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Abstract

This work includes a series of studies that examines the health and economic impacts of
screening mammography from international and Canadian perspectives. This work is a
compendium of several researched chapters that include an introduction, four body chapters,
and a discussion. The body chapters include a systematic review of the health economic
literature on screening mammography, a review of quantitative models used to examine the
consequences of breast cancer screening, and cost-effectiveness analyses of screening
mammography programs in Canada for the general female population and for subgroups of
the population at high-risk for breast cancer. There are three analytic chapters that will be
submitted as manuscripts for peer-reviewed publication. The main results of this research
show that current screening mammography practices in Canada may extend life at an
acceptable cost to the health care system. Due to the outlined methodological limitations of
this research the results should be interpreted with caution.
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Chapter 1: Introduction

Preamble

This dissertation is composed of six chapters.

The first chapter is an introduction to the work as a whole and includes the main overall
research questions, objectives and rationale. The introduction also provides a description of

the subject within the context of a population health framework.

The second chapter of the dissertation provides an overview of quantitative models that have
been used to estimate the effectiveness and/or cost-effectiveness of screening

mammography.

The third chapter and first manuscript is intended to be submitted to the journal Chronic
Diseases and Injuries in Canada (CDIC) for peer-reviewed publication. It is a systematic
review on the impact of age, screening frequency, and disease risk on the cost-effectiveness
of screening mammography and provides a basis for methodological insight into the design

of a cost-effectiveness study for the Canadian context.

The fourth chapter and second manuscript is a cost-effectiveness analysis study of the impact
of screening age and frequency on cost-effectiveness of screening mammography in Canada
and is intended to be submitted for peer-reviewed publication in the Canadian Medical
Association Journal (CMAJ).

The fifth chapter and third manuscript is a cost-effectiveness analysis study of the impact of
screening age and frequency on the cost-effectiveness of screening mammaography for high-
risk sub-groups of the Canadian female population — specifically women with family history
of disease and extremely dense breasts. This article is intended to be submitted to the Journal

of Health Services and Policy Research (JHSPR) for peer-reviewed publication.

The sixth chapter is a discussion of the overall work and provides a summary of findings,
discusses the general strengths and limitations research, and describes the implications for

research and policy.



The Research Questions
The following research questions were explored in each chapter:

1. What is known about screening mammography and the issues pertaining to screening
in Canada? (Chapter 1)

2. What are the types of quantitative models used in the evaluation of the effectiveness
and cost-effectiveness of screening mammography internationally, which could be
used for a cost-effectiveness study for Canada? (Chapter 2)

3. What guidance do the relevant previous cost-effectiveness analysis studies provide
regarding the appropriate choice of age of eligibility, screening frequency, and other
target population characteristics such as the baseline incidence of breast cancer in the
population, for the assessment of the optimal screening in Canada? (Chapter 3-
manuscript 1)

4. What is the impact of age eligibility and screening frequency on the cost-
effectiveness of screening mammography in Canada? (Chapter 4-manuscript 2)

5. What is the impact of targeted screening for high-risk subgroups of the Canadian
population on the cost-effectiveness of screening mammography? (Chapter 5-
manuscript 3)

6. What are the main research findings and recommendations for action in terms of

research and policy in breast cancer screening? (Chapter 6)
Objectives

The specific objectives of this research in correspondence to each of the dissertation

questions were to:

1. Review the literature and briefly summarize the knowledge on breast cancer and
screening mammography for the secondary prevention of breast cancer in order to
better inform the health economic evaluation of screening mammography in Canada;

2. Review the literature on quantitative models previously used to evaluate the health
and economic impact of screening mammography in order to inform the health

economic evaluation of screening mammography in Canada;



3. Appraise the published literature concerning the health economic impact of age
eligibility, screening frequency, and other target population characteristics on the
cost-effectiveness of screening mammography in order to inform the health
economic evaluation of screening mammography in Canada;

4. Determine the optimal screening mammography policy option for Canada based on
varying age eligibility criteria and screening frequency in the general risk population
using a cost-effectiveness analysis paradigm;

5. Determine the optimal screening mammography policy option for Canada based on
varying age eligibility criteria and screening frequency in high-risk subgroups using a
cost-effectiveness analysis paradigm; and

6. Summarize the research findings, discuss other issues that were not addressed in the
research, and provide insight into future directions in terms of research and policy

recommendations.
Rationale

Breast cancer is the second leading incident cancer (second to non-melanoma skin cancer)
and the second-leading cause of cancer mortality (second to lung cancer) among women in
Canada (Canadian Cancer Society, 2014). Population-based breast cancer screening
programs aim to reduce breast-cancer related deaths through earlier detection and treatment.
Currently there are organized breast cancer screening programs in all provinces and
territories of Canada, except in Nunavut, with varying program practices (Public Health
Agency of Canada, 2008).

Differences in the effectiveness and cost-effectiveness of breast cancer screening can be
attributable to differences in context in terms of incidence and prevalence of breast cancer
(possibly traceable to different risk factor exposures), differences in quantitative modeling
methodology and health care system characteristics. Some screening program design
characteristics of interest in studies to date include changing age eligibility for screening
within the target population and screening frequency, in addition to more targeted

interventions for select high-risk populations such as women with familial or genetic risk.



The merits of population-based screening mammography have been and continue to be
heavily debated. In many developed countries, routine screening mammography has been
recommended and sometimes fully government-funded for women of moderate to high risk
of breast cancer, characterized by older age generally of 50 to 70 years, on the basis that
several randomized controlled trials and quasi-experimental studies having shown a survival
benefit. For example, the study by Kalager et al. (2010) reported a 10 per cent reduction in
breast cancer mortality attributable to screening mammography. Reducing screening
intervals (increasing screening frequency)® and expanding age of eligibility (screening under
the age of 50 and over the age of 70 years)?, there would be an increase in the number of
cancers detected and a presumed decrease in breast cancer mortality due to earlier detection
and treatment. However, the costs and any associated harms due to more frequent screening
over a women’s lifetime will also increase. The tradeoffs between the anticipated benefits
(expedited detection, reduction in breast cancer mortality, and improved life expectancy) and
anticipated harms (false-positive and false-negative screen tests, iatrogenic radiation
exposure, anxiety, and costs) still need to be examined within the Canadian context. Other
questions include the benefits of more tailored screening programs for specific subgroups of
the population, such as populations deemed at higher risk for breast cancer such as women
with a genetic predisposition and/or family history of disease, and whether more targeted
screening should be in addition to or a replacement for routine screening for women of

moderate risk characterized by age only.

To date there have been no satisfactory economic evaluations on the cost-effectiveness of
population-based breast cancer screening program designs in Canada. From a preliminary
review of the literature, only one Canadian study was found assessing potential effectiveness
and total costs of specifically screening Ontario women aged 40-49 (Hunter et al., 2004).
This study is limited however as there is no comparison of program alternatives and the
outcomes of interest are considered intermediate (costs per cancer detected as opposed to

! Screening interval is the duration of time between screens. Depending on age and disease risk, screening
intervals can vary from 1-year for women at high risk to 2 or 3 years for women at moderately high risk. If
recommended screening intervals are reduced a woman will experience higher frequency of screening over her
lifetime provided age eligibility does not change.

2 Age eligibility is the recommended age at which a women would be invited for screening in a population-
based screening mammography program. Age eligibility is characterized by an age range that reflects an
elevated risk or probability of breast cancer. The status quo in Canada is screening for women ages 50 to 70
years of age.



cost per breast cancer death prevented or life year saved). It is uncertain how well the current
literature published from other countries and for other populations is generalizable (in terms
of methodology, assumptions, and results) to the Canadian setting. In addition, there is no
published work that specifically examines the effects of population heterogeneity on the
effectiveness and cost-effectiveness of screening within the Canadian context. This proposed
research not only adds to the existing literature by drawing on previous work and available

data, but has important public health policy implications for Canada.

Prior to the research conducted for this dissertation, one could only speculate that previous
studies abroad would be comparable to the Canadian context which may not hold true.
Despite the large amount of Canadian data on breast cancer and breast cancer screening, as
well as capable tools such as the Population Health Model — Breast Cancer Screening
Module (Statistics Canada) that could be leveraged to assess the cost-effectiveness of
screening mammography, very few analyses have been conducted. Further, the general
consensus in the health economic literature is that systematic reviews of previous health
economic studies are not a substitute for conducting a study particular to the jurisdiction of
interest. At most such reviews can inform the design of a study, such as is the case for the

review conducted for this dissertation, but can never be seen as a replacement.



A Population Health Framework and Conceptual Model

Figure 1. Hamilton and Bhatti Integrated Framework for Population Health Promotion

'WHO: With whom can we act?
The levels within society where
action can be taken.

WHAT: On what can we
take action?

(The determinants of health
— areas where action could
improve health.)

HOW: How can we take
action to improve health?
(The Ottawa Charter
Action Strategies)

WHY: Why take action to
improve health?

(Using the best available information to
make decisions that are consistent with
community needs, values and resources.)

Note: This model is otherwise known as "the cube" and highlights the various factors or

determinants that affect population health (Hamilton and Bhatti, 1995)

Acknowledging that there are a multitude of health determinants, this research focuses on the
impact of health services and the potential to reorient health services in order to improve
population health. Other important health determinants include: population and individual
income, availability and quality of social services, social support networks, education,
working conditions, physical environments, individual biology and genetics, personal health
practices and coping skills, and healthy child development. Environmental characteristics
(not conceptualized or measurable as characteristics of individuals but as characteristics of
places and aggregates of people) can affect the health of individual people. These
determinants of health are believed to impact physiological processes in individuals’ bodies
that manifest into healthy or unhealthy outcomes. A population health approach focuses on
the improvement and maintenance of health through action directed toward the health of an
entire population, or sub-population, rather than individuals. Population-based breast cancer

screening is a public health intervention used in the secondary prevention of breast cancer.



Secondary prevention is "a set of measures available to individuals and communities for the
early detection and prompt intervention to control disease and minimize disability”, such as

screening programs (Last, 2007).

Within the Canadian health care system, it is intended that all Canadians have equal and
equitable access to a range of health care service. This has come to include population-based
screening mammography. However in reality, just like many other health services, access to
screening mammography is not uniform. Inequities exist for specific subgroups of the at-risk
(women age 40 and over) population. Health inequalities refer to differences, variations, and
disparities in the health achievements of individuals and groups (Kawachi et al., 2002).
Health inequities, on the other hand, refer to those inequalities in health that are deemed to

be unfair or stemming from some form of injustice.

Economic approaches can be leveraged to support decisions regarding the use of scarce
resources (monetary and non-monetary) that could have alternative uses. Specifically, it can
be used to analyze and assess the costs and benefits of improving patterns of allocation of
resources. In the context of health as a commaodity or service, health economics can be
considered a study of scarcity and choice with the objective of providing analysis to inform
the best combination of resources to deliver optimal care, i.e. optimal allocation of a given
quantity of resources between alternative options for improving health. Economics applies to
all activities where scarcity and choice exist, which are quite evident in health. Although our
research is focussed on the reorientation of health services, there is an understanding that
health services are only one of many health determinants that interact to exert effects on
population health. The following research is but a small piece of a larger picture.
Nonetheless, as public health interventions can have a substantial impact on population
health so do decisions regarding health resource allocation.

To describe the conceptual model that supports this research the proposed study operates on

the following assumptions and hypotheses:

1) Breast cancer screening reduces breast cancer mortality via early detection and by shifting
the distribution of stage at detection (stage shifting) with more cancers detected that are more

amenable to successful treatment and improved prognosis compared to no screening;



2) Screening more women (i.e. extending age eligibility) will increase the number of cancers
detected but will have downsides including greater anxiety from false-positives and other

potential harms as well as increased costs;

3) Increasing screening frequency (decreasing the amount of time between screening
episodes) will increase the number of cancers detected but will incur greater screening costs.
However decreasing screening frequency (increasing the amount of time between screening
episodes) may decrease the number of cancers detected at earlier-stage resulting in increased
breast cancer mortality;

4) Breast cancer incidence and survival is affected by multiple factors including genetic
profile/susceptibility, environmental factors. lifestyle factors, and health care system factors
including access to health services including screening, diagnosis, and treatment, as well as
the effectiveness of these services in detecting and treating disease;

5) Resource scarcity is a reality that affects healthy public policy. Cost-effectiveness
analyses can be used to evaluate the trade-offs between benefits and costs of interventions as

well as determine the optimization of available resources;

6) An intervention that is effective may not necessarily be cost-effective. Health economic
evaluations provide “value for money” insight to supplement evidence of intervention
efficacy. To be cost-effective is to provide a health gain at an “affordable” price and is

contingent upon a set threshold cost or willingness to pay.

Health and Economic Burden of Breast Cancer in Canada

Cancer is described as a malignant neoplasm that occurs when disruption of cellular growth
causes cells of an organ or tissue to develop and reproduce abnormally. These cells typically
invade and destroy tissue and metastasize to distant sites in the body if left untreated (Last,
2007). In the case of breast cancer, neoplasm starts in the cells of the breast (Canadian
Cancer Society, 2014).

For 2014 it was estimated that there would be about 24,400 new cases of female breast

cancer and 5,000 breast cancer deaths in Canada, representing 14 per cent of all deaths in



female cancer deaths in that year (Canadian Cancer Society, 2014). It is the second most
incident female cancer in Canada, with an age-standardized incidence rate of 99 cases per
100,000 female population (Canadian Cancer Society, 2014). The lifetime probability of
developing breast cancer for Canadian women is 1 in 9, and of women diagnosed with breast
cancer 1 in 28 will eventually die of it (Canadian Cancer Society, 2014). The highest age-
standardized incidence rates (ASIR) of breast cancer in Canada are in Quebec and Nova
Scotia (109 and 105 cases per 100,000, respectively) and the lowest incidence rates in
British Columbia and Saskatchewan (90 and 95 cases per 100,000, respectively). Between
1979 and 1999, the incidence of breast cancer in Canada steadily increased but since then it
has been declining by a rate of about 1.7 per cent per year. The age-standardized breast
cancer mortality rate has decreased by more than 27 per cent, dropping from 32 deaths per
100,000 in 1986 to 23.1 deaths per 100,000 population in 2010.

Secular trends in risk factors during this time period, such as later age at first birth, increase
rates of nulliparity, as well as earlier age of menarche ought to have increased breast cancer
incidence. It has been suggested however that the recent decline in incidence (dropping back
closer to pre-screening levels) may be attributable to screening uptake which may have
eventually exhausted the pool of prevalent cancer in the screened population. Also, changes
in risk and protective factors, such as the decline in use of hormone replacement therapy and
changes in lifestyle such as reduction in excessive alcohol consumption, a risk factor for
breast cancer, may have played a role in this decline. Age standardized cancer mortality
rates have been decreasing since mid-1980 with advancements in treatment and earlier
detection through screening mammography. According to Brown et al. (1993), although
breast cancer has relatively high survivability, it remains high on the lists of total person-
years and average life-years lost because the median age of diagnosis for this cancer is

usually relatively young.

The Public Health Agency of Canada estimated that the direct costs and indirect costs in
2008 from breast cancer totalled almost $500 million of which 40 per cent were on drugs, 3
per cent on physician care, 25 per cent on hospital costs, and 3 per cent on productivity
losses (mortality) (Public Health Agency of Canada, 2008). Lost wages for among woman

with breast cancer have often been used as a measure of indirect cost (Lidgren et al., 2007,



Lauzier et al., 2008; Gordon et al., 2007; Arozullah et al., 2004). Lauzier et al. (2008) found
that on average women with breast cancer in their study lost 27 per cent of their projected
usual annual wages due to their disease. They also found that a higher percentage of lost
wages was statistically associated with a lower level of education, living at a large distance
from health care services, lower social support, having invasive disease, receipt of

chemotherapy, self-employment, shorter tenure in the job, and part-time work.

Breast Cancer Etiology

A risk factor is an component of personal behaviour or lifestyle, an environment exposure,
or an inborn or inherited characteristic, that, on the basis of epidemiologic evidence, is
known to be associated with health-related conditions (Last, 2001). Sex and age are the
strongest risk factors for breast cancer where the disease occurs mostly in women and
increases with age. Other strong risk factors for breast cancer range from family history of
disease and genetics to lifestyle factors to in utero exposures (Hankinson et al., 2004). The
most well-documented risk factors for breast cancer include: increasing age; having a family
history of breast cancer and having increased number of affected relatives; genetic
predisposition, early age of menarche; late age at menopause; null parity (having never given
birth) and late age at first birth (Nelson et al., 2012). In terms of dietary risk factors,
increased consumption of saturated fat has a modest relationship with breast cancer
(McPherson et al., 2000; Nelson et al., 2012). Increased circulating estrogen levels in
postmenopausal women and the increased use in postmenopausal estrogens (particularly
when combined with a progestin) such as with the use of hormone replacement therapy, have
also been found to be positively associated with breast cancer risk (Collaborative Group on
Hormonal Factors in Breast Cancer, 2002). Other risk factors include obesity in post-

menopausal women as well as radiation exposure.

Cancer is often defined as a genetic disease with an accumulation of genetic and epigenetic
deviations that result in a malignant phenotype (Domcheck and Weber, 2002). The disease is
a component of several chromosomal dominant cancer syndromes, of which the most
common are BRCA1 or BRCA2 mutation syndromes. More recently, causes of breast cancer

have been further explained using epigenetics, defined as "any heritable influence (in the
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progeny of cells or of individuals) on gene activity, unaccompanied by a change in DNA
sequence” (Nature.com glossary, 2007). Epigenetics, especially in the field of breast cancer,
IS gaining popularity as an area of study into the causes of breast cancer due to the fact that
only a small proportion of cancers are known to be attributable to the inheritance of
susceptibility genes, BRCAL and BRCAZ2 (Phipps et al., 2005). Gene-environment
interactions have received more emphasis as plausible explanations of breast cancer etiology
whereby risk of disease is affected by interacting genetic and environmental determinants.
The effects of some genetic variants may be magnified and may only become noticeable in
the presence of certain environmental exposures. As an example, some studies have also
shown an association between ionizing radiation exposure and genetic susceptibility in the
etiology of breast cancer (Chakaborty et al., 1998; Hall et al., 2000).

Generally, data shows that higher incidence of breast cancer is reported in white women and
women of higher socioeconomic status (SES) compared to women of other races and lower
SES. It has been suggested that the magnitude of the disparity in breast cancer incidence
between races decreases with increasing SES (Vainstein, 2008). Much of the research from
the United States has shown that although breast cancer incidence is lower in African
American women, case-fatality rates are higher compared to white women, in part explained
by poorer prognostic characteristics of breast cancers in African American women and
differences in access to health care services and differences in the quality of care that is
delivered once access is attained (Cheblowski et al., 2005; Richardson et al., 2005). Based
on the Canadian Community Health Survey, visible minorities access cancer screening
services significantly less than Caucasian Canadians (Quan et al., 2006). Although incidence
may be lower in these groups compared to Caucasian Canadians, their survival could be
poorer due to later stage diagnosis potentially due barriers to access to health care services.
According to research findings from the First Nations Cancer Research and Surveillance
Priorities for Canada Workshop Report, cancer has historically occurred at a lower rate in
Aboriginal populations; however rates are increasing and dramatically in some regions of
Ontario for some cancers, including breast cancer (Cancer Care Ontario, 2004). The survival
rate for breast cancer is significantly worse in First Nations women compared to the Ontario
population. One plausible explanation for this higher case-fatality rate is later stage at

diagnosis among First Nations women.
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Breast Cancer Detection and Diagnosis in Canada

Mammography is a technique that uses an x-ray to detect breast cancer at an early stage.
Organized, population-based mammography in Canada is offered through government
sponsored programs at dedicated screening centres at no (out-of-pocket) cost and without
physician referral for women within the target age group. Distinct from “organized
screening”, opportunistic screening refers to mammograms conducted upon referral. Unlike
organized screening, under opportunistic screening, women must be referred by a health care
provider (usually a general practitioner physician) to a radiologist for testing and who is then
reimbursed on a fee-for-service basis by the provincial health care system.

After a lump has been detected by a screening mammogram more definitive tests for
diagnosis of breast cancer are usually arranged (Public Health Agency of Canada, 2008).
Tests include imaging studies, biopsy, and laboratory tests. Imaging studies allow tissues,
organs and bones to be viewed in more detail regarding the size and spread (metastasis), if
any, of the possible tumour. Imaging studies can include x-rays, ultrasounds, CT scans or
bone scans, and diagnostic mammogram (in addition to the screening mammogram). Biopsy
is usually needed to make a definite diagnosis of cancer. This process involves removing
cells from the body and examining them under a microscope. Fine needle aspiration, core
needle biopsy, and surgical biopsy, are methods used to perform breast biopsies. Laboratory
tests are performed on the breast tissue after cancer cells are found in the biopsy sample.
These tests allow the physician to know more about the cancer and to plan the best treatment
for the patient. Laboratory tests include: hormone receptor status tests (estrogen and
progesterone), HER2 test, and sometimes blood tests (shows how well the organs are
working, whether there is cancer, and if it has metastasized). All of these tests may also be

used to stage and grade the cancer (Public Health Agency of Canada, 2008).

Once cancer is diagnosed, the tumour is assigned a stage and grade, which helps determine
the type of treatment required. The cancer stage describes tumour size and indicates whether
the tumour has spread from its original location (Canadian Cancer Society, 2014). In the
earliest stage of breast cancer, cancer cells are found only in the milk ducts or lobules (in situ
cancer). If there is a correct diagnosis of in situ cancer before the cells spread to the

surrounding tissue, then the risk from that tumor should be eliminated once it is surgically
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removed. When breast cancer spreads out of the duct or lobule, it is then considered invasive
cancer, and can at this point still be treated effectively if diagnosed early. The currently
accepted staging scheme for breast cancer is the TNM (Tumour Nodes Metastases)
classification, which includes several stages (Canadian Cancer Society, 2014). These stages

are described below.

Stage 0: includes two types: ductal carcinoma in situ (DCIS) where abnormal cells lining of
a milk duct and have not spread outside the duct and lobular carcinoma in situ (LCIS) where
abnormal cells are in the lining of a lobule.

Stage I: tumour is 2 cm or smaller and the cancer has not spread outside the breast.

Stage I1A: TO, N1, MO — no tumour in breast, cancer found in 1-3 axillary lymph nodes and
no cancer spread to distant sites. T1, N1, MO — tumour is 2 cm or less in diameter, cancer
spread to 1-3 axillary lymph nodes and/or internal mammary lymph nodes, and cancer not
spread to distant sites. T2, NO, MO — tumour larger than 2 cm and less than or equal to 5 cm

in diameter, cancer not spread to distant sites.

Stage 11B: T2, N1, MO — tumour larger than 2 cm and less than or equal to 5 cm in diameter,
cancer spread to 1-3 axillary lymph nodes and/or internal mammary lymph nodes, cancer
spread to distant sites. T3, NO, MO — tumor more than 5 cm in diameter, cancer not spread to

lymph nodes, and cancer not spread to distant sites.

Stage I11A: TO, N2, MO — no tumour in breast, cancer in 4-9 axillary lymph nodes or in
internal mammary lymph nodes, and cancer not spread to distant sites. T1, n2, MO — tumour
2 cm or less in diameter, cancer spread to 4-9 axillary lymph nodes or to internal mammary
lymph nodes, and cancer not spread to distant sites. T2, N2, MO — tumour larger than 2 cm
and less than or equal to 5 cm in diameter, cancer spread to 4-9 axillary lymph nodes or to
internal mammary lymph nodes, and cancer not spread to distant sites. T3, N1/2, MO —
tumour tumor is more than 5 cm in diameter, cancer spread to 1-9 axillary lymph nodes or to

internal mammary lymph nodes, and cancer not spread to distant sites.

Stage I11B: T4, NO/1/2, MO — tumour spread to chest wall or skin, cancer not spread to any
lymph nodes or cancer spread to 1-9 axillary lymph nodes or cancer may/may not have

spread to internal mammary lymph nodes, and cancer not spread to distant sites.
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Stage I1IC: T1/2/3/4, N3, MO — tumour any size, cancer spread to 10 or more axillary lymph
nodes or cancer spread to 1 or more infraclavicular or supraclavicular lymph nodes or cancer
spread to more than 3 axillary lymph nodes and to internal mammary lymph nodes, and
cancer not spread to distant sites. T4d — inflammatory breast cancer cliassifed as stage 111

unless has spread to distant sites or lymph nodes far from breast, in which case it is stage IV.

Stage I1V: T1/2/3/4, N1/2/3, M1 — tumour is any size, any degree of lymph node
involvement, and cancer spread to distant sites e.g. bone, liver, lung, brain or lymph nodes

far from breast.

It should be noted that for stage 0 tumours, Canada only retains surveillance information for
cases diagnosed as DCIS, as LCIS is considered a benign disease (i.e. not an outcome of
interest). Tumour grade is determined by examining a biopsy sample under a microscope
and comparing the look and behaviour of tumour cells compared to normal cells (Canadian
Cancer Society, 2014). Grade 1 tumours are low-grade and have cells that are slow-growing
and less likely to spread. Grade 2 tumours are moderate grade. Grade 3 tumours are high
grade and tend to grow quickly and are more likely to spread.

General Principles of Screening

Tumours detected by screening tend to be at an earlier stage of their development than those
detected otherwise — this is referred to as stage shift (Shen et al., 2005). Survival benefit
from early detection is reflected through improved stage distributions. However, stage shift
does not account for all improved survival since improved survival can be obtained for
cancers that are diagnosed at the same stage (within stage shift). For example, a cancer that
is detected at early stage 11 node negative may have better prognosis than if detected at later
stage Il node negative. Early detection can occur when screening takes place during the
sojourn time (time spent in the preclinical phase -detectable but no symptoms present- of the
natural history of disease) (Boer et al., 2004). Screening is defined as testing for a condition
when the person has no overt signs or symptoms of that condition. However, the purpose of
screening is not to detect a disease for detection’s sake, but rather to improve prognosis. The

detection of earlier disease on its own is not enough to justify a screening program as it must
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also demonstrate an additional benefit of extended life and quality of life due to earlier
detection (Harris et al., 2006).

There are a number of factors that determine the appropriateness of adopting a population-
based screening program. These include: 1) burden of suffering from the target population —
incidence and prevalence of disease, mortality, morbidity, costs of care; 2) accuracy of the
screening test in detecting early-stage disease i.e. sensitivity and specificity of the test; 3)
costs and suffering caused by the test; 3) effectiveness of early detection in improving
outcomes and the trade-off between benefits and potential harms; 4) resource constraints; 5)
ability of clinicians, patients, and the healthcare system to implement a screening program
i.e. feasibility, acceptability, uptake, patient education, adherence, and follow-up; 6)
philosophical and moral objections; and 7) opportunity costs i.e. does screening displace

resources needed for other more effective health care services?

Characteristics of an effective organized screening program include: the presence of a valid
and acceptable screening test; the earlier and efficient diagnosis of the disease; minimal
diagnosis of non-progressive disease (low number of false-positives); the availability of
effective therapy for the detected disease and; favourable compliance of the at-risk

population with screening.

Organized and Opportunistic Screening Mammography in Canada

For almost three decades in Canada, screening mammography for the early detection of
breast cancer has been considered an important technology in reducing mortality from the
disease. In Canada, women can participate in screening as part of an organized screening

program or are screened opportunistically.

Organized population-based breast cancer screening programs have been implemented in
most provinces and territories across Canada since 1988. As before mentioned, the only
jurisdiction to not have an organized breast cancer screening program to date is Nunavut.
Table 2 provides an overview of usual practices of breast cancer screening programs in
Canada by province/territory for the 2007 and 2008 screen years. Typically, there are three
stages of a breast cancer screening program: 1) identification and invitation of the target
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population; 2) provision of the screening examination and; 3) if an abnormality is detected,
further investigation. Women within the target age for the program are recruited through a
letter of invitation, a physician referral or self-referral. The target or status quo age range for
screening is 50-69 years as the benefits of regular screening mammography in reducing
breast cancer mortality have been most strongly demonstrated for this age group
(Kerlikowske et al., 1995; de Koning et al.,1995). The targeted screening population is
characterised as asymptomatic women between the specified ages according to the screening
policy, with no prior diagnosis of breast cancer; however all programs across Canada screen
some women, although not actively recruited, outside the target age group. Screening
facilities may be either a mobile unit or a fixed site. Women who do not have any breast
cancer symptoms receive two-view mammography of each breast. In addition, some
programs also offer clinical breast examination (CBE) performed by a trained health
professional (nurse or technologist). The pathway by which a woman traverses through a

screening program is diagrammed in Figure 3.

Opportunistic screening is screening that is offered outside a screening program. Across all
Canadian provinces and territories, women can access screening outside the organized
program by being referred by a general practitioner or family physician. The proportion of
all breast cancer screening in any given province or territory that is opportunistic or
organized screening varies across all jurisdictions. The usual method of funding screens
outside of programs is via fee for service billing with specific billing codes for each
mammogram performed for the purpose of screening. Billing code is the only way in which
opportunistic screens can be tracked. A drawback of this type of administrative data
collection is the lack of consistent tracking over time and the collection of demographic and
other detailed information on each patient who receives screening. In addition, women who
access screening opportunistically may less likely to adhere to recommended screening
guidelines that is screening at appropriate intervals, due to the lack of reminder systems at
the primary care level. In figure 2, the process by which the moderate and higher risk

population are screened for breast cancer in Canada.
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Table 1 Breast cancer screening programs in Canadaa - usual practices, 2007 and 2008 screen years

Province/Territory | Program | Clinical Program practices for women outside the 50-69 age
start breast group
date examination | Age group | Accept Screen
on site Frequency
Northwest 2003 No 30-39 No N/A
Territories 40-49 Yes Annual
70+ Yes Biennial
Yukon Territory 1990 No 30-39 No N/A
40-49 Yes None
70+ Yes Biennial
British Columbia 1988 No 30-39 Accept with physician None
referral
40-49 Yes Annual
70-79 Yes Biennial
80+ Accept with physician None
referral
Alberta 1990 No 30-39 No N/A
40-49 Yes Annual
70-74 Yes Biennial
75+ Yes None
Saskatchewan 1990 No 30-39 No N/A
40-49 No® N/A
70-74 Yes Biennial
75+ Yes None
Manitoba 1995 No°® 30-39 No N/A
40-49 Accept to mobile unit with Biennial
physician referral
Accept to mobile unit with
70+ physician referral None
Ontario 1990 Yes® 30-49 Accept high risk women with | Annual
physician referral who meet
the eligibility criteria
70-74 Yes Biennial
75+ Yes None
Quebec 1998 No 30-34 No N/A
35-49 Accept with physician None
referral®
70+ Accept with physician None
referral®
New Brunswick 1995 No 30-39 Accept high risk women with | N/A
physician referral who meet
the eligibility criteria
40-49 Accept with physician None
70+ referral None
Accept with physician
referral
Nova Scotia 1991 Yes' 30-39 No N/A
40-49 Yes Annual
70+ Yes None
Prince Edward 1998 No 30-39 Accept high risk women with | Annual
Island physician referral who meet
the eligibility criteria
40-49 Yes Annual
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70-74 Yes Biennial

Newfoundland and | 1996

Labrador

Yes?

30-49 No N/A
70+ Accept if previously enrolled | None
in program

Source: Canadian Partnership Against Cancer, “Organized Breast Cancer Screening Programs in Canada, 2007-

08”

a Nunavut has not developed an organized breast cancer screening program.

b Accept age 49 on the mobile if they would be 50 in that calendar year.

¢ Nurse or technologist provided CBE service until October 2005.

d Nurse provides clinical breast examination at 52 per cent of sites.

e Accept with physician referral if done at a program screening centre, but is not officially considered within
the program.
f Modified examination only, performed by technologist at time of mammography.

g Nurse.

Figure 2 Conceptual Model of Breast Cancer Screening in Canada
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Screening Mammography Utilization or Participation

Targets for screening participation have generally been reported at 70 per cent for a first
screen and 90 per cent for subsequent screens among the target population age 50-69 years
(Public Health Agency of Canada, 2007). For the year 2005-06, actual screening
mammography utilization (opportunistic and organized program screens combined) did not
reach this level, rather the rates varied slightly across provinces from 60.1 per cent in British
Columbia to 64.6 per cent in Quebec. (Public Health Agency of Canada, 2011). The
variation in the proportion of utilization attributable to organized screening was greater, from
14.5 per cent in Alberta to 85.2 per cent in British Columbia (Public Health Agency of
Canada, 2011).

Benefits and Harms of Screening Mammography

The main benefit and principle for breast cancer screening is that it can prevent breast cancer
mortality. Mammaography screening has been found to reduce breast cancer mortality as
much as by 10 per cent, according to a recent study (Kalager, 2010). As mentioned before,
breast cancer screening is assumed to reduce mortality through stage shift. We assume that
having adequate screening compared to a situation where there was little or no screening,
will incur more early stage breast cancers being detected than late stage thus improving
prognosis of the disease, as well as reduced treatment and time spent in recovery. There are
also perceived benefits of screening which relate to beliefs about the positive outcomes
associated with behaviour in response to a real or perceived threat (Champion, 2008) The
perceived benefit construct is most often applied to health behaviours and is specific to an
individual’s perception of the benefits that will accrue by engaging in a specific health
action. Champion writes that perceived benefits of screening mammography includes a
woman’s beliefs about the benefits of obtaining a mammogram. The perception of benefits is
theoretically related to the woman’s beliefs about her own individual health outcomes and
not those that might be experienced by others. However, it could also be true that a woman
may feel that mammography would help find breast cancer early for others but not
necessarily believe it would do so for herself, and in this case, may be less likely to

participate in screening mammography. This perceived benefit construct is included in
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several health behaviour models including the Health Belief Model, the Transtheoretical
Model, Protection Motivation Theory, and the Theory of Planned Behaviour (Hochbaum,
1958; Velicer, 1985; Maddux, 1985; Shifter, 1985).

The potential harms of screening include false negative test result, false positive test results,
over-diagnosis and attendant over treatment, and iatrogenic radiation exposure. A false
negative result is a test result that indicates that a person does not have a specific disease or
condition when the person actually does have the disease or condition (National Cancer
Institute, 2014). False-negative results are more frequent among younger women (under age
50) than older women because younger women tend to have denser breasts. Mammograms
are less sensitive for women with dense breasts and as a woman ages, her breasts usually
become fattier and false-negative results become less likely. The most important issue with
false-negative results is that they can lead to a false sense of security, delays in treatment,
and potentially premature death and reduced quality of life. Given-Wilson et al. (1997)
found this to be true when they studied the causes and consequences of false negative
mammograms among 29 women in the UK. They found that negative mammogram reports
were significantly associated with being under the age of 50 as well as premenopausal status,
and breast density. A negative mammogram resulted in a significant delay to definitive
treatment where the median time to treatment for negative versus positive mammography
was 7 weeks versus 3 weeks. In addition, there was significant clinical progression in over

half of the women whose treatment was delayed.

A false-positive is a test result that suggests a person has a specific disease or condition
when the person actually does not have the disease or condition. This usually occurs at the
level of reading where a radiologist will call a screen as abnormal, but at diagnosis there is
no cancer. False-positive results are also more common for younger women, women who
have had previous breast biopsies, women with a family history of breast cancer, and women
who are taking estrogen, such as in hormone replacement therapy. According to Miller
Croswell et al. (2009), the cumulative risk of a false-positive test in women after 14 screens
(which might happen if one is screened on an annual basis starting at age is 40 to 54, for
example) is 48.8 per cent with just under half (45 per cent) of those false positive cases

resulting in an invasive diagnostic (Miller et al., 2009). A systematic review by Armstrong et
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al. (2007) examined cumulative risk of a false-positive among women screened between the
ages 40 to 49; finding a cumulative risk of between 20 per cent and 56 per cent after 10

mammaograms.

False-positive mammograms can be detrimental as they can lead to anxiety and other forms
of psychological distress in affected women. In addition, the workup and extra tests involved
in confirming diagnosis can be costly, time consuming, and physically uncomfortable. A
recent meta-analysis by Salz et al. (2010) on the impact of false positive mammography
found that having a false-positive mammogram result is associated with greater anxiety and
distress about breast cancer as well as more frequent breast self-exams and higher perceived
effectiveness of screening mammography (Salz et al., 2010). False positives were associated
with the generic outcome of generalized anxiety; however this effect size was small.
Research suggests that people are willing to receive false-positive results from cancer tests
and even expect it (Schwartz et al., 2004).

There has been much debate over the extent of over-diagnosis of breast cancer, particularly
ductal carcinoma in situ (DCIS), as a result of screening. (Zackrisson et al., 2006) It has
been estimated that one in eight women would not have had their breast cancer diagnosed if
they had not gone for screening (Advisory Committee on Breast Cancer Screening, 2006).
There are some researchers that believe over-diagnosis is likely to cause more harm than
benefit, while others take the position that high detection of DCIS represents a substantial
proportion of invasive cancers avoided (Mitra et al., 2000; Cady et al., 1998). As a
consequence, the proportion of DCIS among screen-detected cancers is often used as an
indicator representing benefit or harm when comparing screening programs, depending on
the position taken (Yen et al., 2003). It is still unclear however what the recommended
prevalence of DCIS should be and what proportion of detected cases of DCIS would actually
progress to invasive disease. It is generally agreed however that a proportion of DCIS will
not have progressed to invasive carcinoma of breast in the absence of screening. In Canada,
DCIS is diagnosed as a stage in cancer and treated when found. As such, there are some who
argue that the rate of over-diagnosis in Canada is high because DCIS is screened for and

treated.
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Factors Related to Screening Mammography Uptake

According to a review by Schueler et al. (2008), who studied factors associated with
mammography utilization, the influential factors include physician access barriers, past
screening behaviour, economic, ethnicity, and women’s screening knowledge. In this review
literature on factors associated with receipt of mammography, including data sources in
English and published between 1988 and 2007 was synthesized. Included were 221 studies
that described results for almost 5 million women internationally. A calculation of odds
ratios (OR) associated with mammography use and a random effects model was used to
assess trends in mammography utilization and to calculate summary multivariate point
estimates. It was found that physician access barriers such as not having a physician-
recommend mammography and having no primary care provider were strongly related to not
obtaining a mammogram. Past screening behaviour such as clinical breast examination and
Pap test were correlated strongly with receipt of mammography. The only socioeconomic
factor that was found to be correlated with access to mammography was having no
insurance. There was an ethnic variation in regards to concerns regarding cost,
mammography safety, and pain, which were more important to African American and Latina
women, and having no insurance was more important to white and Chinese women. Cost
concerns and the presence of a family history of breast cancer were less important to older
women, whereas screening knowledge had a stronger impact on mammography use in
women aged 65 years and older. The authors also found that mammography uptake

increased over time.

Breast Cancer Screening Modalities

Simplified methods of screening for breast cancer include breast self-examination (BSE) and
clinical breast examination (CBE). Kosters and Gotzsche found no improvement in breast
cancer mortality rates in those screened using BSE and CBE compared with a no screening
control group. They reported that the screening group resulted in more biopsies (indeed
twice the number under no screening). Their data suggests that the doubling of biopsies may

have had no salutary impact on breast cancer mortality.
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Mammography is the most common technology used to screen for breast cancer in
population. It is an imaging technique that uses x-rays to provide an image of the internal
structure of the breast and can show abnormal growths or changes in breast tissue before
they become symptomatic or clinical. Mammograms can be done for diagnostic or screening
purposes. Based on a meta-analysis, mammography has a true-positive rate of 83 per cent to
95 per cent and a false positive rate of 0.9 per cent to 6.5 per cent (Mushlin et al., 1998). If a
suspicious lesion is identified on a mammogram, other techniques may be used for further
investigation, including ultrasound, biopsy magnetic resonance imaging (MRI) and laser
scanning (Health Canada, 2011). The sensitivity (the proportion of diseased subjects who
test positive with the screening test) and specificity (the proportion of healthy subjects who
test negative with the screening test) of mammography are affected by breast density, which
in turn may partly be affected by age, hormone replacement therapy (HRT) use, parity, body
mass index, and family history or genetic predisposition (Carney et al., 2003). The sensitivity
of mammography is much lower in women with radiographically dense breasts, with values
ranging from 62.9 per cent in extremely dense-breasted women to 87 per cent in women
with breasts of higher fat composition, whereas specificity values ranged from 89.1 per cent
to 96.9 per cent, respectively. Despite mammography being the gold-standard for breast
cancer screening, there are certain limitations with the technology. For example,
mammograms require many resources, including a dedicated machine, radiologic film and
developing chemicals (in the case of film mammography), a trained x-ray technologist, and a
skilled radiologist to assess the image (Nover et al., 2009). More recently, full-field digital
mammography (FFDM) has been used for screening in several organized screening centers.
Rather than recording an image on film, FFDM records an image in an electronic file. FFDM
has a higher sensitivity and specificity compared to film mammography. Although the
technology is 10 to 40 times more expensive to purchase compared to film screen
mammography units, there is a potential for cost-savings in regards to increases in
efficiency, effectiveness, and reduction in resource requirements. According to study by
Pisano et al. (2005), FFDM is more accurate in women age less than 50 years with
radiographically dense breasts, and premenopausal or peri-menopausal women. The
technology itself may cause patient discomfort and, as before mentioned, the imperfect

accuracy of the technology and/or the reading may lead to unnecessary biopsy. Other
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drawbacks of mammography include exposure of the breast to radiation which may cause
radiation carcinogenesis. Despite these limitations, mammography is still recommended for
use in breast cancer screening, depending on the age group, frequency of screening, and
other target population characteristics, as the benefits have been considered to outweigh the

harms.

