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Important note: This document will remain archived as a technical appendix for
publications. New versions will be added periodically as model refinements and
updates are completed. The most current version is available at
http://cisnet.cancer.gov/profiles. Note that unlike most PDF documents, the
CISNET model profiles are not suitable for printing as they are not typically
written or read in sequential fashion.

We recommend you let your interests guide you through this document, using the
navigation tree as a general guide to the content available.

The intent of this document is to provide the interested reader with insight into
ongoing research. Model parameters, structure, and results contained herein
should be considered representative but preliminary in nature.

We encourage interested readers to contact the contributors for further

information.

Go directly to the: Reader's Guide.
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READERS GUIDE

Core Profile Documentation

These topics will provide an overview of the model without the burden of detail. Each
can be read in about 5-10 minutes. Each contains links to more detailed information if
required.

Model Purpose
This document describes the primary purpose of the model.

Model Overview
This document describes the primary aims and general purposes of this modeling
effort.

Assumption Overview
An overview of the basic assumptions inherent in this model.

Parameter Overview
Describes the basic parameter set used to inform the model, more detailed

information is available for each specific parameter.

Component Overview
A description of the basic computational building blocks (components) of the model.

Output Overview
Definitons and methodologies for the basic model outputs.

Results Overview

A guide to the results obtained from the model.

Key References
A list of references used in the development of the model.
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MODEL PURPOSE

SUMMARY

This page summarizes the overall goal of the Simulation Model of Colorectal Cancer
(SimCRC) Model.

PURPOSE

The SimCRC Model can be run in one of two ways. It can simulate the US population
from birth to death, and track the full US population from 1970 to a future year (e.g.
2020), or it can run a single birth cohort. The type of model run varies depending on
the purpose of the model application.

The Model contains:

1. anatural history component that tracks the adenoma—carcinoma sequence as a
function of age, sex, race, and risk factors (see Risk Factors CRC);

a screening component that allows for the detection and removal of adenomas
and possibly an early diagnosis of preclinical CRC; and

a treatment component for all persons diagnosed with CRC.

The Model specifically incorporates:

1. population-level trends in risk factors for CRC and the underlying relationship
between each risk factor and colorectal disease;

population-level trends in CRC screening participation rates and each test’s
ability to detect and remove adenomas and preclinical cancers; and

trends in the use of 5—fluorouracil (5FU) based chemotherapy and projected use
of newer chemotherapy agents and their impact on cancer—specific mortality, as
well improvements in cancer-specific survival over time not explained by
chemotherapy trends.

The primary model outcomes when running a population-based simulation are the
predicted number of cases of CRC and the number of deaths from CRC per 100,000
persons, standardized to the 2000 population, which can then be compared with actual
incidence data from the Surveillance, Epidemiology, and End Results (SEER) program
and mortality data from the US Vital Statistics. The primary model outcomes when
running a birth cohort simulation are the number of life years gained with screening
compared to without screening per 1000 persons screened. See Model Overview for a
more detailed description of the Model.
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MODEL OVERVIEW

SUMMARY

This document provides an overview of the structure of the SimCRC Model and its
components.

PURPOSE

The SimCRC Model was initially developed to examine the relative contribution of
changes in risk factors, screening and treatment on the overall population trends in
CRC incidence and mortality. Subsequent uses of the model have targeted policy
questions for cancer control. See Model Purpose for more details.

BACKGROUND

Colorectal cancer (CRC) is the second most common cause of cancer-related death in
the United States. Although the incidence rate of CRC increased from 1973 through
1985, it has declined steadily since 1985. However, this decline in incidence has been
greater for white Americans compared with African Americans. Possible reasons for
the decreasing trends in incidence and mortality of CRC include lifestyle changes (e.g.,
less consumption of red meat),8 increased screening (resulting in the detection and
removal of adenomas and a favorable stage—shift at cancer diagnosis), 1% or new
treatment regimens (e.g., new adjuvant therapies).20

In addition to examining the relative contributions of risk factors, screening, and
treatment on cancer trends, simulation models provide a tool for incorporating
multiple sources of data to examine outcomes associated with different screening and
treatment policies. Screening rates in the US continue to be lower than that for other
cancers and it is not possible to conduct randomized controlled trials of all of the
possible screening strategies possible. Models can provide a useful tool for evaluating
screening alternatives in the average-risk population. Further, comparing the results of
the results from three independently-developed models lends robustness to the model
results.

MODEL DESCRIPTION
The model is based on a prior model that was designed as a cohort model to evaluate

the cost—effectiveness of screening.?! The SimCRC Model was originally designed
specifically to examine population trends over time in that it simulates the US
population from 1970 to 2020. The model can also be used to simulate a single birth
cohort, which is typically used to evaluate alternative screening policies. Model
components include:

population demographics,
risk factor trends,
screening dissemination,
treatment dissemination and other improvements in cancer—specific survival,
natural history of colorectal cancer,
screening mechanism, and
7. post-CRC diagnosis.

More details on population demographics, natural history of colorectal cancer, the
screening mechanism, and post-CRC diagnosis is provided in Assumption Overview.
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Variables used to model risk factor trends, screening dissemination, and treatment
dissemination are provided in Parameter Overview, with detailed decriptions
provided in the Component Overview. The key outcomes of the model are incident
CRC cases and CRC deaths each each calendar year, standardized to the 2000 US
population.

The SimCRC Model is population—-based microsimulation model of the US population
that can be used to forecast incidence and mortality associated with CRC. In addition it
can simulate the outcomes for a single birth cohort. The model tracks the US
population from birth to death. For each simulated person, SimCRC first generates a
time of birth and a time of death from causes other than CRC. Next, SimCRC generates
adenomas within the individual, with the age of onset for each adenoma drawn from a
cumulative probability function that depends on sex, race, age, and an individual risk
index that captures whether a person tends to produce more (or fewer) adenomas than
average. SimCRC includes an optional risk factor module that allows individual-level
risk factors to influence adenoma incidence (i.e., specific values for each of eight CRC
risk factors, see Risk Factors CRC). SimCRC simulates three adenoma sizes (1-5mm,
6-9mm, 10+mm) and six locations (cecum, ascending colon, transverse colon,
descending colon, sigmoid colon, rectum). All adenomas start small and can transition
through larger size categories. The timing of transitions between adenoma size
categories depends on age, sex, location (proximal colon, distal colon, rectum) and
(optionally) eight modifiable risk factors. Medium and large adenomas may progress
to preclinical CRC, although most will not in a person’s lifetime. Progression depends
on sex, race, and adenoma location. SimCRC can be (optionally) implemented to allow
progression to preclinical CRC to depend on eight risk factors and birth year.

Overlaid on this natural history of colorectal disease (no disease to adenoma to
preclinical cancer to clinical cancer) is a screening mechanism. If a screening test is
performed in a particular year, then a person with an underlying adenoma has a
chance of having it detected and removed, or a person with preclinical cancer may
have it detected at an earlier stage than clinical detection. When modeling population
trends, the chance that a screening test is performed depends on the age, sex, race and
birth year of the simulated individual and these screening probabilities are derived to
reflect the dissemination of screening (fecal occult blood test, sigmoidoscopy, or both)
in the US between 1970 and 2000, with projection to 2020. When modeling screening
strategies, the chance that a screening test is performed depends on the screening
algorithm and assumptions about adherence. Simulated persons diagnosed with CRC
(by symptoms or by screening) are assigned a cancer—specific mortality rate, which
depends on age, sex, stage at diagnosis, location of cancer (colon vs. rectum), year of

diagnosis and (optionally) race.

Risk factor

trends \

Screening _ - CRC
diffusion —| incidence &

1 .
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new treatments
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Schematic Diagram of the Population Trends Analysis
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ASSUMPTION OVERVIEW

SUMMARY
This section outlines the key assumptions of the SimCRC Model.

