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Researcnh

Optimising the expansion of the National
Bowel Cancer Screening Program

ith more than 14 000 new-
ly diagnosed cases and
about 4000 deaths each
year, bowel cancer, or colorectal can-
cer, is the second most commonly
reported cancer and the second most
common cause of cancer-related
death in Australia.! Estimates show
that one in 12 Australians are likely
to develop bowel cancer before the
age of 85 years,? making Australia
highly ranked in bowel cancer inci-
dence by international comparisons.3
Screening for bowel cancer is an
attractive and viable option based on
the World Health Organization’s cri-
teria for a cancer screening program.+
Screening using the faecal occult
blood test (FOBT) is well established
as an effective way to reduce inci-
dence and mortality of bowel cancer
in the general population.5# In 1999,
the Australian National Health and
Medical Research Council NHMRC)
recommended biennial screening
with the FOBT for those aged over
50 years.? The National Bowel Cancer
Screening Program (NBCSP), using
the immunochemical FOBT (iFOBT),
commenced in 2006 but was limited
in scope, only offering screening to
specific age cohorts (ages 55 and 65
years from 2006 and age 50 years
from 2008).10
In the 2012-13 Budget, the
Australian Government announced
an ongoing commitment to the
NBCSP and additional funding to
expand the eligibility criteria.!’ The
funding was used to add 60-year-
olds in 2013 and will enable 70-year-
olds to be included from 2015. The
announcement also indicated the
government’s intention to further
expand the NBCSP to meet NHMRC
guidelines, stating that biennial
screening would be progressively
phased in and achieved by 2034.1" In
August 2013, the then shadow health
minister, quoting the preliminary
findings of this research, announced
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Objectives: To estimate the impact of various expansion scenarios of the
National Bowel Cancer Screening Program (NBCSP) on the number of bowel
cancer deaths prevented; and to investigate the impact of the expansion

scenarios on colonoscopy demand.

Design: MISCAN-Colon, a well established, validated computer simulation
model for bowel cancer screening, was adjusted to reflect the Australian
situation. In July 2013, we simulated the effects of screening over a 50-year
period, starting in 2006. The model parameters included rates of participation in
screening and follow-up, rates of identification of cancerous and precancerous
lesions, bowel cancer incidence, mortality and the outcomes of the NBCSP.

Five implementation scenarios, based on biennial screening using an
immunochemical faecal occult blood test, were developed and modelled. A
sensitivity analysis that increased screening participation to 60% was also

conducted.

Participants: Australian residents aged 50 to 74 years.

Main outcome measures: Comparison of the impact of five implementation
scenarios on the number of bowel cancer deaths prevented and demand for

colonoscopy.

Results: MISCAN-Colon calculated that in its current state, the NBCSP should
prevent 35169 bowel cancer deaths in the coming 40 years. Accelerating the
expansion of the program to achieve biennial screening by 2020 would prevent
more than 70 000 deaths. If complete implementation of biennial screening
results in a corresponding increase in participation to 60%, the number of deaths
prevented will increase across all scenarios.

Conclusions: The findings strongly support the need for rapid implementation
of the NBCSP. Compared with the current situation, achieving biennial screening
by 2020 could result in 100% more bowel cancer deaths (about 35000) being

prevented in the coming 40 years.

that under a Coalition government,
biennial screening for 50-74-year-
olds would be achieved by 2020. The
Coalition won the federal election in
September 2013 and was expected to
act on this commitment. In the 2014—
15 Budget, the federal government
made an announcement committing
to the full implementation of biennial
screening for the NBCSP by 2020.
We used microsimulation model-
ling to estimate the impact and out-
come of various expansion scenarios
in order to establish the best possible
implementation of the NBCSP.

MISCAN-Colon model

The MISCAN (microsimulation
screening analysis)-Colon model

and the data sources that inform
the quantification of the model are
described in Appendix 1 (all appen-
dices online at mja.com.au). In brief,
the model simulates a large popu-
lation of individuals from birth to
death, first without and then with
screening for bowel cancer. The
simulation of life history modelled
several factors, including adenoma
prevalence, size and multiplicity;
progression of adenoma to cancer;
stage at diagnosis; and life expec-
tancy after diagnosis.