The American Cancer Society recommends annual magnetic resonance imaging (MRI)
screening for individuals with BRCA1/2 mutations, those having a first-degree relative with
a BRCA1/2 mutation, or those with a lifetime risk for breast cancer of 20 per cent to 25 per
cent. The sensitivity of MRI in visualizing invasive cancer is nearly 100 per cent, yet

specificity varies (Orel and Schnall, 2001).

The technologies that have been reviewed in this section are only but a few of the possible
technologies that have been developed over time and are being currently developed. The
review by Nover et al. (2009) provides a more exhaustive review of the technologies that are

currently available, not all in Canada however, for breast cancer screening.

Breast Cancer Treatment

Over the past couple of decades, there have been significant gains made in systematic
treatment of breast cancer, especially in advanced breast cancer, including the introduction
of new chemotherapeutic agents (O’Shaughnessy et al., 2002; Thomas et al., 2007). The
treatment regimen for breast cancer is dependent upon the stage at which the cancer is
diagnosed as well as specific characteristics and wishes of the affected person. The common
treatments for breast cancer include surgery, radiation therapy, chemotherapy, hormone
therapy, and biological therapy (Canadian Cancer Society, 2011).

Surgery and surgery with radiation therapy is often considered primary treatment of breast
cancer. Chemotherapy, hormone therapy, and biological therapies are often considered
adjuvant treatments for the disease. In terms of surgery, there are two different types: 1)
lumpectomy (breast-conserving surgery), which is the removal of a lump and some tissue,
but not the whole breast, and 2) mastectomy, which is the removal of the whole breast. The
choice between the two is based on personal choice. Lumpectomy is less invasive than

mastectomy; however several factors may influence an affected woman’s choice. For
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example, there is a lower chance of recurrence of cancer with a mastectomy compared a
lumpectomy; however a lumpectomy has a better cosmetic result compared to a mastectomy
(Canadian Cancer Society, 2011).

Radiation therapy is the use of radiation (beams) to kill tumour cells. During this process,
normal cells may also be affected. Chemotherapy is the use of specific drugs that interfere
with the ability of cancer cells to grow and spread, however this treatment may also affect
healthy body cells. Some chemotherapy drugs have been known to interfere with the ability
for a woman to become pregnant, therefore some women may opt for a treatment plan that
may not involve chemotherapy, such as mastectomy without chemotherapy. Hormone
therapy is a treatment that removes hormones from the body or blocks their action and stops
cancer cells from growing. This treatment is often used on women who have been found to

have a tumour that is hormone receptor positive( Canadian Cancer Society, 2011).

More recent research has shown that pharmacogenetics may play a significant role in breast
cancer therapy. Pharmacogenomics involves the study and use of information regarding how
a person’s genetic profile can affect their response to treatments. It combines pharmacology
and genomics to develop to allow for planning and administration of specific treatment
regimens that are tailored to the individual. Although it is an emerging field of study, it is not
yet widely applied in practice. In their recent study on pharmacogenomics of breast cancer
therapy, Westbrook and Stearns (2013), concluded that ongoing prospective studies and
increasing understanding of pharmacogenetics will assist in better predicting the risks of
toxicity or probabilities of response to specific treatments as well as to provide more

personalized therapy for women diagnosed with breast cancer.

Health Economic Evaluation to Inform Breast Cancer Screening Policy

Health economic evaluations are important because resources, including people, time,
facilities, equipment, and knowledge, are scarce. Choices have to be made on how they are
allocated and used. The cost-effectiveness of any intervention (treatment, technology,
program, policy, etc.) can be assessed using an economic evaluation. Economic analyses
compares both the costs and consequences of interventions. Types of economic evaluations

include cost-effectiveness analyses, cost-benefit analyses, and cost-utility analyses.
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In cost-effectiveness analyses (CEA) the health effects are measured in natural units related
to the objective of the intervention, such as cases of disease averted, lives saved, or life-years
gained. CEA is most widely used in situations requiring a choice under the constraint of a
budget. In the context of breast cancer screening, a program director may be interested in
the cost per case detected, however, this type of health outcome is often considered only
intermediate and not directly linkable to the overall objective of breast cancer screening
which is to reduce premature mortality. Cost-effectiveness analyses often use the unit of
analysis of incremental cost per life-year gained or an incremental cost-effectiveness ratio
(ICER), which is the ratio of the difference in the cost of the two health intervention options
being compared to the difference in the health consequences of the two health intervention

options being compared.

In cost-utility analyses (CUA), the evaluation focuses on the quality of the health outcome
produced or forgone by a health intervention. In CUA, the incremental cost of an
intervention is compared to the incremental health improvement attributable to the
intervention, where the health improvement is measured in quality-adjusted life years
(QALYss) gained, or some variant such as disability-adjusted life-years (DALYS) gained.
Cost-benefit analyses (CBA) require program consequences to be valued in monetary units.
This type of analysis is not as frequently performed as CEAs or CUAs due to the challenge
of putting a dollar value on a human (statistical) life. The benefit of CBA is that it enables
the direct comparison of the intervention’s incremental cost with its incremental
consequences in the same units of measurement. Table 3 provides a general comparison of
CEA, CUA, and CBA, adapted from the work by Kaplan et al. (2002).
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Table 2 Comparison of the three main health economic evaluation approaches: Cost-effectiveness
analysis, cost-utility analysis, and cost-benefit analysis

Type of analysis

Compares

With

Strengths and limitations

Cost-
effectiveness

Monetary value of
resources used

Health effects: clinically based
(death rate, blood pressure,
test performance, lives saved,
life-years gained)

Relatively easier to measure
and interpret. Not
comprehensive; not based on
consumer preference for health
states.

Cost-utility

Monetary value of
resources used

Health effects: preference
based (health-related quality
of life)

Comprehensive; based on
consumer preference for health
states. Difficult to elicit health
utilities.

Cost-benefit

Monetary value of
resources used

Monetary value: resources
saved or created, including
health

Places monetary value on lives
and the quality of life. Can shift
focus away from health
improvement. Can be difficult
to interpret and measure.

Equity

In terms of breast cancer mortality, although certain groups may not have as high breast

cancer incidence as others, they may actually experience differential mortality from the

disease as a result of some type of inequity, usually in the form of access to preventive

and/or curative care.

Economic evaluations of health interventions often ignore heterogeneity and equity by using

average or representative values. Ignoring that the population is heterogeneous and made up

various sub-groups with respect to the risks of having disease can lead to optimistic or

pessimistic estimates of cost-effectiveness ratios (depending on the intervention), and

sometimes the parameter values. (Zaric et al., 2003). Zaric et al. (2003) recommends that all

information that is known, including information about the distribution of heterogeneous

characteristics should be incorporated into economic evaluations in order to avoid biased

gains in life expectancy and impacts on resulting cost-effectiveness ratios. However, this

approach does not allow identification of the optimal treatment strategies within subgroups.

Another alternative is to perform stratified analysis by subgroups of the population,

recognizing that cost-effectiveness is dependent on people, place and to some extent time

(Coyle et al., 2003). This method allows for the consideration of a direct trade-off between

concerns for equity and for efficiency.




Health equity has long been an objective of public health policy worldwide; however
economic evaluations in public health continue to focus more on efficiency and improving
total population health, while typically ignoring explicit consideration of health inequalities.
It has been proposed that "distributional weights™ might be applied to monetary costs and
benefits to reflect decreasing marginal individual value of income (that a gain or loss of a
certain amount of money matters more to a poor individual than a rich individual). In
focussing on an individual's income however and converting that into individual value, there
is little consideration of the social value of improving health of different individuals, such as
the poor who generally experience lower life expectancy compared to that of the wealthier.
Analysis by vulnerable or disadvantaged subgroups is one method of examining the
inequalities across sub-populations. There are approaches to incorporating equity
considerations which include: reviewing background information on equity; health
inequality impact assessment; opportunity cost analysis of equity, and; equity weighting of
health outcomes (Cookson et al, 2007).

Another method of exploring equity in economic evaluation of health interventions is
evaluating the trade off between equity and efficiency using the "net benefit framework for
cost-effectiveness". “Limited use criteria” (LUC) is a policy where decision makers restrict
public funding for healthcare to a subgroup of the population for whom it can be used with
the objective of improving value for money. The work by Coyle et al. (2003) demonstrates
how the "net benefit framework for cost-effectiveness” can be used to estimate the efficiency
gains from stratification, inherent in LUC, based on heterogeneity between patients in terms
of costs, outcomes or both. “Net health benefit” is the net benefit (measured in units of
health) of investing resources in an intervention rather than investing those resources in a
marginally cost-effective program (Stinnett, 1998). This procedure enables decision makers
to explicitly examine the trade off between equity and efficiency by assessing the
opportunity cost of an equity position. Coyle et al. (2003) note that the more subgroup
stratifications possible, the greater the opportunity for efficiency gains. Therefore if
stratification is rejected by decision makers based on equity reasons, there will be an
associated opportunity cost that can be expressed as a “net benefit loss” or “net benefit
reduction”. For instance if there was one possibility for stratification, such as by age, the loss

in total net benefit is the difference between the total net benefit of stratification by age and
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the total net of no stratification. If a decision maker chooses not to stratify, the loss in total
net benefit represents the minimum willingness to pay for equal access to the intervention
regardless of the variable of stratification, in this example by age. Although equity was not
directly evaluated within the cost-effectiveness analyses in the subsequent dissertation
chapters, it will be addressed as a discussion piece within the conclusion chapter. As
previously stated, although risk of breast cancer does not appear to differ between socially
and economically disadvantaged groups there is some evidence to show variation in
mortality. For example, research from the US found women of lower socio-economic status
have higher breast cancer mortality rates compared to those in higher socio-economic status
(Sprague et al., 2010). It is uncertain whether this inequity exists in Canada, which has a

more social health care system compared to the more private health care system in the US.

Current Debate and Next Steps

Since its inception, screening mammography for masses has received little opposition from
the general public. However, discussions surrounding the true benefits and harms of
screening mammography have emerged over time. The advancement of treatment, the
reduction in other risk factors such as hormone replacement therapy use, and more women
taking control over their individual health, has resulted in improved breast cancer survival.
As we previously mentioned, in 2010 Kalager et al. reported a 10 per cent reduction in breast
cancer mortality attributable to screening mammography. This was a disappointing result
according to the authors who expected a reduction of 20 per cent or more. Other researchers
have publicly questioned the effectiveness or value for money conferred by population-based
screening mammography based on certain claims of harms outweighing benefits, including
excessive use of lumpectomies, mastectomies, and radiotherapy, high rate of false positive

tests, and over-diagnosis.

In the fall of 2009, the U.S. Preventive Task Force updated their screening mammography
guidelines by advising screening on a biennial basis for women aged 50-74 only (U.S.
Preventive Services Task Force, 2009). This garnered much displeasure among women's
groups who have argued that women aged 40-49 should also be screened, despite a lack of

evidence for success or cost-effectiveness to support screening for this age group
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(Rosenquist et al., 1994). Others argue that mammography is effective in reducing breast
cancer mortality in countries such as Canada that have relatively high incidence. They point
out that a 10 per cent reduction in disease-related mortality is a considerable benefit. The
question that still remains, however, is whether this magnitude of effect is worth the
associated costs. Trade-offs between the benefits, harms, and costs associated with various
screening guidelines should be considered when making recommendations for routine
screening. There is also an issue of resource capacity; a recommendation in which more
women are to be screened on a more frequent basis will increase backlog and result in longer
wait-times for all women, including those who are at increased risk. The mainstream media
has to some extent picked up on this debate regarding a concern over harms versus benefits
of screening (Salahi, 2010).

Over time there have been a number of important shifts in the way women are screened
within organized programs in Canada, and these policies vary regionally. For instance, the
program in British Columbia actively screens women on self-referral who are aged 40-49
annually, and women aged 50-79 biennially (Public Health Agency of Canada, 2011). This
province also accepts women under 40, provided that they have a referral from a physician.
In contrast, Ontario only actively screens women aged 50-74 on a biennial basis. In addition,
some provinces are phasing out the use of analog or film mammography for digital
mammography, which has been found to be more sensitive in picking up true cancers as
opposed to false positives (suspected cancers after screen that are negative at diagnosis)
(Pisano et al., 2005). These varying policies have significant impacts on a number of
outcomes, including the ability for a program to obtain adequate coverage of the at-risk
population, wait-times, and costs related to screening, diagnosis, and treatment (Gunes et al.,
2004).

The most recent Canadian Task Force on Preventive Health (2011) breast cancer screening
guidelines was almost identical to those published by the U.S. Preventive Task Force. Based
on a systematic review of the literature the Canadian Task Force recommended the following

for Canadian women of average risk:

e Age 40-49 years: no routinely screening with mammography. (Weak

recommendation; moderate-quality evidence)
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e Age 50-69 years: routine screening with mammography every two to three years.

(Weak recommendation; moderate-quality evidence)

e Age 70-74 years: routine screening with mammography every two to three years.

(Weak recommendation; low-quality evidence)

The pertinent concern that needs to be addressed is why there is so little consensus around
population-based screening mammography. This is most likely due to the lack of strong
evidence available to support the current practices in terms of effectiveness and efficiency.
Other considerations include the assessment of the potential impact of longer screening
intervals for women of moderate risk, such as screening every 3 years, or the impact of
tailored screening for women at high-risk. The high-risk category would be comprised of
women according to age, as well as other high risk factors including family history and/or
genetic predisposition. We must also consider the impact of screening vulnerable sub-groups
of the population, including women with mental and physical disabilities who face
challenges with not only accessing preventive care, but also accessing the health care system
in general. Within the context of a publically funded health care system, decisions regarding

which services should or can be funded, and by how much, are particularly difficult to make.

To date, there have been very few studies that assess the efficiency or cost-effectiveness of
population-based screening mammography in Canada. Decision-makers require sound
evidence to support these difficult choices and therefore it is essential that we do not accept
the current state of affairs and justify activities based on what has been done in the past.
Rather, time should be invested to periodically evaluate these programs to ensure that the
benefits outweigh the harms, and that the related costs are reasonable or within society's
willingness to pay. The subsequent chapters of this dissertation will explore the important
considerations in determining the impact of age, screening frequency, and disease risk on the
cost-effectiveness of screening mammography for the secondary prevention of breast cancer
in Canada through: 1) a review of the literature (cost-effectiveness models and health
economic evaluation studies), 2) a cost-effectiveness analysis to predict the impact of age
and screening frequency on the cost-effectiveness of mammography in Canada, and 3) a sub-
group analysis of the impact of disease risk on the cost-effectiveness of screening

mammography in Canada.
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Chapter 2: Review of Quantitative Models for the Measure of Health
and Economic Impact of Screening Mammography

Preamble

This chapter describes different types of models used internationally to evaluate the impact
of age, screening frequency, and disease risk on the effectiveness and cost-effectiveness of
screening mammography in the secondary prevention of breast cancer. Simulation modeling
is a general term for the creation of a hypothetical representation of a real system or real
world and these population health models represent entire or general populations of people,
including people who are healthy and sick (Simulation Technology for Applied Research
Glossary). This chapter provides an inventory of different models used to evaluate the
effectiveness of screening mammography with a focus on microsimulation models. The
purpose of this exercise was to identify a model that could be used to study the cost-

effectiveness of screening mammography in Canada.

Previous Health Economic Evaluation Studies on Screening Mammography
in Canada

At the time of this research, only one published study evaluating the health and economic
impact of screening mammography in Canada was identified. This study by Hunter et al.
(2004) only reported on intermediate outcomes i.e., cost per breast cancer detected as
opposed to cost per life-year gained or quality-adjusted life-year gained, to assess the costs
and benefits of screening women ages 40-49 years in Ontario, Canada. The study cannot be
considered a full economic evaluation, but rather a partial economic evaluation, since there
was no direct comparison of alternatives in this study. The investigators therefore could not
conclude based on study results whether screening women between the ages of 40-49 is cost-

effective compared to some alternative, such as usual care or compared to no screening.

Generally, many published economic evaluations of screening mammography are either
cost-effectiveness or cost-utility analyses from the United States (US), United Kingdom
(UK), Netherlands, France, and other European and Asian countries (see chapter 3 for the

systematic review conducted in this dissertation). The comparability across studies remains a
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challenge as most if not all studies do not provide adequate information on their methods
used and model assumptions. When information is provided studies differ considerably in
either design, population characteristics, or methods used, meaning that efforts to combine
findings, such as in meta-analysis form, or to generalize results from one context to another
is very difficult. To date systematic reviews of economic evaluations have taken the form of
narrative reviews as opposed to meta-analyses due to these challenges in combining unlike
data.

Many of the published health economic evaluation of screening mammography studies
concluded that, in general, population-based screening mammography would be cost-
effective compared with no screening. However, none of those studies evaluated the gap in
screening performance between recommended guidelines for screening mammography and
screening as it has been implemented in Canada historically because none included the

observed screening dissemination as a basis for comparison.

Since no appropriate health economic studies were found for Canada, a systematic review
was conducted to assess the impact of age, screening frequency, and targeted screening for
subgroups of the population, on the cost-effectiveness of screening mammography. Chapter
3 of this dissertation is a systematic review of published studies that examine the impact of
age of screening and screening frequency on the cost-effectiveness of mammography in the

secondary prevention of breast cancer.

An Inventory of Quantitative Models Used for the Health and Economic
Evaluation of Screening Mammography

A variety of quantitative or analytic models have been used to assess the impact of
population-based breast cancer screening policies. This is a review of the models that have
been previously employed in the evaluation of the impact of age, screening frequency, and

disease risk on the cost-effectiveness of screening mammography.

General types of models include decision analysis, life tables, macrosimulation, and
microsimulation models. Decision analysis models estimate the utility of an intervention

from the viewpoint of the decision maker. The models follow the impact of a decision
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through the use of decision branches that represent alternative pathways that can be taken by
choice or by chance. The outcomes that have been assessed using this approach to modeling
include marginal improvements in life expectancy, costs, or cost per life year or quality
adjusted life years gained. Due to their individualistic approach to estimating impact of
taking a decision or decisions, decision analyses are not easily amenable to population-level
policy analyses. Life table or life expectancy-based models, calculate the number of life
years lost or gained at each age taking into account mortality rate, average life expectancy,
and morality rate reduction attributable to the intervention. The simplicity of the life table
approach limits its capacity to account for complexities in screening, examine multiple types
of outcomes, and difficulties in applying discounting to future benefits. Macrosimulation
models use aggregated data as opposed to individual-level data to estimate impacts of
interventions on population health outcomes over a specified period of time. Due to their
high-level nature, macrosimulation modeling may have limited capacity to answer very
specific health policy questions. Microsimulation models are computer models that operate
at the level of the individual behavioural entity, such as a person, family, or firm, as opposed
to aggregate models whose explanatory variables already represent collective properties.
These models simulate large representative populations of these low-level entities in order to
draw conclusions that apply to higher levels of aggregation such as an entire country

(Simulation Technology for Applied Research Glossary).

Microsimulation models are advantageous as it is comparatively less complex to including
interactions than with macrosimulation. Model extensions and adjustments can be added
such as varying in programs, policies, and screening patterns (van Oortmarssen et al., 1995).
This flexibility of microsimulation is particularly useful in obtaining detailed estimates of
the health effects and costs of different screening programs or policies in the setting of a real
population. In the subsequent sections, we provide a brief review of several types of
microsimulation breast cancer models. Most of the models are part of the Cancer
Intervention and Surveillance Modeling Network (CISNET), a consortium of National
Cancer Institute-sponsored investigators that includes modeling to improve our
understanding of the impact of cancer control interventions, including prevention,
screening, and treatment, on population trends in incidence and mortality. This consortium,

although based in the US, also includes other international models. CISNET publishes very
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detailed descriptions of each of their models in documents posted on their website (CISNET,
2013). These documents are provided in two formats: a “model profiles document” and a
“reader’s guide”. These documents are updated periodically with the most recent update
published in the summer of 2013. We base the majority of the descriptive content for the
CISNET models using these documents. The only non-CISNET model included in this
review is the Population Health Model (POHEM), a Canadian model developed at Statistics
Canada. The descriptive information for POHEM is not as transparent or consistently
updated as it is for the CISNET models, therefore the information in this chapter in regards
to POHEM was extracted from published articles as well as unpublished documents

provided to us from researchers at Statistics Canada.

Statistics Canada’s Population Health Model (POHEM)

The Population Health Model (POHEM) is a microsimulation model developed at Statistics
Canada that has been previously used to assess the impacts of colorectal cancer screening,
breast cancer treatment, lung cancer, obesity, osteoarthritis, and other population health
issues. For the POHEM breast cancer screening model (POHEM-BCS), “what if” scenarios
can be constructed to compare the impact of screening policy options on breast cancer
incidence and mortality. The scenarios can be constructed in the following ways: the absence
of screening mammography, screening with base parameter assumptions, and screening with
sensitivity analyses around uncertain parameters. The model integrates health and population
data. Information incorporated into the model includes: etiology (risk factors), disease onset
and progression, and resource utilization. POHEM-BCS uses Monte Carlo simulation® to
generate a sample of synthetic individuals to whom demographic characteristics, risk
profiles, and health histories of Canadians are assigned. This synthetic population, generated
from birth, ages over time, with number of person years (life years), breast cancer cases
detected, number of undetected breast cancer cases, and other population outcomes
accumulated until the entire population is exhausted i.e. until death (Flanagan et al., 2006).

® Monte Carlo (MC) simulations use computational algorithms based on repeated random sampling; sample
probability distributions for each variable or parameter to produce many possible outcomes. It is used to help
understand the impact of uncertainty by providing results that can be analyzed to obtain probabilities of the
occurrence of different outcomes.
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The total number of women in the model may be set at any number. The output estimates are

reported in aggregate.

In POHEM-BCS, TNM classification® is used to split cancers into stage I, 11 node negative
(1In-), 11 node positive (1In+) and stages 111 and 1V combined. This staging was chosen
because survival probabilities vary between stages and within certain stages, namely stage I1.
The number of different stages allowed was also limited by the model's original architecture
(allowance of up to four disease states) which existed for use in modeling colorectal cancer
screening. The staging allows for the accounting of both stage shifting and within-stage

shifting on the impact on breast cancer survival.

Almost all of the data used in the modeling was pre-existing in POHEM for previous work
on the construction of scenarios to compare what might have occurred in the absence of
screening by mammography, screening with base parameter assumptions, and screening with
sensitivity analyses around parameters that were difficult to estimate. Flanagan et al. (2006)
compared the base scenario estimates to observed incidence and mortality to benchmark the
model. They estimated the impact of screening on incidence and mortality over the period
1986 to 2002.

The model input data include: pre-screening incidence rates from National Cancer Incidence
Reporting System database, age-specific stage distribution from the Saskatchewan Cancer
Registry and the Canadian Breast Cancer Screening Database (CBCSD), pre-screening
survival from the Saskatchewan Cancer Registry, and participation in screening
mammography rates which were set at 70 per cent for initial screen (first screen) and 90 per
cent for subsequent screening. Sensitivity and specificity of mammography were estimated
from the CBCSD data and treatment effects on survival (by stage and treatment regimen)
were pre-existing in the model, using estimates published elsewhere (Will et al., 1999). The

costing data in this model include: costs associated with diagnosis and initial treatment.

* The TNM classification system describes the extent of many types of solid tumour cancers. It gives a
common language to describe a cancer. T stands for “tumour” and indicates the size of the primary tumour and
the degree of spread to nearby tissues; N stands for lymph nodes and indicates whether or not cancer has spread
to nearby lymph nodes, the size of the nodes that contain cancer, and how many lymph nodes contain cancer,
and M stands for metastasis and indicates whether or not cancer has spread to distant organis..

Source:: http://www.cancer.ca/en/cancer-information/diagnosis-and-treatment/staging-and-
grading/staging/tnm-staging/?region=on#ixzz30V86tE9e
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These cost estimates were pre-existing in the model. Further details on these are found in the
work by Will et al. (2000).

POHEM-BCS allows for multiple screening tests over each individual’s lifetime, depending
on the set participation rates, screening interval (number of years between screens), year of

start and end of screening, and the age at which screening is to be offered.

Specific details of the model are further provided in chapter 4 of this dissertation.

Figure 3 High-level overview of POHEM
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The Erasmus MC MISCAN Model

The Microsimulation SCreening ANalysis (MISCAN) model was developed in the
Netherlands and was first introduced in 1985 by Habbema et al. (1985). It may be considered
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the oldest and most frequently cited breast cancer microsimulation model internationally.
MISCAN has since been used as a screening model for a number of diseases in addition to
breast cancer including cancers of the colon, cervix, and prostate (CISNET, 2013). CISNET
researchers that contributed to this model include J DIk F Habbema, Rob Boer, Harry J de
Koning, Gerrit J Oortmarssen and Sita Tan, all of whome are from the Deaprtment of Public
Health, Erasmus MC, University Medical Center Rotterdam, while Rob Boer is also with the
RAND Corporation.

The model is now known as the MISCAN-Fadia model as it has been adapted to integrate
the influence of tumour growth (a biologic parameter) and the concept of “fatal diameter”,
instead of discrete tumour stage as was used in the standard (previous) model (CISNET,
2013). The integration of a biologic parameter to predict survival is what distinguishes
MISCAN-Fadia from other models. The MISCAN standard model and MISCAN-Fadia has
been used to predict and compare the effectiveness and cost-effectiveness of different
screening policy options. MISCAN-Fadia is a microsimulation model which uses inputs and
tracks life histories that include cancer history and the effectiveness of treatment and
screening. The most marked difference between this model and others, including POHEM, is
the detailed natural history component based on a continuous tumour growth model as
opposed to discrete stages. The majority of this section describes the MISCAN-Fadia model.

To contrast the standard MISCAN with the MISCAN-Fadia model, several differences
should be noted. Firstly, in the standard MISCAN, the screening test result is dependent
upon the stage-specific sensitivity of the test (mammography for example), whereas in
MISCAN-Fadia, if the diameter of a tumour at the time of screening is larger than the
assigned threshold diameter (differs between tumours), the test will result in a positive test.
In the standard MISCAN, the benefits of screening relate to the individual’s disease history
in the absence of screening in that a proportion of screen-detected cancers, proportional to
stage, will be cured. In MISCAN-Fadia, on the other hand, models survival of both clinically
diagnosed and screen-detected cancers using the “fatal diameter” concept, and the diameter
at which the cancer becomes fatal is related to the treatment. In contrast to the standard

MISCAN, MISCAN-Fadia integrates differential survival for alternative adjuvant

38



treatments®, as well as differences in their use over time. The standard MISCAN allowed for
multiple disease histories within the same person whereas in MISCAN-Fadia only one
history can be generated for each person in the model. Finally, MISCAN-Fadia models the
dissemination of screening (participation) outside or externally to the model using a different

program.

There are several referenced limitations in regards to the MISCAN-Fadia model assumptions
(CISNET, 2013). First, the model allows only one tumour per woman therefore it is not
possible for any woman to have more than one cancer. Although not reflective of true life,
this is a consistent limitation across many microsimulation models, including POHEM.
Secondly, the model only allows the dissemination of one screening test for each individual
which is different from POHEM which allows multiple screening tests throughout an
individual’s modeled lifetime. Thirdly, the result of the screening test is completely
determined by the size of the tumour as well as the tumour-diameter threshold for the
screening test. The model does not take into consideration random variation in test
sensitivity or impact of human error that may be introduced in the reading of the test.
Fourthly, estrogen receptor (ER) status is not modeled. ER status is a predictor of how well a
woman with breast cancer will respond to hormone therapy, how a tumour may behave, and
what other treatments might be effective (Canadian Cancer Society: “Hormone receptor

status testing”, 2014). ER status is therefore a predictor of breast cancer survival.

The MISCAN-Fadia model’s major components include a natural history component,
population component, screening component, and treatment component (CISNET, 2013).
The natural history component simulates the natural history of a breast cancer tumour and
includes sub-components: cancer incidence and survival/mortality. The population
component simulates the demography of the simulated cohort. The screening component
simulates screening mammography participation and its impact on that simulated cohort.
The treatment component simulates the use of adjuvant treatment and its effects on the
simulated cohort.

> An adjuvant treatment or therapy is any “additional treatment given after the primary treatment to lower the
risk that the cancer will come back. Adjuvant therapy may include chemotherapy, radiation therapy, hormone
therapy, targeted therapy, or biological therapy.” Source: National Cancer Institute Dictionary of Cancer
Terms, http://www.cancer.gov/dictionary?cdrid=45587
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To estimate the natural history component, parameters were estimated based on data from
the Two County trial study in the “Cohort Model” (see chart 2). The natural history
component simulates invasive tumours as well as ductal carcinoma in-situ (DCIS), which is
considered non-invasive but can develop into invasive cancer. Sub-components or states of
DCIS include: regressive, clinically diagnosed, and progress to invasive tumour. Tumour
growth rate, although constant, and tumour size differs between tumours. The tumours are
characterized by different sizes at which treatment will not result in a cure — it is called the
“fatal diameter”, which is a threshold that determines the individual’s cancer
survival/mortality. Whether a tumour is detected clinically depends on signs or symptoms
resulting from the primary tumour or by symptoms related to distant metastases. These
probabilities are assumed to depend on the primary tumour’s diameter (a set diameter at
which point symptoms will occur to result in a clinical diagnosis of the disease). Probability
of distant metastases symptoms is dependent upon time from when the disease is
characterized as being fatal (once the fatal diameter is reached). This time period is applied
to cases where breast cancer is diagnosed clinically as well as to when cancer is screen-
detected (CISNET, 2013). For example, a cancer may be screen-detected but at a point
where the fatal diameter has already been reached (signifying a very aggressive tumour). It is
expected that these types of screen-detected cases would not occur as often as they would in

clinically diagnosed cases.

The life-course of a tumour in the model follows the parameters: tumour growth rate, tumour
fatal diameter, survival time after reaching the fatal diameter, tumour diameter threshold for
screen-detected cancers (diameter at which time a tumour is detectable by a screening test),
tumour diameter at clinical diagnosis, and time when distant metastases becomes clinically
diagnosed (modeled as a constant proportion of survival time after reaching fatal diameter).
If diagnosis occurs before the fatal diameter is reached, in a screen-detected or clinically-
detected case, it is assumed treatment will be initiated and the cancer cured. The impact of
screening is captured for a detected tumour based on the tumour diameter and the threshold

diameter for the screening test for the particular tumour.

Cancer incidence is modeled as a probability distribution for the onset of pre-clinical disease

(before there are symptoms or signs of disease and which can only be detected by a
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screening test) by age. This stage is the first possible disease state in the model and is
labelled as “pre-clinical DCIS”. The model assumes that many individuals will not have a
detectable DCIS before having invasive cancer and are modeled has having no dwelling time
in this stage. In the model, one cancer per woman can occur over a lifetime. The incidence of
the onset of preclinical breast cancer data are from birth cohorts from 1895 to 1971,
representing cumulative probability estimates from age 0 to 85. The age distribution of the
incidence of the onset of pre-clinical breast cancer including DCIS is given by 5 year age
groups from age 20 to 85. The survival and mortality benefits of screening occur when the
tumour is detected by screening before it becomes fatal (reaches the fatal diameter),
assuming that the tumour would have been otherwise detected clinically after it had become
fatal. When a cancer is screen-detected before it has reached fatal diameter, it is assumed to
be treated and then cured.

The population component simulates the demographic characteristics of the simulated
population in the MISCAN-Fadia. The model researchers aimed to simulate from birth to
death, the US population made up of 5-year birth cohorts from 1895-99 up to 1965-1969 and
1970, which was a 1-year cohort used to simulate the year 2000. Life tables with 1-year age
steps were generated for each cohort for deaths from other causes using the model’s base
case data (1973-1975 SEER mortality data) at the mid-year of each cohort. The relative size
of each cohort represented the size of the population in 1975, correcting for the probability
of dying before that year, and then translated into a proportion of the simulated population
for each. The demographic parameters in the population component include number of birth
cohorts, distribution of the population among the birth cohorts, distribution of dates of birth
within each birth cohort, life table parameters for each birth cohort, and lift time breast
cancer risk for each birth cohort (CISNET, 2013).

Screening participation by age was modeled outside of MISCAN-Fadia and the output of
that screening model was applied to MISCAN-Fadia to predict the impact of screening on
various outcomes (CISNET, 2013). As part of CISNET, screening participation data is
common amongst all CISNET models (MISCAN-Fadia, Dana Farber Model, Georgetown-
Einstein Model, MD Anderson Model, Stanford Model, Wisconsin-Harvard Model, and the
University of Rochester Models). Within the MISCAN-Fadia model, two screening
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participation scenarios are observed: 1) simulation of a regular invitation-based screening
program based on a specific screening period, screening ages and participation rates; 2)
CISNET age-specific screening program simulating actual mammography participation in
the US from 1975 to 2000 (CISNET, 2013). In terms of assumptions, screening was modeled
to pick-up a cancer if the tumour size reaches a specific threshold. If screening occurs before
that threshold is reached, then a tumour will not be detected and if the threshold is reached
the screening test will always pick-up the cancer. Threshold size is dependent upon year of
diagnosis and the individual’s age. DCIS (pre-clinical, non-invasive cancer) is detected by

screening depending on its sensitivity to DCIS.

The treatment component simulates the use and impact of adjuvant treatment and is
integrated into MISCAN-Fadia as a probability of being treated with a specified type of
treatment: chemotherapy or tamoxifen or both for two years, tamoxifen for 5 years,
chemotherapy and tamoxifen for 5 years, or no adjuvant therapy (CISNET, 2013).
Chemotherapy is a treatment for cancer that uses drugs to destroy cancer cells and tamoxifen
is a selective estrogen receptor modulator (SERM) that binds to estrogen receptors to prevent
estrogen from binding and is used to prevent the recurrence of breast cancer. The data used
to model the benefits of adjuvant treatment on all-cause mortality were taken from a meta-
analysis. The impact of chemotherapy and tamoxifen were assumed to be independent of
each other. Neoadjuvant and primary treatment use and impact do not appear to be integrated
into the model, whereas they are integrated into POHEM. Neoadjuvant therapy is treatment
that is given prior to primary treatment in order to shrink the tumour so that it is easier to
treat with primary treatment. Chemotherapy and radiation may be used as neoadjuvant
treatments. A primary treatment is the main type of therapy used for breast cancer which

varies by patient. As mentioned previously, primary treatment for breast cancer is surgery.
The MISCAN-Fadia outputs include:

e Breast cancer incidence by calendar year from 1975-2000 by stage and 5-year age
groups from age 30 to 84;

e Number of deaths by calendar year from 1975-1999;

e Population on July 1% of each calendar year from 1975 to 1999 by 5-year age groups
from age 30-84;
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Mean lead time by age (30-84, 30-39, 40-49, 50-59, 60-69, 70-84) —the time from
screen detection to the time a tumour would have been clinically detected in the
absence of screening;

Percent over-diagnosis by age (30-84, 30-39, 40-49, 50-59, 60-69, 70-84) — the
ratio of the number of screen-detected cancers (women) that never would have been
clinically detected to the number of cancers (women) who were screen-detected;
Number of over-diagnosis cases by 5-year age groups and by calendar year;
Detection rate at first (initial screen) by age (30-84, 30-39, 40-49, 50-59, 60-69,
70-84) — ratio of the number of cancers detected to the number of women screened;
Detection rate at subsequent screen by age (30-84, 30-39, 40-49, 50-59. 60-69,
70-84);

Screen sensitivity by age at screening using one year interval (ages 30-84, 30—39,40—
49, 50-59, 60-69, 70-84) - (number of screen-detected cancers)/(hnumber of screen-
detected cancers + number of interval cancers);

Screen sensitivity by age at screening using two year interval or biennial screening
frequency (ages 30-84, 30-39, 40-49, 50-59, 60-69, 70-84).
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The cohort model is used to estimate the parameters of the natural history of breast cancer,
using the data from the “Two County” trial for breast cancer screening, by simulating the
screening schedule of this trial. These natural history estimates are used in the population
model, in combination with the base case data and other data, to run the simulations that
produce the base case results for the U.S. breast cancer incidence and mortality in the period
1975-2000. T1 through T4 are tables that give an overview of the data used by the two
models, and Fig. 3 refers to the survival data in Fig. 3. See the CISNET Erasmus Breast
Cancer Model Profile for details (CISNET, 2013).

Figure 4 The MISCAN-Fadia Continuous Tumor Growth Model for Breast Cancer.
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Dana Farber Model

The Dana Farber model is a stochastic model® of the natural history of breast cancer that was
developed to predict the impact of early detection of breast cancer in women due to
screening mammography, physical breast examination, or a combination of both, on
mortality (CISNET, 2013). For the purposes of CISNET, the population under study were
U.S. women in the chronological time period between 1975 and 1999. The earliest
publication using this theoretical model was published by Lee et al. (2003). Although the
CISNET profile for this model was dated as an update in 2013, the reference information is
quite old which leave us to believe that this model has not been used for some time or at
least the information in the profile has not really been updated to reflect current changes to
the model or uses of the model. The basic assumptions of the model, similar to other models
including POHEM-BCS are that breast cancer is a progressive disease and that any mortality
benefit from screening is due to stage shifting (an individual with breast cancer is detected at
an earlier stage, resulting in earlier treatment and therefore better prognosis). Other
applications of the model include the study of the impact of different screening policy

options, similar to how POHEM-BCS is used to answer “what if” questions.

The Dana Farber model is described as having two components: 1) a natural history
component and 2) a survival and mortality component (CISNET, 2013). Both components
are described in the CISNET breast cancer model profiles as theoretical as of 2013. The
natural history of disease component is described as being based on the assumption that

breast cancer is a progressive disease with four or five health states:

e Individual is breast cancer-free or has breast cancer but is asymptomatic and would
not be detectable through any means;

e Individual has breast cancer but is asymptomatic and could be diagnosed by some
means;

¢ Individual is diagnosed with invasive cancer that has been clinically detected (sought
care because of symptoms);

e Death from breast cancer;

® Use of random probability distributions for model parameters.
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e Death from other cause.
The model inputs include:

e age-dependent breast cancer incidence rates pre-screening (or at a time when
screening was not commonly used);

e age-dependent transition rates for the previously listed health states;

e stage distribution of cases when there is no screening and stage distribution of
screen-detected cancers, stage distribution of interval cancers, survival distribution
by stage, year (to account for treatment effects);

e screening participation rates, screening age, screening frequency;

e mammography sensitivity and physical examination sensitivity by age;

e birth cohort year(s) from which mortality probabilities are assigned.

In the description of this model, data to be used for these parameters would come from
randomized trials and from databases such as SEER. The age-dependent transition rates
would be estimated from age incidence rates using methods described in the article by Lee
and Zelen (2003).

The survival and mortality component of the model integrates the differential modeling of
individuals without screening and those who participate in screening. The model allows for
the modeling of birth cohorts to predict age-specific breast cancer mortality. Mortality rates
are applied to the models that are characterized as age-specific probabilities of death.
Different mortality rates are assigned to screen-detected and interval cancers (individual has
a history of screening but cancer was not detected at screen but rather picked up between
screens). The model is described to take into account lead time bias and length bias, whereby
the effect of screening assumes that diagnosis of screen-detected cancers would change the
stage distribution beyond what would be expected due to length bias. This refers to the
previous identified assumption that screening results in a favourable stage shift and have a
more cancers with better prognosis than in the absence of screening. Based on a set reference
point (such as from birth), cumulative mortality from that reference point is applied and is

dependent upon the age of the individual at that reference point in time.
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The model outputs include total breast cancer mortality and reduction in mortality relative to
some base (scenario). The researchers note that the most accurate use of the model is to
determine relative mortality reductions as this approach would be able to control for other
factors not taken into account in the model. There are several other stated limitations
reported with this model including the uncertainty around whether earlier detection really
results in reduced mortality and that survival is dependent upon the mode of detection and
stage (CISNET, 2013). The model has been applied to predict mortality reductions in eight
randomized controlled trials and predicted mortality reductions that were starkly different
from the reported mortality reductions in those studies (see table 1). Results of the model
have also been generated for model validation and sensitivity analysis work (CISNET,
2013).