BACKGROUND
The structure of SimCRC relies on a number of assumptions. While the natural history

component of the model is based on the adenoma-carcinoma sequence, 123 we need to
make several assumptions about how that is operationalized structurally. In addition,
we assume that all CRC arises from an adenoma and we do not explicitly model
hyperplastic polyps.

ASSUMPTION LISTING

Population Demographics

SimCRC is a compilation of multiple cohorts defined by age, sex, race, and calendar
year; the size of each cohort is based on US Census data. Each birth cohort is analyzed
one individual at a time as a first-order microsimulation starting at birth, where we
assume no adenomas can develop until age 20. Non—cancer—specific mortality rates are
based on the US life tables and are a function of age, sex, race, and calendar year.
Population migration is not explicitly modeled.

Natural History of Colorectal Disease (prior to diagnosis)

The natural history model describes the progression of underlying disease in an
unscreened population. It models the transitions from normal colonic epithelium to
low-risk adenomas (defined as 1-5 mm in size), from low-risk to medium-risk
adenomas (defined as 6-9mm in size), from medium-risk to high-risk adenomas
(defined as > 10 mm in size), from medium- or high-risk adenomas to preclinical
cancer (stages I-IV), and from preclinical to symptom—detected CRC. This disease
process is allowed to progress separately for three segments of the CRC tract (i.e., the
proximal colon, the distal colon, and the rectum) and we allow for up to six lesions in
the proximal colon and 3 lesions in the distal colon and the rectum for a maximum of
12 lesions per person. See Parameter Overview for key variables in the natural history
model.

The model incorporates (optionally) the effects of eight modifiable risk factors
associated with CRC (see Risk Factors CRC). Risk factors are allowed to have an effect
on: 1) the development of an adenoma, and/or 2) the progression of an adenoma to
preclinical cancer. In addition to these known risk factors we also assign a risk index
based on a Truncated Normal distribution with a mean of 1 and variance v. The
magnitude of this factor affects the risk of developing an adenoma.

Screening Mechanism
A simulated person who has an underlying adenoma or preclinical cancer has a chance
of having it detected during a screening year as a function of his or her adherence rate

and the sensitivity of the test.® Test sensitivity varies as a function of adenoma size and
presence of preclinical cancer. Test specificity is defined as the probability of having a
positive test among persons without any adenomas or preclinical CRC.
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CRC screening tests vary in terms of their test characteristics, reach, and risk. For
example, FOBTs have the ability to detect a lesion in any segment of the colorectal
system, but tends to have relatively poorer test characteristics compared with the other
screening modalities. We assume that colonoscopy is recommended for all person with
a positive FOBT. Sigmoidoscopy can only detect lesions located in the distal colon or
rectum, although with better test characteristics within its reach. If any lesion is found
the person is then referred to colonoscopy. The test sensitivity of colonoscopy is also
lesion-based; however, colonoscopy has the ability to detect lesions throughout the
colorectal system. Colonoscopy is also associated with a small mortality risk due to the
risk of perforations during the procedure.

We assume that all adenomas that are detected during colonoscopy are removed via
polypectomy. All persons who have had a high-risk adenoma (i.e. at least one large
adenoma or three or more adenomas of any size) detected and removed are placed on
colonoscopic surveillance every 3 years, and those with low-risk adenomas detected
and removed are placed on colonoscopic surveillance every 5 years.

Diagnosed CRC

Once a person is diagnosed with CRC, either by symptom detection or by screening,
they enter a "diagnosis" submodel. We track diagnosed patients on a monthly basis (as
opposed to a yearly basis prior to diagnosis) and do not continue to keep track of risk
factors or screening. CRC patients are assigned a cancer—specific mortality rate (in
addition to their mortality rate from the life tables), which is a function of age and
stage at diagnosis, location of cancer (colon vs. rectum), year of diagnosis, and use of
adjuvant chemotherapy. There are two trends that are relevant for CRC patients: (1)
cancer-specific mortality has decreased over time independent of known effective
therapies and (2) the development of new effective therapies has increased.
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Model Overview 2. A set of natural history parameters that describe the progression of colorectal

1. Parameters that describe the US population dynamics over time.

Assumption Overview disease in a simulated individual. These parameters were estimated through
Parameter Overview calibration (see Calibration Method).

Component Overview

Output Overview

Results Overview
Key References Risk Factor Drifts) and parameters that are specific for the risk factor effects on

Parameters that describe the risk factor status of a simulated individual (see
Risk Factors CRC), the manner in which risk factors can change over time (see

underlying disease progression (see Risk Factor Effect Method).

Parameters that describe the test characteristics of the screening tests that are
modeled as well as parameters that describe screening dissemination in the US.

Parameters relevant for patients diagnosed with CRC, including the
dissemination of adjuvent chemotherapy.

PARAMETER LISTING OVERVIEW

Population Parameters (see Population Demographics in Component Overview)

1. number of persons in the US, by age, sex, race and calendar year

2. life table values for each birth cohort

Natural History Parameters (see Natural History)

health state descriptors describing the adeno-carcinoma sequence

annual probability of transitioning from no disease to low-risk adenoma
(function of age, location, risk index, risk factors (optional); see Adenoma
Incidence)

annual probability of transitioning from low-risk adenoma to medium-risk
adenoma (function of location)

annual probability of transitioning from low-risk adenoma to medium-risk
adenoma (function of location)

annual probability of transitioning from medium- or high-risk polyp to stage 1
preclinical cancer (function of age, location, risk factors (optional); see Adenoma
Progression)

annual probability of transitioning from stage i to stage i+1 preclinical cancer
(i=1,2,3; function of stage and location)

annual probability of preclinical cancer becoming symptom detected (function
of stage and location)

Risk Factor Parameters (see Risk Factor Trends in Component Overview)

1. vector of values for each risk factor
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multiway distributions of risk factor prevalence in 1970, by age range, sex and
race

multiway distributions of risk factor prevalence for 25-year—old individuals in
1971 and beyond, by sex and race

distributions for each continuous RF category (used to assign risk factor values)

menopause status for a simulated woman and time since menopause (linked
with hormone replacement therapy use)

multipliers for each of the continuous risk factors (body mass index, red meat
consumption, fruit and vegetable consumption, physical activity) to reflect
cohort-specific changes each year, by age, birth year, sex and race

annual probabilities of uptake among non—users or of quitting among users (for
smoking, multivitamin use, and aspirin use) to reflect cohort-specific changes
each year, by age, birth year, sex and race

annual probabilities of uptake among non—users or quitting among users for

hormone replacement therapy use to reflect cohort—specific changes each year,
by year of menopause, time since menopause and race

Screening Parameters (see Screening Dissemination and Screening Effectiveness in

Component Overview)

1.

annual probability of getting screened in a year if previously unscreened, by
age, birth year, sex and race (for trends analysis)

distribution of screening modalities among screened persons (FOBT,
sigmoidoscopy, both, colonoscopy) (for trends analysis)

distribution of screening behavior among screened persons (low, moderate,
high), which influences compliance with a screening strategy

probabilities that a person with a low-risk or medium-risk adenoma will be put
on surveillance

sensitivities and specificities of all screening tests (by disease status)

mortality risk associated with colonoscopy

CRC Diagnosis Parameters (see Treatment Dissemination and Diagnosis Model in

Component Overview)

1
2
3.
4

indicator variable to indicate whether cancer has been diagnosed
age, stage, location and year of diagnosis
time since diagnosis in months

probability that a newly diagnosed CRC patient or a newly metastatic patient
receives chemotherapy (function of age, sex, race, stage, location, year) (for
trends analysis)

monthly cancer—specific mortality rates (function of age at diagnosis, stage,
location, treatment, year)

hazard ratio associated with treatment (function of age and stage)

Output Parameters (see Output Overview)

1.

