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Abstract

In the province-wide colorectal cancer (CRC) screening program in Ontario, Canada, individuals
with a family history of CRC are offered colonoscopy screening and those without are offered
guaiac fecal occult blood testing (gFOBT, Hemoccult I1). We used microsimulation modeling to
estimate the cumulative number of CRC deaths prevented and colonoscopies performed between
2008 and 2038 with this family history-based screening program, compared to a regular gFOBT
program. In both programs, we assumed screening uptake increased from 30% (participation level
in 2008 before the program was launched) to 60%. We assumed that 11% of the population had a
family history, defined as having at least one first-degree relative diagnosed with CRC. The
programs offered screening between age 50-74 years, every two years for gFOBT, and every ten
years for colonoscopy. Compared to opportunistic screening (2008 participation level kept
constant at 30%), the gFOBT program cumulatively prevented 6,700 more CRC deaths and
required 570,000 additional colonoscopies by 2038. The family history-based screening program
increased these numbers to 9,300 and 1,100,000, a 40% and 93% increase, respectively. If biennial
gFOBT was replaced with biennial fecal immunochemical test (FIT), annual Hemoccult Sensa or
five-yearly sigmoidoscopy screening, both the added benefits and colonoscopies required would
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decrease. A biennial gFOBT screening program that identifies individuals with a family history of
CRC and recommends them to undergo colonoscopy screening would prevent 40% (range in
sensitivity analyses: 20-51%) additional deaths while requiring 93% (range: 43-116%) additional
colonoscopies, compared to a regular gFOBT screening program.
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Introduction

Methods

Colorectal cancer (CRC) is the second most diagnosed malignancy in Western Countries,!
and its incidence is likely to increase because most cases are diagnosed later in life and life
expectancy is increasing in many countries. Screening for CRC and its precursor lesions,
adenomas, can prevent the disease or detect it at an earlier and more curable stage. Several
trials have proven that screening reduces CRC incidence and mortality,2 3 and that
screening is cost-effective.*

Based on recommendations from the Canadian Task Force on Preventive Health Care and
Health Canada’s National Committee on Colorectal Cancer Screening in 2008 the
ColonCancerCheck screening program was launched in Ontario, Canada.?
ColonCancerCheck is a population-based screening program, which includes individuals
aged 50-74 years old. At launch, the program relied on family physicians to identify eligible
patients in their practices and to recommend screening, and on a public awareness campaign
encouraging eligible individuals to discuss CRC screening with their family physicians.
Several components including mailed invitations (newly eligible individuals), recall letters
(previous screening participants), and annually recurring public awareness campaigns are
being planned and introduced in a phased implementation.>: 6

At the family physician visit, individuals are risk stratified based on their family history of
CRC. Individuals with a positive family history, defined as having at least one first-degree
relative with a diagnosis of CRC, are recommended to undergo ten-yearly colonoscopy
screening. Individuals without family history are offered biennial screening with the
Hemoccult 11 guaiac fecal occult blood test (QFOBT).

To our knowledge the ColonCancerCheck is the first population-based screening program
which actively identifies individuals with a family history in order to provide them with a
more sensitive test. We aimed to estimate the effects of this family history-based screening
approach on the cumulative number of CRC deaths prevented and colonoscopies performed,
compared to a screening program where only gFOBT is recommended.

The MISCAN-colon microsimulation model was used to model two program screening
scenarios in Ontario: a program in which everyone was offered gFOBT screening and a
program in which those with a family history of CRC were offered colonoscopy screening.
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The program outcomes were compared to a scenario that reflects the opportunistic screening
participation observed in Ontario in 2008, prior to the launch of the ColonCancerCheck
program (i.e. the “opportunistic screening” scenario).

