs with CRC
1 FDR with CRC
>2 FDRs with CRC

1.00
1.31(0.83, 2.07)
2.89 (0.83, 10.04)

1.00
2.42 (1.66, 3.51)
5.51(1.81, 16.72)

Polyp/Screening

No Sigmoidoscopy/Colonoscopy
Sigmoidoscopy/Colonoscopy and no HX Polyps
Sigmoidoscopy/Colonoscopy and HX of Polyps
Sigmoidoscopy/Colonoscopy and HX Polyps

Unknown

1.00
39.71(25.05, 62.94)
108.54 (63.98, 184.15)
20.87 (10.32, 42.21)

OR, odds ratio; Cl, confidence interval; BMI, body mass index; PYs, pack years; FH, family history; FDR, first-degree

relative; SDR, second-degree relative; HX, history.
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Table 21b— FEMALE - Clinical model multivariate-adjusted ORs — Models with and without Polyp and

Screening History

With Polyp/Screening
OR (95% Cl)

Without
Polyp/Screening
OR (95% ClI)

BMI

Under/Normal
Overweight
Obese

1.00
1.02 (0.72, 1.46)
0.78 (0.51, 1.18)

1.00
1.12 (0.87, 1.44)
1.06 (0.78, 1.43)

Physical Activity

0 hours/week
>0 and <2 hours/week
>2 and <4 hours/week

>4 hours/week

1.00
0.73 (0.38, 1.42)
0.86 (0.44, 1.64)
0.86 (0.50, 1.48)

1.00
1.38 (0.88, 2.18)
1.36 (0.88, 2.09)
1.46 (1.01, 2.10)

NSAID Use
Yes 0.51(0.28, 0.91) 0.48 (0.31, 0.75)
No 1.00 1.00
Vegetables
< 5 Servings/day 1.00 1.00
>5 Servings/day 0.80(0.43, 1.49) 0.81(0.51, 1.29)
Estrogen Status
Negative 1.00 1.00
Positive 0.78 (0.55, 1.11) 0.97 (0.76, 1.24)
Age
<40 1.00 1.00
40-44 0.90 (0.36, 2.27) 0.58 (0.24, 1.39)
45-49 1.59 (0.66, 3.84) 1.02 (0.44, 2.37)
50-54 0.47 (0.20, 1.10) 0.21 (0.09, 0.46)
55-59 0.31(0.13, 0.70) 0.15 (0.07, 0.34)
60-64 0.30(0.14, 0.68) 0.27 (0.11, 0.49)
65-69 0.30(0.14, 0.68) 0.22 (0.10, 0.47)

FH - FDRs with CRC

0 FDRs with CRC
1 FDR with CRC
>2 FDRs with CRC

1.00
0.69 (0.45, 1.06)
1.05 (0.37, 2.99)

1.00
1.21 (0.88, 1.66)
1.67 (0.74, 3.76)

Polyp/Screening

No Sigmoidoscopy/Colonoscopy
Sigmoidoscopy/Colonoscopy and no HX Polyps
Sigmoidoscopy/Colonoscopy and HX of Polyps
Sigmoidoscopy/Colonoscopy and HX Polyps

Unknown

1.00
44.86 (29.25, 68.82)
187.77 (110.57,
318.85)

22.24 (11.36, 43.56)

OR, odds ratio; Cl, confidence interval; BMI, body mass index; FH, family history; FDR, first-degree relative; SDR,

second-degree relative; HX, history.
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Estrogen Status

In order to examine our coding of the estrogen status variable, we re-ran the multivariable
analysis excluding female participants +/- 3 years of the average menopause age in Canada (51 years),

since participants in this age group were the most likely to have been misclassified with respect to

Table 22 —Comparison of AUCs for models with and without Polyp and

Screening History variable

Model AUCs AUCs
Without Polyp/Screening | With Polyp/Screening

Male
Base 0.7246 0.9004
FH - Included 0.7623 0.9038
A AUC +0.0377 +0.0034
P-value 0.0443 0.7619
Female
Base 0.6214 0.8973
FH - Included 0.6275 0.8980
A AUC +0.0061 +0.0007
P-value 0.7632 0.9508

FH, family history; AUC, area under the curve.

estrogen status. Differences in ORs for estrogen status as well as changes in AUC are presented in Table

23.

With the exclusion of participants 48-54 years of age, very little change in AUC with FH was

definition

Table 23— Changes in model performance based on Estrogen Status

Clinical model
(original) definition

Excluding
participants aged
48-54 years

OR - Estrogen Status

0.969 (0.755, 1.244)

1.076 (0.814, 1.422)

AUC
Base 0.6214 0.6118
FH-Included 0.6275 0.6206
A AUC +0.0061 +0.0088
P-value 0.1605 0.6954

OR, odds ratio; FH, family history; AUC, area under the curve.

observed compared with the primary analysis.
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Identification of Participants with Lynch syndrome

Participants who were coded as definitely fulfilling the Amsterdam criteria for Lynch syndrome

were excluded prior to analysis. Participants coded as probably fulfilling the Amsterdam criteria (n=29)

were further excluded to determine whether FH appeared to have an effect on the AUC for sporadic

forms of CRC. Changes for FH ORs and changes in the AUC are presented in Tables 24a and 24b.

For both males and females, excluding such participants had little effect on the absolute change

in the AUC when FH was added to the base model, however the change in AUC for males no longer

remained significant (p=0.1292).

Table 24a — MALE — Changes in model performance based on Amsterdam definition

Clinical model
(original) definition

Excluding participants fulfilling
definite or probable Amsterdam
criteria

OR-FH
1 FDR with CRC
2+ FDR with CRC

2.42 (1.66, 3.51)
5.51(1.81, 16.72)

2.27 (1.56, 3.31)
3.64 (1.15, 11.51)

AUC
Base 0.7246 0.7248
FH-Included 0.7623 0.7539
A AUC +0.0377 +0.0291
P-value 0.0443 0.1292

OR, odds ratio; FH, family history; CRC, colorectal cancer; AUC, area under the curve.

Table 24b — FEMALE — Changes in model performance based on Amsterdam definition

Clinical model
(original) definition

Excluding participants fulfilling
definite or probable Amsterdam
criteria

OR-FH
1 FDR with CRC
2+ FDR with CRC

1.21 (0.88, 1.66)
1.67 (0.74, 3.76)

1.01 (0.73,1.39)
1.31(0.56, 3.06)

AUC
Base 0.6214 0.6107
FH-Included 0.6275 0.6116
A AUC +0.0061 +0.0009
P-value 0.7632 0.9628

OR, odds ratio; FH, family history; CRC, colorectal cancer; AUC, area under the curve.
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CHAPTER IV - DISCUSSION

The 2009 NIH State-of-the-science panel established the need for evidence to support the use of
FH information for common complex diseases such as CRC." The purpose of this project was to improve
the underlying evidence base regarding the clinical validity of FH in CRC, specifically its value in risk
classification. This project investigated whether the addition of a FH variable to regression models
designed to classify CRC risk improved their performance. Additionally, differing definitions of FH of CRC
were investigated to identify the definition with the best performance. Evidence regarding clinical

validity of FH will aid in informing clinical utility analyses.

We developed two models, one based on the existing NCI (“Freedman”) tool *° (the “clinical
model’) and one which used all the variables available to us in the ARCTIC dataset (the ‘data driven
model’). Clinical model analyses indicated that BMI, NSAID use, and FH were independent predictors of

CRC for males, and that age and NSAID use were independent predictors of CRC for females.

Overall, the core clinical models (without FH) were able to correctly classify about two-thirds to
three-quarters of cases and controls to their correct status (true positives and true negatives). Even
though the association between FH and case/control status was large, as judged by the odds ratios, the
change in accuracy of risk classification was very slight (with absolute gains of less than 5% for males and
1% for females), even if statistically significant for males. Our data-driven model analysis indicated that
age, BMI, NSAID use, consumption of red meat, and FH were independent predictors of CRC for males,
and that age, NSAID use, inflammatory bowel disease, education, and FH were significant predictors for

females.

Similarly to the clinical models, the data-driven models were able to correctly classify two-thirds

to three quarters of the participants to their correct disease status. The addition of FH to the base
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models created larger changes in risk classification (6.8% males, 3.1% females) compared with the
clinical models, however, this change remained statistically significant for males only. The ORs for FH

were significant for both men and women, with values of 4.0 and 1.8 respectively.

The lack of statistically significant change in model discrimination for females, with the inclusion
of FH, is surprising. In the clinical model, there was no difference between cases and controls in terms
of having a positive family history; in that case, FH was not a significant predictor of CRC risk. In the
data-driven model, there was a significant difference between cases and controls in having a positive FH
of CRC, however, the magnitude of the association (ORs) was not great (as compared to the males). It is
possible that the magnitude of the effect of FH was not sufficient to significantly improve model

discrimination.

Thus, while the addition of FH to the models adds little to disease prediction for women, there
is significant improvement in risk prediction for males in both the clinical and data-driven models. While
the improvements to model performance were slight, FH remained an independent risk predictor of
CRC. The minimal increase in model discrimination may indicate that FH may not be a useful risk factor
for improving CRC risk models in this dataset.

From the FH modeling analyses, the “best” definition of FH was having at least one first- or
second-degree relative with CRC. This is the broadest of the tested definitions, and the one for which

most participants are likely to have a positive history.

The model discrimination and improvements in risk classification determined through the
clinical and data-driven modeling are consistent with findings from other assessments of FH in complex
disease. Our model discrimination (AUCs) were comparable, if not slightly better (for males) to what has
been achieved in a recently published CRC risk model replication study (which includes FH), which

reported an AUC of 61 percent for men and women.> It is also comparable to risk models in other
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cancers (breast, lung, ovarian, melanoma)® and cardiovascular disease,*® which generated AUCs ranging
from 60 to 69 percent. The improvements in model discrimination, with the inclusion of FH, that were
found are comparable in magnitude to those found in an assessment of the added values of FH in
cardiovascular disease and coronary heart disease.**™*®

Other than FH, there was another exposure that had a statistically significant effect in all
models. Regular NSAID use had a statistically significant protective effect. This finding is consistent with

k 27,30,43,49,50

published evidence regarding the effect of NSAID medication in CRC ris While the mechanism

of this protective effect is not entirely understood, the main arguments currently suggest that NSAIDs

reduce cell growth or inhibit tumor growth through altering insulin resistance.*>*

Strengths and Limitations

This study had both strengths and limitations. ARCTIC is a large dataset derived from the OFCCR
3233 with a broad range of risk factor data and the necessary FH information. The OFCCR has been
frequently used for investigation of various risk factors as well as genome-based studies.”***° There
were three major strengths in using this dataset. The first was the availability of a large dataset for the
planned analyses.

Secondly, the ARCTIC dataset questionnaires had detailed assessment of FH. This detailed
information permitted the potential creation of multiple definitions of FH, which we were able to create
and compare through regression analyses to identify the top performing FH definition for this dataset.

The third major advantage was the careful ascertainment of cases in the original study through
pathology records, meaning that misclassification of case status was unlikely.

However, working with a pre-existing dataset presented many challenges. The first was related

to the unequal probability of sampling cases to participate in the OFCCR dataset. The oversampling of

higher risk individuals meant that cases with a FH of CRC were more likely to be selected to participate
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in the OFCCR than cases without a FH. This had the potential to create serious bias for our analysis of
the association between FH and CRC (see Methods, Table 1). A mitigating factor was that all cases were
sampled with a known probability so that the original study investigators were able to generate
sampling weights to account for the unequal probability of selection of cases. Given the objectives of
this thesis, this issue was discussed extensively within the Thesis Advisory Committee, and with
biostatisticians familiar with the OFCCR data. The conclusion was that applying the appropriate sampling
weights would limit any effect of the unequal probability of selection of cases related to FH.