Table 3 Summary of reported and predicted mortality reductions (MR) using the Dana Farber Model
for Eight Randomized Controlled Trials of Breast Cancer Screening.

Trial FU(yrs) Reported MR(CI) Prediction MR
Malmo-1 19 19% (0,34%) 17%
Stockholm 15 10% (~28%,37%) 21%
Gothenburg 13.5 22% (-7,43%) 20%
Ostergotland 17 11% (-9,28%) 22%
Edinburgh 14 17% (-18,42%) 11%
HIP 10 30% ?) 3%
Canada-1 7 -36% (-121,16%) 1%
(40-49)

Canada-2 7 3% (-52,38%) 1%
(50-59)

Source: Dana-Farer Cancer Institute Predicted Mortality Reductions (CISNET, 2013).
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Georgetown University-Einstein Model

The Georgetown University Model is a CISNET consortium model that also simulates the
incidence of and mortality from breast cancer between 1975 and 2000 in the U.S. female
population, and specifically estimates the effectiveness of screening and treatment during
this time period (CISNET, 2013). This model, originally developed in order to evaluate the
cost-effectiveness of breast cancer screening programs, was developed by Jeanne
Mandelblatt, Aimee M. Near, Clyde B. Schechter, and Michael A. Stoto. The model is
described as being event-driven and using continuous-time state transitions. Similar to some
of the previous and subsequent models in this review, including POHEM-BCS, individuals
from different birth cohorts are simulated one by one. Times when events (or health states)

occur are based on sampling from pre-specified time-interval distributions.

There are four components of the model: Population or demographic component, natural
history of disease component, screening component, and treatment component. The
population component simulates women to represent the age distribution of US women in
1975, their breast cancer incidence by age, and their overall mortality experience. The
natural history component is part of the model that simulates the performance of screening
and whether this results in the early detection of cancer and at what stage of cancer.
Performance of screening is governed by screen test sensitivity and specificity. Part of the
model also estimates stage shift for the tumour which is dependent upon screen test lead
time. The screening component simulates screening participation for each woman — when
they get screened is based on a model of observed utilization in the population from 1975
and 1999. The treatment component is applied whenever disease is either screen-detected or
clinically detected and assigns a treatment for each woman with breast cancer and assigns a
corresponding breast-cancer survival time. These probabilities are based on SEER data by

age, stage, ER status, and survival linked to treatment.

The number of women simulated in this model was 55 million.US census data were used to
extract information on women born in or after 1890 in order to simulate the population alive
in 1975. Several health states are modeled including: development of breast cancer that is
screen-detected, development of clinically-detected breast cancer, or death of other causes

before breast cancer is diagnosed. When a cancer presents, it is assigned a stage depending
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on whether it was screen-detected or clinically-detected. For screen-detected cancers, stage
is estimated from the stage the cancer would have been if clinically-detected and the lead
time gained from screening based on a formula derived from Bayes’ theorem (CISNET,
2013). The cancers are further characterised as being estrogen-receptor (ER) positive or
negative. Survival is dependent upon age and stage at diagnosis, ER status, and treatment.
This is in contrast to POHEM-BCS, for which survival is only dependent upon age and stage

at diagnosis.
The inputs of the model include:

e age distribution of US women;

e projections of breast cancer incidence in the absence of screening by age and year;

e annual mortality among US women from other causes by year;

e age-specific stage-distribution of clinically-diagnosed cancers (SEER data in 1975);

e age-specific stage-distributions of screen-detected cancers (SEER data in the 1990's);

e age-specific mammography sensitivity;

e mean tumor sojourn time by age (sojourn time is the duration of a disease before
clinical symptoms become apparent but during a time when it could be detectable
with some screening tool);

e mean tumor dwell time in each stage (DCIS, local, regional, distant);

e mammography participation by age and year (from the National Cancer Institute —
NCI);

e ER specific distributions of treatment choices in different calendar years by age and
stage (from the National Cancer Institute —NClI);

e ER specific breast cancer survival curves by age and stage;

odds ratio estimates of survival associated with adjuvant therapy (tamoxifen and

chemotherapy).

Similar to POHEM-BCS, a life history is generated for each individual in the model which
identifies, at some point in time, whether the individual is diagnosed with breast cancer, at
what stage of cancer, what treatment they were given, whether they die and when, whether

the death is from breast cancer or other cause. In addition, the total number of screens is
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provided as well as the number of positive screens. This information then contributes to the
estimate of breast cancer incidence and mortality outcomes that are provided in aggregate by

year and by decade of age (POHEM-BCS generates outcomes by 5-year age groups).

The reported key limitations of the model are that it assumes the only benefit from early
detection is stage shifting and that all breast cancers, including non-invasive DCIS is
progressive (CISNET, 2013). The latter assumption is the most concerning because
empirical evidence does not necessarily support this assumption. For example, the study by
Welch and Black (1997) reported that a proportion of studied women who were not known
to have breast cancer throughout their life had DCIS upon autopsy (almost 9 per cent mean
prevalence). In contrast, POHEM-BCS also assume stage shifting as the benefit of screening
but does not include DCIS as stage in the modeling therefore the issue regarding over-

diagnosis due to DCIS would not be considered a limitation.

MD Anderson Model

The MD Anderson Model, as part of the CISNET consortium, aimed to provide estimates
and their associated uncertainties of the relative impact of screening mammography,
tamoxifen, and improvements in chemotherapy on breast cancer mortality in the U.S. female
population since the year 1990. This model also enables the prediction of impact of mortality
from different screening policy options and changes in the use of tamoxifen and
improvements in chemotherapy. Therefore, similar to POHEM, it can be used to predict real
impact of screening on mortality and projected impact of “what if” screening policy
questions on mortality. The principal investigator for this model is Donald A. Berry from the

University of Texas M.D. Anderson Cancer Center.

Six model components are described in the MD Anderson Model CISNET profile:
population component, screening component, cancer incidence component, treatment
component, survival and mortality component, and a results component. The population
component uses 1975 as the start year for simulation, at which time there would have been
prevalent cases of breast cancer. The researchers noted that they had to identify these
prevalent cases and omit them from the model. They then simulated 2 million women

representing the age distribution of women in 1975 and followed them to the year 2000.
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During this modeled period of time, new births, deaths, and migration were allowed. At each
year, the number of women with diagnosed breast cancer is tracked. The screening
component assigns each woman a screening profile what she would follow throughout her
lifetime. The screening profile is characterized by start and end age of screening and
frequency of screening. Each year from 1975 to 2000, it was determined whether each
women participated in screening mammography based on her screening profile. The cancer
incidence component determines whether women receive a breast cancer diagnosis. The
probability of being diagnosed with breast cancer depends on her screening profile where a
probability of breast cancer is conditional on how long it has been since her last screen
(interval). Interval cases are integrated into the model — these are cases of disease that occur
between screens. The characteristics of the tumours depend on the method of breast cancer
detection — by screen or clinically. The treatment component includes assigned treatment
depending on the characteristics of the woman and her cancer (tumour), and the calendar
year to reflect changes in treatment over time. In contrast, POHEM-BCS does not adjust
treatment by year nor does it model survival based on treatment. The survival and mortality
component of involves each breast cancer case being assigned a lifetime with cause of death
from breast cancer, as well each woman (with or without breast cancer) has a “natural”
lifetime assigned to her as she enters the cohort (her life profile is set at the time she enters
the cohort). In this component, survival is defined as the shorter of these two lifetimes. The
results component is essentially the accounting process of the model. It aggregates or tallies

the simulated breast cancer mortality attributable to screening and treatment.

In terms of the general structure of the model, the MD Anderson Model is described as using
Bayesian (conditional probability) updating to estimate the impact of mammaography,
chemotherapy, and tamoxifen on breast cancer mortality (CISNET, 2013). The simulated
cohort in this model is considered dynamic by allowing births, immigration and deaths and
emigration in the population each year. Breast cancer events are tracked over time and
depend on the age, screening participation, and treatment for breast cancer, which all change
over time. In an example of applied conditional probability, a woman’s participation in
screening in any given year is dependent upon her screening history (a probability is applied
based on previous screening). This is similar to POHEM-BCS, which assigns a probability

of first screen and probability of subsequent screen. Having a breast cancer diagnosis or not
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is condition on her age, the mode of detection (screen or clinical), time since her last screen,
and the calendar. If breast cancer is detected, then a stage is assigned to the cancer, as well as
nodal status, and ER status with frequencies according to age, mode of detection, and time
since last screening. The treatment assigned is determined by the current treatment standards
and by the characteristics of the woman and the cancer. The impact of treatment is estimated
based on observed effectiveness in previous research. The probability of dying for each
woman is based on actuarial survival data and the mortality from breast cancer observed in
the simulated cohort is meant to represent that observed from 1975 to 2000. As part of the
researchers overall objectives for this model, the estimated results were compared to

observed results.

The reported intermediate model outputs included:

e age distribution of US women each year from 1975-2000;

e prevalence of breast cancer in 1975;

e tumour characteristics for each breast cancer detected each year from 1975-2000;

e survival distribution of breast cancer;

e survival distribution without breast cancer;

e screening mammography participation (age and frequency);

e proportion of women who have ever participated in screening mammography;

e stage-, age-, year-, and mode of detection (screen or clinical)- specific breast cancer
incidence; and

e Dreast cancer mortality by year of diagnosis in 1975 (prevalence), or in 1975 or later

(incidence).
The primary model outputs included:

e age-adjusted breast cancer mortality for each year from 1975-2000
e age-adjusted all cause mortality for each year from 1975-2000
e posterior distributions for parameters drawn from prior distributions such as the

benefits of adjuvant tamoxifen and adjuvant chemotherapy
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The model results showed that the estimated and observed mortality were reasonably similar
(see chart 3). It was also found that there is a negative correlation (-0.40) between the

percent reduction in breast cancer mortality due to screening versus treatment.

Figure 5 MD Anderson Model - Simulated mortality (average) and observed mortality
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Figure 6 MD Anderson Model - Per cent reduction in breast cancer morality due to treatment and
screening (joint contribution)
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Stanford Model

The Stanford Model was also included in the CISNET consortium. The stochastic model
simulates breast-cancer specific events and tracks the health outcomes using a natural history
of disease approach. The stated primary goal of this simulation model was to explain the
effect of breast cancer screening and treatment on breast cancer incidence and mortality
(SEER) in the US female population between 1975 and 2000 (CISNET, 2013). The
developers of the model note that it can be used to predict breast cancer incidence and
mortality under various “what if” policy scenarios, such as alternative screening programs
characterized by age and screening frequencies or intervals, which is similar to the use of
POHEM-BCS. However, the Stanford model can also be leveraged to examine the impact of

changing the groups targeted for adjuvant treatment on mortality.

The CISNET profile for the Stanford Model outlines the following algorithm (or health
states) applied to birth cohorts form 1887 to 1970 and for each woman in the birth cohort:

e Generate natural history of breast cancer;

e Calculate life history without screening and adjuvant treatment;

e Calculate life history with screening but without adjuvant treatment;

e Calculate life history without screening but with adjuvant treatment; and

e Calculate life history with screening and adjuvant treatment.

Similar to POHEM-BCS, the Stanford Model estimates population-level breast cancer
mortality trends through the simulation of individual life histories and then aggregating the
generated outcomes to estimate a population-level estimate of disease and death (CISNET,
2013) The model simulates breast-cancer specific events and tracks the health outcomes
using a natural history of disease approach. The model uses Monte Carlo simulation to
generate the following characteristics for each breast cancer case: 1) date of birth, 2) age of
death from other cause, 3) ages when screening occurred, 4) age when invasive breast cancer
would have been detected in the absence of screening, 5) age when invasive breast cancer
would have been detected in the presence of screening, 6) primary tumour size, extent of
nodal and distant involvement, and ER status at the time of detection in the presence and

absence of screening, 8) breast cancer survival time given disease stage, tumour size, age at
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detection, and mode of detection (screen or clinical), and 9) cause of death (breast cancer,
other cause) (CISNET, 2013). The results of the model can never be generated for any one

individual — results are always reported by the model at an aggregate level (CISNET, 2013).

The model assumptions are based on tumour size, similar to the MISCAN-Fadia model. A
patient in the model has a screen-detected breast cancer only if the size of the tumour is at or
above the tumour size detection threshold of mammography at the time of screening
(CISNET, 2013). Once breast cancer is detected, the case is assigned a specific survival time
based on age, tumour size, SEER historic stage mode of detection and use of adjuvant
treatment. In this way, survival is modeled using several parameters in contrast to POHEM-

BCS which relies solely on age and stage of disease.

The model’s CISNET profile reports five components: population component, natural
history component, screening component, cancer incidence component, treatment
component, and survival and mortality component. The population component specifies the
birth cohorts for the simulation that are representative of US women born between 1887 and
1970. The developers used a sample size of two million women in each cohort which was
found to be a sufficiently large enough number to model in order to reduce variability
associated with the use of Monte Carlo simulation. The size of each cohort is kept constant

in the simulation, despite the real effects of immigration and emigration

The outputs of the model include breast cancer incidence and mortality by 5-year age groups
and by year and screening program characteristics based on cancers generated in years 1975
to 2000 (lead time, over-diagnosis, detection rates for first and subsequent screens,
sensitivity — all by 5-year age groups) (CISNET, 2013). The outputs are produced for four
different modeled scenarios: background risk only (no screening, no treatment), treatment
only, screening only, screening and treatment. The results of the model show that compared
to the predicted mortality rate in the absence of screening and adjuvant therapy in the year
2000, in the presence of both screening and adjuvant therapy mortality rate is reduced 29.9
with 16.9 per cent attributable to screening, 6.9 per cent attributable to chemotherapy and
attributable due to adjuvant therapy. The estimated relative contributions of screening and
adjuvant therapy to the mortality reduction were similar: 53 per cent attributable to screening

compared 47 per cent attributable to adjuvant therapy (see chart 5). The observed mortality
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rates appear to be lower than all four scenarios therefore the model results may be more
meaningful in telling us the relative difference in impact across scenarios than predicting the
real absolute impact in the population. A similar analysis could not be conducted using
POHEM-BCS as treatment is not integrated in the prediction of survival.

Figure 7 Stanford Model — simulated age-adjusted mortality from breast ancer under scenarios.
Observed rates are plotted for comparison (NCHS)
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Wisconsin-Harvard Model

Another CISNET microsimulation model, the Wisconsin-Harvard Model is descdribed as
generating cancer registry-like datasets over time by manipulating parametric input
assumptions for natural history of disease, screening, and treatment in order to answer
screening policy questions (CISNET, 2013). The Wisconson-Harvard Model evolved from a
model constructed 10 years prior by a PhD student for their dissertation in order to observe
breast cancer incidence and mortality in the state of Wisconsin from 1982 to 1992 (Chang,
1982). This base, deterministic model, included a population demography component,
natural history of disease component (biologic onset and disease progression), a screening

component, and a treatment component. Based on his original model, Change concluded that
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a significant proportion of all breast cancers are pre—destined to grow only to a limited size
of about 1 cm diameter and would not pose a lethal threat to an affected woman if left
untreated. Chang also concluded that this indolent tumour would be indistinguishable from
potentially lethal tumors of similar size and termed them "limited malignant potential
(LMP)™ tumors. We believe that DCIS non-invasive cancers would fit under this category of

tumour.

The current model is a redesign of Chang’s model in order to generate a realistic virtual
Wisconsin cancer registry of incident breast cancers for resident women from 1975 to 2000
and to simultaneously replicate age-specific breast cancer mortality in this population during
the same time period using a microsimulation model, and to produce a model that can be
used to explore the impact of alternative screening programs and treatment for breast cancer
— to answer “what if” policy questions (CISNET, 2013). Briefly, the model is a discrete
event simulation with fixed cycle time of 6 months with a start calendar year 1950. It uses a
population size of 2.95 million women divided into birth cohorts making up the female
population age 20 to 100 years old and representative of women in Wisconsin between 1950
and 2000. Similar to previous models discussed in this chapter, each individual woman are
simulated in this model from calendar year 1950 or in the year in which they were age 20
until she dies a simulated death or achieves age 100, or the simulated year reaches 2000 —
whichever comes first. The basic processes in the model include natural history of breast
cancer from diagnosis to death from breast cancer, screen-detected breast cancer or
clinically-detected breast cancer cases, improvements in treatment and utilization of

treatments over time, and death from other causes (CISNET, 2013).

The components of the model are briefly described in the CISNET profile as follows. In
terms of the natural history of disease component, the onset of breast cancer may occur at
some point in a woman’s life or not at all. A cancer will grow over time in a progressive
manner, depending on the tumour’s characteristics, but not all tumours are lethal and some
may actually regress. This is different from previous models that assume all diagnosed breast
cancers to be progressive. Death from breast cancer occurs as an endpoint of a process
whereby tumour growth is uncontrolled and therefore spreads. In terms of the screening

component, a breast cancer may be detected by screening mammography whereby
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participation in screening may be stochastic or systematic over time. Clinically-detected
breast cancers are not differentiated in the model. In terms of the treatment component,
breast cancer that could be lethal could be stopped or regressed with treatment and
interventions may include surgery with or without radiation therapy. This is considered
primary therapy for breast cancer. Adjuvant therapy with tamoxifen and/or chemotherapy is
introduced over time within the model. The model uses an all or nothing cure model for
treatment for each simulated individual woman — the component approximates observed
population-level treatment effectiveness. In terms of deaths from other causes, women can
die from other non-breast cancer causes in the model. Demographic data used in the model
were from census while mortality was derived from the Berkeley tables (CISNET, 2013).
Cancer data came from the Wisconsin Cancer Reporting System and from SEER, while
mammography participation data from Wisconsin and from National Cancer Institute (NCI)
CISNET base case analysis were used. Treatment use was provided by the NCI and
treatment effectiveness from meta-analyses. Characteristics of screening mammography
were based on findings in the published literature with expert judgement as supplementary

information.

In terms of results, the CISNET profile show the Wisconsin-Harvard model to fit relatively
well with observed data from the SEER and the Wisconsin Cancer Reporting System by
cancer stage (in situ, localized, regional, and distant), and for breast cancer incidence and

breast cancer mortality (WCRS) (see chart 6).
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Figure 8 Wisconsin-Harvard Model - Fit of final model against SEER and WCRS.
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Conclusion

Modeling can be useful in the assessment of the benefits and harms of different screening
policy options when conducting randomized controlled trials or other epidemiologic studies
are not feasible. The CISNET breast cancer consortium research groups have worked closely
with the U.S. Preventive Services Task Force (USPSTF) to provide modeling input to
supplement USPSTF's usual evidence review for updating breast cancer screening
recommendations in the US. The evidence that the CISNET modeling has been able to
contribute include the added benefits and harms of screening at earlier and later ages and
varying the time interval between successive screening exams (or screening frequency). In
the US, modeling appears to be valued as a significant contribution to the greater
understanding of the harms and benefits of screening policy options in order to inform
screening guidelines in that country. In 2011, the Canadian Preventive Task Force updated
recommendations for breast cancer screening in Canada based on a systematic review of the
literature but did not consult the use of microsimulation modeling using Canadian data. As
POHEM-BCS is a Canadian model that is comparable to the models in the CISNET
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consortium, this model could be leveraged to inform screening guidelines for Canada.
POHEM-BCS could therefore be used to answer “what if” policy questions in regards to
identifying optimal screening based on age, screening frequency or intervals, and risk-groups
for the Canadian population. We aim to explore this further in the subsequent chapters of
this dissertation: a systematic review of impact of breast cancer screening age eligibility,
screening frequency, and screening population risk-profile in the cost-effectiveness literature
(chapter 3); a cost-effectiveness analysis of screening mammography policy options
characterized by screening age and frequency (chapter 4); and the impact of age and
screening frequency on the cost-effectiveness of targeted screening for women with high-
risk of breast cancer compared with the base case (screening of the general female

population) (chapter 5).
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Abstract and Keywords

The objective of this systematic review was to assess the cost-effectiveness of screening
mammography. Studies published in English from 2000 to 2010 were identified from a
search of relevant databases including Medline, EMBASE, HealthSTAR, NHSEED, CEA
Registry, and Econlit. The review was conducted in June 2010 and focussed on studies
evaluating the health and economic of population-based screening programs using film or
digital mammography, deemed of high methodological quality. Two blinded reviewers were
used to identify relevant studies through a four-stage review process. The search strategy
identified a total of 437 articles, of which 11 were included in the analysis. To compare the
cost-effectiveness of screening program options across studies, costs were converted to 2013
Canadian dollars. Sequential analysis of incremental cost-effectiveness ratios and a
willingness-to-pay threshold of $50,000 per life year gained or quality adjusted life year
gained were used to identify optimal screening characterized by screening age eligibility and
frequency. In terms of study characteristics, all included studies used quantitative or analytic
modeling such as microsimulation or cohort simulation, which included a natural history of
disease component. The included studies also employed long time horizons (20 years or
lifetime) and an analytic perspective of either the health care system or statutory health
insurer or societal viewpoint, where stated. The results of 4 included studies could not be
commented on in the context of the other included studies. Another 4 studies found
screening to be not be optimal given the set willingness-to-pay threshold and incremental
cost-effectiveness. The 3 remaining studies found the following screening programs cost-
effective: 1) annual screening for women starting at age 25 years if she has a genetic
predisposition to breast cancer; 2) screening every 2 or 3 years for women ages 40 to 49
years; 3) screening every 3 years for women ages 50 to 80. In countries where breast cancer
incidence is relatively high, annual screening mammography appears to incur much higher
costs for an incremental benefit compared to less frequent screening. Breast cancer screening
was found not to be cost-effective in countries where breast cancer prevalence and incidence
are low and for chronically-ill women for whom any benefits of cancer screening may be

eradicated by excess mortality and morbidity associated with their illness.
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Introduction

Economic evaluations of health interventions are a subset of health economics studies in
which comparative data are collected or reported on both costs and effects, thus permitting
an incremental comparative analysis between a set of decisions or options (Drummond et al.,
2005). Thus, health economic evaluations are particularly useful in providing supportive
evidence for health policy and health care decision making. Anderson et al. (2010) suggests
that systematic reviews of economic evaluations are meant to inform the development of a
new health economic evaluation through the identification of the most relevant studies to
inform a particular decision in a given jurisdiction, or to identify the key tradeoffs implicit in
a given intervention choice. Currently, there appears to be no satisfactory health economic
evaluations of screening mammography for breast cancer program designs within the
Canadian context.

The objective of this study is to systematically review the published health economic
literature on screening mammography cost-effectiveness. The review aims to specifically
assess the need for, and consolidate information, to inform an analysis of the tradeoffs
between costs and benefits of screening mammography programs for Canadian women. Of
particular interest, the review aims to describe and summarize the characteristics of relevant
studies and their findings in regards to the health and economic impact of varying screening
age eligibility and frequency or intervals between screens, as well as the health and

economic impacts of screening of specific population subgroups such as women.

Methods

Research Questions

The research questions set at the outset of this study were as follows:

1. Are there any Canadian cost-effectiveness studies that examine the impact of age and

screening frequency on benefits versus costs of screening mammography?
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2. What do the studies tell us about the benefits versus costs of screening based on

screening age?

3. What do the studies tell us about the benefits versus costs of screening based on

screening frequency?

4. What do the studies tell us about the benefits versus costs of screening in special

populations/population subgroups?

5. What lessons can be learned to inform a cost-effectiveness analysis study to identify
optimal screening based on age eligibility and screening frequency in the Canadian

context?

Design

This systematic review describes and summarizes the characteristics and results of published
cost-effectiveness of screening mammography studies in a narrative. At the time of the
review, there were no agreed-upon methods for pooling combined estimates of cost-
effectiveness in a meta-analytic approach; therefore a narrative summary approach was
selected for this review. A narrative summary allows for the examination of the extent to
which results and conclusions are homogeneous across studies. This review was conducted
in the fall of 2010.

Eligibility Criteria

In this review, studies were included if they: 1) evaluated the health and economic impact of
screening mammography for the secondary prevention of breast cancer; 2) were full health
economic evaluations such as cost-effectiveness analyses, cost-utility analyses, or cost-
benefit analyses (CBA); 3) compared two or more screening programs of varying design,
such as different screening age eligibility criteria screening frequency; 4) reported on both
costs and health benefits of breast cancer screening; 5) reported on comparative units of
analysis including cost per life year gained, cost per quality adjusted life year gained, and
cost per disability adjusted life year gained or net benefits in monetary terms, and 6) were
published between the year 2000 and 2010 in the English language.
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Search Strategy

Studies were identified from relevant databases of peer-reviewed scientific journal articles
including EMBASE, MEDLINE, HealthSTAR, the National Health Service Economic
Evaluation Database (NHSEED), the Cost-Effectiveness Analysis Registry (CEA Registry)
and Econlit. As there is a lack of agreed search terms for economic analyses, we chose to use
the search terms: “breast” AND “cancer or neoplasm” AND (“screen$” OR “mammogra$)
AND “cost$ or cost analysis or economic$”, with restriction to studies published in the
English language. Prior to this review, the U.S. Preventive Task Force conducted a review of
breast cancer screening studies published between 1994 and 2001. That review found only
one cost-effectiveness study which focussed on the cost-effectiveness of mammography for
older women age 70 years and older which concluded that screening women beyond 70 was
not cost-effective (Mandelblatt et al, 2003). The literature search for our study was restricted
to studies published from January 2000 to December 2010, the year in which this review was

conducted.

Study Selection

The review process was conducted by two blinded reviewers (ND and AK) in a four-stage
process: screening (two phases), quality assessment, and data abstraction. In the first
screening phase, using the eligibility criteria, two reviewers independently screened the titles
and abstracts of all identified studies. For the second screening phase, all studies that were
independently identified as relevant after screening phase 1 were included in the eligibility
assessment process where full-text articles were retrieved. In screening phase 2, two
reviewers independently reviewed the full-text of the studies for eligibility. Of the retrieved
articles, each reviewer independently selected articles for inclusion based on the inclusion
and exclusion criteria. Studies that were deemed eligible after the second screening phase
were included the quality assessment phase. If there was any discordance in the selection of
eligible studies for inclusion, a consensus between the two reviewers was used to reach an
agreement. If no agreement could be reached by the two reviewers, a mediating third person
was used to obtain consensus (DC). Percentage (observer) agreement was used to measure

the level of inter-reviewer agreement (Cicchetti and Conn, 1976.)
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Quality Assessment

Those studies that were identified as relevant after the two screening phases were then
evaluated for methodological and reporting quality. The quality of included studies was
evaluated using a checklist (for the assessment of the quality of modeling in health economic
evaluations) developed by Phillips et al. (2006), consisting of 57 questions relating to a
health economic evaluation study’s characteristics in relation to structure, data, and
consistency. Studies that were deemed to be of moderate to high quality and transparent in
their methodological reporting were included in the data abstraction and evidence synthesis
phases of the review. Only studies that provided information on at least 40 per cent of the

checklist items were retained for data abstraction.

Data Abstraction

The data abstraction was undertaken by two reviewers. This stage involves the identification
of pre-specified data elements from individual studies and entering the data into a database.
A standard data abstraction form was used to record more detailed information on each of
the quality assessment criteria from the Philips checklist including study identification
information, study design, analytic perspective, time horizon, screening options and
comparators, the country of origin and currency reported, main outcomes, the sources of
data, primary results including costs, benefits, cost-effectiveness ratios (CER), incremental
cost effectiveness ratio (ICER), and secondary results including uncertainty and sensitivity
analyses (Phillips et al, 2006). Other additional information relating to the design of and

reporting in each study, including the study's strengths and limitations, were also recorded.

Analysis

A narrative summary format was used to describe and compare the included studies’
characteristics and findings. The included studies' findings were synthesized and organized
in tables according to commonalities and distinctions, grouping similar studies together. The
summary tables include detailed information from the data abstraction. The study
characteristics recorded include primary author and year of publication, study design,
analytic perspective, time horizon, population characteristics (country, age, and any other
defining population characteristics), modeling approach, policy or program comparators or

screening options evaluated, general methods, and main base-case results in terms of cost-
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effectiveness ratios (CER) and incremental cost-effectiveness ratios (ICER), which are
presented in 2013 Canadian dollars (CAD).

Costs in each included study were converted to 2013 CAD (Canadian) dollars to facilitate
comparability of results across studies. Each study’s costs were first converted from the
original country and year to CAD dollars in the same year using the OANDA Corporation
currency converter, and then adjusted for inflation using the 2011 Canadian Consumer Price
Index (CPI). Sequential analysis was used to compare cost-effectiveness of various
screening programs across comparable studies in relation to study design type (cost-
effectiveness analysis, cost-utility analysis, cost-benefit analysis, etc.) and screened
population (general female population, diabetic). Sequential analysis is an approach to
estimating the incremental cost-effectiveness of a screening program versus the next least
expensive program in sequence (from most costly to least costly). A screening program is
dominated if another program or combination of other programs is more effective at the

same or lower costs.

Results

Literature Search and Selection

A total of 437 unique articles were identified. After a first screen of title and abstract for
relevance using the inclusion and exclusion criteria, 72 articles were further retained for full-
text review for relevance. A total of 33 articles were retained for quality assessment, of
which 11 articles were retained for data abstraction and synthesis. Figure 9 is a diagram
summarizing the flow of information through the different phases of the systematic review.
Little disagreement between reviewers was observed: inter-reviewer agreement was 99% in

the quality assessment.
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Figure 9 Flow of information throughout the difference stages of the systematic review
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Study Characteristics

Tables 4 and 5 summarize the characteristics of the 11 included studies. Of the 11 included
studies, five were cost-effectiveness analyses only (Arveux et al., 2003; Mandelblatt et al.,
2005; Neeser et al., 2007; Okonkwo et al., 2008; Wong et al., 2008), - four were cost-utility
analyses only (Lee et al., 2010; Rojnik et al., 2008; Stout et al., 2006; Tosteson et al., 2008),
and two were both cost-effectiveness and cost-utility analyses (De Gelder et al., 2009; Wong

et al., 2007). There were no cost-benefit analyses identified in this review.

The study questions addressed across included studies varied substantially. Arveux et al.
(2003) set out to evaluate the current screening practices in a region of France, whereas the
objectives in the studies by Mandelblatt et al. (2005), Wong | et al. (2007), Rojnik et al.
(2008), and Stout et al. (2006) were to examine the cost-effectiveness of various screening
program designs by altering age eligibility and screening frequency. The studies by Lee et al.
(2010) and Wong et al.(2008) aimed to assess the cost-effectiveness of screening within
specific subgroups of the population, specifically women with genetic predisposition and
women on dialysis treatment, respectively. Studies by de Gelder et al.(2009) and Neeser et
al. (2007) were comparative analyses of the cost-effectiveness of organized screening
mammography program (MSP) to opportunistic screening (OS).
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Table 4 Summary of included studies - general female population

Design,
Perspective, Model type, ;\élfé:mrc:graphy Cost CAD ICER
Reference Time Horizon, Comparators/ Brief methodology scenariog 2013 Effectiveness ($/LYG or Findings
Country, Program designs comparison IQALY)
Population p
Screening women age
. . 50-65 the most cost-
Model incorporates regional effective program at a
H i 0,
Markov-based screening program data, No screening. 5% | 100 5 million (not provided) - WTP threshold
CEA decision model morbidity and mortality data, | cost discounting $50,000/LYG
Perspective not and demographic data. Scréenin intérval not
specified Includes direct costs ening :
Arveux et 20 years Mammaography pertaining to screening specified. Results did
o 2008 France ?gcrfsgr:?r? interval diagnosis, initial treatment, Selb: Current gsgezlslr?\\gnftocr)f the
Women age 50— not specifgied) Vs no and breast cancer screening program relative contribution of
65 years : surveillance. Analysis of cost women age 50-65 159.1 million no Screening + 38.536 /LYG .
screening per life-years saved. Costs Versus no ' 1522 LY ' ??ee Sgstc:re(e)zlng
discounted at 5%. screening, 5% quency .
cost discounting Z(f:frsgtr}l/ne%g:ss -
21.3 million LY
No screening 2.05 billion 21.2 million - S . + cost
QALY creening not cost-
effective in terms of
Screening ages, interval and LYG. Is cost-effective
CEA & CUA . . attendance and the type of when using QALY.
Perspective not Microsimulation - L -
e screening (opportunistic or Results did not allow
De Gelder specified model (MISCAN) . 1l as th L f fth
etal,, 2009 | 20 years organised), as well as the Sc3: biennial or assessment of the
v Switzerland sensitivity and specificity of mammogram . relative contribution of
Wi 50-69 mammography are defined in | screening program . 21.3 million LY age or screening
omen age 50- the model. (MSP) vs no 2.70 billion 21.3 million 650/QALY frequency on
screening, 3% QALY screening cost-
discounting effectiveness.
Eve’?t‘d“"e’? Natural h_istory of_disease Biennial screening | 4,164 per 19.453 LY per
CEA continuous time model using proxies of age- age 50-69 woman woman -
Societal Monte Carlo dependent biology. Data
perspective simulation model includes age-specific Scl: Biennial Screening for older
Mandelblatt ifeti incid . 0) i
et al. 2005 Lifetime o ) incidence rates, stage screening age 50- women (past 70) is not
" United States Biennial screening distributions, probability of 79 vs biennial 4,520 per 19.455 LY per 178,235 cost-effective.
Women age 50 from 50 with no age | disease progression between screening age 50- | woman woman ILYG
and older limit, and screening | stages, dwell times, 69 (contribution
starting at age 50 screening, diagnosis and of age 70-79)
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Design,

Mammaography

Perspective, Model type, ’ ICER
Reference Time Horizon, Comparators/ Brief methodology :ggfg:,'igg gglsé /D) Effectiveness ($/LYG or Findings
Country, Program designs comparison IQALY)
Population
and stopping at age treatment, life expectancy, Sc2: Biennial
70, or 79. and costs. screening over
lifetime starting at
age S0and older | 77, o 19.456 LY per | 203,567
vs biennial
. woman woman ILYG
screening age 50-
79 (contribution
of screening age
80+)
Model based on health states
linked via transition
probabilities derived from
various data sources, Screening for women
gtigtor health c';/(lei?s(i%—kr)r?zggl including cancer registry, Start age 40 6,696 per 30.674 LY per - age 40 to 49 incurs
tory clinical data, and published woman woman greater health benefits
care insurance ] p .
. I . literature. Model simulates at nominal cost per
Neeser et perspective Biennial screening -
o annual occurrence of woman. Adding
al., 2007 Lifetime mammography malignant and benign breast ounger women to the
Switzerland starting at different 9 g younger !
. tumours, and detection rate. population that is
Women age 40 ages: 40, 50, 60, and I - d biennially i
and older 20. Mortality, screening, Start age 40 vs 50 screened biennially is
diagnostic and treatment % ; ‘ 6,363 per 25.322 LY per IILY cost-effective.
costs accumulated over time | (contribution o woman woman 62/LYG
in model. Discounts effects at | 29¢ 40-49)
1.5% and costs at 3%.
Natural history of disease
model. Changes to MISCAN
to account for Indian context,
i.e. substitution of a lower The screening policy
cumulative incidence of options in this study
CEA Microsimulation breast cancer and delayed were not comparable
Perspective not model (MISCAN) diagnosis. Simulation of one in order to assess the
Okonkwo specified Biennial screening million women. Unless relative contributions
Lifetime mammography specified otherwise, assumed | - - - - of age eligibility or
etal., 2008 - . b .
India starting at age 40-60 | that screening programs were screening frequency
Women age 40 VS no screening of 25 years duration, that the on the cost-
and older attendance rate was 100%, effectiveness of
and that there were 100 years screening
of follow-up. Extrapolated mammaography.

Dutch screening costs. 3 %
discount rate of effects and
costs.
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Design,

Perspective, Model type, L\élfgg:;ggraphy Cost CAD ICER
Reference Time Horizon, Comparators/ Brief methodology scenariog 2013 Effectiveness ($/LYG or Findings
Country, Program designs comparison IQALY)
Population P
23.1 LY per
No screening, 432 per woman )
discounted at 3% woman 23.0 QALY per
woman
Scl:
Mammography 23.1 403LY per
screening age 50 756 per woman 7,521 /LYG
to 65 every 3 woman 23.0359 QALY | 9,009 /QALY
years (policy 33) per woman Screening at earlier
Model characterizes natural vS 1o screening ages (40-45, 45-50)

- . Sc2: every three years was
history of the disease as Mammography considered cost-
having four preclinical stages screening 45 t0 65 effective.
when breast cancer can be every 3 vears 23.1518 LY per

. detected by screening but yay . P 9,470 /LYG .
Time-dependent shows no clinical symptoms: (policy 29) vs 864 per woman 10.207 Screening age 50 to 65
Markov model - - ymp ’ screening age 50 woman 23.0465 QALY ' every three years was

localized, regional, and IQALY /

. - : to 65 every 3 per woman considered cost-

CUA 36 screening distant invasive stages. years (policy 33) effective
H;zltzci?\:g sector scenarios starting S]r:rf]sr;ga?gea '"f;gsﬂf\f;t (Contribution of
Rojnik et Persp ages 40, 45 and 55 lograpny Y, age 45-50) Screening older ages
Lifetime : mortality, and breast cancer -
al., 2008 . years, ending ages - - Sc3: (65-70, 70-75, 75-80)
Slovenia 65. 70 75 and 80 relative survival modeled as M h every three vears was
Women age 40 eérs 'an d screenin time-dependent transition ammograp XS Cons)il dered é’ost_
years and older years, 9 probabilities. Clinical data Screening age .
intervals of 1, 2 and obtained from cancer to 70 every 3 23.1583 LY per 10.828 /LYG effective.
3 years vs no - - years (policy 30) 934 per woman '
. registry. Costs obtained from . 12,568 :
screening the Institute of Oncology vs screening 45to | woman 23.0521 QALY JQALY Screening every 2

P - p 65 every 3 years per woman years was not cost-
Ljubljana. Quality of life licy 29 effective in
weights derived from (pco K;y'b t)'. f comparison to
literature. Discounting at 3% (Contribution o pa
for effects and costs age 65-70) screening every 3

' Sc4: years (age 40 to 80).
Mammaography
screening age 40
to 70 every 3 23.1701 LY per
years (policy 26) 1,103 per woman 12852)‘71 LYG
Vs screening age woman 23.0626 QALY /Q:ALY
45to 70 every 3 per woman

years (policy 30).
(Contribution of
age 40-45)
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Design,

Perspective, Model type, L\élfé:mrc:graphy Cost CAD ICER
Reference Time Horizon, Comparators/ Brief methodology scenariog 2013 Effectiveness ($/LYG or Findings
Country, Program designs - IQALY)
. comparison
Population
Sc5:
Mammography
screening age 40
to 75 every 3 23.1718 LY per
years (policy 27) 1,130 per woman 15,635/LYG
. 18,986
VS screening age woman 23.0640 QALY JQALY
40to 70 every 3 per woman
years (policy 26).
(Contribution of
age 70 to 75)
Sc6:
Mammography
screening age 40
.80 evgry% 23.1737 LY per
: woman 21,279 /LYG
years (po!lcy 28) 1,170 per 23.07654 28.879
Vs screening age woman . '
40to 75 every 3 \?v?n&; per IQALY
years (policy 27).
(Contribution of
age 75-80)
Sc7:
Mammography
screening age 40
to 80 every 2
years (policy 16) 23LI9TLY per | 59 490 /LYG
. 1,527 per woman
Vs screening age woman 23.0697 QALY 84,986 /
40to 80 every 3 ) QALY
per woman

years (policy 28).
(Contribution of
screening every 2
years vs 3 years)
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Stout et al.,
2006

CUA
Perspective not
specified
Lifetime
United States
Women age 40
years and older

Discrete-event
simulation model

No screening vs
sixty-four additional
scenarios, each with
a particular fixed
screening schedule
varied by the age at
the first screen (40,
45, 50, or 55 years)
and at the last screen
(65, 70, 75, or 80
years) and by the
screening interval
(1, 2, 3, or 5 years).

