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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. The CISNET model profile topics are not
necessarily meant to be read in sequential fashion, so the reader should feel free to
skip around as their interests dictate.

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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RAND Corporation Core Profile Documentation
Readers Guide

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.

RAND

il Model Overview
Readers Guide

Model Overview

Assumption Overview

Parameter Overview
Component Overview Assumption Overview

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

Results Overview

Key References

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

Component Overview
Describes the basic computational building blocks (components) of the RAND
model.

Natural History Component
Adenoma Risk Component
Transition To Preclinical CRC Component

Transition To Clinical CRC Component

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

information is available for each specific parameter.

Output Overview

Describes basic model outputs. Because we output complete information for our
simulated population, we are free to choose a wide range of model outputs. Current
model outputs are driven by comparisons with other CISNET models.

Results Overview
A guide to the results obtained from the model. At this time, our focus is on Bayesian

calibration of model parameters.

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

SUMMARY

The Colorectal Cancer Simulated Population model for Incidence and Natural history
(CRC-SPIN) was developed to explore trends in colorectal cancer (CRC) incidence and
mortality, to compare the effectiveness of different screening modalities, and to extend
results from clinical trials to mortality endpoints.

PURPOSE

CRC-SPIN contains three components that are used in combination to predict
outcomes: a natural history model, a calibration component, and a screening
component.

1) The natural history model describes the development of adenomas, preclinical
cancers, clinically detected cancers, and survival after detection. The purpose of the
CRC-SPIN natural history model is to parsimoniously describe the natural history of colorectal
cancer. (see Model Overview, the Natural History Component provides a brief
description).

2) The calibration component is used to combine information from multiple targets to
select good natural history model parameters. CRC-SPIN 1.0 was calibrated using an
approximate Markov Chain Monte Carlo approach, with calibration based on data
likelihoods (Rutter, Miglioretti, Savarino, 2009). CRC-SPIN 2.0 and later model
versions were calibrated using an Incremental Mixture Approximate Bayesian
Computation approach, which is a likelihood—free approach (Rutter, Ozik, DeYoreo,
Collier, under review). The Bayesian methods used for calibration result in a sample
from the posterior parameter distribution, which can be used to estimate the
uncertainty of model predictions. The purpose of the CRC—=SPIN calibration component is to
provide an objective, automated, data—based method for calibrating natural history model
parameters. A secondary purpose is to obtain posterior distribution estimates of model
parameters that can be used to describe uncertainty in model predictions.

3) The screening component simulates the action of screening tests by simulating the
occurrence of and outcomes from screening tests. CRC-SPIN simulates test
performance that depends on disease characteristics. For example, the sensitivity of
colonoscopy depends on lesion size. The purpose of the CRC—SPIN screening component is
to simulate and then compare model—predicted outcomes (such as incidence and mortality)
under a range of screening scenarios.

All material © Copyright 2003-2018 CISNET
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SUMMARY

The CRC-SPIN model simulates colorectal cancer disease trajectories for agents that
are part of population, cohort, or sample.
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. PURPOSE
RAND CRC-SPIN is used to examine the effect of screening on colorectal cancer (CRC)

COEFORATION

outcomes, including incidence and mortality. Additional details are provided in Model
Readers Guide

Model Overview
Assumption Overview

Parameter Overview BACKGROUND

Component Overview CRC is the third leading cause of cancer death in the United States. Randomized
Output Overview

Results Overview
Key References

Purpose.

controlled trials (RCTs) have shown that screening for CRC — using either fecal occult
blood tests (FOBT) or flexible sigmoidoscopy — can reduce CRC-mortality. Evidence of
the effectiveness of other tests is inferred from operating characteristics (sensitivity and
specificity) or from observational studies (e.g., case-control studies). Although RCTs
are a gold standard for evaluating the effectiveness of screening tests, it is impractical
or impossible to use RCTs to answer the full range of health policy questions about
CRC screening. This includes questions about the relative effectiveness of different
CRC screening strategies. Microsimulation models like CRC-SPIN provide a method
for addressing a broad range of questions about CRC screening.

MODEL DESCRIPTION

CRC-SPIN is a microsimulation model: it simulates individuals (or 'agents') but not
interactions between agents. For each agent, CRC-SPIN simulates disease trajectories
over a lifetime, including the occurrence and growth of adenomas, transition of
adenomas to preclinical CRC, death from CRC, death from other causes, and the
actions of screening on these trajectories. CRC-SPIN 1.0, developed in C#, is now
retired. CRC-SPIN was updated and recalibrated in January 2018. CRC-SPIN 2.0 and
beyond are written in R.

CRC-SPIN has four components:

adenoma risk;

adenoma growth;

1
2
3. transition from adenoma to preclinical cancer; and
4

transition from preclinical to clinical cancer (sojourn time).