A second challenge, common to secondary analysis studies, was that our analysis was
constrained by the variables and measurements used by the OFCCR. While a broad range of variables
were available, some characteristics that we would have preferred to include in the clinical model (for
comparability with Freedman’s work)*® were not available, not complete, or defined in a way quite
different from the definitions used by Freedman and colleagues. This required the re-construction of
variables based on the information available in the dataset, particularly relating to physical activity and
alcohol consumption. For example, in the ARCTIC study, participants were asked to recall their physical
activity levels and alcohol consumption from previous decades in lengthy series’ of questions and item
non-response resulted in summary variables with high levels of missing data.

All methods of dealing with missing data have limitations and may introduce bias. The potential
for bias increases as the proportion of participants with missing data increases. In our dataset, we were
most concerned about missing data for physical activity and alcohol consumption, which, upon initial
creation, were missing in 16-22% of participants. The participant exclusion (also known as casewise
deletion) approach would likely have introduced selection bias had we relied exclusively on this method
for alcohol consumption and physical activity because those who had complete data may have differed
from those with missing data; this method would also have substantially reduced our sample size for

56,57

analysis. The variable deletion approach was not an option because it would have removed an
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important predictor variable. We therefore chose to use a form of imputation based on making logical
assumptions about the consistency of lifestyle habits over time, carrying forward values from an earlier
decade when recent values were missing. Our imputation method assumed that the respondent’s report
of the previous decade’s physical activity or alcohol consumption was representative of current use. If
this assumption was incorrect for some participants, it would have led to some degree of exposure
misclassification. We also appreciate that this method still carried the risk of differential missingness
between cases and controls, given that the reasons for missingness were not known.>**’

The risk factor data (including FH) were collected through questionnaires. Self-report data have
reported accuracy rates between 65-85%,’® dependent on both the population and the constructs
measured. Reviews of the accuracy of FH reporting indicate generally high specificity (correctly
reporting absence of disease in relatives) but more modest sensitivity (correctly reporting affected
relatives).”® Using self-report data carries the risk of introducing bias. For example, self-report data
regarding BMI (measures of weight and height) are shown to be biased, as compared to direct measures
of weight and height — prevalence of obesity was lower when calculations were based on self-report

data.®® All self-report data carries the risk of inaccuracy of recall, particularly for variables that require

recall of activities in previous decades, such as alcohol consumption and physical activity.

More likely to have an effect on the validity of our results is the potential for recall bias
(differential recall) of exposures between cases and controls. It has been noted that cases are suspected
of providing a more complete report of their true exposure to a risk factor, such as FH, ** because of the
personal experience of a serious illness. If cases were more likely to recall a positive FH when present,
relative to controls, this would bias the estimate of the odds ratio for FH as a risk factor for CRC upward,
i.e., it would inflate the estimated positive association between FH and CRC. > However, in our study,

the odds ratios for FH as a risk factor for CRC were comparable to those found in a systematic review of
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effect of FH in CRC, which diminishes our concern about the potential for recall bias to account for the

observed association. °

While there was frequency matching by age (5-year age categories) and sex for cases and
controls, there was still mismatch in age distribution between the two groups. All models included age
to control for this. However the estimates of the association of age with CRC cannot easily be
interpreted as an exposure variable as age was part of participant selection criteria. This mismatch in
age-distribution could be due to differential response rates of participants -the frequency matching
could have occurred at the sampling stage, and then older controls were those who were more likely to
participate. The mismatch may also have resulted from the sample reduction process that was used to
limit the impact of unequal probabilities of case selection in the OFCCR. Due to the mismatch, model

data regarding the effect of age was not interpreted.

The selection of reference groups for regression models is important, as the choice of reference
group can make estimates of association more difficult to interpret. For example, in the analyses
conducted, the reference group of 0 drinks/week was used for the alcohol consumption variable. This
group contains those who have never consumed alcohol and those who have stopped consuming it
(possibly for health reasons). There may be differences in risk between these two groups represented in
the 0 drinks/week category. In the case of these analyses, the reference categories for included
variables were chosen corresponding to those used in the Freedman model, or those used in other
published analyses of CRC risk. In further analyses, the low consumption group (1-2 drinks/week), could

be considered for use as the reference group.

We were sufficiently concerned about the structure or definition of some variables that we
conducted sensitivity analyses to examine the robustness of our results. Firstly, we were aware of likely

differences in screening approaches and uptake between the population in which the Freedman model
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was developed and our own study population, differences that might mean that the polyp and screening
history variable would reflect more than just presence of pre-cancerous lesions. Sigmoidoscopy and
colonoscopy are used more frequently as primary screening modalities (for general, asymptomatic,
populations) in US healthcare than in Canada, where they are more likely to be used for next stage

screening or diagnostic investigation because of symptoms or positive FOBT results.?*%

If so, this
variable would be more likely to act as a marker of higher prior probability of disease and introduce
selection (detection) bias for an analysis within a Canadian sample. The sensitivity analysis supported
this concern, in that the variable became dominant in the model, with FH becoming non-significant as a
predictor. We concluded that, in this dataset, polyp and screening history indeed indicated detection
bias and its exclusion from the model was warranted. While Polyp and Screening history were removed
from the model, it is important to note that a history of polyps and history of colorectal screening are
22,43

important predictors of CRC risk and important components of risk assessment and management.

These factors are important for consideration for inclusion when developing risk assessment models.

The second sensitivity analysis was prompted because our dataset contained no definitive
marker of estrogen status, which was a contributing predictive factor in Freedman’s clinical model.
Rather, we had information on age and on use of hormone replacement medication, which we used to
create a composite variable that we hoped would be a reasonable substitution. Without individual data
on menopausal status, we had to use the average age of menopause in Canada as a proxy cut-off point,
so we were concerned about potential misclassification. The sensitivity analysis indicated little change to
the OR estimates (remained non-significant) when the proportion of the sample at greatest risk of being
misclassified was removed, providing some confidence that our composite variable was a reasonable
measure of estrogen status.

Finally, in our consideration of CRC risk assessment, we wished to account for the fact that there

are known genetic forms of the disease. The intention of the study was to gauge the value of FH as a
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predictor relevant to the majority, so-called ‘sporadic’, forms of CRC, rather than the two specific
syndromes, FAP and Lynch syndrome. These conditions would meet our simple ‘positive FH’ definitions
used in our models, but more extensive FH evidence is required for their diagnosis. Variables in the
ARCTIC dataset identified cases of FAP. There were also variables that identified both confirmed and
probable Lynch syndrome cases. We removed confirmed cases prior to all analysis, and wished to check
the effect of a stricter exclusion policy (i.e., that our sample was as close as possible to only ‘sporadic’
cases of CRC) by further excluding probable cases of Lynch syndrome. These exclusions further reduced
the change in AUC, in the clinical models, by 0.86%, however the change in AUC with the addition of FH
was no longer statistically significant (p=0.129). The small magnitude of the difference in the AUC
change with these exclusions suggests that the presence of some cases of Lynch syndrome in the case
sample is unlikely to account for the positive association we observed between FH and CRC in our main
analyses. While the AUC change did become non-significant, this could partially be due to the decrease
in sample size.

All the analyses in this project made use of fairly simple definitions of a positive FH. Definitions
of FH used in chronic disease and cancer-specific studies frequently include number of affected family

2183-88 1t is possible that the predictive accuracy of FH might

members as well as their age at diagnosis.
be improved if stricter criteria were applied, such as a diagnosis in a relative before a defined age and/or
requiring two or more affected relatives. These would have the effect of increasing specificity. *
Evaluating different FH criteria requires access to datasets that contain the full range of FH data for each
individual as well as all other risk factor data.

The models used in these analyses have not been validated. Replication of these results is an
important next step to develop a more robust evidence base; however this step is made difficult by the

need to secure sufficiently large datasets that contain sufficient risk factor, FH, and disease outcome

variables. Replication of the models in datasets derived from cohort studies or longitudinal analyses
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would not only allow validation of these models, but would also allow for risk re-classification analysis.
Risk re-classification analysis was not possible with case-control data, due to the baseline probability of
disease being established by the study design (approximately 50%). Following a regression analysis with
risk re-classification analyses would provide additional evidence on the clinical utility of FH in CRC risk

assessment.

Conclusions and Implications

In this study, we demonstrated that adding a FH variable to an existing CRC risk assessment
model (developed by Freedman and colleagues) appears to improve risk classification for males but not
females. In a second model developed using all available variables in our dataset, the risk classification
improved, with the addition of FH, to a greater degree, but similar to the clinical model, this increase
was statistically significant only for males. However, in all models where improvement was observed,
the absolute change in AUC was small.

The clinical relevance of these increases in predictive accuracy depends on the changes in
preventive and clinical management that follow. Risk re-classification analyses would provide further
insight, including whether any improved performance of a model was related to reductions in false
negatives, false positives, or both. A net reduction in false negatives implies better detection of those at
genuinely increased risk, and enhanced surveillance activities. In contrast, a net reduction in false
positive implies avoidance of unnecessary surveillance interventions in those who are not at increased
risk. Risk re-classification analysis requires that risk cut-points and a minimal clinically significant
difference be firmly established prior to completing the analysis so as to be able to determine whether
an important change has occurred.

Taking FH is a core element of health professional practice, but is an activity with opportunity

cost at least in terms of professional time. Screening of patients through colonoscopy also carries costs
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to the healthcare system, and risks to the patient being screened. Using the empirical data from risk re-
classification analysis in decision analytic modeling, for example, could help quantify the clinical utility of

incorporating FH into screening and preventive efforts, promoting evidence-based use of scarce health

resources.
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APPENDIX A — Approval for use of ARCTIC data and data usage agreement

(ancer Tami@ ‘]Q_qistries

EPIDEMIOLOGY & GENETICS RESEARCH PROGRAM

Application ID: C-EX-1203-02-A3

February 25, 2010

Brent Zanke, M.D., Ph.D.
Research Scientist

Department of Preventive Oncology

CANADA
Dear Dr. Zanke,

The amendment to your approved application, “Assessment of Risk for Colon Tumors in Canada
(ARCTIC),” has been reviewed by the Colon Cancer Family Registry (Colon CFR) Steering and
Advisory Committees. After careful consideration, the Advisory Committee has recommended approval

of this amendment.

According to the Colon CFR records, this project is ongoing and you will continue to be contacted every
year to provide information on the progress of the project and related publications.

We are pleased that your amendment has been reviewed favorably. Pleasc do not hesitate to contact us
with questions or concerns.

Very truly yours,

Sheni D. Schully, Ph.D.