Only non-dominated
scenarios included
in table

A natural history of disease
model which incorporates
secular trends in breast
cancer risk, screening use,
and treatment dissemination.
By simulating the individual
life histories of women aged
20 years or older who were
born in 1891 through 1980 in
proportion to their prevalence
in the U.S. population and
aggregating the outcomes,
the model can replicate
population-level U.S. cancer
surveillance data
corresponding to calendar
years 1975 through 2000.
Main data sources include
the National Center for
Health Statistics,
Surveillance, Epidemiology,
and End Results (SEER) and
costs from the literature. 3%
discounting of effects and
costs. 2000 USD.

No screening
(mean cost and
mean QALYs
presented)

188 hillion

945.8 million
QALY

Screen age 55-70
every 3 years vs
Screen age 55-70,
every 5 years.
(Contribution of
screening
frequency —3vs 5
year intervals)

237 billion

946.8 million
QALY

56,667/
QALY

Screen age 45-75
every 3 years vs
Screen age 50-75
every 3 years.
(Contribution of
age 45-50)

274 billion

947.4 million
QALY

60,000/
QALY

Screen age 45-75
every 2 years vs
Screen age 50-75
every 2 years
(Contribution of
age 45-50)

310 billion

948.0 million
QALY

63,333 /
QALY

Screen age 45-75
every year vs
Screen age 45-80
every year
(Contribution of
age 75-80)

406 billion

949.1 million
QALY

Dominated

Screen age 40-80
every year vs
Screen age 45-80
every year at 3%
(Contribution of
age 40-45)

459 billion

949.6 million
QALY

140,000/
QALY

Screen age 45-75
every2 years vs
Screen age 45-75
every year
(Contribution of
screening
frequency 1 year
vs 2 year interval)

381 billion

949.1 million
QALY

90,000/
QALY

Screening in general
did not appear to be
cost-effective under a
$50,000/QALY
threshold.

The cost per QALY is
substantially higher
when screening
younger women age
40-45. Increasing
screening frequency
from 5 to 3 years or 3
years to 2 years, incurs
a cost per QALY that
is on the verge of
being cost-effective.
Going from screening
every 2 years to 1 year
is substantially more
costly for every
QALY gained.
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Screen age 45-75
every 3 years vs
Screen age 45-75
2 years.
(Contribution of
screening
frequency 2 year
vs 3 year interval)

318 hillion

984.0
million/QALY

58,333/QAL
Y

Tosteson et
al., 2008

CUA

Societal and
Medicare
perspectives
Lifetime
United States
Women age 40
years and older,
screening
frequency 1 or 2
years

Discrete-event
simulation model

All-film
mammography
(done in all women)
vs targeted digital
mammaography (age-
targeted <50, and
age- and density-
targeted <50 or
>=50) vs all-digital
mammography (all
women)

Computer-based model
simulates the life histories of
women by using four
interacting processes: breast
cancer natural history, breast
cancer detection, breast
cancer treatment, and
competing-cause mortality.
Simulation incorporates
actual age-specific U.S.
screening patterns, observed
secular trends in cancer risk,
and dissemination of
adjuvant treatment from 1975
to 2000. Mammography
performance and resource
use data from the Digital
Mammaography Imaging
Screening Trial. Quality of
life weights from the Medical
Expenditure Panel Survey
which used EuroQoL EQ-
5D. 3% discounting of
effects and costs.

Study assesses
differences in
screening modalities.
Does not provide
enough detail to assess
contribution of age
and/or screening
frequency to cost-
effectiveness of
mammography.
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Wong et
al., 2007

CEA & CUA

Societal
perspective

Lifetime
Hong Kong

Chinese women
age 40 and older

State-transition
Markov model

Compared the
results from 2-view
film mammaography
every 2 years,
beginning at ages 40
years or 50 years
and ending at ages
69 years or 79 years,
with the results from
no screening.

Results shown for
two models: single-
cohort and multiple-
cohort

Simulates biennial
mammography, breast cancer
diagnosis, and treatment in a
hypothetical, population-
based cohort. Natural history
of disease component. Model
incorporates cancer incidence
treatment, risk of cancer,
mortality, stage distributions,
and direct medical costs
related to screening,
diagnostic work-up, initial
treatment, and terminal care.
Quality of life weights
included for health states of
Healthy, DCIS, stage |, stage
I, stage 11, and stage IV
cancer. Use of probabilistic
sensitivity analysis
(parameter uncertainty)
around clinical parameters
and multi-cohort approach
(structural uncertainty). 3%
discounting of effects and
costs.

No screening
(single-cohort)

68.6 million

2.4 million LY

Sc 1: Biennial
screening age 50-
69 vs no screening
(single-cohort)

225.3 million

2.4 million LY

98,540/LYG
(Dominated)

Sc2: Biennial
screening age 50-
79 vs Biennial
screening age 50-
69 (single-cohort)

267.3 million

2.4 million LY

349,833/LYG
(Dominated)

Sc 3: Biennial
screening age 40-
69 vs Biennial
screening age 50-
69 (single-cohort)

353.5 million

2.4 million LY

54,248/LYG

Sc 4: Biennial
screening age 40-
79 vs Biennial
screening age 40-
69 (single
cohort)

395.4 million

2.4 million LY

349,750/
LYG

No screening
(multiple cohort)

60.84 million

1.9 million LY

Sc 5: Biennial
screening age 50-
69 vs no screening
(multiple cohort)

192.3 million

1.9 million LY

418,726/LYG
Dominated

Sc 6: Biennial
screening age 40-
69 vs Biennial
screening age 50-
69 (multiple
cohort)

232.1 million

1.9 million LY

68,185/LYG

Sc 7: Biennial
screening age 50-
79 vs Biennial
screening age 40-
69 (multiple
cohort)

255.1million

1.9 million LY

Dominated

Sc 8: Biennial
screening age 40-
79 vs Biennial
screening age 40-
69 (multiple
cohort)

294.9 million

1.9 million LY

201,025
ILYG

None of the screening
program options are
cost-effective at WTP
$50,000/ LYG.

Small marginal impact
of screening in 70-79
age group and high
cost. Greater impact
with screening women
age 40-49.
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Table 5 Summary of included studies - special populations

DL : Mammaography
Perspective, Model type, screenin Cost CAD ICER
Reference Time Horizon, Comparators/ Brief methodology scenariog 2013 Effectiveness ($/LYG or Findings
Country, Program designs e /IQALY)
Population P
No screening 120544 per | 44.21 QALY
(clinical P -
Model composed of three surveillance) woman per woman
linked modules: (a) breast
CuA Markoy Monte cancer development and .
) Carlo simulation detection, (b) treatment and Screening for younger
Souetatl_ model follow-up, and (c) screening. | Scl: Annual women with genetic
perspective ] | Individual women entered | screen film 125935per | 44.46 QALY | 21,561 predisposition is with
o Three annual the breast cancer mammography vs | woman per woman IQALY film mammography is
Lifetime scregnlng strateglies development and detection No screening cost-effective
LeeJ. etal., . starting at age 2. module at the beginning of compa_red tono
United States (a) screen-film - . screening, but not
2010 mammography, (b) the simulation. Use of focti h
'mograpny, logarithmic growth model. Sc2: Annual MRI cost-effective when
Women age_25 MR imaging, and (€) Use of data from randomized Annual film 136,358 per 44.5 QALY per Dominated screening is with MRI
and older with combined controlled trials for soreon 1 woman woman ominate or combination of
genetic mam_mog(aphy and sensitivity and specificity of sereen MRI and
E)redlsposmon '(VIR |trjnagéng screening, and costs from SC3 A 1 mammogram.
BracAl gene combine SO . c3: Annua
A . - administrative data. Quality :
. : - combined
mutation carriers) | screening) of life weights derived from I ogram and
medical literature. MRI screening vs 139,285 per 44.624 QALY 81,405
Annual film woman per woman IQALY
screen
mammography
CEA Simulates the natural history | Ng screening 4,926 per 5.9769 LY per | -
Deterministic of breast cancer in a woman woman No screening program
Health care payer Markov model hypothetical cohort of Sc 1: Annual option is cost-
Wong et perspective women on dialysis therapy mammaography of effective at WTP
Annual breast over time. Model includes all women (with $50,000 /LYG.
al., 2008 Lifetime cancer screening benefits, and harms of breast | and without \%g;?arp])er \?vg;gazn LY per g?ésm /
using cancer screening across the diabetes) age 50+ Any benefits of
Australia mammography vs different health states. on dialysis vs no cancer screening may
no screening for all Clinical data from Australian | screening be eradicated by the
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Women age 50-69
on dialysis
therapy

women and women
on dialysis therapy
with a starting age

of 50 years.

and New Zealand Dialysis
and Transplant Registry and
published literature. Direct
costs from administrative
data. 5% discount rate.

Sc 2: Annual
mammography of
women with
diabetes age 50+
VS No screening

5,371 per
woman

5.9773 LY per
woman

1,112,700/
LYG

Sc 3: Annual
mammaography of
women with
diabetes on
dialysis age 50+
VS No screening

Not specified

Not specified

131,788/
LYG

excess mortality and
morbidities associated
with end-stage kidney
disease.
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Analytic Models and Data Sources

All included studies used either a microsimulation or cohort simulation model. All included
studies incorporated a natural history of disease component. However, health states
including stage of breast cancer were defined differently across studies. For example, studies
by de Gelder et al.(2009) and Okonkwo et al.(2008) used the Mlcro-simulation SCreening
ANalysis Model (MISCAN) which models tumour development as a progression through
successive invasive disease stages T1A, T1B, T1C and T2+. Lee et al.(2010) and Arveux et
al.(2003) used invasive TNM stages, plus non-invasive DCIS (ductal carcinoma in situ),
while the studies by Mandelblatt et al. (2005), Rojnik et al. (2008), and Stout et al. (2006)
categorized stages as DCIS, local, regional, and distant breast cancer. Neeser et al. (2007)
defines malignant breast cancer states within their model as DCIS, invasive ductal carcinoma
or invasive lobular carcinoma.Wong et al. (2007) used staging employed by Surveillance,
Epidemiology, and End Results (SEER) which are categorized as stages I, 11, I1I, and IV,
Wong et al. (2008) also used the same SEER staging as well as DCIS. Tosteson et al. (2008)
used a model developed at the University of Wisconson as part of the U.S. National Cancer
Institute’s Cancer Intervention and Surveillance Modeling Network (CISNET). This model
is described to be an adaptation of the Shwartz model which models tumour growth using a
logarithm with tumours entering the model at less than 0.2 cm. (Wisconsin-Harvard Model,
2013).

The data used to parameterize the models can be categorized into baseline data (e.g. data
establishing the baseline mortality, and incidence rates) and exposure-response information
(e.g. data linking interventions with their elemental impacts). Sources of effectiveness and
cost data included same country-specific screening program data, other country screening
program data, cancer surveillance data, efficacy estimates from randomized trials,

effectiveness data from other quasi-experimental studies, and administrative data.

Analytic Perspective and Time Horizon
An analytic perspective is the point-of-view by which the analysis is taken and the results are
interpreted. Typical analytic perspectives used in health economic evaluations the health care

system or statutory health insurer perspective, the societal perspective, or both, or the

79



perspective was unclear (or not stated). The studies by Lee et al. (2010), Mandelblatt et al.
(2005), and Wong G et al. (2008) took a societal perspective. Tosteson et al. (2008) also
took a societal perspective to their analysis in addition to a Medicare perspective. Rojnik et
al. (2008) and Neeser et al' (2007) also took a health care system/statutory health care
insurer. Wong | et al. (2007) used the health care system perspective which, for the context
of the Australian setting, could mean the public (Medicare) and/or private care sector. The
studies by Arveux et al. (2003) de Gelder et al. (2009), Okonkwo et al. (2008), and Stout et
al. (2006) did not specify their analytical perspective. In health economic evaluations, the
analytic perspective has an impact only on costs. The societal perspective takes into account
both direct (health care) and indirect costs (e.g. caregiver costs, short-term and long-term
disability, productivity, etc.) where as the payer perspective usually includes only direct
costs. Costs are therefore generally higher when taking a societal perspective and as a result
ICERs would also be higher.

The time horizons adopted across studies were either 20 years (Arveux et al., 2003; De
Gelder et al., 2009) or a lifetime (Mandelblatt et al., 2005; Wong G et al., 2008; Wong | et
al., 2007; Lee et al., 2010; Rojnik et al., 2008; Stout et al., 2006; Tosteson et al., 2008;
Okonkwo et al., 2008; Neeser et al., 2007). The use of a lifetime time horizon is preferred
since it allows for the tracking of health benefits and costs over the maximum time and a
more accurate account of the long-term impact of screening mammography on life

expectancy.

Cost-Effectiveness

The comparative cost-effectiveness of the different screening programs examined in each
study is summarized in table 1. The incremental cost-effectiveness ratios of the screening
options evaluated varied substantially across studies even after adjusting to 2013 CAD. If
one were to use a $50,000 per life year saved or quality adjusted life year saved as a
threshold for incremental cost-effectiveness, only seven of eleven included studies reported
screening scenarios that were cost-effective (Arveux; De Gelder; Lee; Oknkwo;
Rojnik;Tosteson). The study by Arveux et al. (2003) compared the cost-effectiveness of no
screening with the current screening program in France. Although the authors specify the

screening age of 50 to 65, they do not specify the screening interval. They found that the
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current screening program was cost-effective compared to no screening with a cost of
$30,223 per LYG with no discounting, and $38,536 per LY G with 5% discounting of costs.

The most cost-effective screening program option reported in the study by De Gelder et al.
(2009) was 60% biennial mammogram program screening and 20% opportunistic screening
of women age 50 to 69, at a cost of $9,823 per LYG or $10,524 per QALY, compared to
80% biennial mammogram program screening at 3% discounting of costs and effects.
Biennial screening mammography for women age 40 to 60 was the most cost-effective
screening option in the study by Okonkwo et al. (2008) with a cost of $36,606 per LYG
versus annual clinical breast examination with 3% discounting. Rojnik et al. (2008) found
screening mammography for women age 40 to 80 every three years more effective than
screening women age 40 to 75 every three years at a cost of $21,279 per LYG or $28,879
per QALY with 3% discounting. Age-targeted digital mammography for women age 40 to
50 was found to be more cost effective than all-film mammography for women age 40 and
older in the study by Tosteson et al. (2008), at a cost of $32,530 per QALY with 3%
discounting. Stout et al. (2006) found that the most cost-effective screening option was
screening mammography for women ages 55 to 70 every 5 years at a cost of $45,714 per
QALY compared to no screening with 3% discounting. Lee et al. (2010) found annual
screen film mammography was cost-effective for women age 25 and older with genetic
predisposition (BrcAl gene mutation carriers) compared to no screening at a cost of $21,561
per QALY. None of the screening options assessed in the studies by Mandelblatt et al.
(2005), Neeser et al. (2007), Wong et al. (2008), and Wong et al. (2007) were found to be

cost-effective.

Age, Screening Frequency, and Special Populations

It was observed that for the standard age of screening (50-69) and for younger and older age
ranges (40 to 45 or 40-49, and 70-75 or 75-80), 2- or 3-year screening intervals were cost-
effective. In general, annual screening for any population did not appear to be cost-effective.
In terms of screening in special populations, in one study it was found that early screening
(starting at age 25) for women with genetic risk for breast cancer was cost-effective
compared to no screening (with film mammography), but not when MRI was used instead of

film mammography or in combination with film mammography. In the one study that looked
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at screening for women on dialysis, screening was not found to be cost-effective because any
the benefits of cancer screening is probably offset by the excess mortality and morbidities

associated with end-stage kidney disease in this population.

Table 6 summarizes the final results of the review. Based on the reviewed health economic
studies, the cost-effectiveness results of only a small number of studies (7 studies) could be
compared i.e. they provided enough information on costs and effects and screening program
design in terms of age and screening interval or frequency. Based on this review, of the
studies that found screening mammography to be cost-effective, there was only 1 study that
could support screening for each of the specific screening policies as outlined in table 6.
Therefore, based on the limited number of health economic studies, any recommendations to
support specific screening mammography policy options based on the health economic
literature would be weak due to the low number of supporting studies.

Table 6 Review Summary Results of Included Studies

Number of studies with no comparable results: 4 studies

Number of students where screening
mammography was not found to be cost-effective: 4 studies

Characteristics of optimal screening policies —

Age 25+, 1-year interval: 1 study*
Age 40-49, 2-year interval: 1 study

Age 40-49, 3-year interval: 1 studyt
Age 50-64, 3-year interval: 1 studyt
Age 65-80, 3-year interval: 1 studyt

Notes: * Genetically predisposed population.  Study by Rojnik et al. (2006)

Lessons Learned for a Cost-Effectiveness Study for Canada

Several of the examined studies used limited and what appeared to be incomplete analyses.
For example, the study by de Gelder et al. (2009) conducted a fairly simplistic sensitivity
analysis that only assessed the impact of variations in false-negative test rates. They could
have explored the impact of adjusted values for other and perhaps more policy-relevant
parameters including different costs estimate and discount rates, and variations of age
eligibility, screening sensitivity, and screening frequency/interval. Mandelblatt et al. (2005)
assumed Medicare reimbursements were closely approximated to societal costs within the

context of their screening program. It is unclear whether in fact societal costs which would
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include indirect productivity costs and patient costs such as transportation and caregiver
costs would be covered under that specific national health insurance program. These are
considerations that would need to be included in any health economic analysis — costs in
relation to the analytic perspective or viewpoint taken. Neeser et al. (2007) only considered
the most explicit aspects of breast cancer in their model and did not use a more complex
model compared to other studies. These other studies employed a natural history of disease
approach e.g. tumour size or stage of cancer progression. A more macro-approach may

under- or over-estimate the true impacts of screening.

Some of the included studies omitted important details in their methodology, which was a
challenge in comparing and contrasting the individual studies against each other. Neeser et
al. (2007) did not specify the screening frequencies explored in their analysis thus leaving
the reader to assume that an annual screening interval only was used. In addition, the
methods used in the study by Rojnik et al. (2008) to estimate and adjust for health-related
quality of life was not well-explained, making it difficult to validate the QALY estimates.
The study by Stout et al. (2006) did not include costs related to improving uptake of
screening mammography (recruitment costs). As well, the model details in the study by
Tosteson et al. (2008) seemed lacking in regards to the sensitivity analysis methods. In the
Wong et al. (2008) study, the attendance rate used in the sensitivity analysis could have been
adjusted to below 70% and detection rates could have been reduced, which are reasonable
assumptions since it could be argued that screening mammography programs in India may
not be as effective as it is in the Netherlands where they have been established for many

years.

Some of the included studies had potential validity issues. For example, in the study by
Arveux et al. (2003), it was difficult to discern the impact of a no screening option since the
presence of any screening in the population would no doubt influence opportunistic

screening uptake. There was a possibility of length-bias’, lead time bias®, and healthy

" The overestimation of survival benefit due to the detection of slowly growing lesions by screening tests;
including lesions that will never cause mortality. (Institute of Medicine (US) and National Research Council
(US) Committee on New Approaches to Early Detection and Diagnosis of Breast Cancer, 2005)

® The overestimation of survival time because of the backward shift in the starting point for the measurement of
survival as a result of early detection. (Institute of Medicine (US) and National Research Council (US)
Committee on New Approaches to Early Detection and Diagnosis of Breast Cancer, 2005)
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volunteer bias®, where screeners would have a lower inherent risk for breast cancer than non-
screeners. External validity within the study by Rojnik et al. (2008) may be compromised
since they used data from other counties in their model which may not have been
generalizable to their target population. The authors did not address this potential bias.
Similarly, Wong et al. (2007) used data from the US which may not be generalizable to the
Chinese population. For example, base incidence rates or risk of breast cancer are much
higher in the US than in China. The study results of Okonkwo et al. (2008) may not be valid
as they observed larger health benefit from clinical breast examination (CBE) compared to
screening mammography in Indian women which is most likely due to their use of the same
sensitivity estimate for mammography as for CBE. If CBE and mammography truly had the
same sensitivity rate, the lack of improved sensitivity via mammography may be a reflection
of a limited availability of capacity or technical expertise to do and/or read a mammogram.
Nevertheless, screening mammography should still yield an improved sensitivity estimate
over CBE and at the least; Okonkwo et al. (2008) could have explored the impact of
differential sensitivity by modality in a sensitivity analysis.

Discussion

Based on the included studies in this review, it was challenging to determine which
screening program design (in terms of appropriate age eligibility and screening
frequency/interval) is the most cost-effective since the studies varied across several
characteristics. Depending on the context (baseline risk of breast cancer, disease incidence)
and the screening program design (age eligibility, screening frequency/interval, screening
modality/technology); breast cancer screening in general may or may not be cost-effective.
For developed countries, it appears that annual screening with mammography is never cost-
effective, unless it is for high-risk population (genetic predisposition). Screening every two
years or more may be cost-effective. In terms of age eligibility, screening women ages 50 up
to 80 seems to be the most cost-effective age group to screen. However, as mentioned, very
few studies in this review supported this finding. In terms of modalities, screening

mammography was in general more cost-effective than digital mammography or

° When the participants are healthier than the general population. (Froom et al., 1999)
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mammography and clinical breast examination combined. In the case of digital
mammography, a mixed program where digital mammography was offered to younger
women with dense breasts (where film mammography would be not as effective) seemed to
be more effective and cost-effective compared to film mammography. Screening was more
cost-effective in countries where breast cancer incidence is relatively high, such as in France,
Switzerland, Australia, the Netherlands, and the US. Study findings from these countries
may be comparable to the Canadian context based on similar demographic characteristics
including population risk of breast cancer.

There were several limitations of this review. Firstly, the search strategy may be considered
somewhat limited in scope which may have biased the study findings. For example, the
review excluded published studies in languages other than English, as well as grey literature
(reports and other documents that were not peer reviewed or published in an academic
tradition). It has been reported that cost-effectiveness studies tend to show publication bias,
though this relates usually to industry-sponsored studies (such as studies evaluating the cost-
effectiveness of drugs, technology, and medical devices) (Bell et al., 2006). When published
ratios cluster around a proposed threshold, bias may exist, and health policies that are then
based on these values may be erroneous (Bell et al., 2006). Although it is possible that this
review may have missed some unpublished cost-effectiveness studies, based on a
preliminary review of the grey literature using a general internet search, no traditionally
published studies that could have been included were found. Further, health economic
analysis of screening or other public health interventions are less likely to be amongst the
grey literature (unpublished) as these types of studies are unlikely to be sponsored by
industry. It is therefore unlikely that the exclusion of grey literature would have biased the

results of this review.

One of the more important limitations of this review is that it may be considered outdated.
This review was completed in 2010 and since this time, several years of health economic
research evaluating screening mammography have been published. A preliminary review of
the more recently published literature found at least 30 potentially included studies for
review. An update to this review with literature published after 2010 would be required to

ensure greater relevance of the review findings.

85



Another potential limitation is the exclusion of screening modalities other than
mammography in this review. In certain circumstances, magnetic resonance imaging is used
for screening; however it is not standard practice in Canada which is why we chose to limit
the review to mammography only. Further, more recently Canada has almost completely
phased-out the use of film mammography and replaced older technology with digital
mammography. It is likely that newer studies cost-effectiveness studies will evaluate the
health economic impact of this more sensitive and efficient technology. Several provinces in
Canada employ the use of mobile units in order to provide access to screening for women in
hard-to-reach regions, particularly in the very northern regions of Canada. This review did
not include mobile units as a primary intervention for evaluation which may have provided

additional information on cost-effectiveness of mobile units for these populations.

Screening mammography has long been accepted in the Western world as an effective public
health intervention in the secondary prevention of breast cancer (Public Health Agency of
Canada, 2014). Since its inception, screening mammography for masses has received little
opposition from the general public. However, discussions surrounding the true benefits and
harms of screening mammography have emerged over time. The advancement of treatment,
the reduction in other risk factors such as hormone replacement therapy has resulted in

improved breast cancer survival (Canadian Cancer Statistics, 2014).

The reported effectiveness of screening mammography on cancer mortality appears to vary
across studies depending on study design and other contextual factors. For example, a study
by Kalager et al. (2010) reported only a 10% reduction in breast cancer mortality attributable
to screening mammography in Norway. In a more recent study by Broeders et al. (2012) that
reviewed twelve European observational studies, among studies that reported on annual
percentage changes, breast cancer mortality reductions attributable to population-based
screening mammography were estimated to be in the range of 1% to 9%, annually. In studies
that compared post- and pre-screening periods, the mortality reduction was estimated at 28%
to 36%. In the same review, among incidence-based studies (prospective cohort-like
studies), the pooled mortality reduction was estimated to be 25% among women who were
invited for screening and 38% among women who were actually screened. Among case-

control studies, the pooled mortality reduction was estimated to be 31%. Other researchers
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have publicly denounced population-based screening mammography based on claims of
harms outweighing benefits, including excessive use of lumpectomies, mastectomies, and
radiotherapy, high rate of false positive tests, and over-diagnosis (Wright, 1995; Olsen and
Gotzsche, 2001; Horton, 2001; Gotzsche and Olsen, 2000).

In 2009, the U.S. Preventive Task Force updated their screening mammography guidelines
by advising screening on a biennial basis for women aged 50-74 only (U.S. Preventive
Services Task Force, 2009). This garnered much displeasure among women's groups who
have argued that women aged 40-49 should also be screened, despite a lack of evidence for
success or cost-effectiveness to support screening for this age group (Rosenquist and
Lindfors, 1994). Whether screening for the masses is worth the potential harms and costs is
still a debated issue. Trade-offs between the benefits, harms, and costs associated with
various screening guidelines should be considered when making recommendations for
routine screening. Mammography screening younger women (under the age of 50) has not
been found to be as cost-effective as screening older women (Rosenquist and Lindfors,
1994). There is also an issue of resource capacity. Recommendations that involve increasing
the frequency or proportion of women screened risk causing backlog and with consequent

increases in wait-times for all women, including those who are at increased risk.

The lack of consensus in regards to the cost-effectiveness of screening mammaography is
most likely due to the lack of strong evidence available to support current practices in terms
of effectiveness and efficiency. Other considerations include the assessment of the potential
impact of longer screening intervals for women of moderate risk or the impact of tailored
screening for women at high-risk according to age and family history or genetic
predisposition, and the use of more sensitive screening modalities (e.g. magnetic resonance
imaging) for women under the age of 50 in this group We must also consider the impact of
screening vulnerable sub-groups of the population, including women with mental and
physical disabilities who face challenges with not only accessing screening, but accessing
the health care system in general. The evidence is vastly lacking on the cost-effectiveness of
population-based screening mammography in Canada.
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The studies included in this review provide useful guidance in developing a model for
Canada. Currently, Canadian women participate in screening either through an organized
program, or are screened opportunistically (Public Health Agency of Canada, 2008). Over
time there have been a number of important shifts in the way women are screened within
organized programs in Canada, and these policies vary regionally. In addition, some
provinces are phasing out the use of analog or film mammography for digital
mammography, which has been found to be more sensitive in detecting true cancers as
opposed to false positives (positive after a screen but negative at diagnosis) (Pisano et al.,
2005). The varying policies have significant impacts on a number of outcomes, including the
ability for a program to obtain adequate coverage of the at-risk population, wait-times, and
costs related to screening, diagnosis, and treatment (Gunes et al., 2004). Within the context
of a publically funded health care system, decisions regarding which services should or can
be funded, and by how much, are particularly difficult to make. Health economic evaluations
are meant to guide these decisions in a way that makes sense for the context in which they
must be made. It is important, however, that health economic evaluation studies are explicit
in their methodology and assumptions, and that the evidence from them is reliable and valid

if they are to be used in practice and policy.
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Abstract and Key Words

Background: Canadian public health guidelines recommend screening mammography every
2 to 3 years for women age 50 to 74 years. More than 60% of Canadian women participate in
routine screening. Population-based or mass screening mammography is a debated issue as
clinicians, researchers, policy-makers, and the general public are still uncertain and divided
over the trade-offs between health benefits, health risks, and costs, of screening. Although
there are Canadian studies that address the health benefits of screening mammaography in
terms of improved survival from breast cancer, there is a lack of cost-effectiveness analyses
comparing the costs and health benefits attributable to mass screening. To add to the body of
knowledge, the objective of this study was to identify the optimal screening mammography

program options for Canada characterized by age eligibility and screening frequency.

Methods: A Canadian microsimulation model was used to examine the health and cost
impact of different screening policy options in a hypothetical female cohort over a lifetime.
The impact of screening mammography options on breast cancer outcomes, including
mortality and costs associated with screening and treatment was assessed. The modeled
screening options were created by altering screening age, with possible start age of 40 and
end age of 79, and screening frequency, with possible annual and biennial screening
intervals. The costs and benefits (measured in life-years) were estimated for 11 screening
mammography program options, including no screening. The base case analysis compared
the expected direct costs and life-years across screening options. Costs included screening
and treatment costs and were adjusted to 2013 Canadian dollars. Health benefits and costs
were discounted at an annual rate of 5%. The optimal screening policy options were
determined based on sequential analyses and a willingness-to-pay (WTP) threshold of
$50,000 per life-year gained (LYG). Univariate sensitivity analyses using low and high
estimates for the parameters of discount rate, cost per screen, initial participation rate, and
test sensitivity and specificity were conducted, as well as using low and high WTP
thresholds. Several additional screening policy options were added to the analysis to

examine the impact of offering less frequent screening (3-year intervals).

Results: For the base case analysis the optimal screening policy option under a WTP of

$50,000 per LYG was option biennial screening for women ages 40 to 79. Cost-effectiveness
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of screening was sensitive to the screen costs and discount rate and WTP threshold. If WTP
was $30,000 the optimal screening policy option would have been biennial screening for

women ages 50 to 69.

Conclusions: Cost-effective screening is dependent on the payer’s willingness-to-pay
threshold which may not be the standard $50,000. It has been suggested that a more
conservative (lower) WTP threshold should be employed for cost-effectiveness studies.
Decisions for screening should consider other factors including quality of life, individual
level risks, and other costs associated with disease including out-of-pocket patient costs and

lost productivity

MeSH: screening; mammaography; model; breast; cancer; breast neoplasms; cost-

effectiveness
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Introduction

Breast cancer is the second leading incident cancer and the second leading cause of cancer
death among Canadian women (Canadian Cancer Society, 2014). It was estimated in 2014
there were about 24,400 new cases of breast cancer and 5,000 breast cancer deaths in Canada
(Canadian Cancer Society, 2014). The estimated lifetime odds of developing breast cancer
for a Canadian woman are 1 in 9, with 1 in 28 Canadian women eventually dying from it
(Canadian Cancer Society, 2014). The current estimated average 5-year survival rate for
breast cancer is relatively high at 88% (Navaneelan and Janz, 2011). Between 1979 and
1999, the incidence of breast cancer in Canada steadily increased but since 1999 it has been
declining by a rate of about 1.7% per year (Canadian Cancer Society, 2010). Breast cancer
costs the Canadian economy almost $500 million a year in health care costs and lost
productivity (lost wages) in terms of short- and long-term disability and premature mortality
(Economic Burden of IlIness in Canada, 2014). In comparison with other female cancers, the
cost of breast cancer is almost 20-times higher than that of cervical cancer (Economic
Burden of Iliness of Canada, 2014). It has been suggested that the recent decline in breast
cancer mortality may be attributable to participation in screening mammography and
advancements in diagnostic technology and treatment, while decline in disease incidence
may be attributable to changes in the population prevalence of risk factors, such as the
decrease in the use of hormone replacement therapy in the population (Canadian Cancer
Society, 2014).

The Population Health Model (POHEM) is a microsimulation model of disease and risk
factors developed by Statistics Canada. The model generates and ages a large cohort that is
representative of Canada, one individual at a time, and tracks the life-trajectory that is guided
by exposure to varying life events of each individual until death. The model includes data
from various Canadian sources, including large cross-sectional and longitudinal surveys,
disease registries, health administrative databases, vital statistics, Census, and treatment cost
data estimates extracted from the published literature. The model has been adapted for
several chronic diseases including osteoarthritis, acute myocardial infarction, and lung and
colorectal cancer. POHEM with the added breast cancer module (POHEM-BCS) was used in
a study by Will et al. (1999) to project the lifetime treatment costs attributable to breast
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cancer. The updated model includes a breast cancer screening component that offers the
capacity to simulate the impacts of changes to various input parameters, including cohort
size, age, screening frequency, participation rate, test sensitivity and specificity, and baseline
disease incidence. This study uses POHEM-BCS to study the impact of age eligibility and
screening frequency on the cost-effectiveness of screening mammography in the secondary

prevention of breast cancer in Canada.

Methods

Study Design

This study is a cost-effectiveness analysis (CEA) study examining the impact of age
eligibility and screening frequency on the cost-effectiveness of screening mammography in
the secondary prevention of breast cancer. Cost-effectiveness is determined based on a
measure of the incremental cost per life-year gained across several screening mammography
policy options characterized by age and screening frequency. The tested screening policies

include a “no screening” option.

Population

In this analysis the population of interest are Canadian women with screening
mammography offered to women as young as 40 years and as old as 79 years, depending on
the screening option tested in the analyses. Currently, Canadian women can access screening
mammography either opportunistically through a referral from her family physician or
through self-referral to an organized regional program. For the most part, provincial and
territorial breast cancer screening programs actively recruit women ages 50 to 69 every two
years for screening. It is recommended that women with elevated risk of breast cancer
compared with the general population be screened more frequently. There are certain regions
in Canada that also accept women age 40-49 years and/or 70-79 years to participate in their
organized screening programs. The selection of a lower limit of 40 and an upper limit of 79
is in-line with the lowest and highest age limits within eligibility screen criteria across
provincial/territorial programs in Canada. Women starting at age 40 years are accepted into
screening mammography programs in the following regions: Northwest Territories, Yukon

Territories, British Columbia, Alberta, Nova Scotia, and Prince Edward Island. Women are

93



continued to be invited for screening up to age 79 in only British Columbia. Few regions
provide screening or follow-up with women ages 80 and older except in the Northwest

Territories and Yukon Territories. (Canadian Partnership Against Cancer, 2013)

The debate surrounding population-based breast cancer screening is mostly regarding
whether the health benefits of screening women in different age groups is worth the costs
and potential harms. There are ongoing debates about the effectiveness of screening
mammography which point out that much of the evidence to support screening is based on
old data; evidence which too frequently fails to reflect the improvements in treatment, and

greater public awareness about the disease.

Population Health Model-Breast Cancer Screening Module (POHEM-BCS)

This study uses a Canadian microsimulation model developed by Statistics Canada called the
Population Health Model - Breast Cancer Screening Module (POHEM-BCS). The model
allows for the comparison of alternative options or policies (“what if” options) in terms of
health and economic outcomes including burden of diseases, life-years lived, mortality,
diagnosis and treatment costs. POHEM-BCS is parameterized with Canadian demographic
and surveillance data. It is a longitudinal, discrete-event™®, and stochastic** model that
simulates the life-paths or health biographies for individuals over the life course. The base
model infrastructure (generally referred to as POHEM) has been used to model cancers of
the breast, colon, and lung, as well as for osteoarthritis (Houle et al., 1997; Will et al., 1999;
Kopec et al., 2010; Berthelot et al., 2000; Flanagan et al., 2003; Flanagan et al, 2006;
Nadeau et al., 2013). Most recently the POHEM has been used to estimate the impact of
physical activity on prevalence of chronic conditions, mortality, and quality of life in the

Canadian population. (Flanagan et al., 2013)

POHEM-BCS was used in this study to estimate the life-time impact of a variety of
screening program options characterized by age eligibility and screening frequency (1 or 2

year intervals). In the model, life histories are applied to a hypothetical birth cohort of

19 Each event occurs at a particular instant in time and marks a change of state in the system. - Stewart
Robinson (2004). Simulation — The practice of model development and use. Wiley

1 Of or pertaining to a process involving a randomly determined sequence of observations each of which is
considered as a sample of one element from a probability distribution. - stochastic. (n.d.). Dictionary.com
Unabridged. Retrieved March 16, 2014, from Dictionary.com

website: http://dictionary.reference.com/browse/stochastic
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Canadian women. A population of 6 million women was used in the model to approximate
the number of women age 40 and older in Canada. The model is not equipped to predict
tumour size (as are some models) and thus does not link its transition probabilities to tumour
size. Rather the model uses breast cancer stage distribution estimates in conjunction with
stage-specific transition rates. A stage distribution representing pre- and post- screening
conditions as well as for the transition rates (i.e., representing the stage-specific survival
probabilities) are imbedded in the model. An individual woman modeled by POHEM-BCS
can transition through various (some progressive) health states. All women start out as
healthy and as they age are subject to various age-specific state transition probabilities.
These probabilities determine events ranging from participation in screening to transitioning
from full-health to disease, and from disease to death. The health states of interest to this
work include no breast cancer, breast cancer, treatment (initial, local recurrence, distant
recurrence, or terminal care), and death (from breast cancer or other cause). The TNM
classification of breast cancer staging was used to split cancers into stage I, 11 node negative,
Il node positive and stages |11 and IV combined. The original developers of the POHEM-
BCS model (Flanagan et al, 2006) chose this staging for two reasons. They argued first that
survival differs significantly between these stages and second it was considered to be more

amenable to modeling of treatment impact in future work.

POHEM-BCS generates several different population-level health and economic outcomes.
The outcomes of interest in this analysis, which are all available by age group, include:

e Survival in person-years;
e Number (and outcomes) of screens; and

e Diagnosis and treatment costs

Data Sources and Model Structure

The majority of the input data used in the model were pre-existing as part of the POHEM-
BCS infrastructure. This version of the model (available for public use) was not easily
amenable to change or update for the majority of input parameters. Pre-existing data
included breast cancer incidence rates in the absence of screening, breast cancer incidence
rates in the presence of screening, the stage distribution of clinically detected cancers, the

stage distribution of screen-detected cancer, survival rates, and diagnostic and treatment
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costs. These data and their sources are provided in appendix1. Breast cancer incidence rates
in the absence of screening in POHEM were originally estimated from the National Cancer
Incidence Reporting System database (a Canadian database). In earlier work by Will et al.
(2000), the breast cancer incidence rates used in POHEM-BCS were obtained by adjusting
rates that were derived for the period 1982-1985 from the Saskatchewan Cancer Registry in
a manner that reproduced the age-specific rates in the absence of screening. It was assumed
that screening in Canada began in 1986 therefore pre-1986 incidence rates were used to
determine breast cancer incidence rates that would be representative of the no-screening
scenario. The stage distribution of cancers detected in screening programs was obtained from
the Canadian Breast Cancer Screening Database (CBCSD) for 1997-98.

Screening participation rates were specified in POHEM-BCS as being age-invariant, with
fixed rate of 70% being applied as representing the probability that a eligible woman (who
has to date not yet participated in screening) would volunteer for a first screen and a fixed
rate of 90% being used to represent the probability of participating in subsequent screens
(Public Health Agency of Canada, 2008). These participation rates were chosen based on
Canadian target values. (Public Health Agency of Canada, 2008) Based on data from the
2008 Canadian Community Health Survey (CCHS), self-reported routine mammography

within the last two years among females age 50 to 69 was a little under 50%.

The sensitivity and specificity of organized screening mammography were estimated from
the Canadian Breast Cancer Screening Database (CBCSD) maintained by the Public Health
Agency of Canada (PHAC) for the screen year 2003-2004. PHAC receives updated program
screening data from each participating province and territory. These screening estimates
ought to be representative of all provinces and territories in Canada with the one exception
being Nunavut which does not have an organized screening program (and thus does not
contribute data to the CBCSD). In building the model, clinically detected cancers (when the
cancer is caught outside of screening, usually symptomatically) were simulated based on the

incidence rates and were assumed to have an average sojourn*® time (Flanagan et al., 2006).

12 Statistics Canada. Table 105-0243 - Mammogram obtained within last 2 years, by age group, females aged
50 to 69 years, Canada, provinces, territories, health regions (June 2003 boundaries) and peer groups, every 2
years, CANSIM (database). (accessed: 2014-03-17)

3 Average sojourn time is the duration of a disease before clinical symptoms become apparent but during
which it is detectable by a screening test (Duffy, 2005)
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When mammography for pre-clinical cancers (screen-detected) was simulated, the sensitivity
estimate was used to determine the proportion of screen-detected cases (true positives) and
those that are missed (false negatives). When no cancer is present over the sojourn period,
estimates of specificity were used to determine the proportion of cancers that were identified
correctly (true negatives) and those that were incorrectly identified as cancer (false positives)
(Flanagan et al., 2006). We followed the approach of Flanagan et al, 2006, using the
updated (age-stratified) estimates of sensitivity and specificity derived from the CBCSD as
described above.