Once CRC is clinically detected, CRC-SPIN stochastically assigns stage and size at
detection, and survival given stage at detection. CRC-SPIN simulates events in
continuous time, and simulates continuous (rather than categorical) adenoma and
cancer size.

CRC-SPIN components are described in detail in the Component Overview. Below, we
describe key assumptions, model inputs, and model outputs.

Key Assumptions: CRC-SPIN 2.x is built on the assumption that all CRC arises
through the adenoma-carcinoma process. (A CRC-SPIN version that incorporates the

sessile serrated polyp disease pathway is under development.) Another key
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assumption is that neither adenomas nor cancers regress, though adenomas can grow
very slowly. CRC-SPIN specifies a minimum adenoma size of Imm and a maximum

_ adenoma size of 50mm. (Cancer size may be larger.)
RAND Corporation

Model Overview
Model Description Agents may develop multiple adenomas. Every adenoma has the potential to develop
into preclinical cancer, so that agents may develop multiple colorectal cancers, and
thus may have multiple hypothetical cancer death times. In the absence of screening,
the first clinically detected cancer determines CRC survival. In the presence of
screening, the first screen— or clinically-detected cancer determines CRC survival,

though the removal of adenomas may prevent their transition to CRC.

CRC-SPIN incorporates the overall effect of changes in treatment on CRC survival,
which is simulated using a model based on analysis of SEER data. CRC survival is a
function of age, sex, cancer location (colon or rectum), stage, and year of diagnosis.
CRC-SPIN does not simulate the impact of specific treatments on colorectal cancer
outcomes, though this is a potential model extension.

CRC-SPIN is a “parallel universe’ model, and simulates outcomes for the same
population under different screening scenarios. The screening component can
accommodate complex screening scenarios, and is easily extended to incorporate new
screening modalities. The screening component includes two general types of
screening tests: an agent-level test that provides a single result for each agent, and a
structural exam that provides a result for each adenoma (and an overall agent-level
false positive rate). Colonoscopy is a special type of structural exam that can remove
adenomas and preclinical cancers. (In some simulations lesions may also be removed at
flexible sigmoidoscopy.) Agent-level tests include fecal-based tests of all types
(gFOBT, FIT, stool DNA) and could include blood-based tests. Structural tests include
flexible sigmoidoscopy, colonoscopy, CT colonography, and could include capsule
tests.

A more detailed description of CRC-SPIN assumptions is described in Assumption
Overview.

Model Inputs: CRC-SPIN includes relatively few calibrated parameters (v1.0: 23, v2.x:
22, see Parameter Overview). Model inputs refer to information, based on empirical
data, that is directly passed to the model. CRC-SPIN model inputs are:

¢ the distribution of adenomas over the large intestine (based on both autopsy and
screening colonoscopy studies),

the size distribution of clinically detected CRC (based on 1979 SEER data, prior to
the diffusion of screening),

the stage distribution of clinically detected CRC (based on 1979 SEER data), and

CRC relative survival, a function of stage, location (colon or rectum), sex, and age
at diagnosis (based on SEER data, see Rutter, Johnson, Feuer, et al, 2013)

Additional information about model inputs is provided in the Assumption Overview.

Model Outputs: CRC-SPIN simulates life events histories for agents both with and

without screening. Generated model outputs include: the prevalence and number of

adenomas across agents, rates of preclinical cancer, rates of clinical cancer (by location,
sex, and age), and mortality rates (by location, sex and age). Additional information is
provided in Output Overview.
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CONTRIBUTORS

Carolyn Rutter (PI), RAND Team (in alphabetic order:) Maria DeYoreo, Florentine
Eloundou, Chris Maerzluft, Angel Martinez

past contributors: Jessica Hwang, Eric Johnson, Tracey Marsh, Diana Miglioretti,
Chester Pabiniak, Jim Savarino
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ASSUMPTION OVERVIEW

SUMMARY

This document describes basic assumptions made by the CRC-SPIN natural history
and screening models.

BACKGROUND

Microsimulation models are complex and require assumptions about the functional
form governing simulated process.

ASSUMPTION LISTING

The most basic model assumption is that all cancers arise from adenomas.
(Development of a CRC-SPIN version that incorporates the sessile serrated pathway is
underway.) Model assumptions for each CRC-SPIN component are described below.

Detailed Description of Model Assumptions

Adenoma initiation assumptions
CRC-SPIN uses a non-homogenous Poisson Process to simulate adenoma occurrence.

* Adenoma risk systematically varies with age and sex. Calibration of a CRC-SPIN
model that allows adenoma risk to vary systematically by race is underway.
Adenoma risk stochastically varies across agents (some have higher risk than
others), and the distribution of agent-level baseline log-risk follows a normal
distribution.