Program Officer, Breast and Colon Cancer Family Registries
Host Susceptibility Factors Branch

Epidemiology and Geneties Research Program

Division of Cancer Control and Population Sciences
National Cancer Institute

National Institutes of Health

VENT OF HEALTH & HUMA
Cancer Contro
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Data Usage Agreement

e ——

| Hegu Por 565
[ ML 13 20m

Ban
BREAST AND COLON CANCER FAMILY REGJ&?@E’%" L
DATA USE AGREEMENT

Thiz Data Uee Agrearmant ("Agreement”) defines the responsibiities of third-party
recipiants andiar Insfitutions with respect o the use and pratecton of data from the
Breast and Colon Cancer Family Registrias ("Megistries”). This data is avaidabla
through Georgetown University, which seres as the Mational Cancer Institute's
Infarmatics Support Certer (1SC") for the Registries. Ondy users whoae research
projacis have been approved by the Nalional Cancer Institute {"Projects”) can receive
data from the Regisiries [Data’),

All researchers seeking to use the Data andior bhei employing institutions must agrea
1 the berms of this Agreement. Researchers andior Institutions should complste and
&ign in the spaces indicated balow and send the signed Agresrment, along with tha
Mational Cancer Institule's approval of vour research prajecd, to:

lireast and Colan Cancer Fumily Reglsiries
Infarmatiea Suppori Center
Georpetown Universite Medical Center

1. Information about the Researcher whe is requesting the Data ["Researcher’):

I Ay o, 28178

Enrate Jale

_Brendy Jayie Wesen i ) i
W off Flisianirebor o Rlecipient radiulion (praked o hypsd|

Uriyzes iy of Datawa
Irvstig IrUCTDR ks

T s dsieprenl
Hoesar el ol o Comped Farnily Bogs i v 1l
Rer Morvomiaa 2311
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2. N1 Application ID and title of request

NI Agplcation 1D C-EX1205-02-A3
Tithe requsst - Assassrnent of Risk tor Colon Tumans i Canada (ARCTIC)

—

3. Types of Data baing requested and the study population from which the Data
ware collected.

[Clain Beouaniss:
| Dismase stalus, exposure data for variows axposure as oullined in the data
| dictinary, family history, famity history risk status for the Ontario Colorectal
| Registry, genomic profile of tumar
| : : ]

4. Proposed use and analysis plana for the Data.

A 4 Usss ard ]

Diata will be used to conduct logistic regression analysis to determinag the
presdiclive value added by including Family history in the assessmant of
colorectal cancer risk and impact, ¥ any, on patient reclassification.

& Describe the safeguards (administrative, technical, physical) that will be used
by the Recipient to protect the confidentiality of the Data. Althcugh there are
abernative ways o assune securily for the Data and Recpients should induds he salequands
that will best maeds their needs, sorme o 30 ol 1he Tolcsing safeguards must be included:

+ Passward grebaction for all fles confaning dala (note thal password protectan s not
regarded as sufficient pratection by fsef

B Rempwabia starage media holding (he data (e.g.. Chs, diskethes, ip dishs, ebs ) apt in
a lacked compartmantirocm when nol in wss
Stored in a locked compartmentiroam when not in use
Mo frarsmittal of data via e-mail, e-nad attachments, or FTP [mither ear e Flemat, an
Intranet sygtam, or within a local area network]
Mo backup copies of tha data to be made
Dlata stored in strengly encrypled farm

i v Agrooysoml
P g Cod g Cangar Farnily Bcgmes Page 2 o 2
Fev Mo 311
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You will be required to amend this section if the I5C believes that additional
safeguards are nacessary to protect the Data,

Safinjoirds ko prodect H kiR ity of T dadn

Data will be stored in the University of Ottawa main drive, it will be accessible
anly to the individsals associated with the research project within the

universiy's space, |

&. If the principal Researcher (named in Section 1) is amployed by an institution,

list all individuals or groups of persons who will have access to or use the
requested Data at the Recipient Institution, including the principal Ressarcher,

HertEy e IRaorpnan ol pidkacs woo wil f e Dia ooopss

Branda Wilson (principal investigator) ‘
[ Julian Liglé {so-irvestigator)
! Lesgh Jones (mastars sludeant)

| Zahra Moniazari (biostatistician) |
I Qendresa Hasanaj {research coordinatar) |

7. Time period for which Data is being requested,

|Ell-rr-hld-l1u'll=rm:|m'. _ Eegleriter 3013 |

|
|;nllll'lll'l'l:lEB:EﬁﬂﬁiﬂﬁMMm}nﬂﬂtuﬂmhmhip—i-'wnﬂ:cEw'ﬁm |
i3

TERMS AND CONDITIONS

By receiving the Data described above from the ISC, ihe Researcher and the Recipiant
Institution (where applicable) agree to the following:

A, Raesearcher andiar Recipient institulion certy that the statemerts made in this Agreemant
{aowe] regarding tha planmned use of the Data ars comalats and accurate

B Researcher andier Recipiert Instilution urdenstand ai Date will be pravided on an antiraly
deidentified basis. Researcher adior Recpent InstRution agres that they wil

1, Mol make any attempt to idandify or contact any research subjects whose
persongl informatian i cardained in the Daia

Z. Lise the Data anly for statislical analyses and will nat irvestigate or report the
Doata far specific research subjects; and

Miala L Apeeramnd
it il Colon Dot Family Fag kuis: gz Jar]
Hiv Poarsgid b M1
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3. Mcaify the 15C immadiatedy  the «dentity of any research subject = discovered
iradvarienily.

C. Ressarcher andior Raciplent insiihutan il not use the Dala for purpesas oibear than
descrbed in fhis Agresamant.

0. Researcher gnddor Recipeant instihuion wdll establish and manian the adminssralive,
techrical, and physical saféguards, dascrised in Sesticn 5 abowve to prated he
configentakty of the data and to pravent unawthonzed use or access io ibe Data.

E. Resmarch andiar Recipient |rstilutian wil not discless the Data (o anyone culside Recipsnt
Insdfiution and will only dsclose the Data ba those individuals ar groups 88 Recipient
Inestilutians (hal are listsd in Saction 6 abova. Wanin tha Recpiant Instilution, access fo the
[ata shall b= limied b the minimurn number of individuals macessary b2 achiesa he
pupcEs stated in e Agreement.  Ressarcher wil ensure thal all individu s within
Racipienl Irnstilutian that have ascess 1o thae Data are aware of and will abide by the tarms of
s Agreament. If Researcher & mal ampleyed by an natibdtion, Reseansher will not shane
e Crals with anyona alea

F. Mafindings ar infarmalicn derived froen the Data may be rebeased if such findings contain
ary cambinalion of data elemants that might allow for identificalion ar the deduction af a
study participari’s idenbity.

3. Ressarcher gnd'or Reapsant Instihgion agree to subject ary itdings oF manuscnpls
promesed for public release (8.5., abstracls, presantations, publications) to a siringer
raview fo assure that daia eenlidentalty s mairdaired and that individual study paricipants
cannat be idenlified.

H. Researchear andior Recipen Inslibdion undarsiand that data is expadmental in nature and is
prowided on an “as is” basis, wilhoul any express of implied wamranbies, induding but not
Imnited o #Rnass for @ particular purpose.

i, Fesearcher or Recipient Instibalicn will repor immediately o iha 150 any usa or disclosura
of tha Data cther than as permitied by this Agraemenl, and will take all regsonable steps 1o
mifigate iha eflects of such mproper use oF discloswe, cooperating with all reasanable
requests by the Provider leeeands thal end.

J. This Agreement will bacoma sffecinie on the dale he ISC sends he Dala 1o Racipient and
will rerrain if allfect far five vaars or until six months afer the complelien of the Project,
whichever is earfier. E€her fhe Recipient or tha 152 may terminate ths Agreement apan
iy days writhen notice.

K. Upon expiration or termination of this Agreement, Rescarcher and'or Recipient Institution
will destroy all coples of Data or portions thereof in ils possession thal were received from
the Provider or created (or had others crente) using Dnin received from the Provider
(“Drerivative Data Sets”™) unbers Recipient Taafnnion 5 podicles dictane atlerwie.
Rescarcher andior Recipient Institutdon will notely the [5C of the destroction of the Data and
the Dierivative Dinta Sets ar will dicote wiy ey cmosor destroy fee date, Tnotbe event tha
Hecipient lnstitution's policies do not permit destruction of the Data and Derivative Data

Py [lsal Agpodra:
Myesex srd Crlen Concer Fareily Bogainei Pagz dal i
Her Mormba 2601
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ba the prov=son of this Agreament direclly irvalved in tha contraversy in which such
Judgmant shall bave bean rendernad

Signature of Recipient Institution (If Researcher is amployad by an
instltutian arganization):

T undaraigned indridual ferely allsts Bhat kba or she s sdhanized bo o
! pafly bind the Feciplend
Inetibubion bo bl larsa of Byie Sgrocsant &ind sgrmes be ol e Doa specified haren g’

JUL 16 208

| joanne . LaEzon Cais
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- —  ecieiamiDeciol TTBE

Marre of Qo o Hecper 135l ai tyoed|

Signaiure ..|
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Signature of Resaarchsr
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Seis, Racipient Institution will comtinue to malntam the Data and Derivative Data Sets
covdlatei with all of the restrictions contained in this Agnsiment.

L [If the Researcher leaves the employ of the Recipient Institution, Recipient Institution will
motify the IS0 in writing at least fourteen days before the Researcher leaves. Researcher is
ot permitted o take or use the Data or any Denvative Dats Sets following the end of his or
leer eenployment with the Recipient Institutson. The Resewrcher nrast arranges @ mew Dk
['se Agreement between the ISC and kivher gevw epployer in order fo continue aving the
Data or any Dertvaiive Duta Sets, Within foaricen days after the Researcher leaves the
Recipient Instihotion, Recipient Institution agross o destroy the Data andd all Derivative Data
Seis amless institational policies dicimie otherwive, Researcher andfor Recipient Instiution
will potily the 1SC of the destruction of the Duta and the Derivative Datn Sets or will
imdicate wiy they camimol destroy e date. Inthe event that Recipient Iestitubon’s policaes
da mat permat destruction of the Data and Derivative Data Sets, Recipient Irstitution will
comtinee fo maintain the Dala arsd Desvative Dista Sets consistent with all of the restrictions
corained in this Agreement

M. In the avent that the 1SC detarmings ar lkas @ reasonabls bedef thet Recipient Instilusian ar
Resaarchar has viclated any terms of ihis Agreament, the |SC may take any of the faliawng
actions:

1. Feyoke the sxisting Agresmeant and dermand (ke destruction of the Date and ali
Darrvative Data Sats

2. Deny Researchar andlor Racipient Insbbuticn fuhure access 1o data fram the
Ragstries.

3. Rapart the violaton 1o Researcher's Recipient Iratifution (il applicabia) for aclicn
pursuant 1o the inshibulion's pakcies

4. I tha confidantai®y of human subjacts has been viclated, the cass may be
reparied ta the ULS. Deparmant of Haalth and Human Services' Office for
Human Research Prosection ("OHRP”) for irvesligalion and possible action
agairsl a Researchar or Recpent Instiutan

§. Tha ISC o NCI may seak an injunclion or damages against Researcher andior
Recipient Irstfutan n a cour of compatent jursdiction,

H. Researcher ard Recpiend Ingtibtion wil comply with all applicable laws in ther uss ol
iha Data. This Agreemerd shall bs conatrued in & mannes that supports compliance by
Racipienl ard Provider with all applicable reguirements ol HIFAS [Health insuranoe
Partability amd Accountabilty &ot), the Privacy Rule, and iha Privacy Al of 1574

. This Agremment shall be pavemed by the lawe of the State of New York, USA. This
Agresment containg the entre agreement wilh tha ESC conceming the subject matter
harecd. Mo moedifications of this Agreement ar waiver of the s and cond®ions nensof
will ba binding upan, unless appreved in wiling by the |5C. The Recpient Insiduton
andior the Researcher may nat assign (his Agreamsant withaus the 15C°'s witlen consant.
If any prowision of this Agraemeant shall, for any reason, be adudged by any couwrt of
compatent jursdiclion 1o bea irmvalid of unerforceatle, such judgmant shall not affect,
impair or invalidate tha remainder of this Agreamant but shall be confined in is operation

[ sl |Je A& preorewi
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APPENDIX B — OHREB Project Ethics Approval

NIVERSITY OF OFTAWA
WEART IMSTITOTR
INETITUY B4 CANDIGLO 5 _‘ ol
PR LVEYLEMTE OO TAwA L

@

Ottawa Hospital Research Ethics Boards / Conseils d'éthique en recherches

725 Parkdale Avenue, Box 411, Ottawa, Ontario K1Y 4ES 613-798-5555 ext. 14902

http {iwww . ohri.calochreb

December 21, 2012

Dr. Brenda Wilson
University of Ottawa
Epidemiology & Community Medicine

Dear Dr. Wilson:

Re: Protocol # 20120950-
01H

Protocol approval valid until -

cancer
December 20, 2013

Fax: 613-761-4311

The clinical validity of family history in risk stratification of colorectal

Thank you for the email from Leigh Jonah dated December 20, 2012. | am pleased to inform you that this
protocol underwent expedited review by the Ottawa Hospital Research Ethics Board (OHREB) and is approved.
No changes, amendments or addenda may be made to the protocol without the OHREBR's review and approval.