The model simulated the
Australian population age dis-
tribution as at June 2011!2 and life
expectancy observed in 2009.13 The
model was calibrated to match age-
specific incidence of bowel cancer
as observed in Australia before the
introduction of the NBCSP in 2006.10



1 Modelled implementation scenarios showing the age cohorts added to the
National Bowel Cancer Screening Program in each year

Implementation scenario

Year Current Slow Annual Multiple S5-year
2006 55, 65 55, 65 55, 65 55, 65 55, 65
2008 50 50 50 50 50
2013 60 60 60 60 60
2015 70 70 70 70 70,72,74
2016 64, 68*
2017 72,74 72,74 72,74 54, 58t
2018 68 64, 68* 62,66
2019 68 64* 62,58, 541 52, 56+
2020 62,58 52,66

2021 68* 66 56#

2022 54t

2023 66 52

2024 56+

2025 64

2027 62

2029 58t

2031 56

2033 54

2035 524

*Final year of screening for 65-year-olds. t Final year of screening for 55-year-olds. t Biennial

screening achieved.

Stage distribution, localisation of
cancers in the bowel and 5-year rela-
tive survival after clinical diagnosis
of a cancer were based on Australian
literature.1415

The validity of the MISCAN-
Colon model has been successfully
tested on the results of several large
screening and surveillance stud-
ies.5716-18 The model has also been
shown to explain observed inci-
dence and mortality trends in the
United States, accounting for risk
factor trends, screening practice and
chemotherapy.!

Modelling parameters

Scenarios

Screening in the Australian popu-
lation was simulated over 50 years
starting in 2006 (the year the NBCSP
commenced), using five scenarios
(Box 1). The “Current” scenario
modelled the existing screening
program, including the addition
of 70-year-olds in 2015. The base

*

scenario (“Slow”) was based on a
proposed implementation plan set
out in the 2012-13 Budget.!! In this
scenario, one age cohort was added
every 2 years, starting with 70-year-
olds in 2015. Subsequent age cohorts,
from oldest to youngest, were added
every other year. Full implementa-
tion was achieved by 2035.

The other scenarios were accelera-
tions of Slow, adding one age cohort
(“Annual” scenario) or two age co-
horts (“Multiple” scenario) every
year. In the fifth scenario (“5-year”),
implementation was completed
within 5 years, commencing in 2015.
Full implementation of all scenarios
was defined as being achieved when
all those aged 50 to 74 years were
invited to screen on a biennial basis.
Additional details about the criteria
used can be found in Appendix 2.

Follow-up and surveillance

For all scenarios, it was assumed
that after a positive iFOBT result, a
diagnostic colonoscopy was offered.

If no adenomas were found during
the colonoscopy, the individual was
invited to rescreen with an iFOBT
after 5 years.2? Adenomas identified
at colonoscopy were removed and
the individual entered surveillance
according to the NHMRC-approved
guidelines.?! It was assumed that sur-
veillance stopped at 75 years of age.

Test characteristics

The test characteristics were ad-
justed to simulate iFOBT positivity
and cancer detection rates observed
in the Queensland Bowel Cancer
Screening Program between August
2006 and December 2010.2223 This
dataset was chosen because of the
unique and comprehensive nature
of data collected by the Queensland
program. Sensitivity and specific-
ity were chosen so that simulated
iFOBT positivity rates and positive
predictive values for cancer matched
the observed rates to within 0.1%.
The sensitivity of the iFOBT for
cancer was split to account for the
variance in test sensitivity at differ-
ent time points before clinical dia-
gnosis (shortly before and longer
before). Additional assumptions of
the MISCAN-Colon model can be
found in Box 2.