The stage distribution of clinically detected cancers by age group and related survival rates
in the absence of screening used in POHEM-BCS were also estimated from the
Saskatchewan Cancer Registry from 1982-1985 so that the effects of screening (which
occurred mostly after 1986) were avoided. When a cancer is detected in the presence of
screening, a stage is assigned according to how the cancer was detected (first/initial screen,
at subsequent screen, or between screens/interval) from the estimated stage distribution.
Survival benefit from early detection is conferred through the improved stage distribution
(stage shift). Figures 10 and 11 show the pre-screening and post-screening stage distributions
used in POHEM-BCS. The model does not capture the survival benefits within stage shift,

such as moving from late to early stage |1, for example.
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Figure 10 Stage distribution of clinically detected (pre-screening) breast cancers by age group
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Source: Flanagan et al. (2006). Evaluating the impact of breast cancer screening in Canada using POHEM — A
demonstration project. (Unpublished work)
Note: 1A = node negative; 1B = node positive

Figure 11 Stage distribution of breast cancers among women age 40-79 participating in organized breast
cancer screening programs
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Source: Flanagan et al. (2006). Evaluating the impact of breast cancer screening in Canada using POHEM — A
demonstration project. (Unpublished work)
Notes: I1A = node negative; I1B = node positive

Direct costs associated with screening, diagnosis, and treatment, were included in the costing
component of the analysis. Cost of diagnosis and treatment were modeled in POHEM-BCS
while cost of screening was applied external to the model in the study’s analyses.
Recognizing that the cost of screening varies regionally, a request was made in 2010 to all
provincial/territorial representatives on the Canadian Breast Cancer Screening Initiative
(CBCSI). Only British Columbia (BC) and Quebec provided published screening costs
estimates for use in this study. For the purposes of the base case analysis, the cost per screen
from BC for the fiscal year 2008/2009 of $70 inflated to 2013 CAD ($75) was used (Warren
Burhenne et al., 2007). The BC estimate was used in this analysis as it is a published
estimate with detailed breakdown of included costs, and considered to be a more
representative proxy for a Canada wide average than the estimate from Quebec (higher at
$125) (Lefrancois et al., 2007). The BC estimate is also comparable to the unpublished cost
per screen estimated for Ontario in 2009.' This estimate encompasses several costs,
including: central services, other operating costs, professional reading fees, and capital
allocation. The BC capital allocation costs include capital differential allocated to privately
administered centres in their annual operating budget and amortization of equipment
purchased through the BC Cancer Agency, Provincial Health Services Authority. Capital
allocation does not include capital expenditures capitalized and amortized through host
hospitals. The cost per screen estimated for the province of Quebec was used in the
sensitivity analysis to represent a high cost per screen. POHEM-BCS includes the initial
diagnosis costs which include initial workup of breast cancer, staging, and treatment costs
(neo-adjuvant chemotherapy, breast surgery, hospitalization, radiation therapy, hormone
therapy, and follow-up costs). The costs associated with metastatic cancer include costs for
care of terminal breast cancer including hospital stay, other medical, and palliative radiation

therapy. Details of these costs are included in appendix 1. Total costs were calculated as the

! Presentation by Verna Mai at the International Meeting on Breast Cancer Screening Rio de Janeiro on April
16-17, 2009. “Economic Aspects of Breast Cancer Screening-The Ontairo Experience” Accessed on March 18,
2014 from http://bvsms.saude.gov.br/bvs/palestras/cancer/economic_aspects_breast_cancer_screening.pdf
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sum of total screen and total treatment costs which were all adjusted to 2013 Canadian

dollars based on the Bank of Canada’s consumer price index.

First Base Case Analysis (Base Case 1)

POHEM-BCS is ideally suited to examine “what-if” scenarios including the potential
impacts of different screening mammography policy options on health and economic
outcomes for the Canadian population. This study aimed to assess the impact on life
expectancy and costs (screening, diagnosis, and treatment) when two design attributes of
screening mammography programs were changed: namely the age eligibility criterion and
screening frequency which is also known as, screening interval, the duration of time between
screens such as two years, usually prescribed to patients in an organized mammography
program). Eleven screening mammaography policy options including no screening were
constructed in POHEM-BCS.

In table 7, the 11 policy options assessed are described by row, with three columns to
identify eligible age groups. The screening interval is described within each cell, where 0, 2,
and 1 represent no eligible screening for that age-group, eligible for screening once every
two years, and eligible for screening once per year, respectively. The standard
recommendation (status quo) across Canada is for women age 50 to 69 years participate in
screening mammography once every two years, which is represented in screening policy A

in this analysis.

Table 7 Characteristics of screening mammography policies — intervals in years by age group

Screening policy Low Age Group Medium Age Group High Age Group
(40-49 years) (50-69 years) (70-79 years)
No screen 0 0 0
A 0 2 0
B 1 2 0
C 0 2 2
D 1 2 2
E 0 1 0
F 1 1 0
G 0 1 1
H 1 1 1
I 0 2 2
J 2 2 2

Notes: Screening intervals are 1 year (annual) or 2 years (biennial), and represent the duration of time between
screens. 0 denotes no screening in that age group.
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For each screening policy option, we used POHEM-BCS to track the cohort of women from
birth as described in the previous section detailing the characteristics of the model. The
outcomes of interest for the analysis included the total number of: screens, life-years, and
costs related to breast cancer diagnosis and treatment contributed by the cohort. To calculate
screening costs, the total number of screens recorded by the model was used as a multiplier
of the cost per screen. The screening costs were then added to the diagnosis and treatment
costs recorded in the model to obtain total costs. These total costs were recorded for each
screening policy along with an estimate of the health benefits measured in life years, which
were also obtained from POHEM-BCS. The cost and benefits recorded for each policy were
then used to form incremental cost-effectiveness ratios, for various pairs of programs

(alternative versus comparator).

An incremental cost-effectiveness ratio (ICER) is a measure of excess cost to achieve an
extra unit of health benefit conferred by the alternative program (Braithwaite et al., 2008).
For each policy comparison, the difference in total cost was divided by the difference in the

total number of life-years (see equation 1).

Equation 1
iIcEr = 2¢ - (& =C))
AE (Ez - El)

For the purposes of this study, C denotes total cost of screening, diagnosis, and treatment,
and E denotes effectiveness in life-years. Subscripts 1 and 2 denote the screening options

being compared, for example the cost-effectiveness of option 2 versus option 1.

Incremental cost-effectiveness ratios (ICER) were used to compare the screening options the
principle of extended dominance was applied in a sequential analysis. The options were first
ranked according to their effectiveness on the basis of securing maximum effect, neglecting
cost. Sequentially, each option was compared to the previous in terms of incremental cost-
effectiveness. Dominated options were excluded from consideration. An option is considered
‘dominated’ if there is an alternative screening option which achieves at least the same
benefit but at a lower cost or which is at worst as costly but with greater benefit. We also

applied principles of extended dominance whereby a screening policy is subject to extended
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dominance when there is a more costly screening policy with a lower incremental cost-
effectiveness ratio compared to the base. Non-dominated options were compared with each
other in a sequential fashion starting from the lowest benefit option and sequentially
identifying whether the next most beneficial option has an ICER that still meets the WTP
criterion; stopping at the option that precedes the first breech of the WTP criterion. This
option, which has the greatest benefit in terms of life-years gained (LY G) within the
established willingness-to-pay (WTP) threshold of $50,000 per LY G, was identified as the
optimal screening policy option.

This cost-effectiveness analysis takes the perspective or viewpoint of the Ministry of Health
(from the standpoint of what the Ministry reimburses or pays). Both costs and health benefits
were discounted at the annual rate of 5%, by convention (Canadian Agency for Drugs and
Technologies in Health, 2006).

Sensitivity Analyses

Multiple sensitivity analysis was used to determine whether conclusions regarding cost-
effective screening would change from the base case depending on costs per screen, discount
rate, willingness to pay threshold, participation rate, mammography test sensitivity,
mammography test specificity, and screening interval. The sensitivity of the results to
plausible low and high estimates for cost per screen and discount rate (costs and health
benefits) were explored. A low cost per screen at $48 based on an estimated 5% annual
decline in costs based on BC’s provincial trend was used (BC Cancer Agency, 2013). A high
cost per screen estimate of $125 was used as it is the highest estimated cost per screen from
another province (Quebec cost per screen in 2007 inflated to 2013 CAD) (Lefrancois et al.,
2007). A low discount rate of 0% to reflect an analysis with no discount and high discount
rate of 10% was used. These rates have been used in other health economic evaluation
studies. (Mitton et al.m 1998; Willich et al., 2006; Hoeflma and Hanewinkel, 2007). We also
assessed cost-effectiveness using a low and high WTP threshold of $30,000 and $100,000
per LYG, respectively. The impact of using 50% and 60% initial participation rates to reflect
lower self-reported participation rates in Canada was examined. When assessing the impact
of test sensitivity and specificity, a separate analysis was conducted, setting each parameter

in the model to 100% to reflect the benefits of screening with perfect effectiveness in terms
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of a picking up true cancers and not picking up inexistent cancers. Since sensitivity and
specificity were already high in the base-case analysis (see appendix 1, table 4.3), an
increase to 100% could be considered a minimal adjustment. The results of these sensitivity
analyses were discussed in the context of the results of the base case 1 analysis.

Adjusted Base Case Analysis (Base Case 2)

To assess the impact of longer screening intervals (or less frequently screening), six
additional screening policy options were constructed to include three-year screening
intervals for different age groups. The base-case analysis was repeated to include these new
screening options resulting in a comparison of 17 total screening options including no
screening. Table 8 describes the characteristics of each of these additional screening options
in terms of age eligibility and screening intervals.
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Table 8 Characteristics of additional screening mammography policies — intervals in years by age group

Screening policy Low Age Group Medium Age Group High Age Group
(40-49 years) (50-69 years) (70-79 years)
K 3 3 3
L 0 3 0
M 3 0 0
N 3 2 2
O] 2 3 3
P 1 2 3

Notes: Screening intervals are 1 year (annual), 2 years (biennial), or 3 years (triennial), and represent the
duration of time between screens. 0 denotes no screening in that age group.

Results

Base Case Analysis 1

Table 9 describes the summary results of the base case analysis and demonstrates the
variability in the average life-time costs per woman (screening, diagnosis, and treatment) and
health benefits (life-days gained) across the screening policy options. Other results relating
to detection (false positive cases, true positive cases, false negative cases, true negative
cases) are included in appendix 2 (table 1).

When comparing each of the screening policies against no screening, the average life-years
gained (LYG) per 1,000 woman (total population 6 million) from birth across screening
options varied from 9.1 (option A) to 18.4 (option H). As screening becomes more intensive
(more screening as a result of expanded age eligibility and/or shorter screening interval), the
LY Gs increases, however those screening policy options that screen women age 40-49 had
larger LYGs compared to those policy options that screen women age 50-79, despite

comparable number of lifetime screens.
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Table 9 Summary of outcomes (cost and life-year benefits) projected for each of the 11 screening
scenarios (base case 1)

Average Average ﬁ‘f\é iirr%gee Average Average
number of lifetime cost diaanosis and lifetime number of
Screening Age lifetime of screening tregtmen t total cost life-years
Option* (Interval) | screens per | per 1,000 cost per 1.000 per 1,000 gained per
1,000 women womre)n ($; women 1,000
women ($ CAD) CAD) ($ CAD) women
No screen - - - - -
A 50-69 (2) 8,300 51,116 -2,296 48,820 1.5
50-69 (2) i
C 7079 (2) 11,500 70,783 2,555 68,228 1.7
40-49 (2)
I 50-60 (2) 12,700 77,813 -3,212 74,601 25
E 50-69 (1) 15,700 96,324 -2,391 93,932 1.6
40-49 (2)
J 50-69 (2) 15,900 97,255 -3,455 93,800 2.7
70-79 (2)
40-49 (1) i
B 50-60 (2) 16,800 103,208 3,429 99,779 2.8
40-49 (1)
D 50-69 (2) 20,000 122,868 -3,718 119,150 3.0
70-79 (2)
50-69 (1)
G 70-79 (1) 22,000 135,131 -1,938 133,193 1.8
40-49 (1)
F 50-69 (1) 24,200 148,445 -3,450 144,995 2.9
40-49 (1)
H 50-69 (1) 30,600 187,797 -2,976 184,821 3.1
70-79 (1)
Per cent difference 0 0 0 0 0
between high and lowt 3% 3% 48% 4% 48 %

* Screening options are ordered according to average number of lifetime screens per woman.

1 Per cent difference is used to demonstrate the spread in values.

Notes: Costs and life-days gained discounted annually at 5%. Per 1,000 woman estimates are in relation to a
total female population of 6 million.

The estimated average lifetime cost of screening per 1,000 women, compared to no
screening, ranged from $51,116 (option A) to $187,797 (option H). Recall that screening
costs were estimated outside of POHEM-BCS by applying an estimated cost per screen to
the total number of screens for each policy option. The estimated reduction of lifetime cost
of diagnosis and treatment per 1,000 women compared to no screening ranged from $1,938
(option G) to $3,718 (option D). The lower cost in diagnostic workup and treatment can be
explained by stage shifting from a later, more costly stage of cancer to an earlier, less costly
stage of cancer that is because of screening. These cost differences are evident in the input
estimates for the POHEM-BCS parameters: cost of initial work-up, cost of initial
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hospitalizations, cost of initial follow-up, cost of chemotherapy for breast surgery, cost of
radiation therapy for breast surgery, and hormonal therapy (see appendix 1, tables 1.1-1.17).
Further detail around the diagnostic and therapeutic approaches to breast cancer in Canada
and their associated costs can be found in Will et al. (1999;2000). It is somewhat unclear if a
relationship exists between stage of diagnosis and cost of treatment. In our analysis, the
diagnosis and treatment cost reductions were low in comparison to the increases in screening
costs across screening policy options. The resulting total costs (screening, diagnosis, and
treatment) across screening policy options are therefore approximately proportional to the
number of screens.™ The estimated average increase in lifetime costs per 1,000 women
ranged from $48,829 (option A) to $184,821 (option H).

The most effective policy was option H: annual screening for women age 40t0 79 (3.1 LYG
per 1,000 women) but it was also the most costly ($184,821 per 1,000 women), compared to
no screening. The least effective policy was option A: biennial screening for women age 50
to 69 (1.5 LYG per 1,000 women) but it was also the least costly option ($48,820 per 1,000
women), compared to no screening. A sequential analysis is essential in determining optimal
policy options based on a comparison across several options using incremental cost-
effectiveness ratios (ICER). In the context of this research, we use “optimal” to describe a
policy option that is non-dominated and which incurs the most life-years gained within the
willingness-to-pay threshold (WTP). The results of the first base case sequential analysis are
presented in table 10.

Screening policy options A, C, J, D, and H lie on the cost-effective efficiency frontier (non-
dominated). Of these policy options, the optimal screening policy was J: biennial screening
for women ages 40 to 70 years because it was the most effective, non-dominated policy
(16,421 LYGs compared to no screening) that met the ICER constraint of meeting the
$50,000 per LYG WTP criterion. If WTP was $30,000 per LYG, the optimal screening
policy option would be A: biennial screening for women ages 50 to 69 (status quo). If WTP
was $20,000 or less per LYG no screening policy option would have been optimal under the

base case analysis.

> In a plot of lifetime total costs per 1,000 women versus total screens per 1,000 women, R?=0.998; y=1.0182x
+2579.2.
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Table 10 Results of the sequential analysis of screening mammaography policy options (base case 1)

Age Total Total excess ;I]'otal EXCESS | ICER vs no .
ealth care : Sequential
. group LYGs (vs no screen) screening .
Scrfaenlng (screen Total per health care cost (costin$ ICER (cost in
option interval LYGs 1,000 cost ($ million (SCAD) per CAD per $ CAD per
. 1,000 LYG)
in years) woment | CAD) LYG)
womant
A 50-69 (2) 9,104 15 199 33,170 21,860 21,859
50-69 (2)
C 70-79 (2) | 10,287 1.7 235.5 39,240 22,889 30,854
40-49 (2)
50-69 (2)
J 70-79 (2) | 16,421 2.7 441.5 73,580 26,884 33,583
40-49 (1)
50-69 (2)
D 70-79 (2) | 17,824 3.0 631 105,170 35,402 135,068
40-49 (1)
50-69 (1)

H 70-79 (1) | 18,370 3.1 845 140,830 45,998 391,941
Extended
dominance

40-49 (2) through J and

I 50-69 (2) | 15,248 2.5 405.5 67,580 26,592 | A
Extended
dominance

40-49 (1) through D and

B 50-69 (2) | 16,630 2.8 594.6 99,100 35,755 | A
Dominated by

E 50-69 (1) 9,698 1.6 373.7 62,280 38,530 | C

50-69 (1) Dominated by

G 70-79 (1) | 10,810 1.8 446.1 74,350 41,266 | I and J

40-49 (1) Dominated by
F 50-69 (1) | 17,218 2.9 770.5 128,420 44,751 | D

* Screening option ordered according to total excess cost compared to no screening
1 Total population of 6 million women followed in the model.
A = difference (gain); LYG = life years gained; ICER= incremental cost-effectiveness ratio
Notes: Discount rate of 5% applied to health benefits and costs. An optimal screening policy option incurs the
greatest number of LYGs with an ICER < $50,000 per LYG (in this case, option J).
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Figure 12 Cost-Effectiveness Plane — Incremental cost versus incremental life-years (base case analysis
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Sensitivity Analyses

Table 1lidentifes those screening policy options deemed optimal in the base case analysis
(base case 1), the sensitivity analysis, and the adjusted base case analysis (base case 2).

At a lower WTP of $30,000 per LYG, in the base case analysis, option A: biennial screening
for women ages 50 to 69 was the optimal screening policy option, while option J: biennial
screening for women ages 40 to 79 were optimal policies at a low cost per screen and low
discount rate, respectively. No screening policy option was optimal when a high cost per

screen or high discount rate was used.

At a higher WTP of $100,000, option J: biennial screening for women ages 40 to 79 was
optimal in the base case analysis, and when high cost per screen was used and high discount
rate was used, whereas option D: annual screening for women age 40 to 49 and biennial
screening for women age 50 to 79 was optimal when a low cost per screen and low discount

rate was used.
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These results are intuitive because as the cost per screen, discount rate, and WTP become
more conservative the optimal screening policy option, if any, is characterized by less
frequent screening or no screening compared with higher cost per screen, higher discount
rate, and higher WTP. Optimal screening is therefore dependent upon these parameters.

Compared to the base case analysis, cost-effectiveness of screening was sensitive to low and
high per screen cost ($48 and $125 CAD, respectively) and to low and high discount rate
(0% and 10%, respectively). The detailed results of the sequential analyses are included in

appendix 2, tables 2 through 10.

At a WTP of $50,000 per LYG, option J: biennial screening for women ages 40 to 79 years
was the optimal screening policy option when using a low cost per screen. When a high cost
per screen or high discount rate (per screen cost at nominal value of $75) was used, the
optimal screening policy option was A: biennial screening for women ages 50 to 69. For a
low discount rate the optimal screening policy option was D: annual screening for women

age 40 to 49 and biennial screening for women age 50 to 79.

To reflect current screening practices we observed the impact of lower participation rates in
the population using initial participation rates of 50% and 60%. When a 50% or 60%
participation rate was used, option J: biennial screening for women ages 40 to 79 was the

optimal screening policy option
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Table 11 Summary results — optimal screening intervals in years by WTP and age group

Optimal Screening Policy
(Screening interval in years by WTP and age group )
WTP: $30,000/LYG WTP: $50,000/LYG WTP: $100,000/LYG

Age:  Age: Age: Age: Age: Age: Age: Age:  Age:

40-49 50-69 70-79 40-49 50-69 70-79 | 40-49 50-69 70-79
Scenario years years  years years years years | years years years
Base Case 1* - 2 - 2 2 2 2 2 2
Cost per screen = $48 2 2 2 2 2 2 2 2
Cost per screen = $125 = - - - 2 - 2 2 2
Discount rate = 0% 2 2 2 1 2 2 1 2 2
Discount rate = 10% - - - - 2 - 2 2 2
Participation rate = -
50% - 2 2 2 2 2 1 1
Participation rate =
60% - 2 2 2 2 2 2 2 2
Test sensitivity = 100% - 2 2 2 2 2 1 2 2
Test specificity = 100% - 2 2 2 2 2 2 2 2
Base Case 2° - 2 - 2 2 2 2 2 2

* Base case 1 denotes the original base case analysis which compared screening policy options that included 1
and 2-year screening intervals.

"Base case 2denotes the original base case analysis replicated with additional screening policy options which
include 3-year screening intervals for specific age groups.

No optimal screening Low-volume screening Medium-volume screening  High-volume screening

Base Case Analysis 2

The results of the replicated base case analysis that included 6 new screening policy options
with three-year screening intervals for some or all of the ages found no change to the original
base case analysis in terms of optimal screening (see table 4 and chart 4). Optimal screening
was still option J: biennial screening for women ages 40 to 79 years. To get a sense of the
impact on the effectiveness and cost impact of longer screening intervals, we compared selected
screening policy options, isolating specific age groups (table 5). When we compared the impact
of 2- and 3-year screening against annual screening for women ages 40 to 79, we observed a
reduction in life-years gained by a factor of 0.9 and 0.6, respectively. Costs reduced by a factor
of 0.5 when going from annual to 2-year and to 3-year screening. When age was isolated, it was
found that going from 2- to 3-year screening had a different impact by age group particularly in

the costs. Increasing screening intervals from 2 to 3 years for women ages 40-49, 50-69, and
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70-79, appeared to reduce life years gained by a factor of 0.7, 08, and 0.9, respectively. Costs
decreased by a factor of 0.8 for women ages 40-49, but increased by a factor of 1.4 and 1.2 for

women ages 50-69 and 70-79, respectively.

Table 12 Cost-Effectiveness Plane — Incremental cost versus incremental life-years (base case analysis 2)
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Table 13 Examination of the impact of screening frequency on life-years gained and costs

Description Screening policy Age group in years Life-years Total excess
option (screening interval in gained ratio cost ratio
years)
Increasing screening 40-49 (1)
intervals (decreasing H* 50-69 (1) - i,
screening frequency) from 70-79 (1)
1to 2 to 3 years in women 40-49 (2)
ﬁgsfyigrtsogza\?nﬁa;lg " ! 50-69 (2) 0.9 05
70-79 (2)
costs.
40-49 (3)
K 50-69 (3) 0.6 0.5
70-79 (3)
Increasing screening
intervals (decreasing 40-49 (2)
screening frequency) from I 50-69 (2) i i
2 to 3 years in women age 70-79 (2)
40 to 49 years on life-
years gained and costs. 40-49 (3)
N 50-69 (2) 0.7 0.8
70-79 (2)
Increasing screening
intervals (decreasing
screening frequency) from A* 50-69 (2) - -
2 to 3 years in women
ages 50 to 69 years on
life-years gained and L 50-69 (3) 08 14
COsts.
Increasing screening
intervals (decreasing 40-49 (1)
screening frequency) from D* 50-69 (2) - -
2 to 3 years in women 70-79 (2)
ages 70 to 79 years on
life-years gained and 40-49 (1)
costs. P 50-69 (2) 0.9 1.2
70-79 (3)

* Reference
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Discussion

Overall, this study found that for the Canadian context, population-based annual and biennial
screening mammography for women age 40 to 79 years may or may not be deemed cost-
effective, depending on input choices. In the base case analyses (1 and 2), biennial screening
for women ages 40 to 79 was determined to be optimal (most cost-effective and non-
dominated). Annual screening for women age 40 to 49 years was only optimal when the
screening program also included biennial screening for women age 50 to 79 years and if no
discount rate was used or when cost per screen was low or WTP was high. Annual screening
for this age group was also deemed optimal when test sensitivity was high (100%) and WTP
was high. The only scenario that showed annual screening for women age 50-69 as part of an
optimal screening policy was when annual screening was also offered to women ages 40-49,
when participation rate was 50%, and when the WTP was $100,000/LYG. Ata low WTP
($30,000/LYG), optimal screening would never include women ages 40-49 under any of the
conditions we tested. In both base case analyses it was found that no screening policy option
would be optimal if the WTP was equal to or lower than $21,000 per LYG.

Depending on the province or territory, current screening practices in organized programs
accept women ages between 40 and 79 years for annual and/or biennial screening, but
current breast cancer screening guidelines recommend screening for average-risk women
between the ages of 50 to 65 years, every 2 to 3 years. Base case analysis 1 examined only 1
and/or 2-year screening intervals for different age ranges. In the second base case analysis
several screening options that included 3-year screening intervals were included. Although
results of base care analysis 2 found no change in the selection of optimal screening
compared to the original base case, some interesting relationships emerged when the impact
of decreasing screening frequency on LYGs and costs by age group were isolated. As
expected, when screening frequency decreased (going from 1 to 2 to 3 year intervals), LYGs
decreased for all women ages 40 to 79. This is a result of screening intervals that are longer
than the estimated sojourn (the duration of time a cancer is detectable before it becomes
symptomatic). In POHEM, sojourn times were set at 1 year for women ages 40-49 and 2
years for women ages 50-79. The impact of screening frequency on total costs is not as

intuitive. Increasing screening intervals, thereby decreasing screening frequency, will
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decrease screening costs but it may result in higher treatment costs because more cancers
will be detected at a later, more costly stage. The reason for possibly higher treatment costs
can also be explained by screening intervals that are longer than sojourn times. The results of
this analysis showed that that going from 2 to 3 year screening intervals for women ages 50-
69 years and women ages 70 to 79 years not only reduced the number life-years gained, but
it also increased costs. Going from 2 to 3 year screening intervals still reduced total costs in
women ages 40 to 49, which might mean screening in this age group screen costs are not as
greatly offset by savings in treatment costs as they are for the older age groups.

Statistics Canada’s POHEM-BCS microsimulation model was chosen for this analysis
because it is accessible, uses Canadian data, and has a track record of application in Canada.
Although POHEM-BCS is grounded in theory from many disciplines, including
epidemiology, statistics, demography, medicine, and health economics, it is not based on
biological theories, such as those models used by the Cancer Intervention and Surveillance
Modeling Network (CISNET) out of the US. These models are based on the biological
theory of tumour growth (Cancer Intervention and Surveillance Modeling Network
(CISNET) Breast Cancer Collaborators, 2006) whereas POHEM-BCS models impact on

mortality via health-state distributions.

One of the limitations in this study is the limited data on the validity (accuracy) and
reliability (generalizability) of the POHEM-BCS. The relationships between all model
variables as well as the parameter estimates themselves come from a variety of sources that
may or may not reflect true life. These data come from theory, empirically collected data,
surveillance data, and registry data (Flanagan et al. 2006). Previous analysis has shown that
breast cancer incidence rates generated by the model were able to reproduce actual incidence
for the 40 to 79 year age group between years 1986 and 2011 (Flanagan et al., 2006). As the
model has been used for nearly two decades, been developed by modeling experts at
Statistics Canada, and used in many other published studies, it is reasonable to assume that
the model is valid and reliable for the purposes of this study (Houle et al., 1997; Will et al.,
1999; Berthelot et al., 2000; Flanagan et al., 2003; Flanagan et al, 2006; Kopec et al.,
2010;Nadeau et al., 2013).
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Indirect costs were excluded in the analysis, including the costs of home care, out-of-pocket
oral medications, other out-of-pocket expenses resulting from visits to healthcare
institutions, production losses and additional costs due to other diseases in the life-years
gained. Excluding such costs is consistent with the provincial/territorial payer (department of
health) perspective chosen. Adding-in the indirect costs would have enabled a societal
perspective to be pursued. It has been estimated that the inclusion of indirect costs could

more than double the cost-effectiveness ratio of screening (Koning, 1991).

There was intent to quantify effectiveness in terms of quality-adjusted life-years (QALY) in
this analysis but this was not possible due to the output required for such a calculation was
more detailed than that provided by POHEM-BCS. It was not possible to link health utilities
(health-related quality of life measures) to the LY Gs generated by the model. Incorporating
health-related quality of life could have accounted for anxiety, pain, and discomfort related
to undergoing the mammography exam and definitive diagnoses, the wait for and receipt of
results, false positive and false negative tests, and treatment into the measure of
effectiveness. One of the limitations of a cost-effectiveness analysis compared to cost-utility
analyses is that LYGs do not to incorporate the quality of life benefits from early detection.
Although health-related quality of life adjustments to LY Gs would reduce the overall health
benefits across all screening policy options, including no screening, the application of health
utilities to LYGs in this study could potentially alter the relative cost-effectiveness of the
screening policy options and result in a different optimal screening policy options chosen.
There is some evidence to suggest a quality of life gradient across breast cancer TMN stages,
age groups, and socioeconomic and cultural groups whereby lower quality of life is
experienced in later stages of cancer, older age groups, and more socially vulnerable or
disadvantaged populations (Chopra and Kamal, 2012).

The impact (if at all) of having one or more false positive screening tests on quality of life
was not assessed in the current study. In the study by Bonomi et al. (2008), female subjects
was asked to rate on a scale utility/preference scale of O (least preferred) to 100 (most
preferred) routine, population-based screening mammography options. Those screening
options that would have resulted in having a high negative predictive value but were likely to
result in a certain number of false positive tests were on average rated at 80 or above

suggesting the subjects perceived the risk of having a false positive test result was not
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deleterious (Bonomi et al, 2009). On the other hand, another study found that women who
had experienced a false positive test result were more likely to experience concerns
regarding their breast health compared to women who had a normal (true negative) test
result. In addition, these women were also more likely to use health care services within one
year of the mammogram, potentially as a result of this heightened concern (Barton et al,
2001). The subjects in the Bonomi study found the following experiences much lower on the
utility scale compared to experiencing a false positive test: cancer treatments, palliation/end-
of-life care, recurrence of breast cancer, receiving news of a new breast cancer diagnosis,
and receiving delayed news of breast cancer diagnosis (ratings of 33 to 49 on the scale of 0
to 100). These experiences are not modeled in POHEM-BCS which would further limit the
ability to accurately capture the full impact of screening and interrelated services and
treatments on quality of life.

Discounting was applied to both health benefits and costs from birth. Since benefits are not
expected to materialize until at least the age of screening (earliest age of benefit is 40 in this
study), it is likely that the benefits of screening in terms of extended life-years are
underestimated. A more meaningful measure may be the amount of extended life from a
later age such as from age 65 as reported in national statistics.*® The approach we used for

discounting is included in appendix 3.

Several international studies have assessed the cost-effectiveness of screening
mammography for breast cancer over the past decade (Arveux et al., 2003; Mandelblatt et
al., 2005; Neeser et al., 2007; Okonkwo et al., 2008; Wong et al., 2008; De Gelder et al.,
2009; Wong et al., 2007; Lee et al., 2010; Stout et al., 2006; Tosteson et al., 2008). These
studies vary in the screening options examined and the methodology used to assess cost-
effectiveness, namely the analytical and modeling approach, the screening options being
compared, and the setting. These studies have been systematically reviewed in the chapter 2
of this dissertation and are briefly discussed here to place the results of the current study in
context of the existing literature. De Gelder et al. (2009) performed a cost-effectiveness
analysis and cost-utility analysis of biennial screening for women age 50-69 years over 20-

years in Switzerland. They reported a cost-effectiveness ratio of screening versus no

18 An example of such life expectancy statistics is available from Statistics Canada, CANSIM, table 102-0512.
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screening of about $17,000 (CAD 2013) per life-year gained which is higher than our
estimate of almost $10,000 (CAD 2013) per LYG without discounting and lower than our
$20,000 per LYG with 5% discounting. The authors did not state the perspective adopted
which may limit comparability.

Arveux et al. (2003) reported a cost-effectiveness ratio of $28,000 per LYG (CAD 2013),
with costs discounted at 5%, when comparing the cost-effectiveness of screening versus no
screening in the female population age 50 to 65 years over a 20-year period in France. They
used a Markov-based decision model that incorporated regional screening program data,
morbidity and mortality data, demographic data, and direct costs pertaining to screening,
diagnosis, initial treatment, and breast cancer surveillance. The cost-effectiveness analysis
did not specify the screening interval or frequency, nor did they specify the analytic
perspective which compromises the comparability of their findings to those of this current
study. However, there were several screening policy options in our study that were close to
$28,000 per LYG with discounting at 5%. The current study found that biennial screening
for ages 40 to 79 (option J) and biennial screening for ages 40 to 69 had cost-effectiveness
ratios of almost $27,000 per LYG, compared to no screening.

As survival improves in late-stage breast cancer due to improvements in treatment
effectiveness and accessibility increases (minimizes screening effectiveness) and as health
care budget constraints tighten (lowers WTP), screening mammography eligibility might
need to become more narrow in order to stay within the WTP. Although a WTP of $50,000
per LYG is most commonly used in the health economic evaluations literature (Winquist et
al., 2012) , it can be argued that a lower threshold of $30,000 per LYG may be more
appropriate (Grima et al., 2014; Burger et al., 2014). Given concerns in relation to reining in
health care budgets, a lower threshold may be more appropriate, depending on the payer’s
WTP or what they believe is the appropriate cost per unit benefit based on multiple factors
including budget constraints, uncertainty regarding risks and benefits, and competing
priorities. Further, the National Institute for Health and Clinical Excellence (NICE) suggests
that the WTP threshold for new health technologies is approximately $30,000/QALY from
the societal viewpoint (National Institute for Health and Clinical Excellence, 2007). In
addition to using a WTP threshold of $30,000 per LYG and the standard WTP threshold of
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$50,000 per LYG, we also selected a high WTP threshold of $100,000 which has been used
in other studies (Pataky et al., 2013; Sen et al., 2014; Burger et al., 2014).

The way in which effectiveness of screening is captured in POHEM is based on observed
rates of breast cancer incidence in a time when screening was implemented in the population
versus when it was not. The shortcomings of this approach are that it is based on older
surveillance data and at a time when screening was less effective. Inaccurately modeling
stage distribution (a new cancer’s probability of being diagnosed in a specific stage) can
have an important impact on predicting screening effectiveness in terms of breast cancer
mortality. The impact of screening on breast cancer mortality is modeled in POHEM as a
function of breast cancer incidence, stage distribution, and stage-specific survival. For the
screening policy option characterized by annual screening for women ages 40-49 years and
biennial screening for women ages 50-79, POHEM predicted that breast cancer screening
would reduce breast cancer mortality in all women by 10% over a lifetime. This appears to
be an underestimate or overestimate of the impact of screening compared with other studies.
For example, the National Cancer Institute references the studies by Nelson (2009), Moss et
al. (2006) and Miller et al. (2014) when summarizing the benefits of mammography in terms
of impact on breast cancer mortality. Based on a review of randomized controlled trials,
Nelson et al. (2009) estimated that mammography was associated with a 15-20% relative
reduction in breast cancer mortality among women age 40 -74 years. The study by Moss et
al. (2006) reported an absolute mortality benefit for women screened annually over 10 years
of about 1%. In the Canadian study by Miller et al. (2014), it was reported that annual breast
cancer screening had no impact on breast cancer mortality among women ages 40-59 based
on 25-year trial data. Other studies have reported much larger benefits. In a review study by
Broeders et al. (2012), it was estimated a reduction in breast cancer mortality attributable to
screening of 25-31% for all women. This estimate was based on a review of observational
studies including prospective and case-controlled studies from Europe. There is an obvious
discrepancy in the literature on the measured impact of screening on breast cancer mortality
which may be explained by differences in study design and screening contexts, such as
differences in population demographics, variability in the way in which screening is

administered, and the quality of reporting for cause of death. It is therefore difficult to
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decipher whether the estimated effectiveness of screening in terms of reducing breast cancer

mortality in POHEM would be an overestimate or underestimate of the true impact.

This study contributes to the current body of knowledge on the impact of age and screening
frequency on the cost-effectiveness of screening mammography in Canada. To date there
have been no other published Canadian studies examining the cost-effectiveness of
population-wide screening mammaography. Future research could examine the cost-
effectiveness of more frequent screening for higher risk sub-populations, including women
with family history of breast cancer. The analyses in this study could also be replicated with
updates to the several of POHEM’s input parameters including stage distribution, stage-
specific survival, and diagnosis and treatment costs. Future studies could also take a broader
analytic perspective by including indirect costs or take into account quality of life in a cost-

utility analysis.
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Abstract and Key Words

Title: Cost-effectiveness of screening mammography for Canadian women with elevated risk

of breast cancer.

Objectives: This study aimed to determine the impact of age eligibility and screening
frequency on the cost-effectiveness of screening mammaography in women at higher risk for

breast cancer compared to the general female population.

Methods: A cohort microsimulation model was used to estimate the impact of disease risk
and screening sensitivity on the cost-effectiveness of screening mammography in Canada.
The analysis involved changes in baseline breast cancer incidence that approximated the
increased risk of breast cancer associated with family history of the disease. Family history
was described in terms of having an affected second degree relative (SDR), an affected first
degree relative (FDR), two or more FDR and/or SDR, or having extremely dense breasts
density (BIRADS 4). The impact of screening for high-risk populations on total direct costs
(screening, diagnosis, and treatment) and life-years gained (improvement in survival) were
estimated for ten different screening options characterized by varying screening age
eligibility (40 to 79 years) and screening frequency (1-and/or 2-year intervals between
screens). Costs and life-years gained were discounted at 5% annually. Costs were adjusted to
2013 Canadian dollars. Analyses were conducted from the perspective of the third party
payer and a lifetime time horizon. Incremental costs and life-years gained for each screening
scenario were compared against no screening and each other. Sequential analysis allowed
identification of the optimal screening strategy based on a willingness-to-pay threshold of
$50,000.

Results: In the previous chapter’s base case analyses, the optimal screening policy for the
general female population was biennial screening for women ages 40 to 79 years. In
comparison to the base case, screening women with elevated risk of breast cancer,
specifically women with family history or extremely dense breasts, was less costly but more
effective in terms of extended life-years. As breast cancer risks increase, LYGs increase and
total costs decrease. Screening women age 40 to 49 years annually and women age 50 to 79
years biennially was found to be optimal for the highest-risk group examined in this
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analysis: having a family history of two or more SDR or FDR. Similar to the base case,
biennial screening for women ages 40 to 79 was found to be optimal for the high-risk
populations: family history SDR, family history FDR, and extreme breast density. The
results of our research may suggest that risk-based screening may be more efficient and

effective than uniform recommendations for the general risk population.

Conclusions: Screening recommendations for women with elevated risk of breast cancer
may include more frequent screening, particularly among the 40 to 49 age group. Future
research considerations include the impact of more sensitive screening technology such as
the use of digital mammography and magnetic resonance imaging, treatment innovations,
and other types of preventive measures such as lifestyle modification, drug therapy, and

preventive mastectomy.

MeSH: screening; mammaography; model; breast; cancer; breast neoplasms; cost-

effectiveness
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Introduction

Screening mammography has been widely used as a population-based public health measure
in the secondary prevention of breast cancer in many developed countries, including Canada,
the US, the UK, Australia, New Zealand, Belgium, the Netherlands, Finland, Norway, Japan,
and the Republic of Korea (Saika and Sobue, 2011). Guidelines for screening mammography
have been focused on the appropriate age to start screening and the appropriate screening
frequency for the average-risk population. Less focus is paid to the question of whether
customized screening programs might be appropriate for high-risk groups in Canada. For
example should high-risk groups such as those with family history, be subject to a different
screening program. There have been numerous international studies published on the impact
of screen age and frequency on the cost-effectiveness of breast cancer screening, as well as
studies looking at the effectiveness of screening in high-risk women (Arveux et al., 2003;
Mandelblatt et al., 2005; Neeser et al., 2007; Okonkwo et al., 2008; Wong et al., 2008, Lee et
al., 2010; Rojnik et al., 2008; Stout et al., 2006; Tosteson et al., 2008; De Gelder et al., 2009;
Wong et al., 2007). In the context of assessing the impact of screening for high-risk sub-
groups of the female population, it is unclear whether more vigorous screening for these sub-
groups is cost-effective. Screening is more effective in terms of mortality reduction and
efficient in terms of program costs when the burden of disease is adequately high (Miller,
1996). Preferred screening may include tailoring screening programs for high-risk sub-
groups; perhaps pursuing more vigorous (earlier and more frequent) screening programs for

these groups.

