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ABSTRACT

Background: Published decision analyses show that screen-
ing for colorectal cancer is cost-effective. However,
because of the number of tests available, the optimal
screening strategy in Canada is unknown. We estimated
the incremental cost-effectiveness of 10 strategies for colo-
rectal cancer screening, as well as no screening, incorpor-
ating quality of life, noncompliance and data on the costs
and benefits of chemotherapy.

Methods: We used a probabilistic Markov model to esti-
mate the costs and quality-adjusted life expectancy of 50-
year-old average-risk Canadians without screening and
with screening by each test. We populated the model with
data from the published literature. We calculated costs
from the perspective of a third-party payer, with inflation
to 2007 Canadian dollars.

Results: Of the 10 strategies considered, we focused on
three tests currently being used for population screening
in some Canadian provinces: low-sensitivity guaiac fecal
occult blood test, performed annually; fecal immuno-
chemical test, performed annually; and colonoscopy,
performed every 10 years. These strategies reduced the
incidence of colorectal cancer by 44%, 65% and 81%,
and mortality by 55%, 74% and 83%, respectively, com-
pared with no screening. These strategies generated
incremental cost-effectiveness ratios of $9159, $611 and
$6133 per quality-adjusted life year, respectively. The
findings were robust to probabilistic sensitivity analysis.
Colonoscopy every 10 years yielded the greatest net
health benefit.

Interpretation: Screening for colorectal cancer is cost-
effective over conventional levels of willingness to pay.
Annual high-sensitivity fecal occult blood testing, such as a
fecal immunochemical test, or colonoscopy every 10 years
offer the best value for the money in Canada.

olorectal cancer is the fourth most common cancer
diagnosed in North America and the second leading
cause of cancer death.*? An effective population-
based screening program is likely to decrease mortality
associated with colorectal cancer®*® through earlier detec-
tion and to decrease incidence by allowing removal of pre-
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cursor colorectal adenomas.”® Professional societies and
government-sponsored committees have released guide-
lines for screening of average-risk individuals for colorectal
cancer by means of several testing options.®*? These tests
vary in sensitivity, specificity, risk, costs and availability.
With no published studies designed to directly compare
screening strategies, decision analysis is a useful technique
for examining the relative cost-effectiveness of these strat-
egies.®*? Previous studies have shown that screening for
colorectal cancer is cost-effective at conventional levels of
willingness to pay, but no single strategy has emerged as
clinically superior or economically dominant.? The inter-
pretations of economic evaluations in this area have been
limited because investigators have not simultaneously
accounted for the positive effects of screening on quality of
life, the effect of noncompliance with screening schedules,
and the greater efficacy and cost of more modern chemo-
therapy regimens for colorectal cancer. Furthermore, no
study has included all of the strategies recommended in the
2008 guidelines of the US Multi-Society Task Force on
Colorectal Cancer.*

Our objective was to estimate the incremental cost-
effectiveness of 10 strategies for colorectal cancer screen-
ing, as well as the absence of a screening program. The cur-
rent study is more complete than earlier studies because we
included information on quality of life, noncompliance with
screening and the efficacy observed in recent randomized
trials of colorectal cancer treatments. The complete model
is available in Appendix 1 (available at www.cmaj.ca/cgi
/content/full/cmaj.090845/DC1). This article focuses on the
comparison of no screening and three screening strategies:*
low-sensitivity guaiac fecal occult blood test,? performed
annually; fecal immunochemical test,® performed annually;
and colonoscopy, performed every 10 years. These three
tests are currently being used or considered for population-
based screening of average-risk individuals in some Can-
adian provinces.
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) Methods
Table 1: Strategies to screen for colorectal cancer
Screening test Interval, yr Model de5|gn .
We developed a Markov model using TreeAge DATA Pro
None NA (TreeAge Software Inc., Williamstown, Mass.) to estimate

the cost-effectiveness of 10 strategies for screening, as well
as no screening, in 50-year-old individuals at average risk
for colorectal cancer (Table 1). Screening and surveillance
continued until 75 years of age, and the analysis continued
through the lifetime of the cohort. The length of the model
cycle (or, equivalently, the duration over which an individ-
ual remained in the same health state before having the
opportunity to transition to another health state) was one
year. We calculated costs from the perspective of a third-
Low-sensitivity guaiac fecal occult blood test party payer such as a provincial ministry of health and
(annual) plus sigmoidoscopy inflated these costs to 2007 Canadian dollars. The model
output was quality-adjusted life-years. We discounted costs
and effects at 5% annually and used a half-cycle correction
Note: NA = not applicable. to account for these discounts.