Approval is for the following:
- Electronic OHREB Application
- Thesis Proposal, dated August 24, 2012

If the study is to continue beyond the expiry date noted above, a Renewal Form should be submitted to the

OHREB approximately six weeks prior to the current expiry date.
Termination Report should be submitted.

If the study has been completed by this date, a

The Ottawa Hospital Research Ethics Board is constituted in accordance with, and operates in compliance with
the requirements of the Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans; Health
Canada Good Clinical Practice: Consolidated Guideline; Part C Division 5 of the Food and Drug Regulations of
Health Canada; and the provisions of the Ontario Health Information Protection Act 2004 and its applicable

Regulations.

¥Qurs sincerdl -
RapHael Saginur, M.D.
Chairman

Ottawa Hospital Research Ethics Board

RS/
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'5‘ Research institute .- FRSASMEIRRCAJU ST 4

- g instilut de recherche u Ouawa (NSTITUT DE CARDIOLOGIE

52;‘ DE CUNVERSITE D OTTAWA
Orntawa Heahth Science Network Research Ethics Board/Réseau des sciences de la santé

d'Ottawa Conseil d'éthique de la recherche
CivicBox 411 725 Parkdale Avenue. Ottawa, Ontario K1Y 4E9 613-798-5555 ext 14902 Fax: 613-761-4311
http./Amwww.ohri.ca/ohsn-reb

November 20, 2013

Dr. Brenda Wilson
University of Ottawa
Epidemiology & Community Medicine

Dear Dr. Wilson:

RE: Protocoli# - 20120950- The clinical validity of family history in risk stratification of colorectal
01H cancer

Renewal Expiry Date - December 20, 2014

Thank you for the email dated October 21, 2013 from Brenda Wilson. | am pleased to inform you that your
Annual Renewal Request (listed above) was reviewed by the Ottawa Health Science Network Research Ethics
Board (OHSN-REB) and is approved. No changes, amendments or addenda may be made in the protocol
without the OHSN-REB's review and approval.

Renewal is valid for a period of one year. Approximately one month prior to that time, a single renewal form
should be sent to the REB office.

Also acknowledged is the projected date of study completion to be extended to December 20, 2014.

The Ottawa Health Science Network Research Ethics Board (OHSN-REB) was created by the merger of both the
Ottawa Hospital Research Ethics Board (OHREB) and the Human Research Ethics Board (HREB) for meetings
held at the University of Ottawa Heart Institute.

OHSN-REB complies with the membership requirements and operates in compliance with the Tri-Council Policy
Statement: Ethical Conduct for Research Involving Humans; the International Conference on Harmonization -
Good Clinical Practice: Consolidated Guideline; and the provisions of the Personal Health Information Protection
Act 2004.

The Tri-Council Policy Statement requires a greater involvement of the OHSN-REB in studies over the course of
their execution. As well, you must inform the Board of adverse events encountered during the study, here or
elsewhere, or of significant new information which becomes available after the Board review, either of which may
impinge on the ethics of continuing the study. The OHSN-REB will review the new information to determine if the
protocol should be modified, discontinued, or should continue as originally approved.

Yours sincerely,

Raphael Saginur, M.D.

Chairperson

Ottawa Health Science Network Research Ethics Board
/jm
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APPENDIX C - OFCCR Family History Questionnaire

Ontario
Familial Colon Cancer Registry

Family History Questionnaire

Should you wish to talk to someone about this questionnaire,
you may cail [
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If you don't know an answer, please write “Don’t know” or “DK " in the space for the answer.
If you are not sure of a date, please make the best guess you can, and put a question mark beside it.

If there is not enough space to list all vour relatives, please write on the inside of the front cover, or
the outside of the back cover.

If you were adopted , please write “adopted” on this page, answer Section | about yourself on this
page, and answer any questions you can about your biological (blood) relatives, including any
children you may have.

Section 1: Yourself

[.I  Name Date of birth
day/month/year
B | /-
Maiden name Any other last names
Telephone  ( _ B . ~ (home)
( ) (work)

Have you ever had cancer diagnosed before your most recently diagnosed colon cancer?
©C No
— O Yes

— Type of cancer or tumour Date of diagnosis
(day/month/year)

Please list your parents, children, brothers and sisters on the following pages, referring to records or
asking other family members for information when you need to. The last page asks whether any of
your other relatives have had cancer.
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Source: Cancer Family Registries — Informatics Support Centre.

http://www.coloncfr.org/questionnaires/Ontario/Ontario-FamilyHistory.pdf
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APPENDIX D — OFCCR Personal History Questionnaire

Ontario
Familial Colon Cancer Registry

Personal History Questionnaire

This questionnaire is about factors that may relate to a person’s
risk of developing cancer. Although it is important to have complete
data for scientific reasons and we encourage you to answer all
questions, if you come to a question that you do not want to answer,
please write “‘prefer not to answer” beside it and then continue to
answer the remaining questions.

Should you wish to talk to someone about this questionnaire,
you may call (416) 946-4409 or 1-800-832-5949,
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Please write in your answers where space is provided, or place tick marks

in circles &

What date are you filling out this questionnaire?  / __ /

Identifying Information

1. Are you male or female?

S

What is your age?

(95

What is your date of birth?

4. Are you a twin or triplet? [~

= If yes, please read the following statement and answer the question.

5. What is your marital status?

day month year

O male
O female

_ years
O don’t know
day .
month
year S
don’t know day
don’t know month
don’t know year
yes, a twin

yes, other multiple (triplet, quadruplet, etc.); _

C OB o

no

O don’t know

Non-identical twins are no more alike than ordinary brothers and
sisters. Genetically identical twins, on the other hand, look so much
alike (that is, they have a strong resemblance to each other in height,
colouring, features of the face, etc.) that people often mistake one for

the other, especially during their childhood.

Do you have a genetically identical twin or triplet?
O vyes
O no
O don’t know

currently married or living as married

separated

widowed
single or never married

©
@]
O divorced
O
©
(&)

don’t know

please specify
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Bowel Screening and Health

6. Have you ever had a test for blood in your
stool, called a smear test or a hemoccult?

This test is frequently done as part of a

routine physical examination, or it can be

done at home.
O yes

O no —gm Please go o #7

O don'tknow —gm Please go 1o #7

6a.  When did you first have this test?

age when first tested
or

year of first test

O don’t know

6b.  What were the reasons for your first test?

Please tick all that apply.

O 1o investigate a new problem

O family history of colorectal cancer

O routine/yearly examination or
check-up

O follow-up of a previous problem

O other: .
please specify

O don’t know

6c.  How many times have you had a hemoccult

test?
_ number of hemoccult tests

O don’t know

6d.  If you have had a hemoccult test more than

once, when did you last have this test?
age when last tested
or
year of last test _

O don’t know

7a.

7b.

e,

| 7d.

Have you ever had a sigmoidoscopy?
Sigmoidoscopy involves looking inside the
lower bowel and rectum with a lighted
instrument. This examination is usually
done in a doctor’s office without anesthesia.

O yes
O no —p= Please go to #8
O don't know —gm Please go to #8

When did you first have this test?

age when first tested -
or

year of first test
O don’t know
What were the reasons for your first
sigmoidoscopy? Please tick all that apply.
O to investigate a new problem
O family history of colorectal cancer

O routine/yearly examination or
check-up

O follow-up of a previous problem

O other:

please specify
O don’t know
How many times have you had a
sigmoidoscopy?
- number of sigmoidoscopies
O don’t know
If you have had a sigmoidoscopy more than
once, when did you last have this test?

age when last tested
or

year of last test

O don’t know
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8a.

8b.

8c.

8d.

Have you ever had a colonoscopy?
Colonoscopy is an examination of the entire
large bowel using a long flexible instrument.
This examination is usually done under
sedation.

O vyes
O no g Please go to #9

O don’t know —gm Please go 1o #9

When did you first have this test?
age when first tested
or

year of first test _

O don’t know

What were the reasons for your first
colonoscopy? Please tick all that apply.

O toinvestigate a new problem
O family history of colorectal cancer

O routine/yearly examination or
check-up

O follow-up of a previous problem

O other:

please specify

O don’t know

How many times have you had a
colonoscopy?

_ number of colonoscopies

O don’t know

If you have had a colonoscopy more than
once, when did you last have this test?
age when last tested
or

yearof last test

O don’t know

| 9.

9a.

9b.

9c.

9d.

Has a doctor ever told you that you had
polyps in your large bowel or colon or
rectum? Polyps are growths in the lining of
the colon which vary in size from a tiny dot
to several inches.

O yes

O no —pe Please go to #10

O don’tknow —gm Please go to #10
When did your doctor first tell you that you
had polyps?

age at first diagnosis

oF

year of first diagnosis

O don’t know
Have you been told more than once that you
had polyps?

O vyes

O no

O don’t know
When did your doctor last tell you that you
had polyps?

age at last diagnosis

or

year of last diagnosis

O don't know
Do you know what kind of polyps they
were? Please include all the separate times

you were told you had polyps.
Please tick all that apply.

O benign

O adenomatous (pre-cancerous)
O hyperplastic
O

other: _

please specify

o

don’t know

.

e

st o
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Oe.

of.

9g.

9h.

10a.

Did you have the polyps removed (by a
procedure called a polypectomy)? (This can
be done during a sigmoidoscopy or
colonoscopy.)

O yes
O no g Please go to #10
O don’t know —gm Please go to #10

When did you first have polyps removed?

age at first polypectomy .

or
year of first polypectomy

O don’t know
Have you had polyps removed more than
once?

O yes

O no

O don't know

If you have had polyps removed more than
once, when did you last have polyps
removed?

age at last polypectomy

or

year of last polypectomy -

O don’t know

Has a doctor ever told you that you had
familial adenomatous polyposis, known
also as FAP? This is a condition, sometimes
occurring in families, in which numerous
polyps line the inside of the large bowel or
colon.

O yes
O no

O don’tknow — e Please go 1o #11

—w» Please goto #11

When did your doctor first tell you that you
had FAP?
age at diagnosis
ar
year of diagnosis

O don’t know

i

12

Has a doctor ever told you that you had
Crohn’s disease? This is where you have an
inflammation that extends into the deeper
layers of the intestinal wall. It may also
affect other parts of the digestive tract,
including the mouth, esophagus, stomach,
and small intestine.

O yes
O no g Please go to #12
O don't know —gm Please go 1o #12

- When did your doctor first tell you that you

had Crohn’s disease?
age at diagnosis
or
year of diagnosis
O don’t know
Has a doctor ever told you that you had

ulcerative colitis? This is an inflammation
and ulceration of the lining of the bowel

(colon) and rectum. It is not a stomach ulcer.

O yes
O no
O don’t know —gm Please go to #13

—p Please go to #13

. When did your doctor first tell you that you

had ulcerative colitis?
age at diagnosis
or
year of diagnosis

O don’t know

Has a doctor ever told you that you had
irritable bowel syndrome? This is a
disorder of the bowels leading to cramping,
gassiness, bloating and alternating diarrhoea
and constipation. It is sometimes called IBS,
or spastic colon.