In a previous study by the authors, a cost-effectiveness analysis was conducted to examine
the impact of age eligibility and screening frequency on the cost-effectiveness of screening
mammography in the general female Canadian population through the examination of 11
screening policy options including no screening. These policy options varied in screening
start and end age (40 to 79) and screening frequency or interval (1, 2, or 3 years). The results
of the base case analyses identified biennial screening for women ages 40 to 79, as the
optimal screening policy option with WTP= $50,000, a 5% discount rate, and $75 CAD cost
per screen. If WTP was $30,000 the optimal screening policy option would have been

biennial screening for women ages 50 to 69 (the prevailing base recommendation or status
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quo). If WTP was $20,000 then none of the screening policy options would have been
considered cost-effective. Cost-effectiveness of screening was sensitive to the screen costs,
discount rate, and WTP.

The Canadian Cancer Society recommends that women with higher risk for breast cancer,
characterized by family history (an affected first or second degree relative), certain gene
mutations such as BRCAL or BRCAZ2, or previous breast biopsies showing changes in the
breast tissue, should be screened at earlier age and/or more frequently (The Canadian Cancer
Society, 2014). It is uncertain however how much of an increase in risk is required to result
in a meaningful change to the results of our base case analysis which aimed to identify

optimal screening in the general female population age 40 to 79 (Dinh et al., 2015).

The degree of risk associated with several factors for breast cancer including family history
of disease and extreme breast density were examined in the review article by Nelson et al.
(2012). The family history and breast density risk factors were cited as being related to
increased breast cancer risk that range from 70% to 200% increased risk of disease in
women with the risk factor compared to women without. Personal factors such as race or
ethnicity, body mass index, physical activity, alcohol consumption, smoking use and status
were not identified as being significantly associated with breast cancer risk in those studies

examined in the review.

The objective of this study was to determine the optimal screening mammography policy
(characterized by age eligibility and screening frequency) when restricting attention
exclusively to high-risk groups (targeted screening). It is possible, for example, that more
rigorous screening programs may be more appropriate for high-risk groups. This study
examines this question, using cost-effectiveness analysis as means for examining whether
different screening policies might be prescribed for these high-risk groups. It was
hypothesized that more vigorous screening amounting to an earlier start age and later end-
age and/or more frequent screening will be relatively more cost-effective in high-risk
populations compared to the general population. This study examines the impact of
screening that is targeted to women with high-risk of breast cancer based on their family

history of disease and breast density. These two risk factors were singled-out because of
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their comparatively high association with disease onset and progression as indentified in the
literature, and because they have and continue to be used in clinical practice as markers for

elevated risk.

Methods

The Population Health Model - Breast Cancer Screening Module (POHEM-BCS)
The Population Health Model-Breast Cancer Screening Module (POHEM-BCS) was used to
identify the optimal screening mammography policy option for women based on their risk
profile. The screening policy options under study are varied by screening start and end age
and frequency. POHEM breast cancer module is a microsimulation model built and
maintained by Statistics Canada which uses Canadian data from a variety of sources on
breast cancer incidence, mortality rates, population demographics, and interventions to
predict survival and direct health care costs. Details of POHEM-BCS’s structure, data
sources, parameter values, assumptions, and validity have been described elsewhere and in
the authors’ previous study (Wolfson, 1994; Will et al., 1998; Will et al., 2000; Will et al.,
2001; Kopec, et al., 2010; Dinh et al., 2015).

Screening Policy Options

The focus of this study’s analysis was to quantify the impact of age eligibility and frequency
of screening mammaography on direct health care costs and life-years for sub-populations at
elevated risk for breast cancer in order to identify optimal screening strategies for these sub-
populations (Dinh et al., 2015). Given the low prevalence of the risk factors in the general
population, the results for the total population will approximate the results for the population
without elevated risk — although the incremental cost-effectiveness ratios will be likely
slightly higher for this population but insufficient to change the study’s interpretation. The
10 screening option scenarios examined in this study considered variations of age eligibility
and screening frequency as summarized in Table 13. Taken together with a no screening
policy option, this amounts to a total of 11 screening policy options for analysis. The
screening policy options were constructed in POHEM-BCS by varying the values for the
following input parameters: screen inclusion criteria, screen frequency, and participation

rates. Hypothetical life histories were generated through model simulation for five synthetic
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birth cohorts of women, each representing Canadian women with high-risk for breast cancer,
specifically having strong family history of disease or extreme breast density. There was an
attempt to characterize each cohort through an adjustment in baseline breast cancer incidence
according to age-adjusted relative risk estimates and estimated female population prevalence
of the underlying risk factor identified in the scientific literature. Apart from this adjustment,
the model demanded a change in the mammography sensitivity*’ in women with extreme
breast density. It has been estimated that mammography sensitivity in the female population
with extreme breast density level of BIRADS™ category 4 is approximately 44% compared
to a sensitivity rate of about 81% in the average-risk female population (Kolb et la., 2002).
It was assumed that all other model parameters were the same for higher-risk women
compared to the general female population within the same age range. For each simulation
the health profiles including breast cancer cases (detected and undetected via
mammography), mortality from breast cancer and other causes, person years lived, and other
outcomes including costs of diagnosis and treatment, were generated and tracked until the
death of each individual. We ran a total of 55 simulations (11 scenarios for 4 high-risk

populations) with a 6 million population for each cohort.

17 According to the Dictionary of Public Health by Last (2007), sensitivity is the property of testing positive for
the highest possible proportion of individuals who have, or might be suspected of having, the condition for with
the test is performed. A sensitive test should have a zero or very low proportion of false-negative results (a
negative result occurring in a person who actually has the disease or possesses the attribute for which the test is
done).

'8 Breast Imaging-Reporting and Data System (BIRADS) is a standardized approach to describing
mammogram findings. BIRADS level 4 represents a suspicious abnormality in the breast that warrants further
investigation and potentially biopsy for diagnosis. This category is also often used to describe very high breast
density.
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Table 14 Characteristics of the 11 screening mammography policies, intervals by age group.

Screening policy Low Age Group Medium Age Group High Age Group
(40-49 years) (50-69 years) (70-79 years)
No screen 0 0 0
A 0 2 0
B 1 2 0
C 0 2 2
D 1 2 2
E 0 1 0
F 1 1 0
G 0 1 1
H 1 1 1
I 0 2 2
J 2 2 2

Notes: The age eligibility is divided into three categories across the columns, and the screening programs are
labelled by row. A zero appearing within an age category denotes no screening. “2” denotes the duration of 2
years between screens or biennial screening. “1” denotes the duration of 1 year between screens or annual
screening.

Risk Factors and Population Prevalence

Having a family history of breast cancer is often described as having one or more first-
and/or second-degree relative with current or past diagnosis of breast cancer. A first-degree
relative (FDR) is defined as the parents, siblings, or children of an individual (National
Cancer Institute, 2014). A second-degree relative (SDR) is defined as the aunts, uncles,
grandparents, grandchildren, nieces, nephews, or half-siblings of an individual (National
Cancer Institute, 2014). Pharaoh et al. (1997) systematically reviewed the literature
published between 1966 and 1996 examining the risk associated with a family history of
breast cancer and found that the degree of risk was related to whether the relative affected is
first-degree or second-degree, the number of relatives affected, and the age at which the
relative was diagnosed with the disease. Family history is hypothesized to be associated with
greater risk of breast cancer because a proportion of disease cases have been associated with
genetic mutations, the most common being BRCA1 and BRCAZ2 inherited mutations. The
population prevalence of first-degree or second-degree family history of breast cancer in US
has been estimated at about 1 per cent, and population prevalence of women with two or
more affected SDR and/or FDR at about 0.4 per cent (Hall et al., 2008; Collaborative Group
on Hormonal Factors in Breast Cancer, 2001). About 20 per cent of breast cancer is

associated with family history of disease while 5 to 10 per cent of disease is due to genetics
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(Carroll et al., 2008). According to the review by Nelson et al. (2012), the increased risk
(incidence rate ratio) of breast cancer among women with family history of disease
compared with women without is about 1.90 for having an affected FDR and about1.70 for

having an affected SDR.

The risk of disease increases with an increasing number of affected relatives. The Canadian
study by Martin et al. (2010) reported almost 2.5 times the likelihood of breast cancer

(lifetime probability) when a woman has two or more affected SDR or FDR. Family history
is considered one of the strongest known risk factors for breast cancer and is the most likely

risk factor to contribute to a women’s decision to participate in screening mammography.

Breast density is described by the appearance of the breast tissue as visualized in a
mammographic image (Berne and Spernak, 2005). The visual appearance of breast tissue on
a mammogram has been classified both qualitatively and quantitatively as a way to describe
breast density, and has typically been described using a proportion estimate; capturing the
proportion of the breast area on the mammogram that is comprised of the dense stromal and
epithelial tissue (Pharaoh et al., 1997). Although the evidence is still inconclusive it is
hypothesized that breast density represents levels of endogenous hormones (Pharaoh et al.,
1997). Breast Imaging Reporting and Data System (BIRADS) categories for breast density
include category 1 and 2 representing less-than-average risk for breast cancer, and categories
3 and 4 representing higher-than-average risk. Breast tissue that is categorized as BIRADS 4
is considered extremely dense. In this category the breast contains greater than 75 per cent
glandular and fibrous tissue which substantially reduces the sensitivity of mammography to
about 44 per cent (Kerlikowske et al., 1996). The relative risk (incidence ratio) of breast
cancer for women with extreme breast density (BIRADS 4) is 2.0 compared to women not in
this category. The prevalence of women in these different breast density categories is not
reported for Canada but the prevalence of BIRADS 4 among US women as been reported to
be about 2 per cent (Eberl et al., 2006).

Risk Adjustment
The relative risk (RR) estimates in Table 14 represent the ratio of risk as represented by

disease incidence between the exposed versus unexposed groups (those with the risk factor
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versus those without). This ratio would be helpful if one wanted to scale up the breast
cancer incidence rate of an unexposed population to the rate ratio implied for the exposed.
However, in this study the baseline breast cancer risk needed to scale-up actually represents
the risk among the general population (not among an unexposed population). We therefore
needed to adjust the original RRs (exposed/unexposed) so that they reflect the ratio of risk in
the exposed to the risk in the general population. This adjustment can be achieved by
dividing the conventional RR in Table 1 by the adjustment represented in the following

equation:
(1-p)+ RR=p

Note that when prevalence (p) is zero, this amounts to no correction. As the prevalence
increases, the adjustment makes more of a material difference, provided the RR deviates

materially from 1.

Table 15 Prevalence of risk factors for breast cancer from literature

Risk Factor Adjusted relative risk for Estimat_ed female
breast cancer population prevalence

Family history of disease, affected second-degree 17 0.01

relative (SDR) ' '

Family history of disease, affected first-degree 19 0.01

relative (FDR) ' '

Extreme breast density (BIRADS 4) 2.0 0.02

Family history of disease, two or more SDR and/or 25 0.004

FDR (2+ FDR/SDR) ' '

Analysis
All costs are reported in 2013 Canadian dollars. Both life-years and costs were discounted

annually at 5%.

The analyses were carried out from the perspective of the third party payer i.e.
provincial/territorial government as the main payer in a universal health care system and a
lifetime time horizon. The impacts of each screening scenario for each high-risk population
were measured as incremental cost and incremental benefits (life-years gained) compared to

no screening.
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For each screening policy option, we used POHEM-BCS to track the cohort of women from
birth as described in a previous study (Dinh et al., 2015). The outcomes of interest for our
analysis included the total number of: screens, breast cancer cases, life-years, and costs
related to breast cancer diagnosis and treatment contributed by the cohort. To calculate
screening costs, the total number of screens recorded by the model was used as a multiplier
of the cost per screen. The screening costs were then coupled with the diagnosis and
treatment costs recorded in the model to obtain total costs. These total costs were recorded
for each screening policy along with an estimate of the health benefits measured in life years,
which were also obtained from POHEM-BCS. The cost and benefits recorded for each
policy were then used to form incremental cost-effectiveness ratios, for various pairs of

programs (alternative versus comparator).

An incremental cost-effectiveness ratio (ICER) is a measure of excess cost to achieve an
extra unit of health benefit conferred by the alternative program (Braithwaite et al., 2008).
For each policy comparison, the difference in total cost was divided by the difference in the

total number of life-years using the following equation:

AC _ (Cz _Cl)

ICER = =
AE (Ez - El)

For the purposes of this study, C denotes total cost of screening, diagnosis, and treatment,
and E denotes effectiveness in life-years. Subscripts 1 and 2 denote the screening options

being compared, for example the cost-effectiveness of option 2 versus option 1.

Incremental cost-effectiveness ratios (ICER) were used to compare the screening options and
the principle of extended dominance was applied in a sequential analysis. The options were
first ranked according to their effectiveness on the basis of securing maximum effect,
neglecting cost. Sequentially, each option was compared to the previous in terms of
incremental cost-effectiveness. The details of this analytic approach have been reported
elsewhere (Dinh et al., 2015).

Also provided is a descriptive comparison between the results of each high-risk population’s

sequential analyses and the base case analysis results from the previous study (Dinh et al.,
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215). The previous study’s base case analysis reflects estimated cost-effectiveness of
screening mammography in the general or average-risk population. In this base case
analysis, disease risk (age-specific incidence) of breast cancer was lower than that of the
high-risk groups. All other model parameters were the same for the base case as for the high-
risk analysis, with the exception of lower test sensitivity in the population with extreme

breast density (BIRADS 4) in comparison to the general population.

Results

Life-Years Gained

We measured health benefits of screening in terms of the number of accumulated life-years
gained (LYG) for each cohort by screening policy option. For each risk group, the
cumulative total life-years for each screening policy option were compared against each
other in a sequential analysis. The number of total LY Gs across all screening options
increased with breast cancer risk (see Figure 13). However, despite high-risk of disease in
the group with extreme breast density (BIRADS 4), the life expectancy gains were muted
because of the low test sensitivity of mammography in this group. Substantially greater
health benefits of screening were seen for the high-risk group characterized by two or more
affected FDR and/or SDR compared to all other populations. Screening in the base case was
the least effective. When comparing across screening policy options however, screening
health benefits in terms of LYGs is not so dramatic. Across all populations, it was observed
that annual screening for ages 40 to 79 years (option H) resulted in the most LY Gs across
populations, and was most marked for the group with two or more affected SDR and/or FDR
(8.7 LYGs from birth per 1,000 women or 3.2 days gained from birth per woman). Screening
women age 50 to 69 every two years (option A; status quo) resulted in the least number of

LYGs in comparison to no screening across all populations.
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Figure 13 Total life-years gained per 1,000 women by screening policy and population, annual
discounting at 5%

J: 40-49 (2),50-69 (2),70-79 (2)
I: 40-49 (2),50-69 (2)
H: 40-49 (1),50-69 (1),70-79 (1)
G: 50-69 (1),70-79 (1)
F: 40-49 (1),50-69 (1)
E: 50-69 (1)
D: 40-49 (1), 50-69 (2),70-79 (2)
C:50-69 (2),0-79 (2)
B: 40-49 (1),50-69 (2)

A: 50-69 (2)

= Family History (2+ FDR/SDR)

EBIRADS 4

Family History FDR

® Family History SDR

m Base Case

10.0

Costs

Screening costs were not expected to vary significantly across populations since in the model
the number of screens is independent of the breast cancer risk and screening participation
rates for each population were not adjusted. The only cost component that would depend on
breast cancer incidence (and thus upon the categories of subpopulations) were diagnosis and
treatment costs, but these costs represent a relatively small proportion of total (per capita)
costs. Similar to the base case analysis in the previous study, total costs across all high-risk
populations increased with the number of total screens. The relationship between total costs
and disease risk is rather muted because the predominant portion of total costs (screening
costs) is unrelated to breast cancer incidence in this model.

All costs are expressed in per capita (more specifically per 1,000 women) terms and
represent excess costs, namely the costs of the program minus the costs incurred under the
no screening option. The label “total” in relation to costs refers to the sum of screening,
diagnosis, and treatment costs. The term “treatment cost” as a label was used for the sum of
diagnosis and treatment (exclusive of screening) costs. In relation to total costs, it was
observed that the highest value in the base case analysis and the lowest value in the high-risk
analysis for population with two or more affected SDR and/or FDR (see Figure 14). This
group had the highest risk for breast cancer among the modeled high-risk populations.
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Again, in relation to total cost, but this time within population, it was observed that the
highest total cost was for annual screening for women age 40 to 70 years (screening policy
option H). The cost for this screening policy option (H) ranged from $136,792 in excess cost
per 1,000 women in the highest-risk population (two or more SDR and/or FDR) to $140,830
in excess cost per 1,000 women in the base case. Across all high-risk populations, the lowest
total cost was observed for biennial screening for women age 50 to 69 years (screening

policy option A), which is also considered the status quo.

Figure 14 Total excess cost per 1,000 women by screening policy option and population ($ CAD 2013),
annual discounting at 5%

J: 40-49 (2),50-69 (2),70-79 (2) = Family History (2+ FDR/SDR)
I: 40-49 (2),50-69 (2)
H: 40-49 (1),50-69 (1),70-79 (1) EBIRADS 4
G: 50-69 (1),70-79 (1)
F: 40-49 (1),50-69 (1) Family History FDR
E: 50-69 (1)

= Family History SDR
D: 40-49 (1), 50-69 (2),70-79 (2)

C: 50-69 (2),70-79 (2)
B: 40-49 (1),50-69 (2)
A: 50-69 (2)

m Base Case

0 40,000 80,000 120,000 160,000

Sequential Analysis
The results of the sequential analyses are described in Tables and Figures 15-19. We
describe the results of the analyses for the high-risk populations in order of lowest to highest

risk (incidence) of breast cancer.

Under a WTP of $50,000 per LYG, the optimal screening policy option for population with
one SDR was biennial screening for women ages 40 to 79 years (J). This screening policy
option was estimated to cost $16,146 per life-year gained compared to no screening (see
Table 2). The same screening policy option was identified as optimal under the base case. As
shown in Figure 3, screening for SDR compared to its base case counterpart (general
population) manifests in a shift in LYGs (rightward along the LY G axis), but no discernible
shift in the total cost (the vertical axis). This pattern of no discernible shift in total cost is

consistent with observations of muted shifts in costs made in relation to Figure 2 earlier.
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The results of the sequential analysis for one FDR also found biennial screening for women
ages 40 to 79 years (J) as the optimal screening policy option at a WTP of $50,000 per LYG,
with an incremental cost-effectiveness ratio of $14,432 per LYG compared to no screening
(see Table 16). This result is similar to that found in the base case. In addition, screening in
this risk group generates more LY Gs compared to the base case across all screening policy
options (see Figure 15). As in the case of the one SDR high-risk group, the one FDR group
relative to its base case option counterpart manifests a rightward shift along the LYG axis,
with no discernible shift in the cost (vertical axis). The rightward shift (increase) along the
LYG axis is slightly more pronounced in the case of FDR than was observed for SDR, which
is consistent with our emerging understanding of the influence of upward shifts in breast

cancer incidence.

Table 16 Sequential Analysis Results —Family History with an Affected Second Degree Relative (SDR)

Total excess Total
(vsno excess ICER vs no
Age LYG per screen) health screening Sequential
Scenario (In te?val) LYG 1,000 health care | care cost (costin $ ICER (costin $
women cost ($ ($CAD) CAD per | CAD per LYG)
millions per 1,000 LYG)
CAD) women
A 50-69 (2) | 14,914 2.5 196.2 32,707 13,158 13,158
50-69 (2)
C 7079 (2) 16,891 2.8 233.4 38,896 13,816 18,780
40-49 (2)
J 50-69 (2) | 27,023 4.5 436.3 72,719 16,146 20,030
70-79 (2)
40-49 (1)
D 50-69 (2) | 29,526 4.9 605.3 100,884 20,501 67,524
70-79 (2)
40-49 (1)
H 50-69 (1) | 30,486 5.1 840.4 140,070 27,568 245,019
70-79 (1)
Extended
| gggg 8 25,158 4.2 401.6 66,926 15,961 dominance
through J and A
Dominated by
E 50-69 (1) | 16,043 2.7 374.3 62,385 23,332 C.1,1.B and D
Dominated
50-69 (1)
G 70-79 (1) 17,759 3.0 445.3 74,215 25,074 by I, \][,)B, and
40-49 (1) .
B 50-60 (2) 27,625 4.6 590.3 98,380 21,367 Dominated by D
40-49 (1) .
F 50-60 (1) 28,785 4.8 769.6 128,268 26,737 Dominated by D
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Notes: Total population of 6 million women in each population was modeled in POHEM-BCS. LYG = Life-

years gained; ICER = incremental cost-effectiveness ratio. Interval labels of 1 and 2 denote the duration in

years between screens where 1 denotes annuals screening and 2 denotes biennial screening. Costs and benefits

(LYGs) have been discounted by 5%. 6 million women were assumed to face an identical amplification of

breast cancer incidence appropriate to their high-risk category, and thus represent a fiction n which all 6 million
Canadians fall into the requisite high-risk category.

Figure 15 Cost-Effectiveness Ratios for the Base Case and Family History (Affected Second-Degree
Relative) Analyses (Costs per 1,000 women versus Life-Years Gained per 1,000 women)
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Table 17 Sequential Analysis Results — Family History with an Affected First Degree Relative (FDR)

Total Total
LYG excess (Vs Excelsrs; ICER Vs no Sequential
. Age per no screen) ealt screening ICER (cost in
Scenario LYG health care | care cost (costin $
(Interval) 1,000 $ CAD per
women cost ($ ($CAD) CAD per LYG)
millions per 1,000 LYG)
CAD) women
A 50-69 (2) 16,584 2.8 195.5 32,579 11,787 11,787
50-69 (2)
C 70-79 (2) 18,764 3.1 232.3 38,715 12,380 16,889
40-49 (2)
J 50-69 (2) 30,059 5.0 433.8 72,305 14,432 17,842
70-79 (2)
40-49 (1)
D 50-69 (2) 32,821 55 622.8 103,807 18,977 68,455
70-79 (2)
40-49 (1)
H 50-69 (1) 33,913 5.7 837.5 139,586 24,696 196,578
70-79 (1)
Extended
40-49 (2) dominance
| 50-69 (2) 27,999 4.7 399.4 66,560 14,264 through J and
A
Extended
40-49 (1) dominance
B 50-69 (2) 30,713 5.1 587.8 97,965 19,138 through D and
A
E 50-69 (1) | 17,836 | 3.0 373.7 62,278 20,950 Dom”l‘;"ted by
50-69 (1) Dominated by
G 70-79 (1) 19,736 3.3 444.3 74,047 22,511 L and J
40-49 (1) Dominated by
F 50-69 (1) 32,023 53 767.1 127,850 23,955 D

Notes: Total population of 6 million women in each population was modeled in POHEM-BCS. LYG = Life-
years gained; ICER = incremental cost-effectiveness ratio. Interval labels of 1 and 2 denote the duration in
years between screens where 1 denotes annuals screening and 2 denotes biennial screening. Costs and benefits
(LYGs) have been discounted by 5%. 6 million women were assumed to face an identical amplification of
breast cancer incidence appropriate to their high-risk category, and thus represent a fiction n which all 6 million
Canadians fall into the requisite high-risk category.
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Figure 16 Cost-Effectiveness Ratios for the Base Case and Family History (Affected First-Degree
Relative) Analyses (Costs per 1,000 women Versus Life-Years Gained per 1,000 women)
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For the high-risk group with extreme breast density (BIRADS 4), the optimal screening
policy option was also biennial for women ages 40 to 79 years (J) with a cost-effectiveness
ratio of $15,957 per LY G compared to no screening (see Table 18). Compared to the base
case, screening in this high-risk group resulted in greater LYGs and slightly lower costs
across all screening policy options (see Figurel7). As in the case of the one SDR and one
FDR high-risk groups, the extreme breast density group relative to its base case option
counterpart also manifests a rightward shift along the LY G axis, with no discernible shift in
the cost (vertical axis). The rightward shift (increase) along the LYG axis is not as
pronounced in relation to our understanding of the influence of upward shifts in breast
cancer incidence. This muted shift in the LYG axis may be due to lower test sensitivity in

this high-risk group.

For the highest-risk group of two or more SDR and/or FDR, the optimal screening policy

option was annual screening for women ages 40 to 79 years and biennial screening for
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women ages 50 to 79 years (D). The cost-effectiveness ratio for this screening option
compared with no screening was $12,019 per LYG (see Table 19). In contrast to the base
case, more frequent screening for the age group 40 to 49 was more cost-effective under a
WTP of $50,000. Also in comparison with the base case, screening in this risk group
generated more LY Gs across all policy options (see Figure 18) As in the case of the other
high-risk group, the 2+SDR/FDR group relative to its base case option counterpart manifests
a rightward shift along the LYG axis, with no discernible shift in the cost (vertical axis). The
rightward shift (increase) along the LYG axis is more pronounced in the case in this high-
risk group than was observed for FDR, SDR, or extreme breast density. This is consistent

with our understanding of the influence of upward shifts in breast cancer incidence.
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Table 18 Sequential Analysis Results — Extreme Breast Density (BIRADS 4)

Total excess Total
excess ICER vs no .
LYG (vs no screen) . Sequential
health screening
. Age per health care . ICER (cost
Scenario LYG carecost | (costin$ ;
(Interval) 1,000 cost ($ in$ CAD
o ($CAD) CAD per
women millions per LYG)
per 1,000 | LYG)
CAD)
women
A 50-69 (2) 14538 | 24 190,818,477 31,803 13,126 13,126
50-69 (2)
C 70-79 (2) 16,418 | 2.7 222,966,205 37,161 13,581 17,096
40-49 (2)
J 50-69 (2) 26,624 | 4.4 424,827,568 | 70,805 15,957 19,779
70-79 (2)
40-49 (1)
D 50-69 (2) 28,794 | 4.8 612,803,012 102,134 21,282 86,612
70-79 (2)
40-49 (1)
H 50-69 (1) 30,920 | 5.2 819,903,219 136,651 26,517 97,435
70-79 (1)
Extended
E 50-69 (1) | 16471 | 2.7 361,383,892 | 60,231 | 21,941 dominance
through J
and A
Extended
40-49 (2) dominance
I 50-69 (2) 24,665 4.1 393,196,112 65,533 15,942 through J and
A
Extended
40-49 (1) dominance
B 50-69 (2) 26,831 4.5 580,673,453 | 96,779 21,642 through D
and A
Extended
40-49 (1) dominance
F 50-69 (1) 28,827 4.8 754,465,352 125,744 26,172 through H
and A
50-69 (1) Dominated
G 70-79 (1) 18,553 3.1 426,932,433 71,155 23,011 by |

Notes: Total population of 6 million women in each population was modeled in POHEM-

BCS. LYG = Life-years gained; ICER = incremental cost-effectiveness ratio. Interval labels

of 1 and 2 denote the duration in years between screens where 1 denotes annuals screening

and 2 denotes biennial screening. Costs and benefits (LY Gs) have been discounted by 5 per

cent. Six million women were assumed to face an identical amplification of breast cancer

incidence appropriate to their high-risk category, and thus represent a fiction n which all 6

million Canadians fall into the requisite high-risk category.
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Figure 17 Cost-Effectiveness Ratios for the Base Case and Extreme Breast Density (BIRADS 4) Analyses
(Costs per 1,000 women Versus Life-Years Gained per 1,000 women)
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Table 19 Sequential Analysis Results — Family History with Two or More Affected First and/or Second
Degree Relatives (2+FDR/SDR)

Total

Total

excess (Vs excess ICER vs .
LYG no Sequential
. Age er no screen) | health screenin ICER (cost in
Scenario g LYG P health care | care cost 11Ny
(Interval) 1,000 AD (costin $ $ CAD per
women CO.St.($ (SCAD) CAD per LYG)
millions per 1,000 LYG)
CAD) women
A 50-69 (2) 25,249 | 4.2 191.2 31,873 7,574 7,574
40-49 (2)
J 50-69 (2) 46,159 | 7.7 420.5 70,088 9,110 10,966
70-79 (2)
40-49 (1)
D 50-69 (2) 50,547 | 8.4 607.5 101,257 12,019 42,619
70-79 (2)
40-49 (1)
H 50-69 (1) 52,131 | 8.7 820.7 136,792 15,744 134,606
70-79 (1)
Extended
50-69 (2) dominance
C 70-79 (2) 28,444 | 47 226.5 37,757 7,965 through J and
A
Extended
40-49 (2) dominance
I 50-69 (2) 43,131 | 7.2 387.5 64,590 8,985 through J and
A
E 50-69 (1) | 27,160 | 4.5 369.0 61,501 13,586 gom'”ated by
50-69 (1) Dominated by
G 70-79 (1) 29,959 | 5.0 437.4 72,900 14,600 |
40-49 (1) Dominated by
B 50-69 (2) 47,467 | 7.9 574.0 95,663 12,092 b
40-49 (1) Dominated by
F 50-69 (1) 49,345 | 8.2 752.5 125,426 15,251 D

Notes: Total population of 6 million women in each population was modeled in POHEM-BCS. LYG = Life-
years gained; ICER = incremental cost-effectiveness ratio. Interval labels of 1 and 2 denote the duration in
years between screens where 1 denotes annuals screening and 2 denotes biennial screening. Costs and benefits
(LYGs) have been discounted by 5%. 6 million women were assumed to face an identical amplification of
breast cancer incidence appropriate to their high-risk category, and thus represent a fiction n which all 6 million

Canadians fall into the requisite high-risk category.
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Figure 18 Cost-Effectiveness Ratios for the Base Case and Family History (Two or More Affected First-
and/or Second-Degree Relative) Analyses (Costs per 1,000 women Versus Life-Years Gained per 1,000
women)
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Discussion

Interpretation of Results

Family history of breast cancer and extreme breast density are considered important risk
factors for breast cancer, with relative risks for disease ranging from 1.7 to 2.5 in this study.
They are also considered risk factors that are relatively easily identifiable by women or by a
clinician. Our results show that, in comparison to the base case (average risk or general
population), screening women with elevated risk of breast cancer, specifically women with
family history or extremely dense breasts, was less costly and more effective in terms of
extending total life-years. As breast cancer risks increases, LY Gs increase and total costs
decrease. Screening women age 40 to 49 years annually and women age 50 to 79 years
biennially was found to be optimal for the highest-risk group in this study (having two or
more affected SDR and/or FDR). For all other high-risk groups (one SDR, one FDR, or
BIRADS 4) and for the base case (screening in the average-risk population), it would be

optimal to screen women age 40 to 79 biennially. Despite high-risk for disease among the
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population with high breast density, more frequent screening for this group was not found to
be cost-effective, probably due to low test sensitivity in these women. In the previous study
it was found that optimal screening for the average-risk population was biennial screening
for women age 40 to 79 years. The results of our research may suggest that risk-based
screening may be more efficient and effective than uniform recommendations for the general

risk population.

The cost-utility analysis study by Schousboe et al. (2011) estimated the cost-effectiveness of
mammography stratified by breast density and family history of breast cancer for women of
varying ages using microsimulation modeling. Their modeling approach was similar to the
one used in this study as they employed epidemiological data as well as estimates from the
medical literature to determine impact of screening. In contrast to this study, they applied
quality of life to their health benefits and found that women with high breast density and
family history should be recommended biennial screening for women age 40 to 79 years.
They did not find annual screening to be cost-effective for any age group. If quality of life
was applied to the LYGs in this study, similar results may have been found. Quality of life
takes into account certain harms of vigorous screening including pain and anxiety associated

with mammaography, waiting for results, and false-positive tests.

The more recent study by Vilaprinyo et al. (2014) found that risk-based screening strategies
were more cost-effective and have better harm-benefit ratios than screening
recommendations for the general risk population. The researchers also recommended against
using a “one-size-fits-all” approach to breast cancer screening and a shift towards more
personalized recommendations, noting that risk-based strategies can reduce costs as well as
potential harms of screening (over-diagnosis, radiation exposure, anxiety, etc). They
concluded that optimal screening is characterized by quinquennial (every 5 years) or
triennial (every 3 years) screening for the population with low or moderate risk of breast
cancer and annual screening for the high-risk populations. They also recommended the
development of more accurate measures of individual risk for breast cancer which may result

in improvements in risk-based organized screening programs and screening guidelines.
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Limitations

There are several model assumptions that should be considered when interpreting the results
of this study. Although these assumptions helped provide some structure to the analysis, they
potentially limit the generalizability or external validity of these results. These limitations
and their impact on the interpretation of model results are included in the previous study
(Dinh et al., 2015).

One of this study’s limitations was the reliance on the published literature for relative risk
estimates in terms of incidence of disease among the population with the risk factor versus
the population without, and prevalence of the risk factors in the population. It is believe that
the estimates obtained from the published literature are reasonably generalizable to the
Canadian female population. Although the relative risk of disease estimates came from a
fairly recent systematic review, the individual studies that were included in that review are
more than 10 years old which could influence validity. However, since the main interest of
this study is the comparative performance of different screening policy options, its primary
findings may be robust to small shifts in the true values of the rate or risk ratios.

Another limitation is that with one exception (the subpopulation with dense breasts) it was
assumed that the only difference between the high-risk populations examined in this study
and the general population examined in the previous study is breast cancer incidence (with
screening sensitivity being considered as well as in the aforementioned exception). The
model used in this study was adjusted for baseline breast cancer incidence using relative risk
of disease and estimated population prevalence of the risk-factor in question in order to
observed the changes in life-years and costs for different screening policy options when
disease risks increases incrementally. It is possible that these high-risk populations may be
different from the average-risk population and from each other, in other ways that may alter

the impact of screening mammography on disease mortality.

For each analysis, a single rate ratio estimate as a multiplier for breast cancer incidence
equally across all age strata was used since either age-stratified rate ratio estimates or age-
stratified prevalence estimates could not be found. It is suspected that for strong risk factors

(high rate ratios) such as for the risk factors of having family history of disease and extreme
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breast density, one would likely see higher rate ratios in younger age groups which would
likely contribute to greater life-years lost. Further, as there are no national level data on the
true prevalence of family history of breast cancer and breast density in Canada, this study
relied on prevalence estimates from the published literature. It is believed however that the
populations in the studies from which these estimates were taken is reasonably comparable
to the Canadian population. Risk factors for extreme breast density include late age at first
birth and increased circulating hormone levels related to hormone replacement therapy use in
postmenopausal (Titus-Ernstoff et al., 2006). An increase in these factors may be expected to

increase the prevalence of women falling in the high breast density category.

Health benefits accumulated from birth were reported in this study. Since the benefits of
screening do not materialize until at least the age of screening (earliest age of benefit is 40
years in this study), the framing of the analysis discounts benefits by an amount requisite to
at least 40 years. This has the expected result of heavily discounting benefits, in part as an
artefact of the study’s analytical design. While the absolute values of these benefits may be
instructive to individuals at birth, they are not instructive to women of age 35 or 40, for
example, who might be weighing their choice to participate in screening. In the case of a 40-
year old woman, her prospective benefits accruing in the next 10 years would be more
prominent if benefits were only discounted within the time horizon of 0 to 10 years, yet this
study’s analysis effectively discounts their benefits not within this time horizon but one
spanning between 40 to 50 years. This results in a substantially greater diminution of
benefits. These similar concerns also apply to the costs. For the highest risk group — family
history with two or more affected SDR and/or FDR, the most effective screening policy
option generated 3.2 days of extended life from birth compared with no screening. A more

meaningful measure in this case may consider changes in residual life expectancy.™

The data used in POHEM-BCS came from several different sources, many of which are
quite old. The breast cancer screening module of POHEM-BCS includes data that dates back
as far as the 1980°s with most recent data from the early 2000’s. Breast cancer incidence
data from the 1980°s was used in the model to predict rates of the disease before screening

programs were implemented in Canada. However, were observed a close match between the

9 An example of such life expectancy statistics is available from Statistics Canada, CANSIM, Table 102-0512.
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historical trends in baseline breast cancer incidence rates in POHEM-BCS with more recent
trends. Over the past decade there have not be significant changes in breast cancer incidence
rate in Canada therefore we believe the breast cancer incidence data in POHEM-BCS is
appropriate. Screening sensitivity and specificity values were estimated from more recent
data from the Canadian Breast Cancer Screening Database and therefore more accurately

reflects current experience.

There was an attempt to adjust the 1995 treatment costs in POHEM-BCS to reflect present
day value by simply inflating the cost estimates to 2013 Canadian dollars. As the original
process to estimating treatment costs required a separate study to identify current patterns of
health care utilization from the time of breast cancer diagnosis, it was not possible to more
accurately reflect any changes in treatment regimes and changes in costs that may be
attributable to higher prices for new innovations or lower prices for older technologies. Nor
did the estimation of costs reflect any changes in provider fees. This study was unable to
predict whether treatment cost is an under- or over-estimate of the true cost of breast cancer
treatments. The cost per screen was also inflated from the year 2008 to the year 2013. The
cost per screen of about $75 from the Ministry of Health in British Columbia was used in
this study to represent the average cost per screen for the country. Since health care
provision is predominately a provincial/territorial responsibility, screening costs can vary
significantly across provinces and territories due to differences in component costs such as
adjustments in salaries and technology costs. It is uncertain whether the cost per screen used

in this study is an under- or over-estimate of the average national cost of screening.

Finally, more targeted screening based on disease risk may incur a higher cost per screen.
Since population prevalence is relatively low for risk factors examined in this study, it is
reasonable to assume that annual screening volumes would decrease dramatically. Although
the total cost of screening would hypothetically reduce, the per unit cost of screening (cost
per screen) may actually be higher than current program screening that is defined by age
because of lower total volume screening as result of more a more targeted screening
program. A higher cost per screen with lower total volume screening is based on the theory
of “economies of scale” or operational efficiency which assumes cost advantages that an

administrating organization would obtain due to high volume output or large scale operation.
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Under these circumstances, the cost per unit of output would decrease with increasing scale
because fixed costs or overhead costs would be spread out more evenly with more units of
output. In addition, there would be a cost to identifying women who would be considered as
SDR, FDR, or BIRADS 4. A process of pre-screening would be required to identify these
women which could be conducted via qualitative or biomedical means. These approaches
would incur a range of different costs that would need to be captured in the full cost of
screening. Since the cost-effectiveness of screening is sensitive to the cost per screening and
of course the total cost of screening, underestimating the true cost could result in the

erroneous selection of an optimal screening policy option.

Research and Policy Implications

Future epidemiologic studies on population prevalence of breast cancer risk factors and their
contributions to disease risk by age group would be beneficial in increasing the accuracy of
the results of this study and future studies using similar methodology. Future studies may
also assess the health and economic impact of different screening options for other
populations for which more recent evidence show high-risk for breast cancer. For example,
the prevalence of high body mass index (BMI), which has been found in some studies to be
positively associated with post-menopausal breast cancer risk but higher screening
sensitivity, has been increasing steadily over time especially in women. The systematic
review by Nelson et al. (2012) using older trial data reported an increased breast cancer risk
among woman in the upper BMI quartiles versus the lower quartile with relative risk (RR) of
1.28. While the estimate was not statistically significant (RR 95 per cent confidence interval:
0.98-1.66), more follow-up may provide a more precise estimate. The results of our study
may support guidelines for more frequent and earlier screening mammography of women

with increased risk of breast cancer.

Future studies may also consider the impact of longer intervals such as screening every three
years and younger age eligibility (before age 40). Also future studies may also take into
account the impact of other preventive measures such as lifestyle modification and
treatments such as tamoxifen and preventive mastectomy, as well as broadening the scope of
measured benefits for health economic evaluation including the measurement of quality of

life impacts through a cost-utility analysis. Costs could also include indirect costs such as

147



productivity measures (short and long term disability, premature mortality), caregiver costs,
home and community care, and other out of pocket costs. The inclusion of indirect costs

would change the perspective of the health economic analysis to a societal perspective.

More recent studies have looked at the cost-effectiveness of using more sensitive but
potentially more costly modalities for breast cancer screening including digital
mammography and magnetic resonance imaging (MRI). Future research may include a cost-
effectiveness or cost-utility analysis to determine optimal screening for high-risk populations

using these more sensitive modalities.

In terms of policy implications, the findings of this study seem to suggest that women with
significantly elevated risk of breast cancer compared to the general female population with
the same policy recommendations. Optimal screening is characterized by biennial screening
for women ages 40 to 79 for the general population as well as for women with family history
SDR or FDR as well as for women with extreme breast density. Optimal screening for the
highest-risk group in this study, women with family history of two or more SDR and/or
FDR, was characterized by annual screening of women age 40 to 49 and biennial screening
for women ages 50 to 79. It should be noted that should Canada operationalize a multi-tier
screening strategy; it is possible that the cost per screen as well as diagnosis and treatment
costs that we applied in our model may not apply. In our analysis we assumed a “one size
fits all” approach to screening and this was reflected in a use of an average costing by screen
and by stage of cancer (treatment). It is plausible that more tailored screening for high-risk
populations may incur higher per screen costs per patient (depending on the balance between
capital and operational costs of screening). Although our analysis showed greater efficiency
in screening high-risk populations compared to the general population, greater consideration
or more refined analysis in regards to more accurately estimating costs (screening, diagnosis,

and treatment) should be made.