We simulated the natural history of
colorectal cancer (Figure 1). We calibrated
Normal the input parameters of incidence and pro-
mucosa gression of adenoma to colorectal cancer
to generate the known age-specific preva-

lence of adenomas and colorectal cancer
A (Appendix 2, available at www.cmaj.ca
Low-risk Death /cgi/content/full/cmaj.090845/DC1). We

Low-sensitivity guaiac fecal occult blood test
Low-sensitivity guaiac fecal occult blood test
High-sensitivity guaiac fecal occult blood test
Fecal immunochemical test

Fecal DNA

Double-contrast barium enema

Computed tomography colonography
Sigmoidoscopy

Ul U1 U1 U1 W =m s s N

—_
o

Colonoscopy

i

polyp " obtained probabilities of transition be-
tween health states, utilities and costs from
the published literature by searching

A4 MEDLINE; reviewing the reference lists
Advanced || of the papers identified in the MEDLINE
adenoma search; and searching the Surveillance,

Epidemiology, and End Results database.
We searched publicly available data for

Clinical

Preclinical
regional cancer

/content/full/cmaj.090845/DC1).

localized costs and other model inputs (including

Preclinical Canadian life tables® and the Ontario
localized cancer Health Insurance Plan Schedule of Bene-
ﬁ fits and Fees*). The model design and

Clinical > Surveillance analyses are described in more detail in

ﬁ regional cancer | Appendix 1 (available at www.cmaj.ca/cgi

— Analyses

distg'r'][c"g:r']cer . We estimated the incremental cost-
effectiveness ratios for each strategy. The

numerators were the differences in costs for

each strategy relative to the preceding strat-

egy (ranked in order of effectiveness), and

Figure 1: Markov states for the natural history of colorectal cancer. Individuals the Qenomlnators_were the. dlfferences. In
transitioned to different Markov health states (straight arrows) or remained in quality-adjusted Ilfe_—ye_afs in hypOthe“_caI
their current health state (curved arrows). Transitions occurred yearly from age 50 cohorts of 100 000 individuals undergoing
years to death. The Markov model contained three precancer states, three preclini- screening. We used deterministic and prob-
cal (undiagnosed) cancer states, three diagnosed cancer states and the absorbing abilistic sensitivity ana|yses to assess uncer-
health state of death. After treatment of colorectal cancer, individuals entered a tainty associated with the input parameters.
surveillance health state with 'the opport.unlty for devglopment of further adenp- We also calculated net health benefits,
mas and cancer. The 10 screening strategies were superimposed on the natural his-
tory model.

Preclinical
distant cancer

which are presented in cost-effectiveness
acceptability curves.?#
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Results

Base-case analysis

In the base case (50-year-old individuals at average risk for
colorectal cancer participating in one of the screening strat-
egies or no screening), the mean number of life-years ranged
from 31.08 for no screening to 31.47 for colonoscopy every
10 years. After adjustment for the utility and discount on
future life-years, the mean number of discounted, quality-
adjusted life-years ranged from 15.20 for no screening to
15.32 for colonoscopy every 10 years, with the mean dis-
counted cost of screening for and treating colorectal cancer
ranging from $783 for no screening to $1529 for colonoscopy
every 10 years (Table 2). All 10 screening strategies for col-
orectal cancer increased the number of quality-adjusted life
years and were more costly than not screening (Appendix 1,
available at www.cmaj.ca/cgi
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Table 3 shows the decrease in incidence and mortality
associated with colorectal cancer in hypothetical cohorts of
100 000 average-risk persons starting each strategy at age
50 years. In the cohort not undergoing screening, colorec-
tal cancer was diagnosed in 6257 individuals during their
lifetimes, and 3814 died of this disease. In cohorts under-
going screening, the decrease in mortality rate associated
with colorectal cancer ranged from 55% for annual low-
sensitivity guaiac fecal occult blood test to 83% for
colonoscopy every 10 years, and the decrease in incidence
of colorectal cancer raned from 44% for annual low-
sensitivity guaiac fecal occult blood test to 81% for
colonoscopy every 10 years. The cost (in 2007 Canadian
dollars) to screen 100 000 individuals ranged from about
$63 million to about $76 million dollars over the lifetime
of the cohort.

[content/full/cmaj.090845/DC1).