MISCAN-Colon Microsimulation Model

The MISCAN-colon microsimulation model has been described in detail in Appendix 1 and
in previous publications.”9 In brief, the model simulates the life histories of individuals
from birth to death. CRC arises in the population according to the adenoma-carcinoma
sequence.19 More than one adenoma can occur in an individual and each adenoma can
independently develop into CRC. Adenomas can progress in size from small (<5 mm) to
medium (6-9 mm) to large (=10 mm), and some may eventually become malignant. A
preclinical (i.e., not detected) cancer has a chance of progressing through stages I-1V and
may be detected by symptoms at any stage. After clinical diagnosis of CRC, survival
depends on the stage at diagnosis. At any time during his/her life an individual may die of
other causes. With screening, an individual with a positive test will be referred for
diagnostic colonoscopy for possible removal of adenomas and detection of cancers. This
way CRC mortality can be reduced.

For this analysis the age-specific CRC incidence and stage distribution of the total
population (i.e. average risk and family history populations combined) were calibrated to
2001 incidence data from the Canadian Cancer Registry, which was before the introduction
of screening.1® In the runs for the analysis we assumed that the CRC stage distribution in the
absence of screening was similar between both risk groups, only the CRC incidence in each
risk group was adjusted based on their relative risk for CRC (see section “study
population”). The model used all-cause mortality estimates from the 2000-2002 Ontario life
tables.1! Because age- and stage-specific data on CRC relative survival were not available
for Canada, we assumed the same age- and stage-specific survival as observed in the
Surveillance, Epidemiology, and End-Results (SEER) database in the US, in the period
2000-2003.12 We assumed that survival did not differ between individuals with and without
family history. We did not include historical changes in risk factor prevalence or CRC
relative survival, therefore any simulated changes in CRC incidence and mortality are
attributable solely to changes in screening behavior.

Study population

Table 1 provides an overview of the main estimates and assumptions in the model. We
simulated the Ontario population aged 50 years and older. The population was followed
from 2008-2038, with new 50-year-olds entering the population each year. The age
distribution was based on the observed age distribution in Ontario in 2008.11 We modeled
two subpopulations; individuals with and without a family history, defined as having at least
one first-degree relative with a diagnosis of CRC. We assumed that 11% of the total
population had a family history!3 and that their relative risk (RR) for developing adenomas
and CRC was on average 2.24 times higher than that of the general population.1# The model
allowed for individual variability of CRC risk within each subpopulation. As the general
population includes those with and without a family history of CRC, the persons without a
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family history would have slightly lower than average risk for developing CRC. The model
adjusts risk downward modestly for these “average risk” individuals (average RR=0.85).

The screening history prior to the start of the program was based on observed screening rates
in Ontario.® It was assumed that in the average risk population individuals between 50-74
years old would be able to participate in CRC screening with biennial gFOBT, and would
only get a colonoscopy after a positive gFOBT result. After age 74 individuals would stop
screening, and new individuals turning age 50 would potentially start screening. The
screening participation was assumed to increase steadily over time. In 2003, 15% of the
50-74 year old average risk individuals had a gFOBT within the past two years, this
increased to 20% in 2005, and 30% in 2008. For the increased risk population we assumed
individuals between age 50-74 years would be able to participate in ten-yearly colonoscopy
screening. The proportion of increased risk individuals who had a colonoscopy within the
past ten years was assumed to increase over time similarly to the grFOBT participation in the
average risk population, i.e. 15% in 2003, 20% in 2005, and 30% in 2008. We assumed no
significant screening in either risk group prior to 1995.

Base case analysis

In both program scenarios we assumed that participants were screened between age 50-74,
and that the screening uptake in the average risk and increased risk populations would
increase, over approximately 10 years, from 30% (observed 2008 participation level®) to
60% (comparable to current mammography screening in Ontariol?):

1. gFOBT program: A screening program that offers biennial gFOBT screening to all
participants and does not actively identify increased risk individuals. We assumed
that 30% of the increased risk population would receive colonoscopy screening,
consistent with the colonoscopy uptake prior to the start of the program.

2. Family history-based program: screening program that identifies individuals with a
family history of CRC (i.e. because of a CRC diagnosis in at least one first degree
relative) and invites them to undergo ten-yearly colonoscopy screening. Although
colonoscopy is more invasive than gFOBT, which could negatively affect screening
uptake, for the base case analysis we assumed the increased risk individuals would
obtain similar uptake as the average risk individuals, because they were identified
as being at increased risk for CRC.18 19 As in the gFOBT program, average risk
individuals were recommended to undergo biennial gFOBT screening.