The Canadian Task Force on Preventive Health Care (2011) recommends that women at
average risk of breast cancer be screened from age 50 to 74 every 2 to 3 years with
mammography however does not provide recommendations for screening in subpopulations

with elevated risk of disease. The Task Force’s guidelines are currently in place to help
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clinicians make recommendations to their patients and to help women to decide on when
they should start screening for breast cancer and how often. National guidelines could be
amended to include evidence-based screening protocols for women with significant elevated
risk for breast cancer. The findings of this study along with the evidence from other similar
studies could contribute to national guidelines for screening for specific subgroups of the

population.
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Chapter 6: General Discussion

Preamble

Breast cancer continues to be one of the most common cancers and cause of cancer-related
deaths among Canadian women. The goal of screening is to reduce breast cancer mortality
through early detection at a point of time during disease progression where treatment is more
effective than if the disease was detected clinically or symptomatically. Regular screening
mammography (every two to three years) has been recommended for women of moderate
risk based on age (usually starting at age 50 until 70). In practice, women as young as 40
have been recommended to screen every year, as well as women age 70 and older are offered
screening every two years. Initial randomized controlled trials from over twenty years ago
established the effectiveness of screening mammography in reducing breast cancer mortality.
However, in the past several years the benefits of breast cancer screening have been
questioned. These concerns are influenced by increased survival rates, even in late-stage
breast cancer, which may be attributable to greater awareness of the disease as well as
improvements in diagnosis and treatment over time. Also, mammography is not without
risks. For example, mammography can cause anxiety and unnecessary work-ups and
treatment in the case of a false-positive test. Further, wide-scale screening of the female
population characterized by age alone is resource-intensive and costly. In the Canadian
context, there have been very few studies that examine the cost-effectiveness of screening

mammography.

This dissertation has six research objectives. The first objective, which was addressed in the
introductory chapter, was to provide a comprehensive review of the current issues pertaining
to breast cancer and breast cancer screening. The second objective was to provide an
overview of quantitative models used in the health and economic evaluation of screening
mammography. The third objective was to appraise the health economic evaluation literature
on the impact of age-eligibility, screening frequency or interval, and breast cancer risk, on
the cost-effectiveness of population-based screening mammography in order to inform a
cost-effectiveness study for Canada. The fourth objective was to determine the optimal
screening policy option, characterised by age-eligibility and screening frequency, using a
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cost-effectiveness analysis approach. The fifth objective was to determine optimal screening,
characterised by age-eligibility and screening frequency, for women with elevated risk of

breast cancer including with family history of disease and extreme breast density.

This final section of the dissertation provides a summary of the research findings including a
discussion of the overall strengths and limitations of the research. Also included is a
commentary on other important issues that were not addressed in the analyses as well as the

potential research, practice, and policy implications of the research.

Summary of the Analytic Findings

Three of the six analytic chapters of this dissertation were individual studies that will be
prepared and submitted for publication. The findings of each of these studies are

summarized in this section.

Systematic Review of Health Economic Studies on the Cost-Effectiveness of Mammography:

The Impact of Age Eligibility and Screening Frequency

The objective of the third chapter of this dissertation was to review the health economic
evaluation literature on the impact of age eligibility, screening frequency, and breast cancer
risk on the cost-effectiveness of screening mammography in order to inform a cost-
effectiveness study for the Canadian context. At the time of when the review was
conducted, there were no satisfactory Canadian health economic studies. The review was
conducted in 2010 and included health economic evaluation studies published in the last ten
years. After screening titles, abstracts, and full-text reviews for relevance and quality, a total
of 11 studies were retained for data abstraction and synthesis. The included studies were
compared using a narrative review approach on several components including analytic
perspective, time horizon, population, characteristics of the screening programs or policies
under study, measurement of health benefits and costs, discount rate used, and results (health
benefits and costs converted to CAD 2013). The results of the included studies were
evaluated to provide insight on the contributions of different ages and screening frequencies
on screening mammography cost-effectiveness. In terms of age ranges, we were specifically

interested in the contribution of younger and older age ranges outside of 50 to 69 (the
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standard recommended age for screening). We also wanted to see whether more or less
frequent screening in comparison to biennial screening made a material difference on cost-
effectiveness. In addition, insights into the benefits of targeted screening for special
populations were also of interest to the review. Based on the findings of the review, we
determined that screening every 2 or 3 years was cost-effective for age groups ranging from
40 to 80. Annual screening was found to often incur substantially more costs than life-years.
We also realized that screening in high-risk populations was often considered cost-effective
with mammaography but women with comorbidities may not see the benefits of screening
due to competing health risks that may have a large impact on mortality. We also learned
from this review that a Canadian cost-effectiveness study that specifically assesses the
contributions of age, screening frequency, and risk to the cost-effectiveness of screening
mammography would be adding new knowledge to the existing literature.

Cost-Effectiveness of Screening Mammography in Canada: Impact of Age Eligibility and

Screening Frequency in the General Female Population

The objective of the fourth chapter of the dissertation was to identify the optimal screening
mammography policy for the general Canadian population, based on several design options
related to age eligibility and screening frequency (1, 2, or 3 year intervals). Optimal
screening is described as a screening scenario that incurs maximum benefits at a low
incremental cost compared to another screening option and whereby the cost per additional
life-year gained (LYG) is below the willingness-to-pay threshold (WTP). The Statistics
Canada’s Population Health Model- Breast Cancer Screening Module (POHEM-BCS) was
used to evaluate the trade-offs between health benefits in total life-years gained and total
costs, including screening, diagnosis, and treatment over the lifetime of a hypothetical cohort
of Canadian women. This study was conducted from the perspective of the third-party payer
(provincial/territorial government that oversees the funding and operation of breast cancer
screening programs, an annual discount rate of 5 per cent applied to both future health
benefits and costs, and a WTP threshold of $50,000 per LYG was used in the base-case
analysis. The study also conducted a series of one-way sensitivity analyses using varying
estimates (usually high and low) for cost per screen, discount rate, initial participation rate,
mammography test sensitivity and specificity, WTP thresholds.

152



The results of these analysis showed that it is optimal to screen women ages 40 to 79 every
two years when the WTP threshold is $50,000 per LYG under the base case analyses. This
observation also held true under several conditions (sensitivity analyses): lower cost per
screen, lower participation rates, and perfect test sensitivity or specificity — all with a WTP
of $50,000 per LYG. The only conditions under which annual screening (more frequent
screening) was optimal for any one of the age groups (annual screening for age 40 to 49
years and biennial screening for age 50 to 79 years) was with no discounting under a WTP of
$50,000 per LYG. Less frequent screening (no screening for ages 40 to 49 years and 70 to 79
years and biennial screening for age 50 to 69 years) was optimal under the condition where
cost per screen or discount rate was high under a WTP of $50,000 per LYG. Although
$50,000 per LYG is the standard WTP in health economic analyses, it has been suggested
that practically, a lower WTP would be appropriate. When a WTP of $30,000 per LYG was
used, only biennial screening for ages 50 to 69 years was optimal under the base case
conditions; no screening option was optimal under the conditions of high cost per screen or
high discount rate; annual screening for any age group was not optimal under any condition;
and more frequent screening outside of the standard 50 to 69 year age group (biennial
screening for age 40 to 49 and/or 70 to 79) was optimal under the conditions of low cost per
screen, low discount rate, lower participation rate, and perfect test sensitivity or specificity.
In general, these analyses show that at the broad population level, that population-based
screening based on age eligibility alone can be costly at an incremental health benefit over
the long-term. Additional analysis (as is explored in the subsequent chapter) could assess the
cost-effectiveness of more targeted screening for women of higher-risk for breast cancer

which could serve as a less costly, more effective endeavour at the population-level.

Cost-Effectiveness of Screening Mammography in Canada: Impact of Age Eligibility and

Screening Frequency in High-Risk Women

The objective of the fifth chapter (and third manuscript), was to identify optimal screening in
high-risk populations including women age 40 to 79 who have family history of disease in a
one or more first-degree relative (FDR) and/or one or more second-degree relative (SDR), or
women in that age range with extreme breast density (BIRADS 4). This study applied the

same methodology, microsimulation model, and base-case assumptions as in the previous
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analyses (chapter four). The risk profile of the hypothetical cohort in the model was created
by adjusted the baseline breast cancer incidence by age in POHEM-BCS. The impact of
various screening policy options in terms of costs (screening, diagnosis, and treatment) and
health benefits (LY Gs) in each of the high-risk populations was compared to determine
optimal screening based on risk. The screened populations assessed in this study in order of
lowest to highest risk for breast cancer were as follows: one SDR, one FDR, BIRADS 4,
and two or more SDR and/or FDR. Similar to the previous chapter, optimal screening was
described as a screening scenario that incurs maximum benefits at a low incremental cost
compared to another screening option and whereby the cost per LYG is below the WTP.
The results of the analysis for each high-risk population were also compared with the base

case results (impact in the general risk female population) from chapter four.

The results of this study showed that, as expected, the higher the risk for breast cancer in the
screened population and the higher the volume of screening, the higher the number of total
LYGs. In contrast, the total costs did not appear to change dramatically across screening
populations (risk groups). Similar to the previous chapter’s base case analysis, total costs
were most affected volume of screening therefore the most costly screening programs were
those that included more age groups (40 to 49 years, 50 to 69 years, and/or 70 to 79 years)
and more frequent screening (screening every year versus every two years within any one or
more age groups). Biennial screening for women ages 40 to 79 was the optimal screening
policy option for the SDR population, FDR population, and BIRADS 4 population. The
optimal screening policy option for the highest risk population (two or more SDR and/or
FDR) was annual screening for women ages 40 to 49 and biennial screening for women ages
50 to 79.

Since the population prevalence of these risk factors is relatively small (varies from 0.4 to 2
per cent), the cost of screening may be underestimated. The per screen costs for a targeted
screening program for higher-risk women compared to the current programs defined by age
may be higher based on “economies of scale” theory or operational efficiency. In addition,
costing of targeted screening programs would need to include the costs related to
determining which women would be considered high-risk. Risk-profiling women could be

conducted via qualitative or biomedical approaches which would incur a range of different
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costs. Future analyses may explore the actual per screen related to lower-volume screening
as well as the cost of risk-profiling individual women. The cost-effectiveness of screening
appeared to be sensitive to the cost per screening and an underestimate of the true cost of
targeted screening based on risk may result in the erroneous selection of an optimal

screening policy option.

General Research Strengths and Limitations

The research conducted within this dissertation adds to the current body of literature. At the
time of writing, there were no published systematic reviews of health economic evaluations
of screening mammography. It was also found that there were very few comprehensive cost-
effectiveness studies for breast cancer screening within the Canadian context and that
perhaps a greater role for the cost-effectiveness evidence in creating or supplementing
recommendations for screening in Canada. Further, there were no published studies that
addressed the cost-effectiveness of targeted screening for high-risk populations characterized
by family history of disease and extreme breast density for Canada. The studies’ results
within this dissertation work were consistent with previous literature on the effectiveness
and cost-effectiveness of screening mammaography in that optimal screening for the general
population includes screening women every two years and starting at the age of 50, with
more frequent screening starting at the age of 40 may be warranted for higher-risk sub-

populations including women with strong family history of disease.

There were several issues that were not adequately addressed in this dissertation but which
are important considerations in research, practice, and policy. We address some of these
issues in relation to impact of screening on health equity, impact of screening on quality of
life, biases in the measurement of screening effectiveness, film versus digital
mammography, impact of other screening modalities, and real-world resource allocation

decision-making in the health care system.

Detailed discussions regarding the strengths and limitations for each of the analyses

conducted can be found in the each of the studies’ chapters in this dissertation.
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Equity Considerations

One of the limitations of this research is the lack of analysis on the impact of screening on
traditionally marginalized populations which would be consistent with traditional population
health research (the inclusion of equity-focussed analyses). In contrast, vulnerability was
characterized in this dissertation as sub-populations with elevated risk of breast cancer which
does not necessarily link neatly to sociodemographic factors. However, there may be a
muted equity issue in regards to breast cancer incidence. As noted in the introductory chapter
of this dissertation, breast cancer risk appears to be higher among more advantaged female
populations, including women of higher socio-economic status. However, disparity in breast
cancer mortality has been linked to differences in accessibility and use or quality of health

care services.

As part of this general discussion, a commentary regarding some of the equity issues that
would be relevant to the conversation in regards to breast cancer screening is included. One
issue that should be addressed is variability in timely access to health care services including
screening and treatment which could affect the ultimate outcome of premature breast cancer

mortality.

In terms of access to health care services and breast cancer screening in particular, there is
some evidence that shows lower utilization of screening mammography in Canada among
immigrant and lower income populations compared to the rest of the population. Glazier
(2004) identified marked variation in mammography rates by area characterized by
immigrant density, where lowest mammography use was found in areas with lowest income
and highest immigrant density. The disparity in health and health care utilization has been
well documented in the US. The main hypothesis being greater socio-economic gradients in
that country compared to other OECD countries results in disparities in access to health
services and therefore health outcomes. For example, Barnes et al. (2006) reported refugee
women in the US do not receive adequate women’s health care, including mammography,
compared to the better-off counterparts. Access to preventive services may result in delayed
treatment and increased mortality (Carriére et al, 2013). Access to treatment and other
underlying conditions (comorbidity) in the individual are likely to be strongest drivers of

disparity in mortality in vulnerable subgroups in Canada. For example, in Canada, life
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expectancies among aboriginal peoples are consistently lower compared to other Canadians.
They experience many social and health issues in addition to lack of access to health care
services, including higher rates of diabetes and depression, comorbidity, and they are more
likely to be socially and economically disadvantaged (Loppie and Wien, 2009).

There is a large body of Canadian research on the facilitators and barriers to screening
among vulnerable populations as well as in the general population. For example, studies by
Ahmad et al. (2012; 2013) identified eight clusters of barriers preventing women of South
Asian ethnicity from participating in screening mammography including: 1) dependence on
family, 2) ease of access to a mammaography centre; 3) language and transportation; 4)
access to a physician (including preferences of type of provider); 5) fear; 6) reliance on self-
care; 7) cultural beliefs and practices; and 8) knowledge. These barriers may be
generalizable to other ethnic minority groups. Schoueri-Mychasiw et al. (2013) noted that
the levels of in breast cancer screening uptake by ethnicity is variable, and that immigrant
groups are not homogenous, which may speak to the other stronger predictors of screening
uptake including one or more of the eight barriers identified by Ahmad et al. (2012;2013).
Research by Vahabi (2011 a, 2011 b) support these findings, noting that interventions to
promote breast cancer screening must be culturally sensitive, arguing that much of the
existing cancer-related information was developed primarily for Caucasian women and fails
to address other ethno-cultural and religious beliefs. In the review by Hanson et al. (2009), it
was reported that in the general female Canadian population, barriers to screening
mammography include: past and present health actions, socio-economic status, personal
attributes, limited physician access, lack of a screening recommendation, lack of health care
provider support, an intimidating relationship with the health care provider, limited social
support, and fearful descriptions of breast cancer in the media. This indicates that the major
differences between the barriers experienced by vulnerable populations and those
experienced by the general population are knowledge and socio-economic or socio-cultural

factors.

There is also literature that shows some differences in ethnicity in the distribution of breast
cancer histological types, regardless of country of residence (Carriére, 2013). A recognized
example is the fact that there is a greater incidence of basal type breast cancer within

African-American and West African populations (Carriére, 2013). It is seen that in general,
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women of visible minority have a lower incidence of breast cancer compared to Caucasian
women; however they also have a higher prevalence of advanced breast cancer, poorer five-
year survival, and higher rates of breast cancer mortality (Vahabi, 2010). Luo et al. (2004)
noted that risk of cancer of the immigrant tends to match the population risk of cancer of the
new country — specifically, it was found that Canadian-born Chinese individuals living in
Alberta experienced higher all cancer incidence rates than comparable populations of
Chinese immigrants living in Canada, which had rates that appeared more closely matching
cancer incidence rates of Chinese individuals living in Shanghai. This observation may be
explained by variation in environmental factors that contribute to the onset of disease
including environmental exposures and diet, and it may also be predictive of future increases
in rates of cancer among ethnic minority populations as they become more assimilated to

Canadian culture.

Yavari et al. (2010) noted that in parts of the world where healthcare is socialized, economic
status does not have an effect on treatment use, and also, because Canadian residents receive
universal health care, economic status should not have an effect on treatment. However, in
parts of the world where healthcare is privatized, there have been documented disparities in
treatment due to economic status. Specifically, It has been reported that breast cancer
patients in the United States that were of African American, Mexican and Puerto Rican
descent were less likely to receive the standard of care, whereas breast cancer patients in the
United States that were of Asian and Pacific Islanders descent were more likely to receive
the gold standard of care. In Canada, disparities in health care utilization across different
ethnicities were also noted although it is uncertain whether variability in use is related to
socioeconomic or sociocultural disadvantage or to other factors. According to records of the
British Columbia (BC) Cancer Registry from three periods spanning the years 1980 - 2006,
it was observed that women of Chinese descent residing in BC with stage | or 11 breast
cancer were significantly less likely to receive surgery with radiation, and were significantly
more likely to receive surgery without radiation, when indicated (Hislop, 2007). A later
finding indicated that Asian women in general, with ductal carcinoma in situ of the breast,
were more likely to undergo mastectomy rather than lumpectomy, when indicated (Yavari,
2010). Itis observed that differences in treatment preferences could perhaps stem from

cultural preferences or personal preferences — the latter of which is shaped by the
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individual’s personal knowledge base, rather than socioeconomic/sociocultural disadvantage.
One of the key messages from the current body of research is that it is critical that all breast
cancer patients are well-informed about treatment practices that recognized as the best
practice, as well as the benefits and harms of varying procedures and treatments for their

conditions.

Carriére (2013) noted that an individual’s breast cancer mortality risk can vary depending on
their birth country as well as time lived post-immigration in the new country. Ethnic and
visible minority status has been associated with poorer survival compared with their
counterparts (Luckett, 2011). A systematic review and meta-analysis on the topic of
psychological morbidity and quality of life of ethnic and visible minority populations with
cancer conducted in the US noted that Hispanic patients reported significantly worse
distress, depression, and health-related quality of life than majority patients (Luckett,2011).
From a Canadian perspective, a recent study by Tjepkerma et al. (2013) aimed to assess
cause-specific mortality rates by income adequacy among Canadian adults using a large,
population-based sample with income information linked to almost 16 years of mortality
data. This study found no mortality gradient by income for breast cancer. However, as
mentioned previously, despite higher rates of breast cancer in women of higher socio-
economic status, it appears that women of lower socio-economic status and of other
vulnerable subgroups who have breast cancer are more likely to be of advanced disease at
the time of diagnosis and treatment (VVahabi, 2010). Therefore, although there may be no
difference in mortality, there may be differences in quality of life as well as treatment costs
in relation to the differences in stage distributions between higher and lower socio-economic

status populations.

It has been reported that it is often difficult to differentiate whether low screening
participation rates are attributed to low socio-economic status or high volume of
immigration. As recent immigrants tend to settle in low socio-economic neighbourhood it is
often difficult to disentangle the impact of each (Borkhoff et al, 2013; Lofters et al, 2013;
Glazier et al, 2004). In the studies by Tammemagi et al. (2007) and Yavari et al. (2010), and
Hislop (2007), ethnicity status was determined by individuals’ surnames, which may be
subject to misclassification bias, which adds to the difficulties in identifying important

sociodemographic risk factors for utilization or access to services. Many of the Canadian
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studies examining ethnic disparities in screening uptake are limited to Ontario and BC.
Because healthcare is regionally (provinces and territories) funded, governed, and
administered, similar studies based in other provinces and territories should be conducted or
conducted on a more national scale would contribute to the understanding of ethnic and
socio-economic disparities, if any, in screening uptake. Further, certain ethnic/visible
minority groups are underrepresented in the literature. It was noted that many of the articles
focused on South Asian (especially those articles based in Ontario) or Asian (especially
those articles based in British Columbia), which overtime may be less considered as ethnic
minorities or disadvantage d populations. Certinaly, the experiences of these particular
populations may not be the generalizable to the experiences of other ethnic minority groups

in Canada.

In assessing urban versus rural access to mammography, it has been reported that women
residing in rural areas of Canada are significantly less likely to undergo screening
mammography compared with women residing in census metropolitan areas, even after
adjusting for confounding factors including having a family doctor, education, family
income, marital status, and age (odds ratio = 0.58) (McDonald and Sherman, 2010). It was
hypothesized that one of the important factors that could explain this result are differences in
attitude about the importance of screening as opposed to accessibility. Based on a survey of
participants on reasons for not having undergone mammography, barriers to timely access
was the least frequently chosen reason across all regions although only slightly more
frequently selected among rural regions compared with more urban regions. Only 1 in 20
women in the most rural regions identified access barriers as the reason for not getting a
mammogram. In the same study, the researchers found that other socio-economic factors
were significantly related to lower mammography utilization including being a recent

immigrant, not being able to speak English or French, and not having a family doctor.

As noted earlier, the effectiveness and cost-effectiveness of screening mammography on
mortality show that the benefits of screening are not as large as they were shown previously
in the older randomized controlled trials. There is a lack of understanding whether there is an
equity dimension to these types of analyses as there are very few effectiveness and cost-

effectiveness studies providing stratified analysis by vulnerable population as stratification is
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often reserved for groups with high-risk for breast cancer. Future studies should include an

equity lens to effectiveness and cost-effectiveness analyses of screening.

Quality of Life

Quality of life has been defined as “an individual’s perception of their position in life in the
context of the culture and value system in which they live and in relation to their goals,
expectations and standards and concerns.” (WHO, 1995) It is a broad concept that is highly,
subjective and sensitive to multiple factors including an individual’s physical health,
psychological state, and level of independence, social relationships, and their relationship to
characteristics of their environment. One of the limitations of the research in this dissertation
is that there was no assessment of the impact of screening on health-related quality of life. If
the impact of screening mammography on mortality is muted due to higher survivability of
late-stage breast cancer cases, it could be that screening may have a benefit on health-related
quality of life via stage shifting, assuming that the screening test itself poses little to no
quality-of-life detriment and that there is a quality-of-life improvement in early stages of
breast cancer. It was previously noted that disparities in the impact of screening, if any, in
the general female population compared to sub-populations including women at higher-risk
of disease as well as more vulnerable populations, may be due to differences in quality of
life in addition to or as opposed to mortality. Having a health-related quality of life
component added to the POHEM-BCS would allow the re-weighting of LY Gs and therefore
allow for the estimation of the relative differences in health-adjusted life-years across

different screening policy options.

Offsetting Harms with Benefits of Screening

Breast cancer screening is assumed to improve breast cancer survival (or reduce breast
cancer mortality) through early detection and treatment, resulting in improved prognosis. A
review by the Independent UK Panel on Breast Cancer Screening examined the benefits of
breast cancer screening in reducing mortality were weighted against the risk of over-
diagnosis — higher rates of screen-detected cancers that would not become clinically apparent

in the woman’s lifetime in the absence of screening and/or which would not lead to death
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(Marmot et al., 2012). The panel reported the best evidence for the relative benefit of
screening on breast cancer mortality is a meta-analysis of 11 randomized controlled trials
with 13 years of follow-up. It was estimated that a 20 per cent reduction in breast cancer
mortality was attributable to screening based on the review. However, several concerns
regarding the methodology that may compromise the validity of the estimates were reported
by the review panel. Firstly, the 95 per cent confidence interval around the point estimate
was relatively wide, ranging from 11 per cent to 27 per cent. Secondly, bias may be inherent
due to suboptimal randomization and the lack of adjustment in the cause of the death in the
individual studies. Thirdly, the panel notes that the trials used in the meta-analysis are old
and therefore may not reflect changes over time that may affect the impact of screening on
breast cancer mortality. The trials in the meta-analysis are 2 to 3 decades old and because the
panel did not elect to include observational studies, which make up all modern studies
evaluating the effectiveness of screening, none of this more current data were included in
their review. Finally, there was observed quite a bit of variance around the estimate of
absolute mortality benefit from screening. This variance ranges from one breast cancer death
prevented for every 2000 women screened to one breast cancer death prevented for every
100 woman screened across studies —a 20-fold difference. Based on a relative risk reduction
of 20 per cent, the panel estimated for every one breast cancer death prevented for every 235
women invited for screening or one breast cancer death prevented for every 180 women
actually screened. In aggregate, there is an estimated 1,300 breast cancer deaths prevented

every year due to screening in the UK or approximately 22,000 life-years saved.

In terms of over-diagnosis, the panel aimed to estimate the magnitude of over-diagnosis in
breast cancer screening. Citing few sources of reliable data, the panel reported not being able
to directly address this objective and instead reported provisional estimates instead. They
estimated over-diagnosis using two different denominators and one numerator. These were
assessed using two different perspectives: 1) population perspective: the number of breast
cancers, both invasive and ductal carcinoma in situ (DCIS), diagnosed throughout the rest of
a woman’s lifetime after the age that screening begins; 2) perspective of a woman invited to
screening: using the total number of breast cancers diagnosed during the screening period.
The panel used data from three randomized controlled trails that did not systematically

screen the control group at the end of the screening period and followed these women for
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several more years. They estimated that the frequency of over-diagnosis in breast cancer
screening was of the order of 11 per cent from population perspective, and about 19 per cent
from the perspective of a woman invited to screening. Again, by limiting the estimate of
over-diagnosis to data from only randomized controlled trials resulted in the use of older
data. A limitation cited was that it is not currently possible to distinguish whether cases of
over-diagnosis are actually screened cancer that would lead to death or whether they are
cases that simply would not have come to attention if there was no breast cancer screening.
Since screening is already disseminated in the population, it is difficult to assess reliable
estimates of over-diagnosis without conducting a new randomized controlled trial. The
negative consequences of over-diagnosis include women being unnecessarily treated for
breast cancer and the related consequences including the detrimental impacts on quality of
life, psychological wellbeing, productivity, and public and private costs. The panel however
concluded that the potential harms of screening are minimal compared to the mortality

benefit, therefore screening should continue despite uncertainty around the true benefit.

In general, women do not have a clear understanding of whether breast cancer screening will
be more or less beneficial or harmful to them. The messages that women receive including
from their physicians, can vary greatly. Decision-aids have been developed to help women
decide whether and when they should be screened for breast cancer, however physician
recommendations still remain the greatest influence on a woman’s decision to participate in
screening mammography. At the individual level, some women feel that the benefits of
breast cancer screening are worth the risks (Hersch et al., 2013), however there is some
research showing that women may not be adequately aware of the actual benefits and risks
of screening (Domenighetti et al, 2003; Chamot et al., 2005). The study by Domenighetti et
al. (2003) reported that in US and European countries a high proportion of surveyed women
overestimated the benefits that can be expected from screening mammography. Over the 10
plus years since the publication of the study, it is expected that women would be more

informed however more research is required in this area to make this conclusion.

At the population-level, concerns have been raised in regards to whether it is appropriate to
place so many resources on mass screening with mammography (age-based screening) on
the basis of the minimal benefit at some level of risk for some women. One of the challenges

for governments is to decide whether and by how much screening programs should be scaled
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back given the strong support for routine screening among breast cancer by the general
population. A recently published article discussed the debate in Switzerland over its breast
cancer screening program (Arie, 2014). This article discussed the controversial
recommendation by the Swiss Medical Board to suspend the country’s screening
mammography programme because it was leading to too many unnecessary tests and
treatments. The Board made this recommendation in February 2014, noting that while
systematic screening mammography for breast cancer saves 1 to 2 women’s lives for every
1,000 women screened, it leads to unnecessary investigations and treatment for about 100
women in every 1000 screened (Swiss Medical Board, 2013). In the same month, another
Canadian study by Miller et al. (2014) reported a muted benefit of screening based on 25-
year follow-up data of the Canadian National Breast Screening Study. This study compared
breast cancer incidence and mortality up to 25 years in women age 40 to 59 years who did or
did not participate in screening mammography using follow-up randomized screening trial
data using data linkage to cancer registries and vital statistics data. They compared breast
cancer incidence and mortality rates among women who had five annual mammography
screens versus women who did not participate in mammography, with both groups receiving
physical examination every year. The study found that annual mammography in this age
group did not reduce mortality from breast cancer and that the benefits to mortality are
explained through physical examination or usual care when adjuvant treatment is highly
accessible. Further, they estimated that 22 per cent of screen-detected invasive breast cancers
were cases of over-diagnosis that would not have become cancer if left undetected. This
represented 1 case of over-diagnosis for every 424 women screened. Both the Swiss Board
recommendations and the Canadian study received their share of backlash from breast cancer
groups (research, lobby, health care providers, etc.) who maintain the benefits of screening

still outweigh the harms.

Advancements in Technologies and Treatments

The studies in this dissertation were limited to the analog screening mammaography as the
intervention being modeled in POHEM-BCS in the context of the screening test sensitivity
and specificity. At the start of the main study (chapter four), the majority of screening data

being collected was for analog mammography — the printing of x-ray images of the breast on
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film. Over the past decade, digital mammography has been more widely used across the
country and is now considered the standard technology used in screening mammography.
Digital mammaography is a much more sensitive than analog at detecting cancers among
women with high breast density; it is also much more efficient, allowing for the generation
of multiple high-quality images of the breast in a short period of time. There was an attempt
to adjust sensitivity and specificity of mammography in the sensitivity analysis in chapter
four to account for advancements in technology. In a study by Pisano et al. (2008) digital
mammography was twice as sensitive than analog in detecting breast cancers in women with
high breast density (0.59 vs 0.27). The Canadian Agency for Drugs and Technologies in
Health (CADTH) reported that although digital mammography is more sensitive for younger
women (under age 50), who have dense breasts, and who are pre- or peri-menopausal, the
effectiveness of digital mammography in detecting cancers in terms of overall accuracy is
similar to analog mammography (CADTH, 2006). They also note that the costs of digital
mammography are much higher than analog, however this may be due to high

initial/acquisition costs and that over time, costs should level.

Currently, many provinces have already transitioned fully to digital mammography with
some provinces also using breast ultrasound in combination with mammography or magnetic
resonance imaging (MRI) in certain cases. MRI is considered a newer technology for the use
of detecting smaller, earlier breast cancers in higher-risk women with denser breasts. It is
however not considered to replace mammography. There are currently randomized
controlled trials taking place to assess the effectiveness of MRI in the detection of breast
cancer. Future technologies may include digital breast tomosynthesis, breast computed
tomography, and biomarker imaging (Canadian Breast Cancer Foundation, 2014). There has
been a very gradual shift towards using technology that is more sensitive and efficient in
examining the breast for abnormalities. Coupled with higher reading volumes for
radiologists, overall sensitivity of screening programs to detect cancers has improved
resulting in perhaps a large increase in the number of incident breast cancer cases over the

past few decades.

In a recent study by Kachur et al. (2013), observed trends in age-standardized breast cancer
mortality in Canada between 1970 and 2007 showed statistically significant decreases over

time (see figure 1). According to Surveillance, Epidemiology, and End Results (SEER) data,
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the 5-year relative survival in the general female population in the US is 99% for localized
disease (stage I), 85 per cent for regional disease, and 24 percent for distant stage disease
(Howlader et al., 2014). The same data show that conditional relative survival is
significantly higher among the distant breast cancer cases representing increased 5-year
survival among women diagnosed with late stage cancer after one and three years of having
already survived with the disease (see figure 2). Part of the improvements in breast cancer
cannot be solely explained by screening since it is known that treatments have also become
more effective and accessible over time. As mentioned earlier in the review of the CISNET
microsimulation models (chapter two) for breast cancer screening, treatment has been
established to a significant role, and potentially more important role than screening, in

determining breast cancer survival.

Figure 19 Average annual percent change in age-standardized mortality rates for selected cancers in
females, Canada, 1970-2007. (Excludes Quebec)
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Figure 20 Cancer of the female breast, 5-year SEER conditional relative survival and 95 per cent

confidence intervals by stage, U.S., 1998-2010.
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Making Resource Allocation Decisions in Health Care: A Population Health

Issue

Making a case to adjusting screening programs or to dismantle population-based screening

all together is difficult to make when individual and population-level health impacts, both

beneficial and harmful, are so marginal. What is not so marginal is cost. Despite the high

costs of screening and unnecessary treatment of those over-diagnosis cases, it is still not

enough to scaling back screening to the public and physicians who may believe that a price

tag cannot be put on a life. However, regional governments are always faced with the

challenge of balancing budgets with higher health care costs and lower revenues — which

may be attributable to an aging population and lower health care transfers from the federal

government. Over the past few years economists have warned provincial and territorial
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governments to reduce health care spending or raise revenues (through taxes) or else
continue to fund health care at the expense of cutting funding to other social programs
including education and housing, economic initiatives such as job creation and pensions, and
infrastructure. This dilemma shows how resource allocation decision-making has important
impacts on population health. The research in this dissertation aimed to address questions of
which screening program is optimal in terms of age to screen and how often to screen? The
real difficult questions that governments and administrators face is how to pay for all the
programs that are currently in the big basket of covered health care services and programs
for Canadians, which new programs should be covered, and which should be scaled back or
eliminated. This applies to not only health care services and treatments, but also to public

health programs.

Implications for Policy

Analysis conducted at Statistics Canada found that increases in breast cancer prevalence
proportions were primarily due to population aging. The trends in age-standardized
prevalence of breast cancer were not found to be significant over time (Ellison and Wilkins,
2012). These data show trends in breast cancer incidence and prevalence can be better
predicted by using forecasts of age-structure. As a result, the prevalence of those disease risk
factors that were discussed in chapter five may not drive disease rates in the future as much

as population aging.

In real terms, it is not clear how much screening mammography costs in Canada. It was
reported in the U.S. that $8 billion a year in health care expenditures are for mammography.
The U.S. also happens to be one of the countries where, despite national guidelines to the
contrary, in practice annual screening has been highly encouraged for the age 40 and older
population while most other countries, including Canada recommend screening to start age
50 years and at less frequent intervals (screening every 2 to 3 years) (EImore and Kramer,
2014). The cost-effectiveness analysis study in this dissertation (chapter four) estimated total
cost differences across the examined screening policy options (characterized by age
eligibility and screening frequency) were driven solely by screening costs as diagnosis and

treatment costs across policy options were not substantially different across these options.
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Given survival gains across policy options are also modest across screening policy options;
governments may find greater cost-savings by re-evaluating screening policies and programs

and making the appropriate policy changes.

The cost-effectiveness analyses in this dissertation estimated incremental cost-effectiveness
ratios to compare screening policies against each other, but this metric may not be so
meaningful for policy makers. A WTP threshold for the payer needs to be established in
order to identify an optimal policy option. Further, in reality, the payer is required to
compare multiple and often unrelated options to make resource allocation or rather resource
de-allocation decisions. As mentioned previously, sometimes the decision is not around the
optimal screening scenario but rather how much more or less money should be allocated to
specific programs including cancer screening, drug coverage, and seniors care, to name a
few. Although effectiveness and cost-effectiveness data and evidence are important in
helping decision-makers make these resource allocation decisions, other factors including
competing (sector) budgets, political factors, and public perceptions, are also strong

influencers on these decisions.
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Appendices

Appendix1: POHEM-BCS input data with data sources where applicable

Note: all values were used for the status quo screening policy option A: biennial screening
for women age 50-69.

1. Screening — Recruitment

Table 1.1 Parameter Description: Screen inclusion criteria
Screen eligibility items

Year
Recruitment screening
minimum Recruitment Recruitment | Recruitment | program Maximum age
age maximum age | start year end year ends to re-screen
40 80 0 9999 9999 80

Screen inclusion criteria are preset and represent the possible range of ages eligible for screening and the
years in which screening would start and end. No screening policy options included screening for women age
less than 40 or greater than 79. Since this analysis is not dependent on year, we aimed to employ a starting
population of 6 million females who would be tracked from birth to death.

2. Screening — Screen Frequency

Table 2.1 Screen frequency

Age Group
Test/Procedure (min,50) | [50,60) | [60,70) | [70,max)
Screening Test 0 2 2 2

Screen frequency estimates are preset and represent the possible ranges of screening frequency by age group.
For the status quo screening policy option A: biennial screening for women age 50-69, we indicated that
women age 50-79 would receive screening every two years.

3. Participation rates

Table 3.1 Participation Rates

. Age Group
Screen invitation
status Sex (min,50) | [50,60) | [60,70) | [70,max)
First invitation Female 0 0.7 0.7 0
Subsequent invitation | Female 0 0.9 0.9 0

Participation rates are preset and represent the proportion of the population who accept screening under each
screening policy option. It represents the probability that a women, depending on her age, will participate in
screening. For initial screens (first invitation) the target participation rate is 70% and for subsequent screens
(subsequent invitation) the target participation rate is 90% (Canadian Partnership Against Cancer, 2013). The
participation rates were therefore set to these values in the model.
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4, Detection

Table 4.1 Baseline breast cancer incidence rates (applied in POHEM)

Incide
nce Incidence Incidence Incidence Incidence
Age | rate Age | rate Age | rate Age | rate Age | rate
0.0014742 0.0029931 0.0039754
0 0 23 9.08E-06 46 74 69 67 92 16
0.0014976 0.0029977 0.0039754
1 0 24 1.72E-05 47 7 70 02 93 16
0.0016494 0.0032488 0.0039754
2 0 25 3.48E-05 48 5 71 65 94 16
0.0016821 0.0031731 0.0039754
3 0 26 3.53E-05 49 16 72 68 95 16
0.0017806 0.0030815 0.0039754
4 0 27 6.40E-05 50 1 73 48 96 16
0.0017727 0.0031919 0.0039754
5 0 28 8.83E-05 51 47 74 35 97 16
0.0001228 0.0017238 0.0032940 0.0039754
6 0 29 61 52 92 75 08 98 16
0.0001233 0.0018048 0.0031843 0.0039754
7 0 30 2 53 96 76 42 99 16
0.0001962 0.0019814 0.0035085
8 0 31 2 54 48 77 21
0.0002261 0.0019557 0.0033226
9 0 32 99 55 06 78 76
0.0002741 0.0020023 0.0035847
10 0 33 12 56 54 79 37
1.40E- 0.0003572 0.0022233 0.0034774
11 06 34 8 57 67 80 37
0.0003861 0.0023374 0.0035461
12 0 35 55 58 62 81 67
0.0004448 0.0022331 0.0033752
13 0 36 19 59 86 82 43
1.32E- 0.0005407 0.0023415 0.0035058
14 06 37 74 60 59 83 21
0.0005484 0.0025070 0.0036946
15 0 38 74 61 56 84 79
2.55E- 0.0007317 0.0025043 0.0039442
16 06 39 57 62 07 85 41
0.0008477 0.0025540 0.0041370
17 0 40 18 63 73 86 35
1.14E- 0.0009110 0.0026588 0.0037376
18 06 41 19 64 24 87 34
2.15E- 0.0010176 0.0026074 0.0036866
19 06 42 28 65 97 88 08
2.07E- 0.0010732 0.0026989 0.0038857
20 06 43 7 66 42 89 76
4.05E- 0.0012193 0.0039754
21 06 44 52 67 0.0028419 | 90 16
1.01E- 0.0014563 0.0028770 0.0039754
22 05 45 7 68 11 91 16

Breast cancer incidence is the number of new cases of breast cancer diagnosed by age. The source data came
from the Canadian Cancer Registry (1995) and were originally used for the research conducted by Will et al.
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(2000). These data were not altered for the present analysis which may under estimate the impact of screening
in terms of life-years gained as well as costs of diagnosis and treatment. Age-standardized breast cancer
incidence rate has however remained relatively unchanged (about 100 per 100,000 population) between 1995
and 2013 according to the Canadian Cancer Society's Canadian Cancer Statistics (2013).