Participation

In each of the modelled implemen-
tation scenarios, those eligible were
invited to participate in screening.
For all scenarios, age-specific par-
ticipation rates for uptake of iFOBT
screening for the first time and di-
agnostic colonoscopy following a
positive iFOBT result were simulated
based on participation rates for July
2008 to June 2011, as reported in the
NBCSP monitoring report: phase 210
(Appendix 3). Participation rates for
ages between those reported were
linearly extrapolated. As rescreen-
ing within the NBCSP did not com-
mence until mid 2013, there are no
data available on adherence with
rescreening in the Australian set-
ting. Therefore, we used data from
the United Kingdom on follow-up
screening rounds, which suggested
that 80% of those who participated in
the previous screening round would
do so again,? and 15% of non-partici-
pants would take up the next offer to
screen. Similarly, attendance at sur-
veillance colonoscopy was assumed
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to be 80%, based on data from US
clinical practice.?

Outcomes

For each scenario, the model esti-
mated the number of bowel cancer
deaths prevented and colonoscopies
required from 2006 to 2055. We then
compared these results with the
Current and Slow scenarios. The
number of colonoscopies required
each year per scenario includes
colonoscopies that were a result of
both a positive iFOBT result and
surveillance colonoscopy. Overall
estimates, as well as estimates by
calendar year and birth cohort, were
calculated. Due to space limitations,
we will only present here the results
of three scenarios — Current, Slow
and 5-year. The results for the other
scenarios are available in Appendix 4.

Sensitivity analyses

As there is no target participation
rate for the NBCSP, we used the sen-
sitivity analysis to explore the effect
of a potential increase in screen-
ing participation rates to 60% once
full implementation was achieved.
This participation rate was chosen
because, on balance, it appears to be
achievable; both BreastScreen and the
National Cervical Screening Program
have previously achieved similar
rates of participation,! and bowel
cancer screening has the potential to
achieve higher rates of participation
as the iFOBT is a convenient test that
can be easily performed in private.

Bowel cancer deaths prevented
Without expansion, the current
NBCSP would prevent 35169 bowel
cancer deaths between 2015 and
2055. Completing implementation
by 2035, as per the Slow scenario,
would prevent 25702 extra deaths
between 2015 (the first year the scen-
arios diverge) and 2055 (Box 3; see
Appendix 4 for results of all scen-
arios). Accelerating the implementa-
tion, as per the 5-year scenario, with
full implementation by 2020, would
prevent up to 9167 additional bowel
cancer deaths (34869 more deaths
prevented compared with Current),
clearly demonstrating that speed of
implementation affects the number
of deaths prevented.
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2 MISCAN-Colon model assumptions

Sensitivity and specificity of IFOBT*

Specificity (per person) 95.0%
Sensitivity, diminutive adenomas (1-5mm) 0

Sensitivity, small adenomas (6—9 mm) 9.0%
Sensitivity, large adenomas (=10 mm) 32.0%
Sensitivity, cancer long before clinical diagnosis 36.5%
Sensitivity, cancer shortly before clinical diagnosis 72.8%

Simulated positivity ratest and positive predictive valuest of iIFOBT (observed values)

Overall iIFOBT positivity ratet

Positive results without histopathologically confirmed adenomas

or cancert

Positive results with adenomast

77% (7.7%)
47.4% (47.7%)

48.2% (48.0%)

Positive results with advanced adenomas# 25.6% (26.0%)

Positive results with confirmed cancer* 4.4% (4.3%)
Sensitivity of colonoscopy

Diminutive adenoma, 1-5mm 75.0%

Small adenoma, 6—9mm 85.0%

Large adenoma, =10 mm 95.0%

Preclinical cancer 95.0%
Uptake of rescreening

Previously attended 80.0%

Did not attend previously 15.0%
Participation rates for follow-up colonoscopy and surveillance

Colonoscopy follow-up after positive iFOBT result 74.0%

Surveillance 80.0%

iFOBT =immunochemical faecal occult blood test. MISCAN = microsimulation screening analysis.
*Sensitivity in the table constitutes the probability of an individual lesion to bleed and be detected.
The overall probability of a positive iFOBT result in a person depends on the person’s number and
type of lesions and probability of bleeding from other causes than adenomas and cancer. This
latter probability is equal to the lack of specificity. T Simulated positivity rate is the percentage of
iFOBT results that were positive (ie, blood was detected in the sample).  Positive predictive value
is the percentage of positive iIFOBT results that have a clinically significant finding (eg, adenoma,

advanced adenoma or cancer).