Adenomas are independently located within each agent’s large intestine (e.g., we
do not model an agent-level tendency to develop adenomas in a specific location.)
The distribution of adenomas across the large intestine is uncalibrated and is
based on findings from 9 autopsy studies and one colonoscopy study not included
as calibration data. We assume that P(cecum)=0.08, P(ascending colon)=0.23,
P(transverse colon)=0.24, P(descending colon)=0.12, P(sigmoid colon)=0.24,
P(rectum) = 0.09.

Adenoma growth assumptions
CRC-SPIN simulates adenoma growth using a Richard’s growth model (Tjorve, Tjorve,
2010). This model includes the Janoschek model (used in CRC-SPIN 1.0).

* Adenoma growth parameters are constant over time. This does not imply constant
growth of adenomas over time.

Adenomas do not regress.

Adenoma growth parameters are independent within agents (for agents with
multiple adenomas).

The time to 10mm follows a Frechet (type II extreme value) distribution.
The minimum adenoma size is Imm.

The maximum adenoma size is 50mm.

All material © Copyright 2003-2018 CISNET
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Assumption Overview CRC-SPIN simulates the size of adenoma transition to cancer using log-normal
Assumption Listing

Size at transition to cancer assumptions

distribution.

¢ Cancer first grows within an adenoma, with the lesion size only increasing once
the cancer 'overtakes' the adenoma.

Most adenomas do not transition to cancer, and so most adenomas do not reach
their simulated transition size.

The minimum cancer size (size at transition) is 0.5mm. This is less than the Imm
adenoma size. Therefore, the minimum malignant lesion size is Imm.

The probability of transition to cancer is a function of adenoma size, sex, age at
initiation, and location (colon v. rectum). (Calibration of a CRC-SPIN model that

allows the size at adenoma transition to preclinical CRC to vary systematically by
race is underway.)

Cancer growth assumptions

¢ Cancerous lesions grow exponentially. The exponential growth rate is a function
of the size at transition (0.5mm), the size at clinical detection, and the time from
initiation to clinical detection (sojourn time). Given the exponential model and the
cancer growth parameter, cancer size can be calculated at any time during the
preclinical detectable phase.

Sojourn time and stage at detection assumptions

* Sojourn time depends only on location within the large intestine (colon or rectum),
and is independent across cancers within agents.

> CRC-SPIN V1.0 used a log-normal model for sojourn time.
o CRC-SPIN V2.x uses a Weibull model for sojourn time, with calibrated shape

and location parameters, and a proportional hazards model used to capture
differences in sojourn time by location.
Calibration of a CRC-SPIN model that allows sojourn time to vary

systematically by race is underway.

¢ Stage and size at clinical detection are model inputs, and are based on 1979 SEER
data that describe stage and size at clinical detection. The method for
incorporating this information into the model depends on the version.

CRC-SPIN V1.0 simulated size at clinical detection then stage at clinical
detection given size.

CRC-SPIN V2.x simulates stage at clinical detection then size at clinical
detection given stage at detection.

Size and stage at clinical detection are model inputs and are based on the SEER
distribution of cancer size in 1975-1979, years prior to widespread CRC screening.
CRC-SPIN 2.x uses stage at detection and the size at clinical detection stratified by
stage. CRC-SPIN 1.0 used the overall size distribution and stage at detection given
size at detection.

Survival assumptions
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CRC survival depends only on stage at diagnosis, age at diagnosis, location (colon
or rectum), sex, and year of diagnosis.

RAND Corporation . . . . . . . .
Assumption Overview Survival following detection is a model input, and is based on relative survival

Assumption Listing conditional on stage at diagnosis, age at diagnosis and sex (as provided in Rutter,
Johnson, Feuer et al. 2013).

Future models that incorporate race will specify survival that also depends on
race.
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COMPONENT OVERVIEW

SUMMARY
This page describes the components of the CRC-SPIN natural history model.

OVERVIEW

There are four key components of the CRC-SPIN natural history model: 1) Adenoma
risk; 2) Adenoma growth; 3) Size at transition to preclinical CRC; and 4) Time
transition to clinical CRC and stage at diagnosis. Together, adenoma growth and size
at transiting to preclinical CRC determine the time to transition to CRC. After
transition to clinical CRC, the model assigns stage at diagnosis and survival given
stage at diagnosis.

CRC-SPIN is used to simulate events for individuals (or "agents’) in a population,
sample, or cohort, by combining an age-sex distribution with a target population size.
The age-sex distribution of simulated agents is a model input. The CRC-SPIN model
can simulate population cohorts that have identical birthdays or have the same
birth—year (or were born in a particular period). It is also possible to specify a
sex—specific age distribution at a point in time, and then simulate these agents forward.
The ability to specify more flexible age distributions is important for model calibration
and validation.

COMPONENT LISTING

Adenoma Risk: CRC-SPIN simulates the occurrence of adenomas within agents using
a non-homogenous Poisson process that allows adenoma risk to vary by age and sex
(see Adenoma Risk Component for more details). The adenoma risk model is based on
a Bayesian meta—analysis of 14 autopsy studies (Rutter, Miglioretti, Yu. 2007), which
showed excellent fit to both the autopsy studies used for estimation, and to 4 screening
colonoscopy studies used for validation.