2.

risk factor categories for a given year, as an external check and Healthy People
2010 website graphs (see Healthy People 2010)

incidence CRC cases and CRC deaths
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COMPONENT OVERVIEW

SUMMARY
This document outlines the key components of the SImCRC Model.

OVERVIEW

Major inputs into the model include (1) population demographics, (2) changes in risk
factors over time for a cohort, (3) changes in CRC screening over time, and (4) changes
in CRC treatment over time. The natural history model (see Natural History) tracks the
underlying progression of colorectal disease from normal colonic tissue to
development of adenomatous polyps to invasive cancer. Cancer incidence is affected
by the presence or absence of certain risk factors, and by screening. Cancer-specific
mortality is affected by incidence and treatment post-diagnosis. Key model outputs are
provided in Output Overview.

COMPONENT LISTING

Population Demographics

The simulated population consists of all persons 25 years or older at some point
between 1970 and the last calendar year of a given simulation (e.g., 2000). The
simulated population can therefore be broken into two types of cohorts:

1. Prevalent cohorts: all US persons 25-90 years of age in 1970. These cohorts
consist of people born in years 1880-1945 (total of 66 birth cohorts per sex and
race category).

Incident cohorts: new 25—year—old individuals who join the target population
every year after 1970 (e.g., 1971-2000). These cohorts are born in years
1946-1975 (total 30 birth cohorts per sex and race category).

Simulated persons face an annual rate of death from non—CRC causes each year based
on their age, sex, race and birth year. These rates are based on the US life tables.

Risk Factor Trends

For all birth cohorts, including prevalent and incident ones, individuals are assigned
initial risk factor values for each of eight risk factors (see Risk Factors CRC) by random
draw from an age (in decades), sex, and race-specific multiway distribution of the
eight risk factors (see Risk Factor Distribution). The is done in either 1970 for the
prevalent cohorts or the year when the ith incident cohort turns 25 years old (1970+). A
simulated person starts with his/her initial risk factor (RF) profile and then “drifts”
with annual changes in each risk factor (see Risk Factor Drifts) that are a function of
age, sex, race and birth year and reflect US population trends. The model allows for
three basic scenarios to be modeled for 1970-2000:

cohort-specific changes; risk factors change with age and year (default)

age—-specific changes; risk factors change with age but not year (used for Base
Case analyses)

no changes in risk factors over time (since 1970)

Screening Dissemination

Based on data from the National Health Interview Survey (NHIS) we have
incorporated the probability of being screened in any given year, based on age, sex,
race and calendar year among persons who have never been screened. Persons who
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will undergo screening are then assigned one of four recommended screening
strategies: annual FOBT, sigmoidoscopy every five years, annual FOBT and
sigmoidoscopy every five years, or colonoscopy every ten years, based on the current
recommendations. To account for the fact that screened individuals do not tend to
follow recommended screening schedules, we assign a screening behavior to screened
persons (i.e., low, moderate, high) that is linked with adherence rates that dictate the
probability that he or she will undergo a scheduled screening test. While there are no
national data that provide the level of detail necessary for describing screening
behavior, we input reasonable assumptions and then calibrate the Model outputs to
NHIS data regarding questions asked about a persons history of being screened with
FOBT within the past two years or ever screened with endoscopy (by age range, sex
and race).

Treatment Dissemination

The probability that a simulated person with a new diagnosis of CRC receives
chemotherapy is modeled as a function of stage at diagnosis, age, sex, race and
calendar year. These treatment patterns are based on analyses of the SEER-Medicare
linked dataset, and are extrapolated for patients aged less than 65 years at diagnosis.
We estimated the probability of receiving adjuvant chemotherapy with 5FU for
patients who are diagnosed with stage Il rectal cancer or stage III colon or rectal cancer.
In general, white patients are more likely to get treatment compared with black
patients, younger patients are more likely to get treatment compared with older
patients, stage III patients are more likely to get treatment compared with stage II
patients, and the overall chance of getting treatment increases with time. Starting in the
year 2000 we modeled the probability of receiving FOLFOX therapy instead of 5FU.
We also estimated the probability of receiving chemotherapy for patients who are
diagnosed with metastatic CRC. We modeled the dissemination of irinotecan starting
in 1996, oxaliplatin starting in 2001, and the newer therapies (cetuximab and

bevacizumab) starting in 2004. Projections of these dissemination probabilities are

based on anticipated diffusion patterns into the population on the basis of the 5FU
experience.

To account for changes that are not explained by dissemination of chemotherapy
regimens we model cancer-specific mortality as a function of the period in which the
cancer was diagnosed (1975-1982; 1983-1987; 1988-1990; 1991-1995; 1996-1999). The
treatment effects due to the dissemination of chemotherapy are adjusted out of each of
the period-specific relative survival curves.

Screening Effectiveness
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The ability of a screening test to decrease CRC incidence and mortality is modeled
through the removal of adenomas by colonoscopy and the early detection of preclinical
cancer. The screening component is run simultaneously with the Natural History
Model (see Natural History), which keeps track of the underlying disease status of each
simulated individual. The true disease status of the patient, along with the test
characteristics, will determine whether or not a test is positive or negative. Ultimately,
the adenoma-—carcinoma sequence can only be interupted by removal of an adenoma

by colonoscopy. For example, a person with a positive sigmoidoscopy finding who

fails to be adherent with a follow—up colonoscopy will not benefit from that screening
test.

Diagnosis Model

Patients who are diagnosed with CRC in the Model, either by symptom detection or by
a positive colonoscopy result, enter the Diagnosis Model. Each month, they face a
monthly cancer—specific mortality rate that is a function of sex, the stage at diagnosis,
age at diagnosis, year of diagnosis, time since diagnosis, and race (optional). These
rates are based on Cox proportional hazards models for relative survival applied to
SEER survival data. The SimCRC Model also has a separate post-diagnosis model that
simulates the risk of subsequent metastatic recurrence and only allows cancer deaths to
occur following an unresectable metastatic recurrence.
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OUTPUT OVERVIEW

SUMMARY
This document describes the general outputs of the SimCRC Model.

OVERVIEW

The SimCRC Model provides estimates of the number of incidence cases of diagnosed
CRC and cancer—specific deaths per calendar year, as a function of sex and race. These
outputs will be reported as age—standardized values.

The model also generates specific Base Case outputs to compare with the model
outputs from the other two CISNET models, as well as several outputs that allow for
calibration or validation of model inputs (see Results Overview).

OUTPUT LISTING

Base Case I

Base Case I assumes that no screening is performed, that risk factors change only with
age and not birth year, and that cancer-specific mortality does not changes with time
or treatment. Specific outputs generated are as follows, where age is in five-year age
groups and calendar year is 1978-2000:

1. number of incidence cases by age groups, sex, race, stage, location and calendar
year (1978-2000)

number of CRC deaths by age, sex, race, location and calendar year

population size by age, sex, race and calendar year

adenoma prevalence by age, sex, race, size, location and calendar year

number of preclinical cancers by age, sex, race, stage, location and calendar year

number of prevalent cases in 1978, by age, sex, race, stage and location

Base Case 11

Base Case II overlays a simple screening assumption onto the assumptions of Base
Case I. Specifically, we allow for a single screening event with 100% compliance
beginning in Year 1980 for those age 65. We consider 3 tests — colonoscopy, flexible
sigmoidoscopy, and fecal occult blood test with and without surveillance (colonoscopy
every five years for those with an adenoma found). Specific outputs generated are as
follows, where age is in five—year age groups (unless indicated otherwise) and calendar
year is 1978-2000:

1. number of screen—detected cases by age, sex, race, stage, location and calendar
year

number of symptom-detected cases by age, sex, race, stage, location and
calendar year

number of CRC deaths by age, sex, race, location and calendar year
population size by age, sex, race and calendar year
number of screenees by result (positive vs. negative), sex, race and calendar year

number of persons receiving a surveillance or follow—up test by age (65, 70, 75,
... 95, 100+), sex, race and calendar year

number of adenomas detected by age, sex, race, size, location and calendar year
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Output Overview simulated person for a specified Output Year (e.g., 1991).
Output Listing

1. age group, sex, race, risk factor value of each of eight risk factors, weighting
factor (indicates the number of persons in the US population represented by the
simulated person)

We compare the 1973, 1978, 1991, and 2001 risk factor distributions (by age, sex, race)
outputed by the model with the observed distributions from the four waves of
NHANES. We are also generating output of the implied risk factor trends using this
output mechanism for Healthy People 2010, and are providing input data for the other
modeling groups.