The two program screening scenarios were compared to a scenario that reflects the
opportunistic screening participation observed in Ontario in 2008, prior to the launch of the
ColonCancerCheck program (opportunistic screening scenario), that is, 30% gFOBT
screening in the average risk population and 30% colonoscopy screening in the increased
risk population.

In all scenarios, approximately 10% of the average risk gFOBT participants ever had a
positive gFOBT result and received colonoscopy screening as part of the surveillance
program (i.e. with 30% gFOBT screening participation approximately 3% of the average
risk population would be in colonoscopy surveillance). Among increased risk gFOBT
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participants (only applicable to the gFOBT program scenario) approximately 13% ever had
a positive gFOBT result and received colonoscopy screening as part of the surveillance
program.

Adenomas could be detected and removed during diagnostic colonoscopy after a positive
gFOBT or during colonoscopy screening (increased risk individuals only). Depending on the
number and size of adenomas detected, the individual would be recommended for
surveillance colonoscopy after three or five years. If no adenomas were detected the
individuals would be recommended to undergo colonoscopy after ten years.20 We assumed
that once individuals entered surveillance they would remain in surveillance for the rest of
their lives (i.e. they would not stop screening at age 74). Adherence to diagnostic
colonoscopy after a positive gFOBT, and to surveillance colonoscopy after detection and
removal of adenomas were assumed to be 71% and 80% respectively.® These rates were
assumed to be equal for average and increased risk individuals, and to remain constant over
time. Individuals who did not adhere to the recommendation to undergo diagnostic
colonoscopy, would return to screening. Individuals who did not adhere to the
recommendation for surveillance colonoscopy would receive another recommendation for
surveillance colonoscopy after three or five years (depending on the findings at the previous
colonoscopy).

Sensitivity analyses

In order to investigate the robustness of our results to model assumptions, we evaluated
several sensitivity analyses (Table 1). The following assumptions had an effect during the
screening program (2008-2038), as well as the screening history: 1) the proportion of
individuals at increased risk was varied by 30% (low value: 8%; high value: 14%); 2) the
RR of CRC in the increased risk population compared to the general population was varied
by 50% (low value: RR=1.62; high value: RR=2.86); 3) the uptake rate for both diagnostic
and surveillance colonoscopies was increased to 85% (base case value: 71% and 80%
respectively); 4) age- and stage-specific CRC relative survival in individuals with a family
history was increased by 10%; 5) 15% of the population (in the average risk as well as the
increased risk population) who did not participate in CRC screening before the program, but
who would start screening during the program, would get a colonoscopy unrelated to CRC
screening 5-10 years before the start of the screening program; 6) dependency of FOBT
results in sequential screening rounds were assumed for 74% of the large adenomas
(=10mm), because individuals with a false negative test result are likely to have a higher
than average probability to have another false negative test result at a successive screening
round.16

The following assumptions only had an effect during the screening programs (2008-2038):
7) the family history assessment was only able to identify 50% if the increased risk
individuals (those individuals with a false negative family history assessment were assumed
to receive gFOBT instead of colonoscopy screening) 8) biennial gFOBT screening was
replaced by either annual gFOBT, biennial fecal immunochemical test (FIT) at a cut-off
level of 50 or 100 ng Hb/ml, five-yearly sigmoidoscopy, or annual Hemoccult Sensa; 9) all
screening participants, including those at average risk, were screened with ten-yearly
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colonoscopy; 10) screening uptake in the average risk and increased risk populations during
the screening programs was varied independently from 30% to 100% at ten percent
increments.

The main outcomes of the analysis are the cumulative number of CRC deaths prevented and
colonoscopies performed in the population aged 50 years and older, in the program
screening scenarios between 2008 and 2038, compared to opportunistic screening. In
addition, we provide age adjusted annual CRC incidence and mortality rates as intermediate
outcomes.

All simulation runs were performed using common random seeds, and a large sample size
(600 million) in order to minimize the impact of stochastic variations on model outcomes.