Once adenomas are initiated, the CRC-SPIN model assigns their location using a
multinomial distribution across 6 possible sites of the large intestine (from proximal to
distal): 1) cecum; 2) ascending colon; 3) transverse colon; 4) descending colon; 5)
sigmoid colon; 6) rectum. Overall location probabilities are not calibrated.

Adenoma Growth: The adenoma growth model is based on simulating the time it
takes an adenoma to reach 10mm. This is then used in combination with a growth
model to determine adenoma size at any point in time, which is needed to determine
the outcomes of simulated tests. Adenoma size is also needed to determine the time at
transition to preclinical CRC.

Size at Transition to Preclinical CRC: The model for transition to preclinical cancer is
based loosely on autopsy studies of adenoma size and the presence of preclinical
cancer. CRC-SPIN simulates the size at adenoma transition to preclinical invasive CRC
using a lognormal model.

The time from adenoma initiation to transition to preclinical cancer is based on the

combination of simulated adenoma growth and the simulated size at transition to
preclinical cancer (see Transition To Preclinical CRC Component for more details).

All material © Copyright 2003-2018 CISNET
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Time to transition From Preclinical to Clinical CRC: CRC-SPIN V2.x uses a Weibull
distribution for sojourn time. (CRC-SPIN 1.0 model used a log-Normal distribution.)
The CRC-SPIN model does not include agent-level covariates in the sojourn-time
model, though models that incorporate race will include an effect of race in the
proportional hazards sojourn time model.

Cancer stage and survival are based on models that use Surveillance Epidemiology

and End Results (SEER) data. In particular, we model the stage at clinical detection and

then size conditional on stage. (The CRC-SPIN 1.0 model simulated cancer size, and
then stage given size.) The size during the preclinical detectable phase is calculated
assuming an exponential cancer growth model in combination with the size at
transition to invasive cancer (0.5mm), the size at clinical detection, the time from
initiation to clinical detection (sojourn time).

Survival after CRC detection is modeled as a function of age at diagnosis, sex, location
(colon or rectum, stage, and year of diagnosis. Survival curves are based on analysis of
SEER data. Models that include race will specify separate survival functions for black
and white agents (in addition to effects of age at diagnosis, sex, location, stage, and
year of diagnosis).

All material © Copyright 2003-2018 CISNET
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NATURAL HISTORY COMPONENT

SUMMARY

This document describes the Natural History model and the specific components we
use to model agents' progression from a disease free state to diagnosis.

OVERVIEW

The CRC-SPIN natural history model simulates adenoma development, growth and
transition to cancer. CRC-SPIN allows disease processes to depend on age, sex, and
adenoma location (colon or rectum), but does not incorporate other risk factors.

DETAILS

There are four key components of the CRC-SPIN natural history model: 1) Adenoma
risk; 2) Adenoma growth; 3) Size at transition to preclinical CRC; and 4) Time
transition to clinical CRC and stage at diagnosis. Together, adenoma growth and size
at transiting to preclinical CRC determine the time to transition to CRC. After
transition to clinical CRC, the model assigns stage at diagnosis and survival given
stage at diagnosis. These are described more fully in the Model Overview and in the
separate model compents (Adenoma Risk Component, Transition To Preclinical CRC
Component, Transition To Clinical CRC Component).

RELEVANT ASSUMPTIONS

The most basic model assumption is that all cancers arise from adenomas. In addition,
at this time, we assume that risk for adenomas depends only on sex and age, and does
not otherwise vary over time. CRC-SPIN includes stochastic variability in risk, but
does not link risk across components. For example, at any given size, fast growing
adenomas are no more likely to transition to cancer than slow-growing adenomas. For
a complete listing of assumptions see Assumption Overview.

RELEVANT PARAMETERS

Parameters associated with the CRC-SPIN natural history model are described in the
Parameter Overview

RELEVANT COMPONENTS

The separate components of the natural history model are described in the following
pages:

¢ Adenoma Risk Component : A non-homogenous Poisson Process that allows risk
to change with age and to depend on sex.

Transition To Preclinical CRC Component : This model component is composed of
two separate models, one describing adenoma growth and another describing the
size at adenoma transition to preclinical cancer. CRC-SPIN simulates the time it
takes for each adenoma to reach 10mm, and then simulates the size at any point in
time using a Richards growth model that limits the maximum adenoma size to
range from Imm to 50mm. The size at transition to preclinical cancer is simulated
using a lognormal model. Together, the growth model and the size at transition
determine the time at adenoma transition to preclinical cancer.
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% ¢ Transition To Clinical CRC Component : Sojourn time is modelled using a Weibull
distribution that describes sojourn time and the variability of sojourn time across

RAND Corporation . .
Natural History Component agents. The effect of location (colon or rectum) is incorporated through a

Dependent Outputs proportional hazards model. (CRC-SPIN 1.0 used a log—normal distribution, with
a two parameters for each location. CRC-SPIN 2.0 used a Weibull model with
shape parameter set to 5 and one parameters for each location.)