Screen Behavior Calibration

For screen behavior calibrations, the model outputs the following information for

every simulated person for specified Output Years between 1987 and 2010 to match
NHIS data on screening.

1. number of person who have ever been screened, by age group, sex, race and
calendar year

number of person who have ever been screened by endoscopy, by age group,
sex, race and calendar year

number of person who have ever been screened by fecal occult blood test, by
age group, sex, race and calendar year

number of person who have been screened by fecal occult blood test within the
past two years, by age group, sex, race and calendar year

CISNET Runs
For the CISNET analysis (1970-2000) or the Healthy People 2010 analysis (1970-2020)
we output the following:

1. number of incident CRC cases by five-year age group, sex, race, stage, location
and calendar year

number of CRC deaths by five—year age group, sex, race, location and calendar
year

population size by age, sex, race and calendar year

Page 17 of 42 All material © Copyright 2003-2015 CISNET




Ener

University of Minnesota
Results Overview

..

UNIVERSITY
OF MINNESOTA
Readers Guide
Model Overview
Assumption Overview
Parameter Overview
Component Overview
Output Overview

RESULTS OVERVIEW

SUMMARY

This section summarizes the key analyses done during the development of the SimCRC
Model, as well as initial results from the (relatively) completed model.

OVERVIEW

There are five general categories of model results
1. Model Development Results

We have several analyses that pertain to developing a small piece of the SimCRC
modeling puzzle. For example, the methods that we used to determine the effects
of the risk factors on the underlying progression of colorectal disease, or the

Results Overview approach that we took for calibrating the natural history model.

Key References Base Case Results

There are several Base Case analyses that have been done for purposes of
comparing outputs across the three CRC CISNET models.

Trends Results

We have initial results that explain the observed CRC trends over the past three
decades. These results utilize all aspects of the model to generate results.

Policy-Relevant Analyses

Analyses that addresses a particular policy-relevant question.

Miscellaneous Analyses

These include analyses that are not relevant to the above four categories.

RESULTS LIST
Model Development

1. Methods used to estimate cohort-specific risk factor drifts using the example of
body mass index (see Risk Factor Drift Method)

Methods used to estimate risk factor effects on the underlying natural history of
colorectal disease (see Risk Factor Effect Method)

Calibration methods for natural history model parameters (see Calibration
Method)

Trends Analysis

1. Examining CRC trends (see Examining Trends)

Policy—Relevant Analyses

1. Analysis of the degree to which meeting upstream Healthy People 2010 goals
for risk factors and screening acheive the downstream goal for CRC mortality
(see Healthy People 2010)

Projections of the impact in 2015 of optimistic disseminations about the use of
computerized tomographic (CT) colonography (see Policy Relevant Analyses)
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Miscellaneous Analyses

1. Evaluating the impact of using different estimates of non—cancer—specific

mortality on the relative proportion of cancer—specific mortality (see Non
Cancer Mortality)

Evaluating the impact of the US policy to fortify grains with folate (see Folate
Trends)
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RISK FACTORS CRC

The model incorporates the effects of eight modifiable risk factors associated with

CRC: body mass index (kg/m?), physical activity level (met-hours per week), fruit and

vegetable consumption (servings per day), multivitamin use (yes/no), smoking status
(number of cigarettes per day), red meat consumption (servings per day), aspirin use
(yes/no), and postmenopausal hormone replacement therapy use (yes/no). Risk factors
are categorized as shown below for purposes of estimating multiway distributions of
risk factor prevalence (by ten—year age group, sex, race, and calendar year).

Risk Factor Categories
Body mass index
Physical activity 0; 0.01-1.9; 2.0-9.9; 10.0+
Fruit and vegetable consumption 0-1.9; 2.0-3.9; 4.0-5.9; 6.0-7.9; 8.0+
Multivitiamin use non-user; user
Current smoker non-user; user
Red meat consumption 0-0.104; 0.105-0.43; >0.43
Aspirin use non-user; user

Hormone replacement therapy non-user; user

If a person is designated a smoker they are then assigned a number of cigarettes per
day on the basis of age-specific population distributions and are assumed to maintain
that level of intensity for as long they smoke.
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CALIBRATION METHOD

The model is calibrated by simulating the life histories of cohorts of individuals under
a given set of parameter values and comparing the model-predicted outcomes with
observed data on: (1) the prevalence and number of adenomas by age and sex from a
meta—analysis of autopsy studies; (2) the location and size/histology of lesions from

two colonoscopy screening studies!?; and (3) the stage— and location—specific incidence

of CRC by age, sex, and race from SEER. We assumed that each set of observed data
follows a multinomial distribution and calculated two likelihoods for each measure: (1)
the likelihood of generating the observed data with a particular set of parameter values
(i.e., the observed likelihood) and (2) the likelihood obtained if the model exactly
predicted the observed data (i.e., the maximum likelihood). Goodness of fit (GOF)
scores were calculated as —2 times the difference between the observed and maximum
log likelihoods. An overall GOF score that evaluated the simultaneous fit to the three
sets of observed data was calculated by summing the individual GOF scores; a
parameter set with a lower overall GOF score provides a better simultaneous fit to the
observed data. We used the Nelder and Mead Simplex algorithm to explore the
parameter space; this is a direct-search approach to finding the minima of a function.
The model with the best fit from the simultaneous optimization underpredicts
adenoma prevalence at younger ages and overpredicts at older ages. However, all
predictions are very close to falling within one standard error of the observed data. The
best—fitting model also provides an excellent fit to the overall risk of developing CRC
by age.

REFERENCES:

1 Imperiale, T.F., Wagner, D.R,, Lin, C.Y., Larkin, G.N., Rogge, ].D., Ransohoff, D.F.
“Risk of advanced proximal neoplasms in asymptomatic adults according to
the distal colorectal findings.” in N Engl ] Med 2000; 343: : 169-174

2 Lieberman, D.A., Weiss, D.G., Bond, ].H., Ahnen, D.]., Garewal, H., Chejfec, G. “Use
of colonoscopy to screen asymptomatic adults for colorectal cancer.” in N Engl ]
Med 2000; 343: 162-168
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RISK FACTOR DRIFTS

A simulated person starts with his/her initial risk factor (RF) profile and then “drifts”
with annual changes in each risk factor. For continuous risk factors: RF(year X+1) = RF
(year X)*drift(born Y, age A, sex, race); X=Y+A. Thus, a RF drift value greater than 1
indicates an increase, equal to 1 indicates no change, and less than 1 indicates a
decrease. For dichotomous variables, the drift values are either annual probabilities of
quitting usage (negative values) among users or annual probabilities of initiating usage
(positive values) among non-users.

Estimates of these risk factor drifts were derived from analyses of multiple waves of
the National Health and Nutrition Examination Survey (NHANES). We compiled three
waves of NHANES (NHANES [, 1971-1975; NHANES 11, 1976-1980; NHANES III,
1988-1994) and fit parametric polynomial regression models with age and calendar

year as explanatory variables. To estimate risk factor drifts for a particular birth cohort

over time, we used our models, increasing age and year simultaneously, to obtain
expected RF changes as the cohort ages. (See Risk Factor Drift Method for details.)