O yes
O no g Please go 1o #14
O don’t know —ge Please go 1o #14
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13a.

14.

14a.

When did your doctor first tell you that you
had irritable bowel syndrome?

age at diagnosis

or

year of diagnosis

O don’t know

Has a doctor ever told you that you had
diverticular disease? This may also be
called diverticulosis or diverticulitis.

It’s a condition in which the bowel may
become infected. and can lead to pain and
chronic problems with bowel habits.

O yes
O no

O don’t know —ge Please go to #15

— Please go to #15

When did your doctor first tell you that you
had diverticular disease?

age at diagnosis

or

year of diagnosis

O don’t know
Have you ever had any of your large bowel
or colon removed?
— O vyes

O no —pm Please go 1o #16

O don’t know —pm Please go to #16

H

—» Was it completely removed, or was only
part of it removed?
O  completely removed
O partly removed

O  don’t know

a. When did you first have any of your bowel

or colon removed?
age at first operation
or

year of first operation

O don’t know

15b.

16.

16a.

Have you had more than one surgery to
remove your bowel or colon?

O yes
O no
O don’tknow —gm Please go 1o #16

—p Please go 1o #16

. When did you last have all or part of your

bowel or colon removed?

age at last operation
or

year of last operation = o

O don’t know

Have you had your gallbladder removed?

O yes

O no —pe Please goto #17

O don’tknow —gm Please go to #17
When did you have your gallbladder
removed?

age al operation
or
year of operation

O don’t know

Has a doctor ever told you that you
had diabetes, also known as diabetes
mellitus? Please do not include diabetes
which you had only during pregnancy.

O vyes

O no e Please go 1o #18

O don’t know —gm Please go to #18

When did your doctor first tell you that you
had diabetes?

age at diagnosis

or

year of diagnosis o

O don’t know
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17b.

17¢.

17d.

17e.

171,

Did you ever take medication to control your
diabetes?

O yes

O no —p Please goto #18

O don't know —pm Please go to #18
What type of medication did you use, pills or
insulin injections?

O pills

O insulin injections

O both

O don’tknow g Please go to #18

How often did you usually take it?
Please choose the most appropriate
category,

Pills  Insulin
times per day or
times per week or
times per month or
times per year

don’t know O O

About two years ago, were you taking it?

Pills Insulin

yes @] (@]
no O @
don’t know O O

How long, in total, have you taken this
medication?

Pills Insulin
number of months or
number of years

don’t know & o)

18. Has a doctor ever told you that you had high
cholesterol? If vour doctor told you it was
borderline, please tick no.

O yes
! O no g Please go to #19
! O don't know —gm Please go to #19
18a. When did your doctor first tell you that you
i had high cholesterol?
3 age at diagnosis
or
year of diagnosis - B
O don’t know
| 18b. Did you ever take medication to control your
high cholesterol?
O yes
O no —p Please go 10 #19
O don’tknow —gem Please go to #19

18c. How often did you usually take it?

Please choose the most appropriate category.
§or)

___ times per day or
~times per week or
_ times per month or
‘ o times per year

O don’t know

| 18d. About two years ago, were you taking it?
|
' O yes

O no

O don’t know

' 18¢. How long, in total, have you taken this
\ medication?

~_ number of months or

number of years

O don’t know
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19. Has a doctor ever told you that you had high

levels of fat (other than cholesterol) in
your blood, also called high triglycerides?
If your doctor told you it was borderline,
please tick no.

O yes
O no g Please go to #20
O don’t know —gm Please go to #20

19a. When did your doctor first tell you that you

had high triglycerides?
age at diagnosis
or
year of diagnosis

O don’t know

19b. Did you ever take medication to control the

high levels of fat in your blood?
O yes
O no —pm Please go to #20
O don't know e Please go to #20
. How often did you usually take it?

Please choose the most appropriate
category.

__times per day or
~ times per week or
R times per month or
_times per year

O don’t know

19d. About twoe years ago, were you taking it?
O vyes
O no
O don’t know
19¢. How long, in total, have you taken this
medication?
—  number of months or

__number of years

O don’t know

20.

20a.

20b.

21,

2la.

. Were you treated with radiation therapy

. When did your doctor first tell you that you

> Were you treated with radiation therapy

Has a doctor ever told you that you had any
type of cancer?

O yes
O no g Please go to #24
O don’t know —gm Please go to #24

What type of cancer was it?

cancer

When did your doctor first tell you that you
had this type of cancer?

age at diagnosis
or
year of diagnosis _ o

O don't know

(radiotherapy) for this cancer?
O yes
O no
O don’t know

Has a doctor ever told you that you had any
other cancer?

O vyes
O no —p Please go to #24
O don’t know g Please go to #24

What type of cancer was it?

- . cancer

had this type of cancer?
age at diagnosis
or
year of diagnosis

O don’t know

(radiotherapy) for this cancer?
O
O

O don’t know

yes

no
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22.  Has a doctor ever told you that you had any Medications

other cancer?
O yes - Have you ever taken any of ,thé"fQ!hWing
o Please go o #24 medications regularly (at least twicea
U = SHioRE A week for more than a month)?

O don’t know —gm Please go to #24

24.  Aspirin (such as Anacin, Bufferin, Bayer,

22a. What type of cancer was it? . .
P ‘ Excedrin, Ecotrin)

- cancer
O yes
22b. When did your doctor first tell you that you
had this type of cancer? O no —gm Please go 10 #25
age at diagnosis O don’t know —gm Please go to #25
or

year of diagnosis .

O don’t know | 24a. How often did you usually take it when you

1 were taking it regularly (that is, at least twice
a week for more than a month)?
Please choose one of the following.

22¢. Were you treated with radiation therapy
(radiotherapy) for this cancer?

O yes ‘ ]
w . times per day or
O no 1
O don't ktiow — times per week
23. Has a doctor ever told you that you had any O don’t know
other cancer?
O yes .
O no —p Please go to #24 | 24b. About two years ago, were you taking it
O don’t know —gm Please go 1o #24 | regularly?
|
23a. What type of cancer was it? O yes
- o ~ cancer | O no

23b. When did your doctor first tell you that you O don’t know

had this type of cancer?
age at diagnosis

5 24c. How long, in total, have you taken this

— — medication regularly? If you started and
O don't know | stopped and then started again, please count

year of diagnosis

only the time you were taking this

23c. Were you treated with radiation therapy

: 4 ) medication.
(radiotherapy) for this cancer?

number of months or

O yes -
O no ~ __number of years

O don’t know O don’t know




Have you ever taken any of the following medications regularly
(at least twice a week for more than a month)? (continied)

25.  Acetaminophen (such as Tylenol,
Anacin-3, Panadol)

O yes

O no —pe  Please go to #26

O don’t know — e Please go to #26

25a. How often did you usually take it when you

were taking it regularly (that is, at least
twice a week for more than a month)?
Please choose one of the following.

times per day or
_ times per week

O don’t know

25b. About two years ago, were you taking it
regularly?

O yes
O no

O don’t know

25¢. How long, in total, have you taken this
medication regularly? If vou started and

stopped and then started again, please count

only the time you were taking this
medication.

_ number of months or
— number of years

O don’t know

26.

Ibuprofen-based medications (such as
Advil, Motrin, Nuprin, Medipren,
Indocid, Naprosyn, NSAIDS (NSAIDS are
non-steroidal anti-inflammatory drugs)

O yes
O no —pe Please go to #27
O don’t know — g Please go to #27

26a. How often did you usually take it when you

were taking it regularly (that is, at least twice
a week for more than a month)?
Please choose one of the following.

~___times per day or
____times per week

O don't know

| 26b. About two years ago, were you taking it

regularly?
O yes
O no

O don’t know

26¢. How long, in total, have you taken this

medication regularly? If vou started and
stopped and then started again, please count
only the time you were taking this
medication.

~  number of months or
~ _ number of years

O don’t know
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Have you ever taken any of the following medications regularly
(at least twice a week for more than a month)? (continued)

27.  Bulk-forming laxatives (such as
Metamucil, Citrucel, FiberCon,
Serutan, psyllium)

O yes
O no —pe Please go to #28

O don't know —pe Please go to #28

27a. How often did you usually take it when you

were taking it regularly (that is, at least
twice a week for more than a month)?
Please choose one of the following.

__ times per day or
times per week

O don’t know

27b. About two years ago, were you taking it
regularly?

O vyes
O no

O don’t know

27c. How long, in total, have you taken this
medication regularly? If you started and
stopped and then started again, please
count only the time you wevre taking this
medication.

number of months or
number of years

O don’t know

28.

28b.

Other laxatives (such as Ex-Lax,
Correctol, Dulcolax, Senokot, Colace,
castor oil, cod liver oil, mineral oil,

milk of magnesia, lactulose, Epsom salts)

O yes
O no —pe Please go to #29

O don’t know —pm Please go to #29

. How often did you usually take it when you

were taking it regularly (that is, at least twice
a week for more than a month)?
Please choose one of the following.
_ times per day or
times per week

O don’t know

About two years ago, were you taking it
regularly?

O yes
O no

O don’t know

. How long, in total, have you taken this

medication regularly? If you started and
stopped and then started again, please count
only the time you were taking this
medication.

__number of months or
o ~ number of years

O don’t know
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Have you ever taken any of the following medications regularly
(at least twice a week for more than a month)? {continued)

29,

29a.

29b. About two years ago, were you taking it

29¢;

Multivitamin supplements (such as ‘
One-A-Day, Theragram, Centrum,
Unicap) (not individual vitamins)

O yes
O no —pe Please go to #30

O don’t know —gm Please go to #30
\

How often did you usually take it when you |
were taking it regularly (that is, at least twice |
a week for more than a month)?

Please choose one of the following.

times per day or
_ . times per week

O don’t know

regularly? ;
O yes
O no

O don’t know ‘

How long, in total, have you taken this ‘
medication regularly? If you started and |
stopped and then started again, please count

only the time you were taking this '

medication.
— number of months or
number of years

O don’t know ‘

30. Folic acid or folate pills or tablets
O yes
O no —w= Please go to #31

O don't know —gm Please go 10 #31

30a. How often did you usually take it when you
were taking it regularly (that is, at least
twice a week for more than a month)?
Please choose one of the following.

~ times per day or
~times per week

O don’t know

30b. About twe years ago, were you taking it
regularly?

O yes
O no

O don’t know

30c. How long. in total, have you taken this
medication regularly? If you started and
stopped and then started again, please count
only the time you were taking this
medication.

~ __ number of months or
— number of years

O don’t know
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Have you ever taken any of the following medications regularly
(at least twice a week for more than a month)? (continued)

31.  Calcium pills or tablets ' 32, Calcium-based antacids (such as
Tums, Rolaids, Extra-strength Rolaids,

Q pe ‘ Alka-Mints, Chooz Antacid gum)
O no g Please go to #32 O yes
O don't know —ge Please go to #32 O no g Iffemale,
please go to #33
If male,
. . please go to #44
Jla. How often did you usually take it when you
were taking it regularly (that is. at least | O don’t know —gmIf female,
twice a week for more than a month)? please go to #33
Please choose one of the following. If male,

please go to #44
_ times per day or
32a. How often did you usually take it when you

— times per week were taking it regularly (that is, at least twice
‘ a week for more than a month)?
Please choose one of the following.

O don’t know

_ times per day or

_ times per
31b. About two years ago, were you taking it HTEon TR

regularly? ‘ O don’t know
O yes ‘ 32b. About two years ago, were you taking it
regularly?
O no ¥
O yes

O don’t know
| O no

O don’t know

32c. How long. in total, have you taken this
medication regularly? If you started and
stopped and then started again, please count
only the time you were taking this
medication.