In all scenarios screening participation was increasing slowly in the years before 2008,
reaching 30% uptake with ten-yearly colonoscopy in the increased risk population and 30%
uptake with biennial gFOBT in the average risk population. In the opportunistic screening
scenario screening participation was assumed to level off from 2008 onwards. As a result,
the age-adjusted CRC incidence rate in this scenario was first decreasing following 2008,
and with a lag time leveled off at 185.5 cases per 100,000 individuals per year in 2038
(Figure 1). Assuming that the gFOBT and family history-based screening programs
increased screening uptake from 30% to 60% resulted in an increase in CRC incidence in the
first years of the programs, reflecting the detection of prevalent cancers in screened
individuals. After approximately ten years the CRC incidence rate dropped below that of the
opportunistic screening scenario, resulting in 180.5 and 174.5 cases per 100,000 per year in
2038, in the gFOBT and family history-based programs respectively. In the opportunistic
screening scenario the CRC mortality rate declined from 71.0 to 66.7 deaths per 100,000
individuals per year in 2038. With the gFOBT and family history-based screening programs
the mortality rate declined to 60.3 and 57.9 deaths per 100,000 per year, in 2038 (Figure 2).

The cumulative number of CRC deaths prevented reached 6,700 by 2038 in the gFOBT
program, compared to opportunistic screening (Figure 3). The family history-based program
resulted in 9,300 deaths prevented by 2038, a 40% increase compared to the gFOBT
program. In order to achieve this effect the cumulative number of colonoscopies performed
compared to opportunistic screening increased by 93% from 570,000 in the gFOBT
program, to 1,100,000 in the family history-based program (Figure 4).

Sensitivity Analyses

The results were robust to varying model assumptions. In most sensitivity analyses the
family history-based program provided 20-51% more deaths prevented than the gFOBT
program, compared to opportunistic screening, while requiring 43-116% more
colonoscopies (Table 2). However, the results were sensitive to gFOBT screening interval
and main screening modality. Annual gFOBT screening or replacing Hemoccult I by FIT,
Hemoccult Sensa, or sigmoidoscopy reduced both the additional benefit and colonoscopies
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required of family history-based compared to non-family history-based screening: 3-16%
additional deaths prevented (base case: 40%) and 11-55% additional colonoscopies required
(base case: 93%).

In the base case analysis, we assumed 60% screening uptake with colonoscopy in
individuals with a family history (the same uptake rate as gFOBT screening in average risk
individuals). If colonoscopy uptake in the family history-based program was 40% or less,
this program became less effective than the gFOBT program (6,400 versus 6,700 deaths
prevented compared to opportunistic screening, Appendix 2).

Discussion

Our results suggest that a family-history based CRC screening approach where individuals
at increased risk are offered colonoscopy screening, could prevent approximately 40%
(range: 20-51%) more deaths within 30 years, than a program that only recommends
biennial gFOBT (Hemoccult I1) screening. In order to achieve this effect, 93% (range:
43-116%) more colonoscopies would be required. In a screening program that performs
gFOBT annually, or uses FIT, Hemoccult Sensa, or sigmoidoscopy instead of Hemoccullt 11,
a family history-based screening approach would still be more effective but the added
benefits and added colonoscopy demand are reduced.

In the opportunistic screening scenario there is a lag time between the leveling off of the
screening uptake rate and the leveling off of the CRC incidence and mortality. This lag time
results from the increasing trend in screening participation before 2008 and the time it takes
for the removal of adenomas and early detection of CRC to have an effect on CRC incidence
and mortality.

The benefits of the CRC screening programs are directly related to the additional number of
colonoscopies performed. Implementing a family history-based screening program, and
similarly, reducing the gFOBT screening interval or replacing gFOBT by FIT or
sigmoidoscopy will increase the number of colonoscopies required. In many health care
systems colonoscopy capacity is limited and in order to prevent unacceptably long waiting
lists, the introduction of a large scale screening program requires careful planning up front
and a phased rollout in the target population.