Of the three screening tests
currently used in Canada,
colonoscopy every 10 years was
both the most effective and the
most costly strategy (Figure 2).
The cost of annual performance
of the fecal immunochemical
test was slightly more than the
cost of annual performance of
the low-sensitivity guaiac fecal
occult blood test and yielded
a higher quality-adjusted life
expectancy. The incremental
cost per quality-adjusted life-
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quaiac fecal occult g
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Colonoscopy every 10 yr
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immunochemical test

year gained for colorectal
cancer screening ranged from
$611 with annual fecal im-
munochemical testing through

15.15

15.20

15.25 15.30
Quality-adjusted life-years

15.35 15.40

$6133 for colonoscopy every 10
years to $9159 for annual low-
sensitivity guaiac fecal occult

? adjusted life expectancy.
blood testing.

Figure 2: Cost-effectiveness plane for not screening and for three strategies for colorectal cancer
screening. The graph plots the cost of the various strategies against average discounted quality-

Table 2: Results from the base-case analysis*

Mean quality- Incremental Incremental Incremental
Mean cost, adjusted life- cost, quality-adjusted  cost-effectiveness
Strategy 2007 Can$t yearst 2007 Can$ life-years ratio
No screening 783 15.20 NA NA NA
Low-sensitivity guaiac 1415 15.26 632 0.069 9159
fecal occult blood test,
performed annually
Fecal immunochemical 1437 15.30 22 0.036 611
test, performed annually
Colonoscopy, performed 1529 15.32 92 0.015 6133

every 10 years

Note: NA = not applicable.

*The base case was 50-year-old individuals at average risk for colorectal cancer participating in one of the screening strategies or no

screening.

tThe average cost incurred and quality-adjusted life years realized by each individual.
fIncremental cost effectiveness ratio = incremental cost/incremental quality-adjusted life years.
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Table 3: Cost and effectiveness of three strategies for screening for colorectal cancer over the lifetime of 100 000 individuals who
commence screening at age 50 years, relative to not screening

Quality-
adjusted Decrease in Cases of
Cost, life- years Deaths mortality cancer Decrease in

Strategy 2007 Can$ gained prevented rate, % prevented incidence, %
Low-sensitivity guaiac fecal occult blood 63 139 823 6914 2113 55 2748 44
test, performed annually
Fecal immunochemical test, performed 65 429 821 10 491 2834 74 4081 65
annually
Colonoscopy, performed every 10 years 76 094 757 12013 3157 83 5082 81
Table 4: Results of one-way sensitivity analysis
Input parameter Range Influence on model Threshold value

Test sensitivity to detect advanced adenoma

Low-sensitivity guaiac fecal occult
blood test

Fecal immunochemical test

Colonoscopy

0.1-0.4

0.27-0.61

0.88-1.00

Test sensitivity to detect colorectal cancer

Low-sensitivity guaiac fecal occult
blood test

Fecal immunochemical test
Colonoscopy
Cost of test (2007 Can$)

Low-sensitivity guaiac fecal occult
blood test

Fecal immunochemical test

Colonoscopy

Compliance with screeningt
Follow-up colonoscopy

Low-sensitivity guaiac fecal occult
blood test

Fecal immunochemical test

Colonoscopy

0.13-0.80

0.71-0.96
0.5-1.0

5-20

10-40

200-2000

0.6-0.9
0.4-0.8

0.4-0.8

0.4-0.8

Cost of cancer care in year 1 (2007 Can$)

Stage |
Stage Il
Stage IlI

Stage IV

5000-30 000

20 000-50 000

30 000-100 000

50 000-500 000

Annual fecal immunochemical test dominates*
annual low-sensitivity guaiac fecal occult blood test

Annual fecal immunochemical test dominates annual
low-sensitivity guaiac fecal occult blood test

No change

No change

No change
No change

Annual fecal immunochemical test dominates annual
low-sensitivity guaiac fecal occult blood test

Annual fecal immunochemical test dominates annual
low-sensitivity guaiac fecal occult blood test

Colonoscopy every 10 years dominates annual fecal
immunochemical test

Colonoscopy every 10 years dominates annual low-
sensitivity guaiac fecal occult blood test and annual
fecal immunochemical test

No change

Annual fecal immunochemical test dominates annual
low-sensitivity guaiac fecal occult blood test

Annual fecal immunochemical test dominates annual
low-sensitivity guaiac fecal occult blood test

No change

Annual fecal immunochemical test dominates annual
low-sensitivity guaiac fecal occult blood test

Annual fecal immunochemical test dominates annual
low-sensitivity guaiac fecal occult blood test

Annual fecal immunochemical test dominates annual
low-sensitivity guaiac fecal occult blood test

No change

<0.17

> 0.56

NA

NA

NA
NA

> 13

<20

> 36

<360

NA
>0.77

<0.71

NA

> 26 000

> 38 000

> 50 000

NA

Note: NA = not applicable.