Model checks have been done to compare predicted RF cumulative frequency plots for
1978 with those from NHANES II data, predicted RF cumulative frequency plots for
1991 with those from NHANES III data, and predicted RF cumulative frequencey plots
for 2001 with those from NHANES 1999-2002. Model predictions tend to be close to
the observed data.
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Risk Factor Effect Method We used data from the Nurses' Health Study (NHS)! and the Health Professionals

Follow—up Study (HPFS)? to derive two stage-specific risk functions that describe the
relationship between the CRC risk factors and: 1) the development of an adenoma, and
2) the progression of an adenoma to preclinical cancer. The NHS began in 1976, when
121,700 registered nurses 30 to 55 years of age returned a mailed questionnaire that

M included details on risk factors for breast and other cancers. Follow—-up questionnaires

UNIVERSITY mailed every two years identify incident cancers and collect detailed information on
OF MINNESOTA

Readers Guide

Model Overview
Assumption Overview to study the dietary etiologies of heart disease and cancer. Risk factors for various

diet, physical activity, smoking history, and other exposures. The HPFS began in 1986
when approximately 51,500 male health professionals 40-75 year of age were recruited

Parameter Overview cancers were collected at baseline. Incident cancers are identified by follow—up
Component Overview questionnaires, which have response rates of 90% for every two—year cycle. Using data

Output Overview from these two cohort studies, we fit logistic regression models that describe the
Results Overview

relationship between CRC risk factors and the diagnosis of CRC, adjusted for
Key References

screening. Although the data from the NHS and the HPFS provide evidence on the
relationship between risk factors and the diagnosis of CRC in an unscreened
population of women and men, respectively, the natural history component of the
SimCRC Model requires the specification of the influence of risk factors on the
underlying progression of disease. To derive the necessary stage—specific risk
functions, we use a combination of simulation modeling with epidemiological analysis.

Evidence suggests that three of the risk factors — aspirin use, multivitamin use, and
smoking — act primarily on initial adenoma development, since it is the exposure to
these risk factors 10 to 15 years prior to CRC diagnosis that is significant. For the
stage—specific risk functions we assumed a logistic function for the relationship
between adenoma incidence (i.e., risk function 1) and adenoma progression (i.e., risk
function 2) and defined all variables in terms of current status (e.g., current aspirin
user, current smoker). However, in the logistic regression models that we estimated
from the cohort studies, the three risk factors with early effects were defined
differently, that is, using the duration of aspirin use, the duration of multivitamin use,
and the number of years since smoking was started.

We utilized the basic structure of our natural history model to empirically estimate the
effect of CRC risk factors on the unobserved states of colorectal disease. This was
accomplished by first specifying starting values for the risk factor effects (via the two
stage-specific risk functions), and then generating a hypothetical dataset of women or
men with characteristics that mimic the NHS or the HPFS, respectively, in terms of age
distribution and risk factor information (e.g., smoking behavior observed during the
study). We then analyzed this simulated dataset using regression methods analogous
to those used for the cohort study data to estimate the simulated relationship between
the risk factors, as defined in the cohort studies (e.g., duration of aspirin use), and
diagnosed CRC. The starting values for the risk factor effects were then revised and the
simulation process repeated in an iterative fashion until the relationship between the
duration of aspirin use and diagnosed colorectal cancer in the simulated dataset
matched the analogous relationship observed in the cohort studies.

REFERENCES:

1 Colditz, GA. “The Nurses’ Health Study: a cohort of women followed since 1976” in
JAMWA 1995; 50: 40-44, 63
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NATURAL HISTORY

SUMMARY

This document focuses on the natural history component of SimCRC Model. It
describes how we model the underying progression of colorectal disease, as well as
how we incorporate risk factors.

OVERVIEW

Our natural history model is a microsimulation model that tracks the development of
adenomatous polyps and their progression to underlying cancer within the proximal
colon, distal colon, and rectum for cohorts of 25-year—old individuals. We calibrate the
model by simulating the life histories of cohorts of individuals under multiple sets of
parameter values and comparing model-predicted outcomes with observed data on
adenomas (prevalence, location, type) and CRC (incidence, location, stage) using a
likelihood-based approach (see Calibration Method). This model also includes risk
factors and their effects on disease progression (see Risk Factor Effect Method).

Our SimCRC Model tracks multiple cohorts of individuals in order to simulate the US
population aged 25 and older starting in 1970 and projecting out to 2020. The
parameters that effect the underlying progression of disease are from the calibrated
cohort model.

DETAILS

States Tracked by the Model

For each of three locations (proximal colon, distal colon, and rectum) and subsites
within each location (6 for proximal colon, 3 for distal colon, 3 for rectum), one of the
following disease states is allowed:

disease free,

adenoma (low-risk, medium-risk, or high-risk),

1
2
3. preclinical cancer (by stage), and
4

clinical (diagnosed) cancer (by stage).

Temporal Aspects

Each year we allow a non—diseased colorectal segment to develop a low-risk adenoma,
a low-risk adenoma to progress to a medium-risk adenoma, a medium-risk adenoma
to progress to a high-risk adenoma, a high-risk adenoma to progress to preclinical
stage I cancer, preclinical stage I cancer to preclinical stage II cancer, preclinical stage II
cancer to preclinical stage III cancer, and preclinical stage III cancer to preclinical stage
IV cancer. Individuals with preclinical cancer can be symptom detected and transition
to a clinical (diagnosed) cancer state (of the same stage). In any year and from any
state, individuals can die of non—CRC causes (based on age, sex, race, and year).
Individuals with cancer can also die from CRC-related causes.

Key Attributes

Variables that affect the transitions among health states are age, sex, race, risk factors
(see Risk Factors CRC), a "propensity” factor, and location (proximal colon, distal
colon, rectum).
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RELEVANT ASSUMPTIONS

There are a number of assumptions that we make.

All colorectal cancers arise from adenomas.
We do not allow for adenoma regression.

Disease progression is independent of calendar year once we adjust for the risk
factor effects.

We allow for one additional person—specific parameter that affects the chance of
developing an adenoma (a propensity factor) in addition to the effects of the risk
factors.

RELEVANT PARAMETERS

See Parameter Overview.

RELEVANT COMPONENTS

The Natural History Model forms the basis of the SimCRC Model. The Risk Factor
Trends component of the overall model provides information to the Natural History
Model about the current risk factor values of each simulated person, thus allowing risk
factors and trends in risk factors to have an impact on the underlying progression of
disease.

Overlaid on the Natural History Model is a Screening Component, one that represents
screening dissemination in the US and thus dictates the chance that a simulated
individual will undergo a screening test (as a function of age, sex, race and birth year).
The other screening component determines the effectiveness of a screening test by its
ability to identify and remove an adenoma (based on the sensitivity of the test or
sequence of tests) or to diagnose preclinical cancer.

The Natural History Model endpoint is diagnosed CRC (or death from other causes).
Once a person is diagnoses with CRC they enter a Diagnosis Model.

See Component Overview for more details.

DEPENDENT OUTPUTS

The primary outputs from the Natural History Model are Base Case I outputs on

adenoma prevalence and cancer incidence (see Output Overview).

RELEVANT RESULTS
See Calibration Method and Output Overview (Base Case I).

All material © Copyright 2003-2015 CISNET




Ener

University of Minnesota
Adenoma Incidence

AR

UNIVERSITY
OF MINNESOTA
Readers Guide
Model Overview
Assumption Overview
Parameter Overview
Component Overview
Output Overview
Results Overview
Key References

Page 27 of 42

ADENOMA INCIDENCE

The annual probability of transitioning from no disease (ND) to low-risk adenoma
(LRA) within a subsite of the colorectal track is a function of age, sex, propensity factor
and risk factors:

1
1+ exp(—a — 7 — Buge * age — B, % X)

Pr(ND — LRA) =

ais an intercept term and varies by location (proximal cancer, distal cancer, rectum)
and sex. 7 is a propensity factor that is randomly drawn for each simulated individual
from the same distribution with variance o. 8,4 dictates the age effect on adenoma
incidence and varies by location and sex. o, 0, and 3, are estimated via the natural
history calibration (see Calibration Method).