3lc. How long, in total, have you taken this
medication regularly? If you started and
stopped and then started again, please
count only the time you were taking this
medication.

. __number of months or
number of months or

~_number of years
~_number of years

O don’t know
O don’t know

. Men: please go to #44 on page 17
Women: please continue with #33 on page 13

T
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Menstruation, Pregnancy, and Menopause

33. How old were you when you had your first | 34c. How many of your pregnancies resulted in
menstrual period? | live births?
years of age : O all of them
O don’t know | — ~number of pregnancies with

live-born children
O never had a menstrual period :
O don’t know

34. Have you ever been pregnant? - 34d. How old were you at the first live
‘_._ @) yes ‘ birth?
age at firstbirth ~ __ or

O no —pe Please go 1o #35
‘ ear of first bi : .
| O don’t know —ge Please go to #35 year of first birth

. ‘ O don’t know
L}How many times have you been
>0 9 o i1ne &y suzyitia )

pr‘cgn.am. Please include miscarriages, 34e. How old were you at the last live
stillbirths, tubal pregnancies and birth?
abortions.

. . age at last birth or
~ number of pregnancies

year of last birth - .
O don’t know

O don’t know

|
34a. How many times were you pregnant with | 35. Have you ever used birth control pills or
more than one baby (twins, triplets or more)? other hormonal contraceptives (implants or
lf_\"Oll are pregnant now, pl(’(lS(’ do not 1 injec[ions) for at least one year?

include your current pregnancy.
: : [ O vyes

O -
e ‘ O no —pe Please go to #36
number of pregnancies ‘ 0 s
i don’t k —m Please go 10 #36
with more than one baby ‘ o tnow e
How old were you when you first used

O don’t know 1 any of these hormonal contraceptives?

‘ ) f ageatfirstuse  or
34b. How many of your pregnancies lasted 6 ‘
months or longer? (Pregnancy usually lasts 9 year of firstuse -
months. Six months is about the earliest a O don’t know

baby could survive.) [f you are pregnant now,
please do not include your current pregnancy. | 353 Were you still using hormonal

O dllof then | contraceptives about two years ago?
- number of pregnancies lasting O yes
6 months or longer j O no
O don’t know O don’t know
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35b. In total, how long did you take these Please complete the next few questions which
hormonal contraceptives? If vou started and ask about surgeries you may have had.
stopped and then started again, please count Please answer all questions.

only the time you were taki lese
CRY, Hie 1 Yo vere Gkl s 39.  Hysterectomy (only the uterus or womb

; I |
contraceptives, | removed)
number of years ! — O yes
O don’t know O no
36. Have you had a menstrual period in the last O don’tknow
12 months? Please include only menstrual age when removed _or

bleeding, not bleeding that results from

ear when removed S
hormone replacement therapy (HRT) or y

\
progesterones, progestins or withdrawal } O don’t know
bleeding. | )
39a. Hysterectomy with one ovary or part of an
O vyes —pm Please go ro #42 ‘ ovary removed
F O no — O yes
| O don'tknow —gm Please go to #42 O no
r
—p Have your perjods stopped permanently O don’t know

63 107 —— a |
or only‘tem.pomnly due to pregnancy. j _» age when removed i
breast-feeding. or other conditions?

year when removed -
O permanently .

O don’t know
O temporarily —gm Please go to #42

39b. Hysterectomy with both ovaries removed
37. How old were you when your periods :

— O vyes
stopped permanently? |
O no

age they stopped _ or
e o O don’t know

car they stopped -
4 e age when removed — or

O don’t know
year when removed -
. ’ O don’t know
38.  Why did your menstrual periods stop

permanently? Please tick all that apply.

39c. One ovary removed, completely or partly,
without hysterectomy

O natural menopause
‘ O yes

O no

O don’t know

O surgery
O radiation or chemotherapy
(&)

other reason —p-age whenremoved ~ or

Please specify: -
PeCi year when removed

don’t know O don’t know

O
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39d. Both ovaries removed without hysterectomy | 424

40.

41.

42.

r O yes
| O no j
| |

O don’t know
age when removed _ or

year when removed e
O don’t know

If you had radiation or chemotherapy, whcn 42b.
did you first have it?

O had radiation or chemotherapy

_» age when this was given . or
year when this was given ___ —
O don’t know |

O never had radiation or chemotherapy

If your periods stopped permanently for
any reason other than surgery, radiation or
chemotherapy, when did this occur?

O other reason
Please specify:
L» age when occurred _or
year when occurred ol
O don’t know

O not applicable

Doctors prescribe hormone replacement
therapy for many reasons, including ‘
menopausal symptoms, surgical removal of |
the ovaries, osteoporosis, and heart disease
prevention. (Menopausal symptoms include
hot flashes, sweating, and depression.)

42d.

Have you ever taken hormone rﬁplacemcm ‘
therapy prescribed by a doctor and in the f01m
of a pill or a patch?

Please do not include hormone therapy thar
was prescribed for birth control, infertiliry, |
hormone therapy delivered by injections,
vagina creams or vaginal suppositories, or
herbal or soy products.

O vyes

O no —pe Please go 1o #43

O don’t know —gw Please go to #43

I 42c¢.

Were you still having menstrual
periods when you first took these
hormones?

O yes
O no
O don't know

Were you prescribed either an estrogen-only
pill or patch (such as Premarin) for hormone
replacement therapy?

O yes
O no
O don't know

— How old were you when you first
took estrogen-only medication?

age when first taken or
year when first taken B R
O don’t know

Were you still using estrogen-only

medication for hormone replacement therapy
about two years ago?

O yes
O no

O don’t know

In total, how long did you take
estrogen-only medication for hormone
replacement therapy? If you started and
stopped and then started again, please
count only the time you were taking this
medication.

- number of months or
— number of years

O don't know
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42c. Progesterone or progestin is frequently
prescribed by doctors together with estrogen ‘
for hormone replacement therapy. One 1
common brand name is Provera. Another one ;
is Prometrium. Have you ever taken
progesterone or progestin together with
estrogens for hormone replacement therapy?
— QO yes

|
O no —pe  Please go 1o #43

O don't know —ge Please go to #43

—» How old were you when you first :
took progesterone or progestin
together with estrogens?

age when first taken or

year when first taken

O don’t know

42f. Were you still using progesterone or
progestin medication about two years

ago?
O yes
O no

O don’t know

42g. In total, how long did you take progesterone
or progestin together with estrogens? If vour
started and stopped and then started again,
please count only the time you were taking
this medication.

_number of months or

number of years

O don’t know

43.

43b.

. In total, how long did you take tamoxifen,

Have you ever taken tamoxifen, raloxifene,
or other anti-estrogen medication (such as
Lupron or Depo-Provera)?

— O
@]
- O

yes

no —pm  Please go to #44

possibly - I have participated in a
clinical trial for tamoxifen or other
anti-estrogen medication

O don’t know — g Please go to #44

—» What anti-estrogen medication did you
take? Please tick all that apply.

O tamoxifen
O raloxifene

O other:

please specify

How old were you when you first
took tamoxifen, raloxifene or other
anti-estrogen medication?

age when first taken or

year when first taken
O don’t know
Were you still taking tamoxifen, raloxifene

or other anti-estrogen medication about two
years ago?

O yes
O no

O don't know

raloxifene or other anti-estrogen medication?
If you started and stopped and then started
again, please count only the time you were
taking this medicarion.
_number of months or

number of years

O don’t know
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Diet

44. About two years ago, on average, how often did you eat a piece or serving of fruit?
(A serving of fruit is: | medium-sized fresh fruit: 1/2 cup of chopped. cooked or canned fruit;
174 cup of dried fruit; 6 ounces of fruit juice (50%-100% pure juice).) Please choose one of the
following.
servings per day or
__servings per week or
servings per month

O don’t know

45. About two years ago, on average. how often did you eat a serving of vegetables? Please include
green salads, beans, lentils, etc., and potatoes (not packaged potato chips).

(A serving of vegetables is: | cup raw leafy vegetables:1/2 cup of other vegetables, cooked or
chopped raw; 6 ounces of vegetable juice.) Please choose one of the following.
servings per day or

servings per week or
servings per month

O don’t know

46.  About two years ago, on average, how often did you eat a serving of red meat
(not chicken or fish)?

(A serving of red meat is: 2-3 ounces of red meat (a piece of meat about the size of a deck

of cards). Red meats include: beef, steak, hamburger, prime rib, ribs, beef hot dogs, beef-based
processed meat, veal, pork, bacon, pork sausage, ham, lamb, venison.)

Please choose one of the following.

servings per day or
~ servings per week or
_ servings per month
O didn’t eat red meat — g Please go fo #47
O don’t know

46a. About two years ago, on average, how often did you eat a serving of red meat that was cooked by
broiling, grilling, barbecueing or pan-frying (not stir-fried or deep-fried)? Please choose one of the
Sfollowing.

servings per day or
_ servings per week or
— servings per month
O didn’t eat red meat that was cooked by these methods —m Please go 1o #47

O don’t know
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46b. On average, when you ate red meat cooked by these methods, which of the following best
describes its appearance?
What was its outside appearance? What was its inside appearance
(how well done it was)?

O lightly browned O red (rare)

O medium browned O pink (medium)
O heavily browned or blackened O brown (well-done)
O don't know O don’t know

47.  About two years ago, on average, how often did you eat a serving of chicken? Please do not
include turkey or any other bird.

(A serving of chicken is: 2-3 ounces of chicken meat; | drumstick: 1 thigh; half a breast:
2 wings: 3 nuggets.) Please choose one of the following.

__ servings per day or
servings per week or
servings per month
O didn't cat chicken —gm Please go to #48

O don’t know

47a. About two years ago. on average, how often did you eat a serving of chicken that was cooked by
broiling, grilling, barbecueing or pan-frying (not stir-fried or deep-fried)? Please choose one of the
Sfollowing.

- servings per day or
servings per week or
o servings per month
O didn’t eat chicken that was cooked by these methods — g Please go to #48

O don’t know

47b. On average, when you ate chicken cooked by these methods, which of the following best describes
its appearance?

What was its outside appearance?
O lightly browned

O medium browned

O heavily browned or blackened
O

don’t know

TR BN
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Physical Activity

We would like you to think back to when you were in your 20s and remember the physical activities

you participated in then.

43. In your 20s, did you participate regularly in physical activity for a total of at least 30 minutes a

week? Please describe yvour activities below.

For how
many years?

Walking O yes —p years
O no

Jogging O yes —p _ years

(running slower O no

than a mile in 10

minutes)

Running O yes - _ _years

(running faster O no

than a mile in 10

minutes)

Bicycling O yes — g ~ years

(including using O no

an exercise

bicycle)

Swimming laps O yes g ___years
O no

Tennis, squash O yes g _years

racquetball O no

Calisthenics, O yes — g years

aerobics, O no

vigorous dance

(including ballet),

using a rowing

machine, lifting

weights

Football, soccer O yes — pu _ years

rugby, basketball O no

Heavy household O yes —pm years

work (examples: O no

using a non-power
mower, shoveling,
moving heavy loads,
scrubbing floors)

19

During those years,
for how many
months per year?

______months

months

___ months

months

months

months

___ months

__months

months

During those months,
on average, for how many

minutes or hours per week?

— minutes per week
hours per week
__ minutes per week

hours per week

___ minutes per week
hours per week

minutes per week
____ hours per week

minutes per week
_ hours per week

minutes per week
hours per week

~minutes per week
hours per week

_ minutes per week
. _ hours per week

minutes per week
hours per week

or

or

or

or

or

or

or

ar

ar




In your 20s, did you do any other strenuous activities? Strenuous activity means something that
really increased your heart rate, made you hot, and caused you to sweat. Some examples are: skiing,
skating, hockey, hunting, sledding or tobogganing, water-skiing.