*A dominant strategy is more effective and less costly than a dominated strategy.
tSensitivity analysis of each screening test was determined while compliance for other strategies was held constant at 73% (base-case value derived from the

literature).
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Sensitivity analysis
The one-way and probabilistic sensitivity analyses and net
benefits analysis comparing all 10 colorectal cancer screening
strategies and no screening are available in Appendix 1
(available at www.cmaj.ca/cgi/content/full/cmaj.090845
/DC1). In the one-way sensitivity analysis, the model was
sensitive to variations in sensitivity of the test to detect
advanced adenoma, cost of the test, compliance with screen-
ing and cost of cancer care.

In general, as the sensitivity of the test to detect
advanced adenomas rose, the cost of the strategy decreased
and its effectiveness increased. For instance, if the sensitiv-
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ity for advanced adenomas was greater than 56% for the
fecal immunochemical test or less than 17% for the low-
sensitivity guiaic fecal occult blood test, then the annual
fecal immunochemical test dominated. If the cost of the
fecal immunochemical test rose beyond $36, then this strat-
egy was dominated by colonoscopy performed every 10
years. In contrast, colonoscopy costing less than $360 dom-
inated the other strategies. Under no circumstances was
colonoscopy every 10 years dominated by one of the other
strategies.
Decreased compliance with screening was associated with
a decrease in the cost and effectiveness of a strategy. Table 4
shows the one-way sensitivity analysis

Probability that strategy is
most cost-effective option

0 20 000

40 000 60 000 80 000

Willingness to pay, $

of each screening test while the compli-
ance of the other tests was held constant
at 73% (the base-case value derived
from the literature). When compliance
with the fecal immunochemical test was
less than 71% or compliance with the
low-sensitivity guaiac fecal occult
blood test was greater than 77%, the
annual fecal immunochemical test was
less costly than and dominated the
annual low-sensitivity guaiac fecal
occult blood test.

Increasing the cost of cancer care
increased the cost of each strategy.
Because of the similar costs of the fecal
tests, a relatively larger increase in the

100 000 120 000

—4— Colonoscopy every 10 yr

—l— Annual fecal
immunochemical test

—&— Annual low-sensitivity guaiac fecal
occult blood test

—{— Natural history

cost of annual low-sensitivity guaiac
fecal occult blood test led to this strat-
egy being dominated by annual fecal
immunochemical test. More informa-
tively, when the cost of treating local-

ized cancer was increased, the cost of
strategies with a higher sensitivity for

Figure 3: Cost-effectiveness acceptability curve. The gain in quality-adjusted life years
estimated with each strategy was adjusted for the cost and a hypothetical payer’s will-
ingness to pay. The probability that a strategy is cost-effective (y axis) relative to alterna-
tive strategies is shown for a range of willingness to pay, up to $100 000 per quality-

adjusted life-year gained (x axis).

detecting advanced adenoma rose less,
as a result of cancer being prevented.
This effect was not seen when the cost
of treating regional or distant colorectal
cancer was varied.

Table 5: Results from the probabilistic sensitivity analysis

Mean Incremental Incremental Incremental
Mean cost, quality-adjusted cost, quality-adjusted cost-effectiveness
Strategy 2007 Can$* life-years* 2007 Can$ life-years ratiot
No screening 797 15.22 NA NA NA
Low-sensitivity guaiac fecal 1417 15.27 620 0.057 10 877
occult blood test, performed
annually
Fecal immunochemical test, 1450 15.30 33 0.027 1222
performed annually
Colonoscopy, performed 1541 15.32 91 0.019 4789
every 10 years
Note: NA = not applicable.
*The average cost incurred and quality-adjusted life-years realized by each individual.
tIncremental cost effectiveness ratio = incremental cost/incremental quality-adjusted life-years.
CMAJ e SEPTEMBER 7, 2010 e« 182(12) 1311
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The probabilistic sensitivity analysis did not change the
ranking of strategies, and no strategy was dominant (Table
5). The difference in incremental cost-effectiveness ratios
from the base-case analysis (Table 3) was due to changes in
the effectiveness of annual low-sensitivity guaiac fecal
occult blood test, which reflected the large degree of uncer-
tainty about test performance. At a willingness-to-pay of
$50 000 per quality-adjusted life-year gained, the likelihood
of the strategies being cost-effective was 85% for colo-
noscopy every 10 years and 15% for annual fecal immuno-
chemical test (Figure 3). Annual low-sensitivity guaiac fecal
occult blood test contributed less than 1% over a range of
willingness-to-pay up to $100 000 per quality-adjusted life-
year gained.