B,sis a vector of parameters that describe the effect of a particular risk factor on
adenoma incidence and varies by location and sex. These parameters are estimated in a
separate calibration exercise in conjuction with analyses of the Nurses' Health Study
and Health Professionals' Follow—up Study (see Risk Factor Effect Method). X is the
vector of risk factor values for a simulated person for a particular year (see Parameter
Overview for risk factor parameters).
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ADENOMA PROGRESSION

The annual probability of transitioning from high-risk adenoma (HRA) to stage I
preclinical colorectal cancer (PCC) within a subsite of the colorectal track is a function
of age, sex, and risk factors:

1
1 +6l’p<—a _ﬁage *age — 7/=f *X)

Pr(HRA — PCC) =

ais an intercept term and varies by location (proximal cancer, distal cancer, rectum)
and sex. §,,. dictates the age effect on adenoma progression and varies by location and
sex. o and (3, are estimated via the natural history calibration (see Calibration
Method).

B¢ is a vector of parameters that describe the effect of a particular risk factor on
adenoma progression and varies by location and sex. These parameters are estimated
in a separate calibration exercise in conjuction with analyses of the Nurses' Health
Study and Health Professionals' Follow—up Study (see Risk Factor Effect Method). X is
the vector of risk factor values for a simulated person for a particular year (see
Parameter Overview for risk factor parameters).
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HEALTHY PEOPLE 2010

National health goals currently exist for a number of the health behaviors associated
with CRC, and for CRC screening. Healthy People 2010 is a set of health objectives set
forth by the US Department of Health and Human Services for the nation to achieve
over the first decade of the new century. The objectives aim to increase the quality and
length of life, and eliminate health disparities. The Healthy People 2010 goals include
targets for obesity, physical activity, smoking, folate intake for women of child—bearing
age, fruit and vegetable consumption, CRC screening, and CRC mortality.

Using the SimCRC Model, we conducted a formal analyses to determine the extent to
which the Healthy People 2010 cancer mortality goals are achievable. The results of
these analyses were presented at the NCI in June, 2004. Two modeling groups focused
on the CRC-related goals. Specifically, we used our models to link the Healthy People
2010 risk factor and screening goals with the CRC mortality goal of reducing the CRC
mortality rate to 13.9 deaths per 100,000. To do this, we generated model-predicted
CRC mortality rates in 2010 assuming that risk factor levels and screening rates do not
change from their 2000 values. Then we predicted CRC mortality assuming the
Healthy People 2010 risk factor and/or screening targets are met by the year 2010. We

found that if risk factors and screening rates do not change from the 2000 values, CRC
mortality in 2010 would be 19.4 deaths per 100,000. If the Healthy People 2010 risk
factor and screening targets are met by 2010, CRC mortality would fall to 17.7 CRC

deaths per 100,000. We found that if the current trends in risk factors and screening
continue through 2010, we would achieve 65% of the reduction in CRC mortality
needed to reach the Healthy People 2010 goal.
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RISK FACTOR DISTRIBUTION

For prevalent cohorts (i.e., persons 25 years of age or older in 1970) we randomly draw
from age (in decades), sex, and race-specific multiway distributions of the eight risk
factors (categorized). The matrices that represent the multiway distributions contains
4800 cells representing the probability of a US person in each 24 demographic group in
1970 fits into a particular risk factor profile. The number of cells (i.e., 4800) is
determined by the number of categories for each risk factor: 5 (body mass index) x 4
(physical activity) x 5 (fruit and vegetable consumption) x 2 (multivitamin use) x 2
(smoking status) x 3 (red meat consumption) x 2 (aspirin use) x 2 (hormone
replacement use). Once a particular risk factor category is determined for a simulated
individual, an actual value within that category is randomly assigned for
continuously—defined risk factors based on the distribution with the category (e.g., a
person in the body mass index category defined as 18.5-24.9 may be assigned a value
of 22.3).

The multiway distributions were first derived from NHANES III (1988-1994). We then
assume that the relative interactions among risk factors from NHANES III are the same
in 1970 and implement an iterative proportional fitting algorithm using the marginal
distributions estimated for 1970 (e.g., the marginal distribution for body mass index is
the proportions of the 1970 population that fall into each of the five body mass index
categories) and the multiway distributions from 1988-1994 to obtain multiway
distributions for 1970 (one for each of 24 demographic groups).

For incident cohorts we randomly draw from a sex and race—specific multiway
distribution that is generated for persons aged 26-34 years during the model
simulation from all of the prevalent cohorts and prior incident cohorts. The risk factors

that are drawn from these distributions are adjusted backwards using the risk factor

drifts to distinguish a 25-year—old individual from a 26-34 year—old group.

All material © Copyright 2003-2015 CISNET




Ener

University of Minnesota
Risk Factor Drift Method

AR

UNIVERSITY
OF MINNESOTA
Readers Guide
Model Overview
Assumption Overview
Parameter Overview
Component Overview
Output Overview
Results Overview
Key References

Page 31 of 42

RISK FACTOR DRIFT METHOD

Each year, the risk factor values for each simulated person are updated based on age-,
sex—, race— and birth year—specific changes over time, or drifts. Estimates of these risk
factor drifts were derived from analyses of multiple waves of the National Health and
Nutrition Examination Survey (NHANES). We illustrate our basic approach to
estimating risk factor drifts with an example using body mass index (BMI). We
adopted a similar approach for estimating risk factor drifts for the other risk factors,
although each individual risk factor analysis varied somewhat depending upon the
availability of the risk factor information in NHANES I.

We compiled three waves of NHANES (NHANES I, 1971-1975; NHANES 1I,
1976-1980; NHANES 111, 1988-1994) to model secular trends in risk factors at the
population level. We fit parametric polynomial regression models with age and
calendar year as explanatory variables to predict population mean BMI by age and
year. These models adjust for the characteristics of the sampling structures of the
different waves (i.e., strata, clusters, and unequal probability of sampling). We
accounted for the differences in BMI patterns by race and sex by fitting separate
models for four demographic subgroups: white men, white women, black men, and
black women. The fitted regression models allow for interpolation as well as
extrapolation to make projections for any given age and calendar year, allowing for
different age effects in different years. We used these models to predict mean BMI
values for individuals aged 20 to 90 years in calendar years 1970-2000. To evaluate
how well our model projects beyond the three NHANES survey periods, we compared
our fitted mean BMI values in year 2000 for each subgroup with the mean BMI values
from the recently released NHANES 1999-2000 data. The model predictions for the
year 2000 were very close to the actual national estimates from NHANES 1999-2000. In
23 out of 28 age-race—sex groups, the predicted BMI values fell within the 95%
confidence limits of the observed BMI means.