The annual distribution of deaths
prevented when compared with Slow
showed that the difference in bowel
cancer deaths between the scenarios
reached its peak between 2026 and
2031, with almost 400 more deaths
prevented in 2026 in the 5-year scen-
ario (Box 4). Although all scenarios
simulate biennial screening (age
50-74 years) from 2035 onwards, the
number of deaths prevented differs
between scenarios until after 2055,
with the 5-year scenario preventing
the most deaths each year.

To ensure that no birth cohort was
disadvantaged by the different scen-
arios, we conducted a comparison of
deaths prevented by year of birth. In
all cases, additional deaths were pre-
vented in each birth cohort compared
with the Current scenario. This was
most notable in the 5-year scenario.

*

Colonoscopy requirement

The scenarios with a faster im-
plementation also required more
colonoscopies (Appendix 4). To pre-
vent the additional 25702 deaths
between the Current and Slow
scenarios, 1943395 additional colo-
noscopies (85%) would be required.
However, only a further 701117
colonoscopies (17% more than Slow)
would be needed to prevent the ad-
ditional 9167 deaths in the 5-year
scenario. The overall number of
colonoscopies required per death
prevented is 65 in the Current scen-
ario, 69 in the Slow scenario and 70
in the 5-year scenario, representing
a good balance between burden and
benefit.

Colonoscopy requirement over
time (2015-2055) showed a dis-
tinct pattern related to the speed



3 Summary of projected major outcomes by modelled implementation scenario, 2015-2055

Implementation scenario

Research

Outcome Current Slow 5-year
Total number of deaths prevented 35169 60871 70038
Mean number of deaths prevented per year 879 1522 1750
Total number of colonoscopies per scenario 2275054 4218449 4919566
Number of colonoscopies per death prevented 65 69 70
Additional deaths prevented compared with Current — 25702 34869
Mean additional deaths prevented per year compared with Current — 643 872
Additional colonoscopies compared with Current (% increase) — 1943395 (85%) 2644512 (116%)
Additional deaths prevented compared with Slow — — 9167
Mean additional deaths prevented per year compared with Slow — — 229
Additional colonoscopies compared with Slow (% increase) — — 701117 (17%)

of implementation — the faster the
implementation, the greater the in-
crease in requirement. The greatest
increase in colonoscopy requirement
occurred during the implementation
of each scenario. From 2014 to 2015,
the absolute increase in colonoscopy
requirement was largest, ranging
from 6887 for the Current scenario
to 16 739 for the 5-year scenario. Over
time, the absolute increase in colon-
oscopy requirement reduced for all
scenarios, and at many time points,
requirement was less than the previ-
ous year. There was a noticeable dip
in the Slow scenario in 2022 and 2030,
when the 55- and 65-year-old cohorts
were removed from the screening
program.

Sensitivity analyses

Once full biennial screening was
achieved and participation in-
creased to 60%, a substantial in-
crease in deaths prevented was seen
in all scenarios. This was most not-
able for the 5-year scenario, where
over 54000 additional deaths were
prevented between 2015 and 2055
compared with Current (Box 5). The
number of required colonoscopies
also increased for all scenarios; the
most notable increase was in the
5-year scenario, where about 4.35
million additional colonoscopies
were required over the 40-year mod-
elled period. Results for all scenarios
can be found in Appendix 4.

deaths prevented. Based on current
participation rates in the NBCSP, the
Slow scenario prevents more than
25000 additional bowel cancer deaths
compared with the Current scenario.
Accelerating the implementation, as
per the 5-year scenario, increases
this number by about 40% to 34869,
with close to 100% more bowel cancer
deaths prevented than in the Current
scenario. This equates to a mean of
872 deaths prevented per year over 40
years (2015-2055), 229 per year more
than in the Slow scenario.

The sensitivity analysis highlight-
ed that if, once fully implemented,
participation reached 60%, there is
potential to prevent an additional
20000 deaths in the 5-year scenario
compared with Slow, equating to
about 500 additional deaths prevent-
ed per year over the 40-year period.