Adenoma Stage and Survival, and Survival after CRC detection are uncalibrated model
inputs (see Component Overview).

DEPENDENT OUTPUTS

The CRC-SPIN natural history model is a "parallel universe' model, that simulates
complete life histories for all agents. These life histories include: age at adenoma
initiation, transition(s) to preclinical cancer, age(s) at clinical cancer detection, age at
colorectal cancer death, and age at non-CRC death. Transition times and CRC death
ages are calculated both with and without screening. CRC-SPIN uses a shared uniform
random deviate to link survival when a cancer is screen—detected rather than
clinically-detected. .
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ADENOMA RISK COMPONENT

SUMMARY

The occurrence of adenomas is simulated using a non-homogenous Poisson process
that allows risk to depend on sex, and to increase with age.

OVERVIEW

The CRC-SPIN adenoma risk model is based on a Bayesian meta—analysis of 14
autopsy studies (Rutter, Miglioretti, Yu, 2007). The meta—analytic model showed
excellent fit to both the autopsy studies used for estimation, and to 4 screening
colonoscopy studies used for validation.

DETAIL

Let ¢/;(¢) denote the jth agent's instantaneous risk of an adenoma at time ¢. The risk of
developing adenomas differs for men and women and increases with age. To allow
flexibility, CRC-SPIN describes log-risk as a piecewise linear function of age. The risk
of an adenoma developing in the ;th agent at time ¢ is given by

4 k
Vi(t) = exp (am + o sex; + Z 0(Ax < age;(t) < Apyr) {agei(t)a% + Z Ajlag j-1 — ag;) })
k=1 7=2
where ap; describes an agent's baseline risk; o describes the difference in risk for
women (sex; = 0) relative men (sex; = 1); @ describes changes in risk with age (in
years) in the th interval; and §() is an indicator function, with §(z) = 1 when z is true
and §(z) = 0 otherwise.

Given ¢,(t), the number of adenomas an agent develops by time ¢, has a Poisson
distribution with mean

Wi(t) = [ i(u)duw given by

» ‘ e2kmin(Ai1.a96(t)) _ paopAy
lI]Z(t) _ en,o1+mscm, Z {6(ag€1<t> > Ak) < or ) exrp Z Aj(ag j-1— Ole)
2k -
Jj=2

k=1

The baseline distribution of adenomas across the large intestine is based on combined
information from 9 autopsy studies. These data were combined using a Bayesian
Multinomial model with a Dirichlet prior for unknown probabilities. These baseline
probabilities are: P(cecum)=0.08, P(ascending colon)=0.23, P(transverse colon)=0.24,
P(descending colon)=0.12, P(sigmoid colon)=0.24, P(rectum) = 0.09, a distribution that is
similar to the observed distribution in a relatively recent study of virtual and optical
colonoscopy in a minimally screened population (Pickhardt et al. NEJM, 2003).

RELEVANT ASSUMPTIONS

The risk of developing adenomas in childhood is extremely low. The CRC-SPIN model
does not simulate the development of adenomas until age 20. The CRC-SPIN adenoma
model specifies ' = 4 fixed age-risk intervals: [20,50), [50,60), [60,70), and > 70, so that
A =20, Ay = 50, A3 = 60, A; = 70 and Ay = oo (effectively 120 years old). Risk increases
log-linearly within these age intervals.

All material © Copyright 2003-2018 CISNET




% Agent-level baseline risk (ag;) results in clustering of adenomas within agents, so that
, high-risk agents develop more adenomas than low-risk agents. Agent-level baseline
RAND Corporation . i . . . oo
Adenoma Risk Component risk, ay;, is assumed to be independently and identically distributed Normal(c,0.)
Relevant Parameters
across agents.

RELEVANT PARAMETERS
The CRC-SPIN adenoma risk model includes 7 parameters:

ap, Expected baseline log-risk
0,, Standard deviation of baseline log—risk
a1, The effect of sex on risk

agr, k=1,...,4, The effect of age on risk.

RELEVANT COMPONENTS

The adenoma risk model starts the process that eventually leads to colorectal cancer.
There are no subcomponents of this process. All subsequent adenoma processes
(growth, transition to cancer) depend on the adenoma risk model.

DEPENDENT OUTPUTS

The number of adenomas within each agent over time, when each was initiated, and

their locations in the large intestine.
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TRANSITION TO PRECLINICAL CRC
COMPONENT

SUMMARY

Transition to preclinical CRC is modeled as a function of adenoma size. Thus, the
CRC-SPIN transition model is based on on two sub-models, one for adenoma growth
and another for cancer as a function of size.