Activity For how During those years, During those months,
please specify many years? for how many on average, for how many
months per year? minutes or hours per week?
== . — - years o _months __ minutes per week or

—hours per week

S _years o months —_ minutes per week or
_ hours per week

R — - years R __ months - minutes per week or
= hours per week

— - _years _ months - minutes per week or
hours per week

. — __ years - months ~_minutes per week or
~ hours per week

— _years o _ months . __minutes per week or
~ hours per week

49. When you were in your 20s, what was your usual occupation? (We mean what you did for the
longest time, including any paid or unpaid employment, such as being a student or housewife or
being unemployed.)

- — - occupation

O don’t know

If you are younger than age 31, please go to the next section (Alcohol Consumption) on page 25.
Otherwise, please continue with #50.

20
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Now, please think back to your 30s and 40s.

50. In your 30 and 40s, did you participate regularly in physical activity for a total of at least 30
minutes a week? Please describe your activities below.

For how
many years?
Walking O yes —pm years
O no
Jogging O yes —p years
(running slower O no
than a mile in 10
minutes)
Running O yes —p years
(running faster O no
than a mile in 10
minutes)
Bicycling O yes —po years
(including using O no
an exercise
bicycle)
Swimming laps O yes g years
O no
Tennis, squash O yes g ~ years
racquetball O no
Calisthenics, O yes —pm years
aerobics, O no
vigorous dance
(including ballet),
using a rowing
machine, lifting
weights
Football, soccer O yes g years
rugby, basketball O no
Heavy household O yes — g ~ years
work (examples: O no

using a non-power
mower, shoveling,
moving heavy loads,
scrubbing floors)

During those years,
for how many
months per year?

months

_months

months

months

_months

months

__months

months

months

During those months,
on average, for how many
minutes or hours per week?

minutes per week or i
hours per week

minutes per week or
hours per week

_minutes per week or
hours per week

minutes per week or ‘
hours per week

minutes per week or
_hours per week 5

minutes per week or |
hours per week

minutes per week or
hours per week

__ minutes per week or 1
hours per week

minutes per week or
hours per week
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In your 30s and 40s, did you do any other strenuous activities? Strenuous activity means something
that really increased your heart rate, made you hot, and caused you to sweat. Some examples are;
skiing, skating, hockey, hunting, sledding or tobogganing, water-skiing.

Activity For how During those years, During those months,
please specify many years? for how many on average, for how many
months per year? minutes or hours per week?
- — . years ~__ months . minutes per week or

—hours per week

- — _ years — _ months . ~ minutes per week or
~_ hours per week

- - = — o years ~_months —__ minutes per week or
— hours per week

- - - — . years ~___ months ~__ minutes per week or
~ hours per week

I — ___years ~ months ~____ minutes per week or
—  hours per week

— E— — _years —_ months ~___ minutes per week or
— hours per week

51. When you were in your 30s and 40s, what was your usual occupation? (We mean what you did for
the longest time. including any paid or unpaid employment, such as being a student or housewife
or being unemployed.)

e e OECUPATTON

O don't know

If you are younger than age 51, please 80 1o the next section (Alcohol Consumption) on page 25,
Otherwise, please continue with #52.
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Now, please think back to since you turned 50.

52. Since you turned 50, did you participate regularly in physical activity for a total of at least 30
minutes a week? Please describe vour activities below.

For how
many years?

During those years, During those months,
for how many  on average, for how many
months per year? minutes or hours per week? \

Walking O yes —pm years - months minutes per week or ;
O no hours per week w
Jogging O yes — g years months minutes per week or 1
(running slower O no hours per week i
than a mile in 10 ‘
minutes) )
Running O yes —po years months minutes per week or
(running faster O no hours per week
than a mile in 10 j
minutes) “
|
Bicycling O yes —p years months minutes per week or I
(including using O no hours per week
an exercise lu
bicycle) l
Swimming laps O yes —pm years months minutes per week or !
O no hours per week {
|
Tennis,squash O yes g years months minutes per week or 1
racquetball O no hours per week [
|
Calisthenics, O yes —p . years months minutes per week or ‘
aerobics, O no hours per week |
vigorous dance |
(including ballet), !
using a rowing i
machine, lifting
weights
Football, soccer O yes — g years months minutes per week or
rugby, basketball O no hours per week “
Heavy household O yes — g years - months _minutes per week or
work (examples: O no hours per week

using a non-power
mower, shoveling,

moving heavy loads,

scrubbing floors)

[8®)
(o8]
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Since you turned 50, did you do any other strenuous activities? Strenuous activity means something
that really increased your heart rate, made you hot, and caused you to sweat. Some examples are:
skiing, skating, hockey, hunting, sledding or tobogganing, water-skiing.

Activity For how During those years, During those months,
please specify many years? for how many on average, for how many
months per year? minutes or hours per week?

- — __ years _—__months ~ minutes per week or
. hours per week

- — - years ___months ) ~ minutes per week or
— hours per week

S — — ____years —_ months — minutes per week or
—_hours per week

- — _ _ years ~_months —__ minutes per week or
— hours per week

. — — _ years —__months ~___ minutes per week or
~hours per week

— — e YRETS ~ months ~__ minutes per week or
—_ hours per week

53. Since you turned 50, what was your usual occupation? (We mean what you did for the longest time.
including any paid or unpaid employment, such as being a student or housewife or being unemployed.)

O don’t know

- . occupation
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Alcohol Consumption
We would like you to think back to when you were in your 20s.

54. Inyour 20s, did you ever consume any alcoholic beverages at least once a week for 6 months or
longer? Please describe your consumption below.

For how Dring those years, how much
many years? did you typically consume?
Beer, hard O yes —pm ~ years consumed number of 12 ounce
cider (atleast O no cans or bottles
3% aleohol) O don't know O perday
O per week
O don’t know
Wine O yes —pm years consumed ~ number of 4 ounce
O no glasses of wine
O don't know O per day
O per week
O don’t know
Sake, sherry, O yes g _ years consumed ~ number of 1 ounce
port O no servings
O don't know O perday
O per week
O don’t know
Spirits, liquor O yes g _ _ years consumed ~ number of 1 ounce shots
mixed drinks, O no liquor or spirits
brandy, O don’t know O per day
liqueurs O per week

O don’t know

n
U

When you were in your 20s, how many years in total did you consume at least one alcoholic
beverage (of any type) a week?

_ years consumed
O never consumed alcohol
56.  On average, how many alcoholic beverages a week did you consume during those years? That is,

how many 4 ounce glasses of wine or 12 ounce cans or bottles of beer or hard cider, or 1 ounce
servings of sake, sherry, port, or spirits, mixed drinks and cocktails.

number of alcoholic beverages a week
O never consumed alcohol

If you are younger than age 31, please go to the next section (Smoking) on page 28.
Otherwise, please continue with #57.
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Now, please think back to your 30s and 40s.

57. In your 30s and 40s, did you ever consume any alcoholic beverages at least once a week for 6
months or longer? Please describe your consumption below.

For how During those years, how much
many years? did you typically consume?
Beer, hard O yes —pm —_ years consumed ~ number of 12 ounce
cider (atleast O no cans or bottles
3% alcohol) O don’t know O perday
O per week
O don’t know
Wine O yes —p ~ __ years consumed ~ number of 4 ounce
O no glasses of wine
O don’t know O per day
O per week
O don’t know
Sake, sherry, O yes g ~ . years consumed — number of | ounce
port O no servings
O don’t know O per day
O per week
O don’t know
Spirits, liquor O yes — g . years consumed _— number of | ounce shots
mixed drinks, O no liquor or spirits
brandy, O don’t know O perday
liqueurs O per week

O don’t know
58.  When you were in your 30s and 40s, how many years in total did you consume at least one
alcoholic beverage (of any type) a week?
~ years consumed
O never consumed alcohol
59. On average, how many alcoholic beverages a week did you consume during those years? That is,

how many 4 ounce glasses of wine or 12 ounce cans or bottles of beer or hard cider, or 1 ounce
servings of sake, sherry, port, or spirits, mixed drinks and cocktails.

— number of alcoholic beverages a week

O never consumed alcohol

If you are younger than age 51, please go 1o the next section ( Smokimg) on page 28.
Otherwise, please continue with #60.

26
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Now, please think back to since you turned 50.

60. Since you turned 50, did you ever consume any alcoholic beverages at least once a week for 6
months or longer? Please describe your consumption below.

For how During those years, how much
many years? did you typically consume?
Beer, hard O yes —p __ years consumed - number of 12 ounce
cider (at least O no cans or bottles
3% alcohol) O don't know O perday
O per week
O don’t know
Wine O yes —p ! __ years consumed ~ number of 4 ounce
O no glasses of wine
O don’t know O per day
O per week
O don’t know
Sake, sherry, O yes g .~ years consumed ~ . number of 1 ounce
port O no servings
O don’t know O perday
O per week
O don’t know
Spirits, liqguor O yes — g _ years consumed - number of 1 ounce shots
mixed drinks, O no liquor or spirits
brandy, O don’t know O per day
liqueurs O per week
O don’t know

61. Since you turned 50, how many years in total did you consume at least one alcoholic beverage
(of any type) a week?

- years consumed
O never consumed alcohol
62.  On average, how many alcoholic beverages a week did you consume during those years? That is

how many 4 ounce glasses of wine or 12 ounce cans or bottles of beer or hard cider, or 1 ounce
servings of sake. sherry, port, or spirits, mixed drinks and cocktails.

]

~_ number of alcoholic beverages a week

O never consumed alcohol
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Smoking

63.

63b.

63d.

63f.

Have you ever smoked at least one
cigarette a day for 3 months or longer?

O yes
O no —pe Please go to #64
O don’t know —gm- Please go to #64

a. When did you first start smoking at least

one cigarette a day?
age at first use __or
year of first use

O don’t know

During periods when you smoked regularly,
how many cigarettes did you typically
smoke in a day?
—— cigarettes per day
O don't know

. About two years ago, were you still

smoking at least one cigarette a day?
O yes
O no
O don't know
Do you still smoke at least one cigarette
a day?
O yes —p  Please go 1o #63f
O no —pe Please go 10 #63e¢
O don’t know

- When did you stop smoking at least one

cigarette a day (we mean stop smoking
permanently)?

age at last use ~or

year of last use

O don’t know

How many years, in total, did you smoke at
least one cigarette a day for 3 months or
longer? (If vou have stopped and restarted
at least once, count only the time when you
were smoking. )

- total number of years
QO don’t know

64.

64f.

Have you ever smoked at least one cigar a
month for at least 3 months?

O yes
O no —pe Please go to #65
O don’t know —gm Please go to #65

. When did you first start smoking at least

one cigar a month?
age at first use or

year of first use

O don’t know

. During periods when you smoked regularly.

how many cigars did you typically smoke in
a month?

- cigars per month
O don’t know

. About two years ago, were you still smoking

at least one cigar a month?

O yes
O no
O don’t know

. Do you still smoke at least one cigar a

month?
O yes —w  Please go to #64f
O no —pe Please go to #64e
O don't know

- When did you stop smoking at least one cigar

a month (we mean stop smoking
permanently)?

age at last use _or
year of last use

O don’t know

How many years, in total, did you smoke at
least one cigar a month for 3 months or
longer? (If you have stopped and restarted at
least once, count only the time when you
were smoking.)

- total number of years
O don’t know
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65. Have you ever smoked at least one pipe a
month for at least 3 months?

O yes
O no —pe Please go to #66
O don't know —ge Please go to #66
65a. When did you first start smoking at least
one pipe a month?
age at first use _or

year of first use

O don't know

65b. During periods when you smoked regularly,
how many pipes did you typically smoke in
a month?