To estimate risk factor drifts for a particular birth cohort over time, we used our model,
increasing age and year simultaneously, to obtain expected BMI means as the cohort
ages. We then derived annual percent changes in mean BMI for each birth cohort. To
verify the face validity of these values, we compared them to observed longitudinal

BMI changes in two large—scale follow-up studies: Nurses’ Health Study (NHS) and
Health Professionals” Follow—up Study (HPFS). We compared three birth cohorts of
white women from the starting NHS cohort (in 1976) and three birth cohorts of white

men from the starting HPFS cohort (in 1986), using our model-based longitudinal
projections. Although we do not expect the mean BMI of these two selected groups to
be representative of average US persons, we anticipate that the longitudinal weight
changes will share similar patterns. As expected, the mean BMI among the NHS
cohorts was 2.26-6.21 kg (4.99-13.69 Ib) lower than the predicted US population for
average white women 1.65 meters (5’ 4”) in height. When we applied the predicted
cohort-specific annual changes derived from our models to each cohort using their
1976 baseline BMI means, the projected BMI in 2000 was within 5% of their observed
BMI in 1998. Similarly, the mean BMI for the three HPFES cohorts was 3.71 to 8.19 kg
(6.69-14.75 1b) lower than the predicted population means for white men 1.75 meters
(5'9”) in height for comparable birth years. Applying cohort-specific annual changes to
their starting mean BMI, the model-predicted BMI in 2000 was within 4% of the
observed values. The above comparisons provide external validity for applying our
longitudinal projections to subpopulations.
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EXAMINING TRENDS

We have completed an initial analysis of the CRC trends. During the period 1978 to
2000, approximately 2.52 million Americans were diagnosed with CRC and 1.25
million died from the disease. Our model estimates that the observed number of
incident cases represents a 4.7% reduction from the estimated number that would have
occurred if there had been no secular trends in risk factors and no dissemination of
screening over this time period (8.6% reduction in 2000). Changes in risk factors alone
account for 31.5% of the overall reduction, and 67.3% is attributable to screening. The
number of cancer deaths represents a 13.1% reduction from the estimated number that
would have occurred in the absence of changes in risk factors, screening, and treatment
(22.0% reduction in 2000). Advancements in treatment alone account for 59.9% of the
reduction, while risk factors and screening account for 7.8% and 30.7% of the decline,
respectively. From these analyses, we conclude that screening and advancements in
treatment have played significant roles in the declines in CRC incidence and mortality.
Our results suggest that cancer control policies should focus their efforts on ensuring

that patients with CRC receive the best-available care, and on increasing screening

dissemination rates. Even with only 34% of the population ages 50 years and older
undergoing endoscopy in the past decade, the dissemination of screening has played a
significant role in decreasing both CRC incidence and mortality. Widespread adoption
of screening could make significant inroads at reducing the burden of CRC.
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University of Minnesota Cost—effectiveness analysis of Stool DNA for the Centers for Medicare and
Policy Relevant Analyses

Medicaid Services

In 2007 the Centers for Medicare and Medicaid Services (CMS) requested a
cost—effectiveness analysis to assist in a National Coverage Determination for stool
DNA screening for CRC. MISCAN and SimCRC modelers performed a
M cost—effectiveness analysis of stool DNA testing (both version 1.0 and PreGen-PlusTM)
UI\'I\."t—;I{5|-'|'Y among the average-risk Medicare population to determine whether stool DNA testing

OF MINNESOTA could be cost—effective compared with CRC screening tests currently reimbursed by
Readers Guide
Model Overview

Assumption Overview
Parameter Overview strategies. Screening with the stool DNA test could be cost—effective at per—test cost $40

CMS!. Both models predicted that stool DNA testing every three or five years was both
less effective and more costly than the currently recommended CRC screening

Component Overview to $60 for 3—yearly stool DNA testing, depending on the simulation model used. The
Output Overview findings were consistent across the models and were relatively insensitive to changes
Results Overview in stool DNA test characteristics.

Key References
Decision Analysis for age to begin, age to end, intervals of screening, and screening
test for the USPSTF
In another policy-relevant analysis, the US Preventive Services Task Force (USPSTF)
requested a decision analysis to inform decisions about CRC screening, specifically to
determine the age to begin screening, the age to end screening, and screening

intervals?. This was the first time the USPSTF used a decision analysis in combination
with a systematic evidence review to inform their decisions. The CISNET-CRC models
provided standardized comparisons of 145 screening strategies using the best available
evidence for consideration by USPSTE. Several of these screening strategies gave
similar gains in life—years, provided that there is equally high adherence for all aspects
of the screening process. Under these conditions, the best screening strategies were
high—sensitivity FOBT (Hemoccult SENSA or IFOBT) performed annually,
sigmoidoscopy performed every 5 years with Hemoccult SENSA performed every 2 to
3 years, or colonoscopy performed every 10 years. Annual FOBT with a
lower—sensitivity test (Hemoccult II) and sigmoidoscopy alone resulted in fewer
life-years gained relative to other strategies. These analyses showed that stopping
screening at age 75 after consecutive negative screenings since age 50 provides almost
the same benefit as stopping at age 85 but with substantially fewer colonoscopy
resources and risk of complications.

Evaluation of CT-colonography for the Centers for Medicare and Medicaid Services
In May 2008 CMS requested a cost-effectiveness analysis to assist National Coverage

Determination for CT colonography screening for CRC3. The three CISNET-CRC
modeling groups showed that with perfect adherence to each test type, the predicted
life-years gained from screening for CRC with 5-yearly CT colonography were slightly
less than predicted life-years gained from 10-yearly colonoscopy, and if reimbursed at
approximately the same rate as colonoscopy screening (i.e. 488 USD per scan relative to
498 USD for colonoscopy without polypectomy), CT colonography was predicted to be
the most costly of the screening strategies considered. Screening with CT colonography
was predicted to be a cost-effective CRC screening option for the Medicare population
if the cost per scan were 105-208 USD, or if the availability of CT colonography
screening would entice a large fraction of the unscreened population to adopt
screening. The predictions were consistent across the models and were relatively
insensitive to changes in CT colonography sensitivity and specificity, screening
interval, and lesion size threshold for referring an individual for a follow—up
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colonoscopy for polypectomy. On May 12, 2009 CMS released its decision not to cover
CT colonography screening for Medicare enrollees; this decision was partially
informed by our analysis.

Evaluation of CT Colonography for the Institute for Clinical and Economic Review
(ICER)
Dr. Knudsen used the SimCRC model to estimate the incremental cost—effectiveness of

CT colonography screening for the Institute for Clinical and Economic Review (ICER)*.
Their analysis showed that compared to no screening, CT colonography every five
years from age 50-75 with referral to colonoscopy for individuals with lesions 26 mm
provides good value for money, with an incremental cost per life year gained of $1500.
However, when compared directly with colonoscopy every ten years over this age
range, CT colonography every five years was more expensive and only slightly more
effective than colonoscopy, with a cost—effectiveness ratio greater than $500,000 per life
year gained. An incremental cost per life year saved of $100,000 could be achieved for
CT colonography if the exam cost were approximately 47% that of colonoscopy. The
results of this analysis were used to inform the Washington State Health Care
Authority’s decision on coverage of CT colonography for state Medicaid enrollees and
state employees.

Evaluation of CT Colonography for ACRIN
The CISNET-CRC team has collaborated with the American College of Radiology
Imaging Network (ACRIN) to evaluate the cost—effectiveness of CT colonography as

performed in the NCTC trial®. The NCTC trial was a large multi-site study to assess

the accuracy of CT colonography for CRC screening in the general population and in
community-based practices. All three modeling groups collaborated with
CISNET-CRC affiliate member Dr. Vanness to conduct the cost—effectiveness analysis.
We simulated survival and lifetime costs for screening 50 year—olds in the US with CT
colonography every five or ten years and compared them to those from guideline
concordant screening using colonoscopy, sigmoidoscopy, Hemoccult SENSA, and
IFOBT and to those with no screening. Perfect and reduced screening adherence
scenarios were considered. We found screening with CT colonography likely to be
net-beneficial compared to no screening but more costly and less effective than other
non—CT colonography screening approaches.

Evaluation of CT Colonography for potential radiation exposure
CISNET-CRC modelers also assisted in analyses addressing concerns about risks of
radiation-induced cancers that might result from using CT colonography for routine

CRC screening®. The CISNET-CRC modelers collaborated with Dr. Amy Berrington
(NCI) to estimate the ratio of CRCs prevented to cancers induced (benefit-risk ratio)
associated with CT colonography screening every five years from age 50-80.
Radjiation-related cancer risk was estimated using risk projection models based on the
National Research Council’s BEIR VII committee’s report and screening protocols from
the ACRIN NCTC trial. The three CISNET-CRC models were used to estimate the
potential reduction in CRC cases and deaths from CT colonography screening. The
estimated number of radiation-related cancers from 5-yearly CT colonography
screening from age 50-80 was 150 cases per 100,000 individuals. The estimated number
of CRCs prevented by 5—yearly CT colonography screening from age 50-80 ranged
across the three microsimulation models from 3580 to 5190 per 100,000, giving a
benefit-risk ratio that varied from 24:1 to 35:1. The benefit-risk ratios for cancer deaths
were even higher than the ratios for cancer cases. These models suggest that the
benefits from CT colonography screening every five years from age 50-80 clearly
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outweigh the radiation risks.