Although this study focused on the added benefits of family history-based screening,
compared to a regular gFOBT program, one could argue that increasing gFOBT uptake in
the general population has a larger potential for health benefits than providing a more
sensitive test in the family history population (which is only about 11% of the general
population). Based on the data from Appendix 2 we estimated that compared to 60%
screening uptake in the gFOBT program (6,700 additional deaths prevented compared to
opportunistic screening), providing colonoscopy to increased risk individuals (also with 60%
uptake) was approximately as effective as increasing the gFOBT screening participation in
the general population to 70% (9,300 versus 8,900 additional deaths prevented respectively).

To our knowledge only one published study had estimated the added benefits of family
history-based screening within a population-based screening program.?! Ramsey et al.

Int J Cancer. Author manuscript; available in PMC 2016 September 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goede et al.

Page 8

modeled several scenarios where individuals with a family history were screened with
colonoscopy from younger ages and/or with shorter screening intervals than the average risk
population. The study estimated fewer additional CRC deaths prevented with family history
screening than our current analysis. The difference is mainly explained by the screening test
used; in the study of Ramsey et al. all individuals in usual care (including average risk) were
screened with colonoscopy between age 50 and 80 years. Colonoscopy is a more sensitive
test than gFOBT, leaving less room for additional health benefits from family history
screening. Furthermore, Ramsey et al. used a narrower definition of a positive family
history; one first degree relative diagnosed with CRC before age 60 or two or more affected
first degree relatives of any age. Using this definition, only two percent of the population
had a positive family history, compared to 11% in our analysis.

We have focused on family history, because this was the strategy used in the province-wide
screening program in Ontario. However, several other risk factors, in addition to family
history, are also associated with an increased risk for CRC.22 Researchers have proposed
risk prediction models to help customize screening recommendations.23-28 Although most of
these models look promising, none has been implemented in population-based screening.
Inclusion of one or more risk factors into a risk stratified screening program, or considering
different levels of risk within the family history population (e.g. individuals with more than
one first degree relative with CRC), might provide greater health benefits compared to the
findings in our analysis. However, such strategy would make the program more complicated
and if more individuals will be identified as being at increased risk the colonoscopy demand
will also increase.

Several limitations need to be acknowledged. First, there are no randomized controlled trial
data available yet for the effect of colonoscopy screening on CRC incidence and mortality,
but there is data available for sigmoidoscopy 2° We assumed that the effectiveness of
sigmoidoscopy in the distal colon and rectum could be extrapolated to the proximal colon
when using colonoscopy. However, it has been suggested that colonoscopy effectiveness
might be lower in the proximal colon, because proximal lesions are more often flat and
might have a higher probability to progress into CRC.30 This would mean we might have
overestimated the mortality reduction from screening increased risk individuals with
colonoscopy instead of gFOBT.

Second, we assumed that the increased risk in individuals with a family history is solely the
result of an increased adenoma incidence. In reality, reduced adenoma dwell time and/or a
greater proportion of adenomas that progress to cancer may also play a role. If this were the
case, the added benefits of colonoscopy screening in increased risk individuals might be
reduced.

Third, we only modeled CRC screening between age 50-74. However, for people at
increased risk of colorectal cancer due to a family history, the ColonCancerCheck program
recommends screening with colonoscopy beginning at age 50 or 10 years earlier than the
age at which their relative was diagnosed, whichever occurs first.> Since we did not take into
account the effects of the family-history based program in individuals who will participate in
screening before age 50, we have underestimated both the number of colonoscopies

Int J Cancer. Author manuscript; available in PMC 2016 September 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goede et al.

Page 9

performed and number of deaths prevented of the family history-based program compared to
the gFOBT program.

Fourth, we assumed that the family physician was able to identify all individuals with a
family history of CRC in clinical assessment. Using this approach we are able to
demonstrate the potential added health benefits of a stratified screening approach. However,
family history assessments by the physician do not identify all individuals at increased risk
in the general population.3! If the family history assessment would only manage to identify
50% of the individuals at increased risk, both the number of CRC deaths prevented and
number of colonoscopies performed would decreased by a similar proportion (see sensitivity
analyses). In addition, most population-based screening programs will identify individuals at
increased risk at least to some degree. For instance, on the patient information website about
the national FIT screening program in The Netherlands it is recommended to seek medical
advice if there is a family history of cancer.32 This might reduce the added effects of family
history-based screening within gFOBT programs.