___ pipes per month
O don’t know
65c. About two years ago, were you still
smoking at least one pipe a month?
O yes
O no
O don’t know

65d. Do you still smoke at least one pipe a
month?

O yes —p Please go to #65f
O no —pe Please go to #65e¢
O don’t know

65e. When did you stop smoking at least one

pipe a month (we mean stop smoking
permanently)?

age at last use _or

year of last use

O don't know

65f. How many years, in total, did you smoke at
least one pipe a month for 3 months or
longer? (If vou have stopped and restarted at

least once, count only the time when you were

smoking. )
_ total number of years

O don’t know

29

Height and Weight
66.  About how tall are you, without your shoes
on?
i feet inches
; or
; - __ centimetres
O don’t know

67. How much did you weigh about two years

ago?
— pounds
ar
- kilograms
O don’t know

| 68. How much did you weigh when you were
| about 20 years old?

- ~_ pounds

or

kilograms

‘ O don’t know

\

' Additional Information

69. Previous to this study, have you and your
relatives ever taken part in any family health
studies?

O yes
O no

\
|
\
\ O don't know
\
\
|




Background Information

70. What is the highest level of education that you completed?

O less than 8 years O some college or university
O  8toll years O bachelor’s degree

O high school graduate O graduate degree

O vocational or technical school O  don’t know

71. Country of birth sometimes affects disease risk. Please fill in country of birth for yourself, your
parents and your grandparents.

In addition, scientists have found that some genetic traits are more common or less common
among Jewish people of different ethnic backgrounds. Please answer the questions about Jewish
descent for each person.

Country [s this person Ashkenazi Sephardic  other don’t

of birth of Jewish  (East European) know
descent?

yes —pm O O o O

no

You

don’t know

Your mother yes —pm O O @) @)
no

don’t know

yes —pm O @] (®, ©)]

no

Your father

don’t know

yes —pm O (@) O o

no

Your mother’s mother

don’t know

yes —p O O 3] O

no

Your mother’s father . e

don’t know

yes —p O O O (@]

no

Your father’s mother

don’t know

Your father’s father yes —p O @ O &

no

GO0 OO0 00 00O OO OGLO © 0

don’t know
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2.

73.

31

How many years have you lived in Canada?
O all my life
~number of years

O don’t know

Ethnicity and race sometimes affect disease risk. Scientists have found that some genetic traits are
more common or less common among people of different backgrounds. We would like to know if

this is true for genes associated with colorectal cancer.

Please fill in the background for yourself, your parents and your grandparents.

Please tick all that apply.

You Your Your Your
mother  father mother’s
mother

Black, from Africa O @ O O
Black, from the Caribbean O O O @]
(e.g Trinidad, Jamaica,
Haiti)
Black, from North America O (8] (&) &)
Black, other (@] O @] O
White 0] 0 O O
First Nations (@) O ) O
(e.g. Indian, Inuit)
North African O] @ @] @)
(e.g. Egyptian)
Middle Eastern @] @] &) O
(e.g. Iranian)
Filipino O ()} @] @
Japanese o o (@) O
Korean (D) & (@] O
Chinese O @] O O
Other South East Asian (3] O (®) O
(e.g.Vietnamese)
South Asian @] 8] (@) O
(e.g. East Indian,
Pakistani)
other: o S -
please specify
don’t know @] O ®)] (®)]

Your
mother’s
father

(@]
(@]

0O o9 0

o

B O o O @ O

©}

Your
father's
mother

O
O

a @ & @

o

0 0 e 0 O

O

Your
father’s
father

(@]
o

© o0 0

@)

Q06 oo O

O
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74. Which of the following categories best describes your total annual household income
about two years ago?

O no income

less than $6,000
$6,000 - $11,999
$12.000 - $19,999

$40,000 - $49,999
$50,000 - $59,999
$60,000 - $69,999
$70,000 - $79,999
$20.000 - $29.999 $80,000 or more
$30.000 - $39,999

0 O O 0
OO0 OO0 o0 o0

don’t know

75. In case we need to contact you in the future and you have moved, could we have the name of
someone who is not living with you to whom we might write or call for your new address?

Name of relative or friend:

His or her address:

His or her telephone number: ( ) -

Source: Cancer Family Registries — Informatics Support Centre.
http://www.coloncfr.org/images/questionnaires/Ontario/Ontario%20-%20Baseline.pdf
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APPENDIX E — Sampling scheme and proband weight calculations from OFCCR
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Sampling schematic of OFCCR received via email from D. Daftary, MD, M.H.Sc. Cancer Care Ontario. March 14, 2013.
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APPENDIX F — Stratified sub-analysis

<40 group — Frequency tables

Sub-analysis — MALE (<40) — Comparison of Clinical sample by cases and controls
Variable Division Cases (N=59) Controls (N=12)
N (%) N (%)

BMI Under/Normal 19 (32.20) 6 (50.00)
Overweight 29 (49.15) 5(41.67)
Obese 11(32.20) 1(8.33)
Physical 0 hours/week 2 (3.39) 2 (16.67)
Activity >0 and <2 hours/week 7 (11.86) 1(8.33)
>2 and <4 hours/week 5(8.47) 2 (16.67)
>4 hours/week 45 (76.27) 7 (58.33)
NSAID use Yes 1(1.69) 0(0.00)

No 58 (98.31) 12 (100.00)

Vegetables <5 Servings/day 58 (98.31) 12 (100.00)
>5 Servings/day 1(1.69) 0 (0.00)
Smoking Never Smoker 36 (61.02) 9 (75.00)
>0 and <20 PYs 20 (33.90) 2 (16.67)
20-29 PYs 2 (3.39) 1(8.33)
>30 PYs 1(1.69) 0 (0.00)

FH 0 FDRs with CRC 49 (83.05) 12 (100.00)
1 FDRs with CRC 8(13.56) 0 (0.00)
2+ FDRs with CRC 34 (3.39) 0(0.00)

BMI, body mass index; PYs, pack years; FH, family history; FDR, first-degree
relative; CRC, colorectal cancer.

Sub-analysis — FEMALE (<40) — Comparison of Clinical sample by cases and controls
Variable Division Cases Controls
(N=67) (N=30)
N (%) N (%)
BMI Under/Normal 47 (70.15) 17 (56.67)
Overweight 14 (20.90) 8 (26.67)
Obese 6 (8.96) 5 (16.67)
Physical 0 hours/week 6 (8.96) 4(13.33)
Activity >0 and <2 hours/week 6 (8.96) 1(3.33)
>2 and <4 hours/week 6 (8.96) 5(16.67)
>4 hours/week 49 (73.13) 20 (66.67)
NSAID use Yes 2 (2.99) 2 (6.67)
No 65 (97.01) 28 (93.33)
Vegetables <5 Servings/day 63 (94.03) 29 (96.67)
>5 Servings/day 4 (5.97) 1(3.33)
Estrogen Negative 0 (0.00) 0 (0.00)
Status Positive 67 (100.00) 30 (100.00)
FH 0 FDRs with CRC 49 (73.13) 28 (86.11)
1 FDRs with CRC 17 (25.37) 1(3.33)
2+ FDRs with CRC 1 (1.49) 1(3.33)

BMI, body mass index; FH, family history; FDR, first-degree relative; CRC,
colorectal cancer.
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40 and over

Comparison of 240 and All-ages Multivariate-adjusted ORs

40 and over — MALE - Multivariate-adjusted ORs

240 OR All ages OR
(95% Cl) (95% Cl)
BMI
Under/Normal 1.00 1.00
Overweight | 1.892 (1.440, 2.486) 1.894 (1.450, 2.475)
Obese | 2.238(1.579,3.171) 2.266 (1.608, 3.192)
Physical Activity
0 hrs/wk 1.00 1.00
>0 and <2 hrs/wk | 1.310(0.795, 2.159) 1.363 (0.833, 2.229)
>2 and <4 hrs/wk | 0.961 (0.567, 1.628) 0.980 (0.584, 1.644)
>4 hrs/wk | 1.086 (0.714, 1.651) 1.135(0.751, 1.713)
NSAID use
No 1.00 1.00
Yes | 0.546 (0.322, 0.925) 0.553 (0.328, 0.931)
Vegetables
<5 Servings/day 1.00 1.00
>5 Servings/day | 1.490 (0.491, 4.520) 1.548 (0.519, 4.617)
Smoking
Never Smoker 1.00 1.00
>0 and <20 PYs 1.185 (0.883, 1.590) 1.218 (0.914, 1.624)
20-29 PYs | 1.380(0.921, 2.067) 1.378 (0.925, 2.054)
>30PYs | 1.206(0.877, 1.659) 1.226 (0894, 1.681)
Age
<40 - 1.00
40-44 1.00 0.577 (0.240, 1.388)
45-49 | 1.762 (0.899, 3.453) 1.015 (0.435, 2.368)
50-54 | 0.358(0.197, 0.651) 0.207 (0.094, 0.456)
55-59 | 0.268 (0.151, 0.477) 0.154 (0.071, 0.335)
60-64 | 0.393(0.224, 0.690) 0.226 (0.105, 0.485)
65-69 | 0.381(00.218, 0.665) 0.219 (0.102, 0.468)
FH - FDRs with CRC
0 1.00 1.00
1 2.37 (1.63, 3.46) 2.42 (1.66, 3.51)
22 5.35(1.75, 16.39) 5.51(1.81, 16.72)

OR, odds ratio; PYs, pack years; FH, family history; FDR, first-degree relative; CRC, colorectal cancer.
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40 and over — FEMALE - Multivariate-adjusted ORs
240 OR All ages OR
(95% Cl) (95% Cl)
BMI
Under/Normal 1.00 1.00
Overweight | 1.160 (0.897, 1.501) 1.121(0.873, 1.438)
Obese | 1.102 (0.810, 1.499) 1.057 (0.783, 1.426)
Physical Activity
0 hrs/wk 1.00 1.00
>0 and <2 hrs/wk | 1.340(0.842,2.132) 1.384 (0.881, 2.175)
>2 and <4 hrs/wk | 1.393(0.891, 2.177) 1.359 (0.882, 2.094)
>4 hrs/wk | 1.451(0.991, 2.122) 1.457 (1.009, 2.104)
NSAID use
No 1.00 1.00
Yes | 0.479 (0.304, 0.755) 0.478 (0.307, 0.745)
Vegetables
<5 Servings/day 1.00 1.00
>5 Servings/day | 0.777 (0.483, 1.250) 0.812(0.511, 1.288)
Estrogen Status
Negative 1.00 1.00
Positive | 1.030 (0.801, 1.324) 0.969 (0.755, 1.244)
Age
<40 - 1.00
40-44 1.00 0.852 (0.461, 1.576)
45-49 | 2.124(1.253,3.600) 1.815 (1.001, 3.293)
50-54 | 0.787(0.481, 1.288) 0.672 (0.382, 1.184)
55-59 | 0.724 (0.445, 1.178) 0.619 (0.354, 1.085)
60-64 | 0.763(0.481, 1.209) 0.655 (0.383, 1.121)
65-69 | 0.920(0.576, 1.479) 0.788 (0.458, 1.357)
FH - FDRs with CRC
0 1.00 1.00
1 2.37 (1.63, 3.46) 2.42 (1.66, 3.51)
22 5.35(1.75, 16.39) 5.51(1.81, 16.72)

OR, odds ratio; PYs, pack years; FH, family history; FDR, first-degree relative; CRC, colorectal cancer

Comparison of AUCs for the 240 and All-ages sample

Comparison of 240 and all ages AUCs

Model 240 All ages

AUC AUC

Male
Base 0.7094 0.7246
FH - Included 0.7502 0.7623
Female
Base 0.6157 0.6214
FH - Included 0.6219 0.6275
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