Table 4.2 Breast cancer stage

Stage
Screen Age
detection Group | Llengtcz\e;e I n_c;de i +v
method g positive
No screening (min,50) 0.362 0.135 0.359 0.145
No screening [50,60) 0.343 0.171 0.329 0.157
No screening [60,70) 0.356 0.225 0.256 0.163
No screening [70,max) 0.351 0.181 0.312 0.156
First screen (min,50) 0.717 0.097 0.159 0.027
First screen [50,60) 0.717 0.097 0.159 0.027
First screen [60,70) 0.717 0.097 0.159 0.027
First screen [70,max) 0.717 0.097 0.159 0.027
Re-screen (min,50) 0.717 0.097 0.159 0.027
Re-screen [50,60) 0.717 0.097 0.159 0.027
Re-screen [60,70) 0.717 0.097 0.159 0.027
Re-screen [70,max) 0.717 0.097 0.159 0.027
Interval (min,50) 0.434 0.192 0.261 0.114
Interval [50,60) 0.434 0.192 0.261 0.114
Interval [60,70) 0.434 0.192 0.261 0.114
Interval [70,max) 0.434 0.192 0.261 0.114
Non-participant | (min,50) 0.362 0.135 0.359 0.145
Non-participant | [50,60) 0.343 0.171 0.329 0.157
Non-participant | [60,70) 0.356 0.225 0.256 0.163
Non-participant | [70,max) 0.351 0.181 0.312 0.156

Breast cancer stage distribution represents the proportion of the population diagnosed with breast cancer in
each stage by screen detection method and age group. Stage 0 or ductal carcinoma in situ was not included in
the model infrastructure therefore the analysis in this study is specific to invasive breast cancer only. Pre-
screening (clinically detected) stage distributions were obtained from the Saskatchewan cancer registry, 1982-
1985. The stage distribution of cancers detected in screening programs was obtained from the Canadian Breast
Cancer Screening Database (CBCSD) for 1997-98. More current stage distributions in the population appear
to be comparable to the distributions estimated from the Ontario Cancer Registry, Collaborative Staging
Database (2007-2011 data) in a report Cancer Quality Council of Ontario (February 2013).

191



Table 4.3 Cancer Detection : Sensitivity & Specificity & Sojourn
Test/P d Ade G Screening Round Accuracy Soi
estiFrocedure ge roup Type Sensitivity | Specificity (Sigl;;’)n

Screening Test (min,50) First 0.87 0.85 1
Screening Test (min,50) Subsequent 0.72 0.94 1
Screening Test [50,60) First 0.88 0.87 2
Screening Test [50,60) Subsequent 0.90 0.94 2
Screening Test [60,70) First 0.94 0.90 2
Screening Test [60,70) Subsequent 0.83 0.94 2
Screening Test [70,max) First 0.94 0.91 2
Screening Test [70,max) Subsequent 0.67 0.95 2

Screening test sensitivity and specificity data were estimated for each age group and by screening invitation
status or round type (first or subsequent screen). Also indicated is the screening sensitivity and specificity by

screen interval or frequency indicated by sojourn time in years. The source data for these estimates were from
the Canadian Breast Cancer Screening Database 2006 data for which national data was most complete at the
time of analysis (year 2009).Clinically detected cancers are simulated through the incidence rate (4.1)s.
According to Flanagan et al. (2006), these cancers were assumed to have an average sojourn time over which
the cancer could be detected pre-clinically by mammogram. By evaluating incidence from the person's current
age forward in time to an amount equal to the sojourn period, the model identifies the presence of cancers
before they occur clinically (i.e. before they are symptomatic). Flanagan et al. (2006) simulated mammography
for pre-clinical cancerous cases using the sensitivity estimate to determine the proportion of screen-detected
(true positives)cases and cases missed (false negatives). Missed cases occuring before the next screen are
called interval cancers. In cases where no cancer is present over the sojourn period, Flanagan et al. (2006)
used the specificity estimate to determine the proportion correctly identified (true negatives) and those

mistakenly identified as cancerous (false positives).

5. Survival
Table 5. 1 Survival parameters
Breast Cancer Progression
Inverse piecewise Initial Initial s .
Weibull Stage diagnosis- local | diagnosis- Initial diagnosis-
parameters recurrence metastasis mortality
Weibull_ uFixed I 0 0 0.929287
Il node
Weibull_ uFixed negative 0 0 0.956044
Il node
Weibull_ uFixed positive 0 0 0.77334
Weibull  uFixed Hi+1V 0 0 0.313713
Weibull_ tFixed I 0 0 48
I node
Weibull_ tFixed negative 0 0 18
I node
Weibull_ tFixed positive 0 0 42
Weibull tFixed Hi+1v 0 0 56
Weibull lambdal | | 0 0 0.003751
Il node
Weibull_ lambdal | negative 0 0 0.014055
Il node
Weibull_ lambdal | positive 0 0 0.00942
Weibull_lambdal | HHI+IV 0 0 0.020943
Weibull_ betal I 0 0 1.523876
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Il node

Weibull_ betal negative 0 0 2.257141
Il node

Weibull_ betal positive 0 0 1.4652

Weibull_ betal Hi+1v 0 0 0.927157

Weibull_ lambda2 | | 0 0 0.001903
Il node

Weibull_ lambda2 | negative 0 0 0.002885
Il node

Weibull_ lambda2 | positive 0 0 0.004561

Weibull_ lambda2 | 111+1V 0 0 0.023308

Weibull_ beta? I 0 0 1.09174
Il node

Weibull_ beta2 negative 0 0 1.048778
Il node

Weibull_ beta2 positive 0 0 0.822094

Weibull_ beta2 Hi+1V 0 0 0.554807

Survival was modeled using probabilities of mortality from initial diagnosis by breast cancer stage. The source
data of the survival probabilities came from several sources including the Northern Alberta Breast Cancer
Registry (1971-1988), the Saskatchewan Cancer Foundation — Special Charts Reviews (1985-1992), and the
British Columbia Cancer Agency (1989-1994). These data were originally used for the research by Will et al.
(2000). Disease-specific survival from initial diagnosis to death was implemented by stage as a Weibull
distribution. Survival has undoubtedly improved since the mid-90s from when the most recent data used in the
estimation of survival in the model, particularly in the later stages (I11+1V). Changes in survival probabilities
may be attributable to improvements in treatments. It is therefore possible that this analysis over-estimates the
impact of screening on mortality.

6. Treatment

All of the below tables include data used in the therapeutic algorithms at initial diagnosis, follow-up after
initial treatment, and diagnosis and treatment of recurrent or metastatic disease. Neo-adjuvant therapy refers
to treatment given as an initial treatment to shrink a tumor before the main treatment, which is usually surgery,
is given. They include chemotherapy, radiation therapy, and hormone therapy. These estimates all come from
the estimates used in the study by Will et al. (2000), who reference source data for the therapeutic algorithms
at initial diagnosis including the Saskatchewan Cancer Foundation (1993), Surveys of Canadian Oncologists
(1994), and breast cancer experts. Data on follow-up after initial treatment came from Surveys of Canadian
Oncologists (1994) and breast cancer experts. Diagnosis and treatment of recurrent or metastatic disease data
came from the Saskatchewan Cancer Foundation — Special Chart Reviews (1985-1992) and the Ottawa
Regional Cancer Centre — Special Chart Reviews (1996-1997). Will et al. (2000) noted that breast cancer
treatment is dependent on the stage of the disease at initial diagnosis.

Table 6.1 Cumulative Rate of Breast Cancer Neo-Adjuvant
Chemotherapy (Neo Adj Chemo)

No Neo-adjuvant chemotherapy Neo-adjuvant chemotherapy
0.85 0.15
Table 6.2 Cumulative Rate of Breast Surgery
Breast Surgery
Breast-
Age at .
Stage trgatment No conserving Mastectomy
Surgery | surgery
(lumpectomy)
[ (min,50) 0 0.8 0.2
[ [50,max) 0 0.7 0.3
Il node (min,50) 0 0.6 0.4
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negative

I node

negative [50,max) 0 0.45 0.55
Il node

positive (min,50) 0.15 0.4 0.45
Il node

positive [50,max) 0.25 0.1 0.65
Hi+1v (min,50) 0.5 0.3 0.2
Hi+1v [50,max) 0.6 0.2 0.2

Table 6.3 Cumulative Rate of Adjuvant Radiation Therapy (XRT)

Radiation Therapy
Age at No Radiation Radiation
Stage trgatment Breast Surgery Therapy Therapy
[ (min,50) No Surgery 1 0
Breast-Conserving
[ (min,50) Surgery 0.1 0.9
| (min,50) Mastectomy 1 0
[ [50,max) | No Surgery 1 0
Breast-Conserving
[ [50,max) | Surgery 0.2 0.8
[ [50,max) | Mastectomy 1 0
11 node
negative (min,50) No Surgery 1 0
Il node Breast-Conserving
negative (min,50) Surgery 0.05 0.95
Il node
negative (min,50) Mastectomy 0.85 0.15
Il node
negative [50,max) | No Surgery 1 0
Il node Breast-Conserving
negative [50,max) | Surgery 0.25 0.75
Il node
negative [50,max) | Mastectomy 0.85 0.15
Il node
positive (min,50) No Surgery 0.15 0.85
Il node Breast-Conserving
positive (min,50) Surgery 0.3 0.7
I node
positive (min,50) Mastectomy 0.65 0.35
I node
positive [50,max) | No Surgery 0.55 0.45
Il node Breast-Conserving
positive [50,max) | Surgery 0.35 0.65
I node
positive [50,max) | Mastectomy 0.5 0.5
Hi+1v (min,50) No Surgery 0.7 0.3
Breast-Conserving
Hi+1v (min,50) Surgery 0.7 0.3
Hi+1v (min,50) Mastectomy 0.7 0.3
Hi+1v [50,max) | No Surgery 0.75 0.25
Breast-Conserving
H+1v [50,max) | Surgery 0.75 0.25
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| H+1V

| [50,max)

| Mastectomy

| 0.75

| 0.25

Table 6.4 Cumulative Rate of Breast Cancer Local Treatment

Breast Cancer Urgent Local Treatment

Urgent surgery
Age at No urgent Urgent Urgent and
treatment treatment surgery radiotherapy radiotherapy
(min,50) 0.12 0.5104 0.1584 0.2112
[50,max) 0.2 0.496 0.128 0.176

Table 6.5 Cumulative Rate of Local and Systematic Treatment

Adjuvant therapy
No Hormone
Age at Urgent local adjuvant Hormone therapy and
treatment treatment therapy therapy Chemotherapy | chemotherapy
No urgent
(min,50) treatment 0.17 0.166 0.664 0
(min,50) Urgent surgery 0.58 0.2436 0.1344 0.0462
Urgent
(min,50) radiotherapy 0.58 0.2436 0.1344 0.0462
Urgent surgery
(min,50) and radiotherapy | 0.58 0.2436 0.1344 0.0462
No urgent
[50,max) treatment 0.17 0.5229 0.2739 0.0332
[50,max) Urgent surgery 0.59 0.3854 0.0164 0.0082
Urgent
[50,max) radiotherapy 0.59 0.3854 0.0164 0.0082
Urgent surgery
[50,max) and radiotherapy | 0.59 0.3854 0.0164 0.0082

Local treatments are used to remove or destroy the disease within the breast and surrounding regions, such as
in the lymph nodes. These treatments include surgery, either mastectomy or lumpectomy and radiation therapy.

Local treatments are used to remove or destroy the disease within the breast and surrounding regions, such as
in the lymph nodes. These treatments include surgery, either mastectomy or lumpectomy and radiation therapy.

Systemic treatments are used to destroy or control cancer cells all over the body and include chemotherapy

drugs that kill cancer cells, hormone therapy (e.g. tamoxifen) drugs that prevent hormones such as estrogen

from promoting growth of the disease cells that may remain after surgery, and biological therapy (e.g.

herceptin) that target disease cells that have high levels of HER2.

Table 6.6 Cumulative Rate of Metastatic Breast Cancer Local Treatment
Local Therapy
Age at Breast Cancer Urgent Urgent Surgery
treatment |Metastasis Sites |0 Urgent Urgent Radiation and Radiation
Treatment Surgery
Therapy Therapy
soft tissue
(min,50) metastasis 0.75 0 0.2 0.05
(min,50) bone metastasis  |0.25 0.075 0.6375 0.0375
(min,50) visceral metastasis |0.6 0.06 0.3 0.04
soft tissue
[50,max) metastasis 0.6 0.14 0.2 0.06
[50,max) bone metastasis  |0.45 0.0275 0.4675 0.055
[50,max) visceral metastasis |0.75 0.075 0.15 0.025
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Table 6.7 Cumulative Rate of Metastatic Breast Cancer Systemic Treatment

Adjuvant Therapy

Age at Breast Cancer NO?. ¢ |Hormone|Chemotherap |Hormone therapy

treatment |Metastasis Sites agjuvan therapy Y% and Chemotherapy
therapy

(min,50) Soft tissue metastasis |0.15 0.255 0.425 0.17

(min,50) Bone metastasis 0.2 0.6 0.16 0.04

(min,50) Visceral metastasis ~ |0.05 0.285 0.38 0.285

[50,max) Soft tissue metastasis |0.2 0.56 0.16 0.08

[50,max) Bone metastasis 0.2 0.72 0.04 0.04

[50,max)  |Visceral metastasis 0.15 0.4675 |0.255 0.1275

Table 6.8 Cumulative Rate of Metastasis By Hospitalization for Breast Cancer

Age at treatment  |Breast Cancer Metastasis Sites Hospltal_lzatlon for Breast. Cancer

No hospital Hospital

(min,50) Soft tissue metastasis 0.9 0.1

(min,50) Bone metastasis 0.9 0.1

(min,50) Visceral metastasis 0.7 0.3

[50,max) Soft tissue metastasis 0.9 0.1

[50,max) Bone metastasis 0.9 0.1

[50,max) Visceral metastasis 0.7 0.3

Table 6.9 Cumulative Rate of Metastasis by Diagnostic Surgery at

Metastasis Site

Breast Diagnostic Surgery (Biopsy)

No diagnostic Diagnostic

Age at Breast Cancer  [surgery at surgery at
treatment Metastasis Sites |metastasis site metastasis site

Soft tissue
(min,50) metastasis 0.4 0.6
(min,50) Bone metastasis  [0.95 0.05
(min,50) Visceral metastasis|0.7 0.3

Soft tissue
[50,max) metastasis 0.4 0.6
[50,max) Bone metastasis  |0.95 0.05
[50,max) Visceral metastasis|0.7 0.3
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Table 6.10 Cumulative Rate of Metastasis By Other Procedures at Metastasis
Site
Other Breast Cancer Procedures
Breast Cancer No other Other
Age at Metastasis procedures at procedures at
treatment Sites metastasis site metastasis site
Soft tissue
(min,50) metastasis 1 0
(min,50) Bone metastasis 1 0
(min,50) Visceral metastasis [0.85 0.15
Soft tissue
[50,max) metastasis 1 0
[50,max) Bone metastasis 1 0
[50,max) Visceral metastasis [0.85 0.15
7. Costs

According to Will et al. (2000), provincial cancer registry data, provincial fee schedules and special costing
studies and chart reviews were used to augment the national databases and to determine costs. Based on
therapeutic modalities, costs associated with diagnosis, treatment and follow-up of local recurrence were
determined from the Canadian Institute for Health Information (CIHI), the Ontario Health Insurance Plan
(OHIP), and the Ontario Case Cost Project (OCCP). For costs associated with the diagnosis and treatment of
stage IV and metastatic disease, Will et al. (2000) conducted a retrospective review of 500 Saskatchewan
charts to determine types and frequency of interventions in breast cancer patients diagnosed with a recurrence
and 100 charges extracted by personnel from the Ottawa Regional Cancer Centre to determine information on
types of surgery performed with metastatic disease and length of hospital stay. Costs of therapy were then
extracted from the same sources.

Will et al. (2000) note that radiotherapy costs were estimated from the study by Earl et al. (1999).%°
Chemotherapy costs (drugs and administration) came from the Ottawa Civic Hospital (1995) and the Ottawa
General Hospital (1995). Fees for physician’s services, diagnostic and surgical tests and procedures came
from the Ontario Fee Schedule (1995). Hospital per diem rates by case mix groups and terminal care came
from the OCCP (1993-1995). Facility overhead costs came from came from the 1988 National cancer Institute
of Canada Clinical trial (was adjusted to CAD 2000). Hormonal therapy costs came from Ottawa pharmacies.

Costs for ongoing care are inclusive of all treatments initiated 3 months after the diagnosis and treatment of
metastatic disease until 3 months prior to death (these last three months are considered to be the terminal care
phase of the illness). Ongoing care costs include those for hospitalisation, inpatient and outpatient medical
services, and treatment with radiotherapy or chemotherapy. The costs of home care, oral medications, or out of
pocket expenses resulting from visits to healthcare institutions are not included. These data came from the
Manitoba Medical Service Foundation, Manitoba Cancer Treatment and Research Foundation (MCTRF)
(1990), Manitoba Health Service Insurance Plan, Statistics Canada’s National Person-oriented Database of
Hospital Discharges (1992-1994), and the OCCP. Further details on how Will et al. (2000) estimated the
monthly costs for ongoing care are included in their paper.

Terminal care costs include those health care system costs that are incurred in the three months prior to death
from breast cancer. The cost components are similar to those for ongoing care. According to Will et al. (2000),
Statistics Canada's 1993-94 hospital discharge data was used to calculate dying breast cancer patients
average number of days spent in hospital. The OCCP was used to calculate the average cost for this time
period using the cost per encounter for patients who died between June 1993 and March 1995, based on the
Case Mix Groups (CMGs) 4294433, and 443+445. Data from the Manitoba database was used to estimate the

% Earle C, Coyle D, Smith A, Agboola O, Evans WK. The cost of radiotherapy at an Ontario regional cancer
centre. Crit Rev Oncol/Hematol.1999, 32; 87-93.
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proportion of patients receiving palliative radiotherapy and the number of fractions per patient at a cost of

$138 per fraction (CAD 1990). The cost of consultation, partial assessment and weekly blood work were

added to the total cost of radiotherapy treatment.

Table 7.1 Cost of Initial Work-Up of Breast

Cancer
328.98
Table 7.2 Cost of Initial Staging of Breast
Cancer
Stage
Il node Il node
| negative positive H+v
141.82 | 256.72 334.43 334.43

Table 7.3 Cost of Initial Neo-Adjuvant Chemo Therapy

Neo-Adjuvant Chemotherapy

No Neo-Adjuvant

Chemotherapy

Neo-Adjuvant Chemotherapy

0

4087.96

Table 7.4 Cost of Initial Breast Surgery

Breast Surgery

Age at No Breast-Conserving

Stage Treatment Surgery Surgery Mastectomy
I (min,50) 0 665.57 706.74

I [50,max) 0 665.57 706.74

Il node

negative (min,50) 0 665.57 706.74

Il node

negative [50,max) 0 665.57 706.74

I node positive|(min,50) 0 665.57 706.74

I node positive|[50,max) 0 665.57 706.74
H+1Vv (min,50) 0 665.57 706.74
H+1V [50,max) 0 665.57 706.74
Table 7.5 Cost of Initial Hospitalization by Age at Treatment and Breast Surgery

Breast Surgery
Age at Breast-Conserving

Stage Treatment No Surgery |Surgery Mastectomy
I (min,50) 0 3822.39 4217.67

I [50,max) 0 4446.89 4643.16

Il node

negative (min,50) 0 3822.39 4217.67

I node

negative [50,max) 0 4446.89 4643.16

Il node positive|(min,50) 0 3822.39 4217.67

Il node positive|[50,max) 0 4446.89 4643.16
H+1Vv (min,50) 0 3822.39 4217.67
HI+1V [50,max) 0 4446.89 4643.16
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Table 7.6 Cost of Initial Radiation Therapy by Breast Surgery

Breast Surgery

Breast-Conserving

Stage No Surgery |Surgery Mastectomy
I 0 3867.29 2999.16

Il node

negative 0 3867.29 2999.16

Il node positive|3903.46 3903.46 2999.16
H+1v 2999.16 2999.16 2999.16

Table 7.7 Cost

of Initial Chemotherapy by Breast Surgery

Breast Surgery

Breast-Conserving

Stage No Surgery |Surgery Mastectomy
I 0 2375.99 2565.45

Il node

negative 0 2596.78 2796.69

Il node positive|4087.96 3961.9 4087.96
Hi+1v 0 0 0

Table 7.8 Cost of Initial Hormone Therapy by Age at

Treatment
Age at Treatment
Stage (min,50) [50,max)
I 35.6 35.6
Il node
negative 35.6 35.6
I node
positive 35.6 35.6
H+1V 0 0
Table 7.9 Cost of Initial Follow-Up by Time (Months)
Month Grouping of Initial Follow-U
Stage (min,12) [[12,24) |[24,36) |[36,48) |[48,60) |[60,max)
I 38.92 34.99 28.72 |25.52 |23.84 |0
Il node
negative 38.92 34.99 28.72 |25.52 [23.84 |0
Il node positive(40.18 39.24 34.73 130.35 |26.82 |0
H+1V 0 0 0 0 0 0

Table 7.10 Cost of Localized Breast Cancer Diagnosis

220.89
Table 7.11 Cost of Localized Breast Cancer Surgery by Age at
Treatment
Age at Treatment
(min,50) [50,max)
356.65 356.65
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Table 7.12 Cost of Hospitalization for Localized Breast Cancer by
Age at Treatment

Age at Treatment

(min,50) [50,max)

5592.51 5592.51

Table 7.13 Cost of Radiation Therapy for Localized Breast Cancer
by Age at Treatment

Age at Treatment

(min,50) [50,max)

3584.6 3446.6

Table 7.14 Cost of Chemotherapy for Localized Breast Cancer by
Age at Treatment

Age at Treatment

(min,50) [50,max)

4046.33 3969.69

Table 7.15 Cost of Hormone Therapy for Localized Breast Cancer
by Age at Treatment

Age at Treatment

(min,50) [50,max)

31.14 61.48

Table 7.16 Cost of Follow-up for Localized Breast Cancer by Time
of Follow-up (Months)

Months
(min,12) [12,24) [24,36) [36,48) [48,max)
68.95 68.95 51.01 51.01 41.4

Table 7.17 Cost of Care for Terminal Breast Cancer

Ongoing or Terminal Care

Palliative Radiation
Hospital Stay Other Medical | Therapy

15258.9 188 83.92
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Appendix 2: Other Results

Table 1. Screening mammography detection rates

Age True False True False
. AR, . . L - True True

Screening | eligibility negatives | negatives | positives positives Positive | Negative

option (screen per 1,000 | per 1,000 | per 1,000 | per 1,000 Rate RagtJe
frequency) | women women women women

A 50-69 (2) 7,289.00 12.73 57.52 569.28 0.82 0.99
40-49 (1)

B 50-69 (2) 15,248.30 | 18.51 70.58 1,113.89 0.79 1.00
50-69 (2)

C 70-79 (2) 10,331.90 | 17.50 92.48 732.51 0.84 0.99
40-49 (1)

D 50-69 (2) 18,204.30 | 23.13 104.61 1,270.28 0.82 0.99
70-79 (2)

E 50-69 (1) 13,938.08 | 18.54 82.07 1,031.67 0.82 0.99
40-49 (1)
50-60 (1) 21,815.74 | 24.18 93.87 1,570.73 0.80 1.00
50-69 (1)

G 70-79 (1) 19,764.73 | 24.95 129.31 1,339.06 0.84 0.99
40-49 (1)

H 50-69 (1) 27,720.67 | 30.71 141.59 1,883.73 0.82 0.99
70-79 (1)
40-49 (2)

I 50-69 (2) 11,402.35 | 16.13 64.36 867.51 0.80 0.99
40-49 (2)

J 50-69 (2) 14,320.04 | 20.67 97.99 1,021.90 0.83 0.99
70-79 (2)

Notes: Per 1,000 women refers to a total population of 6 million women and not just the screened population.
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Table 2 Sensitivity analysis results: sequential analysis using $48 cost per screen

Total Total Sequential ICER
excess ICER vs | (costin$ CAD
Age Total excess (Vs
ligibili health no per LYG)
Screenin eligibility Total LYGs no screen) r t reenin
g (screen ola per health care cost | screening
option LYGs ($3CAD) | (costin$
frequency 1,000 care cost
. . per CAD per
in years) woment | ($ millions
1,000 LYG)
CAD)
woment
No screen | - - - -
A 50-69 (2) 9,104 1.5 129.2 | 21,540 14,192 14,360
50-69 (2)
C 70-79 (2) 10,287 1.7 153.5 | 25,580 14,921 20,200
40-49 (2)
50-69 (2)
J 70-79 (2) 16,421 2.7 284.4 | 47,390 17,316 21,810
40-49 (1)
50-69 (2)
D 70-79 (2) 17,824 3.0 406.9 | 67,820 22,831 68,100
40-49 (1)
50-69 (1)
H 70-79 (1) 18,370 3.1 548.3 | 91,380 29,847 235,600
Extended
40-49 (2) dominance
| 50-69 (2) 15,248 2.5 260.4 | 43,400 17,075 | through J and A
Extended
40-49 (1) dominance
B 50-69 (2) 16,630 2.8 382.7 | 63,780 23,012 | through D and A
E 50-69 (1) 9,698 1.6 244.1 | 40,690 25,174 | Dominated by C
50-69 (1) Dominated by |
G 70-79 (1) 10,810 1.8 292.6 | 48,770 27,069 | and J
40-49 (1)
F 50-69 (1) 17,218 2.9 498.5 | 83,080 28,949 | Dominated by D

+ Total population of 6 million women followed in the model.
A = difference (gain) ; LYGs= life-years gained; ICER = incremental cost-effectiveness ratio; discount rate of
5% applied to health benefits and costs .
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Table 3 Sensitivity analysis results: sequential analysis using $125 cost per screen

Total Total Total Sequential
Age excess (Vs | excess ICER vs no ICER (cost
. eligibility LYGs no screen) | health screening in$ CAD
Screening Total per .
. (screen health care cost (costin$ per LYG)

option fre LYGs | 1,000 t $CAD CAD
frequency Women | care cos ( ) per
in years) ($ millions | per 1,000 | LYG)

i CAD) woment

No screen | - - - -

A 50-69 (2) 9,104 15 332.2 | 55,370 36,492 36,492
50-69 (2)

C 70-79 (2) 10,287 1.7 391.9 | 65,310 38,093 50,414
40-49 (2)
50-69 (2)

J 70-79 (2) 16,421 3.0 741.3 | 123,550 45,143 56,968
40-49 (1)
50-69 (2)

D 70-79 (2) 17,824 2.5 1,058.6 | 176,438 59,394 226,180
40-49 (1)
50-69 (1)

H 70-79 (1) 18,370 2.8 1,411.2 | 235,203 76,822 645,769
Extended
dominance

40-49 (2) through J

I 50-69 (2) 15,248 2.7 682.4 | 113,733 44,753 | and A
Extended
dominance

40-49 (1) through D

B 50-69 (2) 16,630 3.1 999.0 | 166,505 60,074 | and A
Dominated

E 50-69 (1) 9,698 1.6 620.9 | 103,475 64,018 | by C

50-69 (1) Dominated

G 70-79 (1) 10,810 1.8 739.0 | 123,163 68,361 | by |

40-49 (1) Dominated
F 50-69 (1) 17,218 2.9 1,289.8 | 214,962 74,908 | by D

1 Estimated value per capita (i.e. woman) with total population of 6 million women followed in the model.
A = difference (gain) ; LYGs= life-years gained; ICER = incremental cost-effectiveness ratio; discount rate of
5% applied to health benefits and costs
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Table 4. Sensitivity analysis results: sequential analysis using 0% discount rate

Total Total ICER Vs Sequential
Age Total excess (Vs | excess no ICER (cost in
. eligibility LYGs no screen) | health . $ CAD per
Screening Total screening
. (screen per health care cost . LYG)
option fre LYGs 1,000 t (costin $
quency , care cos ($CAD) CAD
. S per
in years) woment | ($ millions | per 1,000 LYG)
CAD) woment
No screen - - - - -
A 50-69 (2) 366,397 | 61.1 3,568.5 594,747 9,739 9,739
40-49 (2)
I 50-69 (2) 507,540 | 84.6 5,453.0 908,825 10,744 13,351
40-49 (2)
50-69 (2)
J 70-79 (2) 588,267 | 98.0 6,856.3 1,142,722 11,655 17,384
40-49 (1)
50-69 (2)
D 70-79 (2) 626,761 | 104.5 8,709.3 1,451,545 13,896 48,136
40-49 (1)
50-69 (1)

H 70-79 (1) 667,164 | 111.2 13,509.5 2,251,578 20,249 118,808
Extended
dominance

50-69 (2) through | and

C 70-79 (2) 447,562 | 74.6 4,987.1 831,183 11,143 | A
Dominated by

E 50-69 (1) 406,161 | 67.7 6,866.0 1,144,327 16,905 | C, I, and J

50-69 (1) Dominated by

G 70-79 (1) 487,370 | 81.2 9,735.8 1,622,627 19,976 | I, B, J,and D

40-49 (2)
50-69 (2) Dominated by

B 70-79 (2) 544,678 | 90.8 7,293.4 1,215,562 13,390 | J

40-49 (1) Dominated by

F 50-69 (2) 584,427 | 97.4 10,598.4 1,766,398 18,135 | Jand D

+ Estimated value per capita (i.e. woman) with total population of 6 million women followed in the model.
A = difference (gain) ; LYGs= life-years gained; ICER = incremental cost-effectiveness ratio
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Table 5. Sensitivity analysis results: sequential analysis using 10% discount rate

Total Sequential
excess (vs | Total ICER (cost
Age Total no excess ICER vsno |in$CAD
Screening eligibility Total LYGs screen) health screening per LYG)
option (screen LyGs | Per health carecost | (costin$
frequency 1,000 care cost | ($CAD) CAD per
in years) woment | ($ per 1,000 | LYG)
millions women
CAD)
No screen - - - - -
A 50-69 (2) 271.39 0.05 11.73 | 1,955 43,222 | 43,222
50-69 (2)
C 70-79 (2) 289.18 0.05 12.66 | 2,110 43,779 | 52,277
40-49 (2)
50-69 (2)
J 70-79 (2) 631.19 0.11 35.55 | 5,925 56,322 | 66,928
40-49 (1)
50-69 (2)
D 70-79 (2) 696.68 0.12 55.4 | 9,233 79,520 | 303,100
40-49 (1)
50-69 (1)

H 70-79 (1) 698.31 0.12 66.33 | 11,055 94,986 | 6,705,521
Extended
dominance

50-69 (1) through J

G 70-79 (1) 290.71 0.05 23.35 | 3,892 80,321 | and A
Extended
dominance

40-49 (2) through J

I 50-69 (2) 613.62 0.10 34.64 | 5,773 56,452 | and A
Extended
dominance

40-49 (1) through D

B 50-69 (2) 678.76 0.11 54.47 | 9,078 80,249 | and A
Dominated

E 50-69 (1) 275.44 0.05 21.53 | 3,588 78,166 | by C

40-49 (1) Dominated

F 50-69 (1) 681.82 0.11 64.4 | 10,733 94,453 | by D

1 Estimated value per capita (i.e. woman) with total population of 6 million women followed in the model.

A = difference (gain) ; LYGs= life-years gained; ICER = incremental cost-effectiveness ratio
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Table 6. Sensitivity analysis results: sequential analysis using 50% initial participation rate

Scenario Age Total Total Total excess Total ICER vs | Sequential
eligibility | LYGs | LYGs (vs no screen) | excess no ICER (cost
(screen per health care health care | screening | in$ CAD
frequency 1,000 cost ( cost (JCAD) | (costin$ | per LYG)
in years) woment | $millions per 1,000 CAD per
CAD) woment LYG)
No screen | - - - - - - -
A 50-69 (2) | 8,417 1.4 354.6 59,104 42,133 42,133
C 50-69 (2) | 9,476 1.6 385.5 64,245 40,680 68,056
70-79 (2)
J 40-49 (2) | 15,262 | 2.5 588.3 98,045 38,544 35,046
50-69 (2)
70-79 (2)
F 40-49 (1) | 16,247 | 2.7 681.1 113,512 41,919 94,201
50-69 (1)
D 40-49 (1) | 16,663 | 2.8 767.0 127,837 46,031 206,877
50-69 (2)
70-79 (2)
H 40-49 (1) | 17,215 | 2.9 983.6 163,936 57,139 392,696
50-69 (1)
70-79 (1)
| 40-49 (2) | 14,281 | 2.4 555.2 92,526 38,874 Extended
50-69 (2) dominance
through J
and A
E 50-69 (1) | 9,023 15 521.2 86,862 57,764 Dominated
by C
B 40-49 (1) | 15,652 | 2.6 736.5 122,744 47,054 Dominated
50-69 (2) by F
G 50-69 (1) | 9,986 1.7 591.4 98,566 59,221 Dominated
70-79 (1) by I and J
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Table 7. Sensitivity analysis results: sequential analysis using 60% participation rate

Scenari | Age Total Total Total excess Total ICER vs Sequential
0 eligibilit | LYGs LYGs (vs no screen) | excess no ICER (cost in
y (screen per health care health care | screening $ CAD per
frequenc 1,000 cost ($ cost (costin $ LYG)
yin woment | millions CAD) | ($CAD) CAD per
years) per 1,000 LYG)
womenf
No - - - - - - -
screen
A 50-69 (2) | 8,681 1.4 359.3 59,885 41,390 41,390
C 50-69 (2) | 9,713 1.6 390.1 65,015 40,161 29,826
70-79 (2)
J 40-49 (2) | 15,501 2.6 596.0 99,325 38,445 35,566
50-69 (2)
70-79 (2)
D 40-49 (1) | 16,873 2.8 782.2 130,367 46,358 135,780
50-69 (2)
70-79 (2)
H 40-49 (1) | 17,423 2.9 998.8 166,464 57,326 393,952
50-69 (1)
70-79 (1)
B 40-49 (1) | 15,863 2.6 751.6 125,264 47,379 Extended
50-69 (2) dominance
through D and
A
[ 40-49 (2) | 14,517 2.4 562.9 93,809 38,773 Extended
50-69 (2) dominance
through J and
A
E 50-69 (1) | 9,293 15 530.1 88,347 57,043 Dominated by
C
F 40-49 (1) | 16,456 2.7 928.7 154,783 56,435 Dominated by
50-69 (1) D
G 50-69 (1) | 10,250 1.7 600.3 100,055 58,571 Dominated by
70-79 (1) landJ
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Table 8. Sensitivity analysis results: sequential analysis using 100% test sensitivity

Scenario | Age Total Total Total Total ICER vsno | Sequential
eligibility | LYGs LYGs per | excess (vs | excess screening ICER (cost in
(screen 1,000 no screen) | health care | (costin$ $ CAD per
frequency women health cost CAD per LYG)
in years) carecost | (BCAD) LYG)
($ millions | per 1,000
CAD) women
No - - - - - - -
screen
A 50-69 (2) | 9,329 1.6 365.0 60,825 39,121 39,121
C 50-69 (2) 10,383 1.7 396.0 65,986 38,130 29,359
70-79 (2)
I 40-49 (2) 15,970 2.7 570.3 95,053 35,713 31,220
50-69 (2)
J 40-49 (2) 16,967 2.8 603.8 100,633 35,587 33,578
50-69 (2)
70-79 (2)
D 40-49 (1) 18,511 3.1 795.7 132,611 42,984 95,247
50-69 (2)
70-79 (2)
H 40-49 (1) 19,375 3.1 1,014.0 169,001 54,879 252,542
50-69 (1)
70-79 (1)
F 40-49 (1) 17,583 29 707.3 117,878 40,225 Extended
50-69 (1) dominance
through by D
and A
E 50-69 (1) 9,541 1.6 540.0 90,007 56,601 Dominated by
C
B 40-49 (1) 17,504 2.9 764.8 127,460 43,691 Dominated by
50-69 (2) F
G 50-69 (1) 10,418 1.7 610.9 101,824 58,642 Dominated by
70-79 (1) landJ
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Table 9. Sensitivity analysis results: sequential analysis using 100% test specificity

Scenario | Age Total Total Total excess | Total ICER Sequential
eligibility | LYGs LYGs (vsno excess VS No ICER (costin $
(screen per screen) health care | screenin | CAD per LYG)
frequency 1,000 health care cost g (costin
in years) women | cost ($ CAD) | ($CAD) $ CAD
per 1,000 per
women LYG)
No screen | - - - - - - -
A 50-69 (2) | 8,825 15 362.8 60,459 41,105 41,105
C 50-69 (2) | 9,863 1.6 393.4 65,570 39,889 29,549
70-79 (2)
J 40-49 (2) | 15,626 2.6 601.7 100,288 38,509 36,147
50-69 (2)
70-79 (2
D 40-49 (1) | 17,008 2.8 793.0 132,174 46,627 138,353
50-69 (2)
70-79 (2)
H 40-49 (1) | 17,803 3.0 1,029.2 171,541 57,814 297,333
50-69 (1)
70-79 (1)
I 40-49 (2) | 14,641 2.4 568.6 94,768 38,837 Extended
50-69 (2) dominance
through J and A
B 40-49 (1) | 15,993 2.7 762.5 127,075 47,674 Extended
50-69 (2) dominance
through D and A
E 50-69 (1) 9,444 1.6 536.5 89,418 56,807 Dominated by C
F 40-49 (1) | 16,572 2.8 939.6 156,605 56,700 Dominated by
50-69 (1) D
G 50-69 (1) | 10,399 1.7 606.7 101,125 58,345 Dominated by |
70-79 (1) and J
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Table 10. Base case analysis 2 results: sequential analysis using added screening policy options including
3-year screening intervals

Scenario | Age Total Total Total Total ICER vs | Sequential ICER
eligibility | LYGs | LYGs excess (VS | excess no (costin $ CAD per
(screen per no screen) | health care | screening | LYG)
frequency 1,000 health care | cost (costin $
in years) women | cost ($ ($CAD) CAD per
million per 1,000 LYG)
CAD) women
No - - - - - -
screen
A 50-69 (2) | 9,104 15 199.0 33,170 21,860 21,860
C 50-69 (2) | 10,287 | 1.7 235.4 39,240 22,889 30,786
70-79 (2)
J 40-49 (2) | 16,421 | 2.7 441.5 73,580 26,884 33,590
50-69 (2)
70-79 (2)
D 40-49 (1) | 17,824 | 3.0 631.0 105,170 35,402 135,096
50-69 (2)
70-79 (2)
H 40-49 (1) | 18,370 | 3.1 845.0 140,830 45,998 391,868
50-69 (1)
70-79 (1)
B 40-49 (1) | 16,630 | 2.8 594.6 99,100 35,755 Extended
50-69 (2) dominance through
Dand A
I 40-49 (2) | 15,248 | 25 405.5 67,580 26,592 Extended
50-69 (2) dominance through
Jand A
G 50-69 (1) 10,810 | 1.8 446.1 74,350 41,266 Dominated by K
70-79 (1)
L 50-69 (3) | 7,466 1.2 284,6 47,435 38,122 Dominated by A
M 40-49 (3) | 6,856 1.1 330.7 55,110 48,227 Dominated by A,
C,and L
E 50-69 (1) | 9,698 1.6 373.7 62,280 38,530 Dominated by C
F 40-49 (1) | 17,218 | 2.9 770.5 128,420 44,751 Dominated by D
50-69 (1)
P 40-49 (1) | 16,829 | 2.8 781.4 130,233 46,432 Dominated by F
50-69 (2) and D
70-79 (3)
K 40-49 (3) | 11,904 | 2.0 418.4 69,740 35,151 Dominated by |
50-69 (3)
70-79 (3)
N 40-49 (3) | 13,170 | 2.2 494.4 82,407 37,543 Dominated by |
50-69 (2)
70-79 (2)
@] 40-49 (2) | 13,879 | 2.3 510.3 85,049 36,767 Dominated by | and
50-69 (3) J
70-79 (3)
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Appendix 3: Discounting

Discounting in our analyses was applied to both health benefits (life-years gained) and total costs (combined
cost of screening, diagnosis, and treatment) for each screening policy option. We estimated age-stratified
discount factors using the following equation:

e—r*L

Where r represents the discount rate, for example r=0.05 when using a 5% discount rate.
And L represents the midpoint age for any given age range (category).

The age ranges (categories) in POHEM-BCS include:
[min,30[
[30,35]
[35,40[
[40,45]
[45,50[
[50,55]
[55,60[
[60,65]
[65,70]
[70,75]
[75,80[
[80,85]
[85,max]
All

Discounted values of age-stratified health benefits (life-years gained) compared to no screening, used the
following simple equation:

LYG; xe—1=%*L
Where i represents the age category. Total discounted life-years gained were calculated by summing all the

discounted age-stratified health benefits.

Discounted values of age-stratified total excess costs compared to no screening, used the following simple
equation:
T*L

Cost; xe”

Where i represents the age category. Total discounted costs were calculated by summing all the discounted age-
stratified excess costs.
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