OVERVIEW

Adenoma growth is modeled using the Richards growth model, parameterized in
terms of the median time to reach 10mm. Transition to clinical CRC is modeled as a
function of adenoma size, with transition probabilities based loosely on autopsy
studies of size and presence of invasive cancer.

DETAIL

Adenoma growth model
Adenoma growth is simulated using the Richards growth model:

do !

1/p
dw(t) = doo 1+ (d—) —1 exp(—)\ijt)

where d, is the maximum possible adenoma diameter, ¢ is the minimal detectable
adenoma diameter, and );; is the growth rate for the jth adenoma within the ;th agent.

The Richards model is a general growth curve model that is primarily used in studies
of animal growth. This model offers several advantages over other models of tumor
growth. Unlike the Gompertz and logistic models, it allows relatively fast early growth
with an asymptote at d,.. Adenoma size is assumed to range from a minimum of d, =
Imm to d., = 50mm. CRC-SPIN 1.0 used a Janoschek model, with p = 1. CRC-SPIN 2.x
treats p as a calibrated parameter.

Clinical information is not available for growth model parameters. Instead, there is
expert opinion about the expected time it takes and adenoma to reach 10mm and
information about the size of detected adenomas. To better incorporate this
information, the CRC-SPIN model specifies adenoma growth in terms of the time, in
years, that it takes for an adenoma to reach 10mm,

ol (001227
10mm = \ ((do/doo)l/p _ 1)

t10mm 1S simulated using a Frechet (or Type 2 Extreme Value) distribution with scale
parameter 3; and scale parameter 3,. The cumulative distribution function given by

Flt) = exp | — (é) -
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for ¢+ > 0. This is equivalent to using a type I extreme value distribution on in(t,0,., )-
The Frechet distribution has a long right tail but does not heavily weight small values
that indicate fast growth.

Calibration of the CRC-SPIN 2.x model incorporated information about adenoma
growth from a recent study that examined individuals with two screening
colonoscopies that were approximately ten years apart (Ponugoti and Rex, 2017) and
found that advanced adenomas were detected in only 3% of individuals at the second
screening. Based on this, adenoma growth parameters were bounded so that the
probability of an adenoma reaching 10mm within 10 years ranged from 0.001 to 0.25.

CRC-SPIN specifies separate growth distributions for colon and rectal adenomas, with
parameters (3;., 32.) and (3y,, 5,), respectively.

Model for Size at Transition to Preclinical Cancer

Information about adenoma transition to preclinical invasive disease comes from
autopsy and colonoscopy studies of adenomas examining the rate of preclinical
invasive disease by adenoma size. The CRC-SPIN adenoma transition model is loosely
based on on autopsy study results of Nusko and colleagues (1997). This study included
information about preclinical cancer rates in the colon and rectum from 11380
adenomas removed endoscopically or by surgical resection between January 1978 and
December 1993. Other information comes from a study of follow—up colonoscopy that
provides evidence that the probability of transition depends on the age of the
individual at the time of adenoma initiation (Yamaji et al., 2006).

Adenomas in the rectum appear to transition to cancer earlier than adenomas located
in the colon. This possibility is further supported by clinical cancer rates. Relatively few
adenomas occur in the rectum (approximately 9%), yet nearly a third of clinically
detected colorectal cancers are located in the rectum (based on 1975-1979 SEER data).

CRC-SPIN uses a log—normal model for the size at adenoma transition as a function of
sex, location, and age at adenoma initiation, that is, the log-size at transition preclinical
invasive CRC has a normal distribution. CRC-SPIN 1.0 assumed that standard
deviation of log-size at transition was 0.5, with mean:

Hy = Yo+ ’Yl(sf + Y20, + ’)/35f5r—|—
<74 + Y501 + Y60, + 70 fér) (age at initiation — 50).

Where §; = 1if the agent is female and is zero if male, and §, = 1if the adenoma is
located in the rectum and is zero if in the colon.

CRC-SPIN 2.x calibrates the standard deviation of the log—size at transition and
assumes it has mean:

fy = Yo+ 7105 + Y20, + Y30 10, +
v4(age at initiation — 50) + vs(age at initiation — 50)

RELEVANT ASSUMPTIONS

Key assumptions made by the CRC-SPIN adenoma transition model are:
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Adenomas do not regress, though they may grow very slowly;

The minimum adenoma size (size at initiation) is Imm and the maximum adenoma
size is 50mm;

The probability of transition to cancer is a function of adenoma size, adenoma
location, and age at adenoma initiation.

The Richards model adequately describes adenoma growth, the type 2 extreme
value distribution adequately describes the variability in time to 10mm across
agents, and the Lognormal model adequately describes the probability of
transition as a function of size.

RELEVANT PARAMETERS

A full description of the parameters included in this component is provided in our
Parameter Overview.