4 Deaths prevented over time by selected screening
scenarios compared with Slow, 2015-2055

2500 ~

[ 5-year
[ slow
[ Current

2000

1500

1000

Number of deaths prevented

500

It is unsurprising that a faster im-
plementation will result in greater
numbers of deaths prevented. A
strength of our research is that it
quantified the impact of different
implementation scenarios to estab-
lish their effect on deaths prevented.
These results are conservative esti-
mates, as they are based on current
rates of participation in the NBCSP
which, while varying across age co-
horts, remain collectively low. While
acceptability of the iFOBT has been
reported to be as high as 83%,2¢ low
participation may, in part, be due
to the lack of communication about
the program and the difficulty in
communicating a clear message
about participation when eligibility
is limited.?” The assumed 60% par-
ticipation in the sensitivity analysis
appears optimistic compared with
the current rates of participation in

5 Total deaths prevented by screening
scenario at 40% and 60%

participation, 2015-2055

100000

[ Slow

] 5-year

[ current

Our research clearly shows that the
choice of implementation scenario
for the NBCSP affects the number of
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bowel cancer screening, but it is
not an unrealistic target participa-
tion rate.?8 The convenience of the
iFOBT coupled with the reported
high levels of acceptability suggest
that the iFOBT has the potential to
reach more people, including those
in regional and remote Australia.
Given the current low participation
rates, a well planned, comprehen-
sive and long-term social marketing
campaign with support strategies in-
cluding community and health pro-
fessional education will be required
for the screening program to achieve
an optimal level of participation —
the importance of which cannot be
underestimated.

Colonoscopy requirement also
increased with all expansion scen-
arios (Appendix 4). The calcula-
tions underpinning the modelled
colonoscopy utilisation rely on na-
tional guidelines for screening and
colonoscopy utilisation.’?! However,
as these assumptions do not neces-
sarily reflect current practice, it was
important to compare the increase in
requirement resulting from a fully
implemented screening program
with current utilisation. Data from
the Department of Human Services
and Medicare Australia show that
current reported colonoscopy uti-
lisation (which is recognised as
an underestimate of colonoscopy
utilisation2%39) is markedly higher
than the modelled required utili-
sation, even for a program that is
fully implemented within 5 years
and achieves a participation rate of
60%.2° The NBCSP Quality Working
Group reported that some colono-
scopy utilisation in Australia is due
to its overuse as a primary screen-
ing and surveillance tool.3° While
this may have some impact on the
mortality gains of the program, yield
has been shown to be limited.3! A
well functioning program should
encourage better compliance with
NHMRC guidelines for screen-
ing and colonoscopic surveillance
and, coupled with other appropri-
ate strategies, should free up ca-
pacity for an increased number of
NBCSP-related procedures, a notion
supported by the NBCSP Quality
Working Group.3 Recommendations
for workforce, service capacity and
program quality assurance were
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beyond the scope of this project but
were investigated by the NBCSP
Quality Working Group, and sev-
eral of these recommendations have
been or are in the process of being
implemented.3?

Our research considered the num-
ber of deaths prevented by bowel
cancer screening and did not take
into account disability- or quality-
adjusted life-years gained. It is not
expected that this would greatly in-
fluence the results with respect to the
speed of implementation.

While we did not investigate the
cost-effectiveness of an expedited
implementation, there is a strong
body of evidence to show that bowel
cancer screening is highly cost-effec-
tive, and in light of the increasing
treatment costs, there is some sug-
gestion that screening might even
be cost-saving.143233 This indicates
that a faster rollout may actually be
desirable from a cost-effectiveness
perspective.

Implementing the NBCSP within
a 5-year time frame from 2015 is
not unrealistic, as both the national
breast and cervical cancer screen-
ing programs became fully opera-
tional within 5 years.3* Moreover,
while there is a substantial increase
in colonoscopy requirement, within
the context of current utilisation, the
demand for colonoscopy due to over-
use as a primary screening tool will
likely decrease.

Our analysis focused on the im-
pact of accelerating the implemen-
tation of the NBCSP, comparing the
Current situation with the Slow sce-
nario with full implementation by
2035, and with the 5-year scenario
with full implementation by 2020.
The findings strongly support an
expedited implementation of the
NBCSP, using the 5-year scenario as
the benchmark, to maximise preven-
tion of loss of life from bowel cancer.
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