Evaluation of Screening Programs, Including Follow—up

Several industrialized nations recommend the use of FOBT to screen for CRC but
guidelines often do not specify whether individuals with a false—positive test result
should continue with FOBT screening or switch to 10-yearly colonoscopy screening.
The SimCRC group, led by a visiting scholar from the University of Heidelberg, Dr.

Ulrike Haug, compared the effectiveness of different strategies for follow—-up of
patients with a false positive FOBT (Hemoccult II, Hemoccult SENSA or IFOBT),

including continued FOBT screening versus switching to screening colonoscopy”’. A

sensitivity analysis was conducted to examine the effect of assuming conditional
dependence of sequential testing among people without adenomas or CRC. The
preliminary analysis shows that switching to screening colonoscopy is the better
strategy for managing patients with a false positive FOBT result, especially in view of
the uncertainty regarding conditional independence of sequential testing among
people with a previous false positive.

The SimCRC modeling team estimated the comparative effectiveness of different

strategies for following individuals with a negative screening colonoscopy8. Guidelines
recommend that individuals with a negative screening colonoscopy repeat
colonoscopy screening in ten years. However, the impact of this versus other
follow—up strategies on health and economic outcomes is uncertain. The SimCRC
modelers compared four management strategies, starting at age 60, for individuals
with a negative colonoscopy at age 50: no further screening; annual IFOBT; 5 yearly CT
colonography; and 10-yearly colonoscopy. They found that continuing screening with
colonoscopy every 10 years was the most effective strategy for reducing the burden of
CRC. In settings with limited resources and/or limited colonoscopy capacity, resuming
screening at age 60 with annual IFOBT is also a reasonable approach. If the unit cost of
CT colonography were less than $342, CT colonography every 5 years would also be
advantageous from a cost-effectiveness standpoint.

The MISCAN and SimCRC modeling teams are evaluating the potential cost
implications for Medicare, Medicaid, and private payers from increased CRC screening
among pre-Medicare individuals (i.e., individuals aged 50-64 years). Increased
screening among this group is likely to result in earlier detection of CRC as well as
prevention of CRC from adenoma detection and removal. Both these factors may
reduce treatment costs. This work is being performed for the CDC.

The MISCAN and SimCRC modeling groups collaborated with NCI to create a CRC
Mortality Projections Website. This site provides a modeling tool that projects future
trends in CRC mortality and evaluates how potential increases in prevention,
screening, and access to state—of-the—science cancer treatment may affect future
mortality trends. It is intended for policy, legislative, and cancer—control planning staff
at the federal, state, and local levels, as well as advocacy and professional groups. It
features descriptions of and links to the Healthy People 2010 objectives relevant to
CRC. Results show that almost half of all CRC mortality can be eliminated by 2020 by
more fully utilizing cancer—control opportunities that we know are effective. Lower
levels of utilization will substantially reduce those gains. While increased use of
state—of-the-art treatment has the most immediate impact on mortality, over the
longer term screening has the largest impact. Changing the risk factor profile of the US
population to optimistic, but still realistic, levels will take many years to influence CRC
mortality trends, but the benefits extend well beyond CRC. Additional information can
be found online at cisnet.cancer.gov/projections/colorectal.
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Quality of care guidelines

Several additional pieces of work by CISNET-CRC team members focused on clinical
guidelines. Drs. Kuntz and Schrag worked with the Cancer Care Quality Measurement
Project, an interagency initiative to develop quality—of-care measures for cancer care

for evaluation by the National Quality Forum?. To assist the National Quality Forum,

the diagnostic component of SimCRC was used to assess the relative contribution of
four processes of care for improving cancer outcomes. SimCRC predicts that increasing
appropriate use of chemotherapy in the adjuvant and metastatic settings is likely to
provide a substantial reduction in CRC mortality. Improving CRC care delivery by
increasing the intensity of post-treatment surveillance or chemotherapy subsequent to
metastectomy will likely have minimal impact on reducing cancer mortality at the
population level.

Global screening programs

The SimCRC team is collaborating with Dr. Gabriel Leung to evaluate the
cost-effectiveness of population-based screening for CRC in Hong Kong. A version of
the SimCRC natural history model was modified to match data from Hong Kong on
CRC incidence (lower than the US) and stage distribution (more advanced disease than
the US). The modified model also incorporates Hong Kong life tables and reflects
clinical practice in Hong Kong. The results show that annual screening with IFOBT is
effective and provides good value for money. This research was presented at the
International Health Economics Association.
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NON CANCER MORTALITY

We constructed a simple Markov model to evaluate the impact of the relative
proportion of mortality at 5—years attributed to cancer depending on whether we

obtained estimates of non-cancer related mortality from: (1) the US general population

using life table data from the National Center for Health Statistics, or (2) cause—specific
estimates from SEER. For 60-69 year old patients with CRC, overall mortality was 43%
at 5 years. Using a life table method to partition mortality, 36% of patients had deaths
attributed to cancer and 7% died from other causes. In contrast, the cause-specific
method assigned 32% of the cohort to cancer-related and 12% to cancer—unrelated
deaths. We concluded that the strategy used to partition mortality may have an impact
on the results of decision analyses.
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FOLATE TRENDS

The 1998 mandate to fortify enriched grain products with folic acid in the US was
aimed to help prevent neural tube defects among pregnant women. To evaluate the
increase in folate in the population after fortification, we analyzed food, supplement,
and total folate intake by gender, age, and race/ethnicity using data from two waves of
the NHANES, one before and one after the policy was adopted. We compared pre—
and post—fortification distributions of total folate intake and proportions of the
population consuming more than 400 and 1,000 mcg/day of total folate. Overall, daily
food and total folate intake increased by approximately 100 mcg/day after fortification.
The proportion of younger women consuming greater than 400 mcg/day of folate has
increased since fortification, but has not yet reached the 50% target: 28%
(pre—fortification) vs. 33% (post-fortification) in white women; 19% vs. 23% in African
American women; and 15% vs. 28% of Mexican—American women. Among older
populations who may be at risk of B-12 deficiency masking, the percent that are
consuming over 1,000 mcg/day (the tolerable upper limit) increased after fortification
for whites and African American men, but remained unchanged for African American
women and decreased for Mexican—Americans.

We also developed a Markov model to simulate the effect of pre—versus—post
fortification changes in folate consumption on incidence of neural tube defects (NTDs),
myocardial infarctions (MIs), colon cancers, and B-12 masking. In each one—year cycle,
persons face age—, gender—, race/ethnicity—, and folate-specific risks of developing any
one of the four health outcomes (multiple events allowed), of staying disease—free, or
of dying. We calculated population burden of disease for non-Hispanic whites,
non-Hispanic blacks, and Mexican—Americans aged 15 and older among the civilian,

non-institutionalized U.S. population. The model predicted that in one year after
fortification, the following disease events would be averted: 181 NTDs; 30,541 MlIs; and
5,933 colon cancers. On the other hand, fortification was predicted to cause 96 new

cases of B-12 masking per year. There were substantial variations by race/ethnicity,
with whites showing greater percent reductions in disease risk as compared to blacks
and Mexican-Americans, due to the larger changes in folate intake after fortification
seen in whites. Whites also experienced the greatest numbers facing increased risk
from B-12 masking, again due to their larger increases in folate intake after
fortification.
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