The CRC-SPIN adenoma transition model includes 11 parameters, 4 are associated
with the adenoma growth and 7 are associated with the transition to invasive CRC.

Adenoma Growth:

® 4 parameters are associated with the Type 2 extreme value distribution used to
model median time to 10mm: 3,,, Fa,, 51, and Sy,

Transition to Preclinical (Invasive) CRC:

¢ 7 parameters are associated with the location—specific logistic regression models:
Yo, 15 - - -, 77, and 04, the standard deviation of the underlying standard deviation.

RELEVANT COMPONENTS

The adenoma transition component includes two subcomponents, one describing
adenoma growth and the other describing the transition of adenomas to cancer as a
function of size.

DEPENDENT OUTPUTS

The growth model is used to simulate adenoma size at any point in time (size is used
to determine the accuracy of some screening tests). The size at adenoma transition to
preclinical invasive CRC is used to calculate the time/age at transition to preclinical
cancer.

RELEVANT RESULTS

The key result from this component is the time from adenoma occurrence to transition

to preclinical cancer. As noted above, adenoma size is also important because of its
effect on screening accuracy.
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TRANSITION TO CLINICAL CRC
COMPONENT

TIME TO CLINICAL CANCER AND STAGE AT DETECTION

These components are described separately, below.

Time to Clinical Cancer

The time from preclinical detectable cancer to clinical disease is known as sojourn
time. For modeling purposes, all preclinical cancer is detectable, and so sojourn time
begins at the time of transition to preclinical cancer and ends at transition to clinically
detectable cancer.

e CRC-SPIN 1.0 used a log—normal distribution for sojourn time.

¢ CRC-SPIN 2.x simulates sojourn time using a Weibull proportional hazards
model. Both the shape and scale of the Weibull distribution are calibrated. The
proportional hazard regression incorporates differences in sojourn time for
adenomas in the colon and rectum, and will be used to simulate differences in
sojourn time by risk factors (e.g., race).

rp(psrectum;
F(t) = [1 = eap(—(t/m))] e
Under this model, mean sojourn time is given by [, 1'(1 + 1/ uy)]c#(ksTeCtUIM,),

Size and Stage at Detection

Size at clinical detection is needed to simulate cancer size during the preclinical
detectable period. Cancer size affects the sensitivity of screening tests, especially
endoscopic screen detection. Size at detection is also related to stage at detection which
is used to simulate survival.

¢ CRC-SPIN 1.0 simulated size at clinical detection and then stage at detection
conditional on size.

CRC-SPIN 2.x simulates stage at clinical detection, and then size at detection
conditional on stage. Simulating stage at clinical detection directly allows greater
flexibility in specification of the stage distribution. Information about size and
stage at clinical detection is based on SEER data from 1975-1979 (i.e., prior to
diffusion of colorectal cancer screening).

Survival

Our CRC-survival model is based on SEER data describing survival for cases
diagnosed from 1975 to 2003. The CANSURYV program (http://srab.cancer.gov/
cansurv/) was used to estimate proportional hazard model that were stratified by
location (colon or rectum) and AJCC stage with age and sex included as covariates.
Models under development that incorporate race will specify that survival also
depends on race using the same data (see: Rutter, Johnson, Feuer, et al., 2013).

Other—cause mortality was modeled using all-cause survival probabilities based on

product-limit estimates for age and birth—year cohorts from the National Center for
Health Statistics Databases (US Life Tables, 2000).
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PARAMETER OVERVIEW

SUMMARY
This document describes calibrated CRC-SPIN parameters.

BACKGROUND

Parameters are tied to observed data through calibrated using incremental mixture
approximate Bayesian computation (IMABC; Rutter, Ozik, DeYoreo, Collier, under
review).

Calibration uses targets based on unscreened or minimally screened samples and
populations. Model validation more readily incorporates information from screened
samples and populations.

PARAMETER LISTING OVERVIEW
Natural History Model Parameters

Adenoma Risk: 7 Parameters (Adenoma Risk Component)
CRC-SPIN uses a non-homogeneous Poisson process to simulate adenoma occurrence

Expected baseline log—risk: ag
Standard deviation of baseline log-risk: o,
The effect of sex on risk: a;

The effect of age on risk: @, k = 1, ..., 4. CRC-SPIN simulates change in risk for 4
age groups: [20, 50), [50, 60), [60, 70), and > 70. Calibration results indicate that risk
slows and may decline after age 70.