Finally, we did not include costs in our analysis. Screening with both gFOBT and
colonoscopy have been demonstrated to be very cost-effective in the general population.
Unless the process of family history assessment is very costly, we anticipate that
colonoscopy screening of individuals with a family history would be cost-effective.
However, for healthcare systems considering implementing a screening program a cost-
effectiveness analysis would still be necessary before family history risk assessment would
be incorporated. In addition, even if a family history-based screening program is cost-
effective it would require a considerable upfront financial investment which may become a
barrier given the currently available health care budget.

In Ontario the family history assessment is performed during one consultation with the
family physician (approximately 10 minutes) and the reimbursement rate for a consultation
is approximately 32 Canadian dollars.33 There is currently no data available about the
acceptance rate to colonoscopy screening after an individual has been identified to have an
increased risk for CRC.

In conclusion, a biennial gFOBT screening program that identifies individuals with a family
history of CRC (approximately 11% of the general population) and recommends them to
undergo colonoscopy screening would prevent 40% (range: 20-51%) additional deaths while
requiring 93% (range: 43-116%) additional colonoscopies, compared to a regular gFOBT
program. In order to increase the health benefits of a gFOBT screening program, a strategy
incorporating family history risk assessment comparable to the Ontario province-wide CRC
screening program should be considered.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What's new?

The Canadian ColonCancerCheck screening program offers individuals with and without
family history of CRC ten-yearly colonoscopy and biennial gFOBT screening,
respectively. Using microsimulation modeling we quantified the additional CRC deaths
prevented and colonoscopies performed in this program, compared to a gFOBT-only
program. The family history-based program prevented substantially more deaths than the
gFOBT program, with an acceptable increase in colonoscopy demand, and therefore
seems a good strategy to increase the effectiveness of gFOBT screening programs.
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Figure 1.

Age adjusted* CRC incidence rate per 100,000 individuals aged 50 years and older, after
implementing screening programs with and without family history-based screening in
Ontario.

CRC: colorectal cancer; gFOBT: guaiac fecal occult blood test; FH: family history.

*The data are age adjusted to the 1991 Canadian Standard Population aged 50 years and
older.

In the model we did not take into account historical changes in risk factor prevalence or
CRC relative survival, therefore any simulated changes in CRC incidence and mortality are
attributable solely to changes in screening behavior. The no screening scenario provides an
estimate of background CRC risk in the absence of screening.

tNumbers behind the curves indicate the CRC incidence reduction of the screening
scenarios compared the no screening in the year 2038.
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Figure 2.

Age adjusted* CRC mortality rate per 100,000 individuals aged 50 years and older, after
implementing screening programs with and without family history-based screening in
Ontario.

CRC: colorectal cancer; gFOBT: guaiac fecal occult blood test; FH: family history.

*The data are age adjusted to the 1991 Canadian Standard Population aged 50 years and
older.

In the model we did not take into account historical changes in risk factor prevalence or
CRC relative survival, therefore any simulated changes in CRC incidence and mortality are
attributable solely to changes in screening behavior. The no screening scenario provides an
estimate of background CRC risk in the absence of screening.

tNumbers behind the curves indicate the CRC mortality reduction of the screening scenarios
compared the no screening in the year 2038.
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Figure 3.

Cumulative number of CRC deaths prevented in the population aged 50 years and older,
after implementing screening programs with and without family history-based screening in
Ontario, compared to opportunistic screening.

CRC: colorectal cancer; gFOBT: guaiac fecal occult blood test; FH: family history.
*Added effect the family history-based program, compared to the gFOBT program: 2,700
additional CRC deaths were prevented by 2038.
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Figure 4.
Cumulative number of colonoscopies performed in the population aged 50 years and older,

after implementing screening programs with and without family history-based screening in
Ontario, compared to opportunistic screening.

CRC: colorectal cancer; gFOBT: guaiac fecal occult blood test; FH: family history.

*Added effect the family history-based program, compared to the gFOBT program: 530,000
additional colonoscopies were performed by 2038.
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