Adenoma Growth: 4 Parameters (Transition To Preclinical CRC Component)
CRC-SPIN simulates the time to reach 10mm using a Fréchet (Type 2 Extreme value)
distribution for adenoma growth, assuming mutual independence for all parameters:

* B, By shape parameters for adenomas in the colon and rectum, respectively

® B, B, scale parameters for adenomas in the colon and rectum, respectively

Adenoma Size at Transition to Preclinical CRC: 7 estimated Parameters (Transition To
Preclinical CRC Component)

¢ Opverall intercept, log-size at transition: o
e Sex effect: V1
Location effect (colon / rectum): 72
Interaction between sex and location: 73
(log) linear effect of age at initiation: 74
(log) squared effect of age at initiation: 7;

standard deviation of log-size at transition: o,
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Time to Clinical Cancer Component: 3 Parameters (Transition To Clinical CRC Component)

e Weibull scale parameter:
* Weibull shape parameter: 2

* log-proportional hazards, sojourn time for rectal cancers: 3
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OUTPUT OVERVIEW

SUMMARY

CRC-SPIN microsimulation model outputs.

OVERVIEW

The CRC-SPIN model results in a person— and adenoma-objects that contain the life
event histories for the entire simulated population. For each agent, this includes the
timing of adenoma occurrence, the timing of transition to preclinical cancer, the timing
of transition to clinical cancer, stage and size at clinical detection, survival after
detection, and other—cause death date. Summary results are based on post-simulation
processing of these life histories. Adenoma and preclincal cancer size can be calculated
at any point in time because the adenoma object includes adenoma and cancer growth
rates, we can calculate

OUTPUT LISTING

Reports are often generated using annual summaries, which are generally aggregated
by location (proximal colon, distal colon, rectum), age, sex and year. These summaries
include:

* adenoma prevalence

e the average number of adenomas within individuals
¢ preclinical cancer prevalence

¢ clinical cancer prevalence

¢ colorectal cancer mortality

¢ overall mortality

CRC-SPIN has great flexibility, in terms of the outputs simulated from natural history
trajectories. For example, because CRC-SPIN is a 'parallel universe' approach
(modelling outcomes for agents both with and without screening), it is possible to
calculate the simulated disease—free years attributable to screening.
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RESULTS OVERVIEW

SUMMARY

Here, we provide a very brief overview of our calibration model and model
applications.

OVERVIEW

The Bayesian calibration approaches used for the CRC-SPIN model results in
simulated draws from the posterior distribution of model parameters given calibration
targets. The CRC-SPIN 1.0 model used a likelihood—based approach that used an
approximate Markov Chain Monte Carlo approach. CRC-SPIN 2.x models are
calibratedl using Incremental Mixture Approximate Bayesian Calibration IMABC), a
likelihood-free approach. Bayesian calibration has several advantages over frequentist
calibration methods, including the ability to simultaneous calibrate the model to
multiple targets, incorporation of information via prior distributions, and the ability to
simulate draws from the posterior distributions so that they can be used to inform
parameter uncertainty and to propagate this uncertainty through the microsimulation
model.

The CRC-SPIN 1.0 model has been used to estimate the comparative effectiveness of
different screening regimens and has been validated through comparative modeling
exercises within CISNET and through external validation to the UK Flexible
Sigmoidoscopy study. The CRC-SPIN 2.x model updates this model and is used in
publications after September 2018.

RESULTS LIST

Model results can be found in publications, listed below.

e Zauber AG, Knudsen AB, Rutter CM, Lansdorp-Vogelaar I, Savarino JE, van
Ballegooijen M, Kuntz KM. Cost-Effectiveness of CT Colonography to Screen for
Colorectal Cancer: Report to the Agency for Healthcare Research and Quality from
the Cancer Intervention and Surveillance Modeling Network (CISNET) for
MISCAN, SimCRC, and CRC-SPIN Models. January 22, 2009. Available from:
https://www.cms.gov/medicare-coverage-database/details/technology-
assessments-details.aspx?TAId=58

Rutter CM, Miglioretti DL, Savarino JE. Bayesian calibration of microsimulation
models, Journal of the American Statistical Association, 2009; 104(488):1338-1350.
PMCID: PMC2805837.

Rutter CM, Savarino JE. An evidence-based microsimulation model for colorectal
cancer, Cancer Epidemiology Biomarkers and Prevention, 2010; 19(8):1992-2002.
PMCID: PMC2919657.
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196:816-823. PMCID: PM(C3470483.

Kuntz KM, Lansdorp-Vogelaar I, Rutter CM, Knudsen AB, van Ballegooijen M,
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adenoma progression, Medical Decision Making, 2011; 31:530-539. PMCID:
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Lansdorp-Vogelaar I, Feuer EJ, Kuntz KM. Clarifying differences between models
for screening. The case of colorectal cancer, Medical Decision Making, 2011;
31:540-549. PMCID: PM(C3531980.
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simulation-based approach. BMC Medical Informatics and Decision Making, 2011;
11:55. PMCID: PM(C3182875.

Lansdorp-Vogelaar, Gulati R, Mariotto AB, Schechter CB, Heijnsdijk EA, Knudsen
AB, van Ravesteijn NT, Wever EM, van Ballegooijen M, Rutter CM, Kuntz KM,
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Quality. AHRQ Publication No. 14-05203-EF-2, October 2015.
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colorectal-cancer-screening?2
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