Interpretation

Comparison with other studies

The current analysis is consistent with earlier studies® in
demonstrating that screening for colorectal cancer is cost-
effective relative to not screening, according to the conven-
tionally accepted benchmark of willingness-to-pay of $50 000
per life-year gained.?* Furthermore, the proportion of cancer
cases prevented was comparable to that reported in previous
studies.” In addition, the current model produced reductions
in mortality and incidence of colorectal cancer similar to
those reported from a microsimulation model of colorectal
cancer® used to inform the 2008 US Preventive Task Force
recommendations for colorectal cancer screening.*

Limitations

This study was subject to important limitations. Model-based
economic evaluation depends on the data available in the med-
ical literature, which is constantly evolving. As new informa-
tion becomes available, the results of the current analysis will
have to be updated. The natural history of colorectal cancer is
based on assumptions regarding the progression from aden-
oma to carcinoma and the transition time from a low-risk
polyp to a malignant neoplasm. We did not include the possi-
bility of regression of polyps.* We also did not model malig-
nancies arising from lesions other than polyps, as quantitative
estimates of this phenomenon have not been published, and
some screening tests may detect nonpolypoid dysplasia. Other
limitations were related to incorporating the following
untested assumptions: characteristics of test performance
would remain constant on repeat testing, incidence of aden -
oma would be unaffected by screening and compliance with
testing was random. The potential impact of these limitations
on the results and interpretations is reported in Appendix 1
(available at www.cmaj.ca/cgi/content/full/cmaj.090845
/DC1). The model did not incorporate the costs of establishing
the infrastructure to implement population-based screening for
colorectal cancer. The model was developed from the perspec-
tive of a third-party payer, such as a provincial ministry of
health, the organization that decides on funding for a provin-
cial screening program for colorectal cancer. For this reason,
lost productivity costs, which are necessary to determine the
societal perspective, were not incorporated.
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Although our results reflect a Canadian perspective, the
observations and interpretation may be relevant to other juris-
dictions with similar health care systems. However, direct com-
parisons may be limited by differences in costs of the screening
tests and of newer chemotherapy agents. For example, in the
United States, which has high-quality cost data, the costs of
screening tests for colorectal cancer,®* as well as the costs of
cancer care,* are higher than in Canada. In the present study,
the range of the sensitivity analysis did incorporate published
US costs of screening tests and chemotherapy (Appendix 1,
available at www.cmaj.ca/cgi/content/full/cmaj.090845/DC1).

Conclusion

Screening of average-risk individuals for colorectal cancer is
a cost-effective measure, even with less-than-perfect compli-
ance. Recognizing that decisions about screening for colorec-
tal cancer depend on local resources and individual patient
preferences, either an annual high-sensitivity fecal test, such
as a fecal immunochemical test, or colonoscopy every 10
years offer good value for money in Canada.
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are asthenic conditions, confusion, constipation, dizziness, lightheadedness,
nausea, sedation, sweating and vomiting. Dosage limitations may be imposed by
adverse effect. If they occur, please refer to prescribing information.

Warning: Opioid analgesics should be prescribed and handled with a high
degree of caution appropriate to the use of a drug with strong abuse potential.
Patients should be cautioned not to consume alcohol while taking Hydromorph
Contin®, as it may increase the chance of experiencing dangerous side effects.
Hydromorph Contin® 18 mg capsules and higher are for use in opioid tolerant
patients only. There is a potential for fatal respiratory depression in patients not
previously exposed to similar equianalgesic doses of an opioid analgesic.
Hydromorph Contin® capsules or capsule beads should not be chewed, crushed
or dissolved since this can lead to rapid release and absorption of a potentially
fatal dose of hydromorphone. Product monograph available on request.

Hydromorph Contin® capsule beads may be sprinkled on cold, soft food.

"HYDROMORPH Contin’gizn

Controlled release hydromorphone capsules
A trusted choice for severe chronic pain

3mg ‘ 6 mg ‘ 12 mg ‘ 18 mg ‘ 24 mg ‘ 30 mg

Initiation at 3 mg q12h or calculate the approximate daily oral hydromorphone dosage that
should provide equivalent analgesia. See Product Monograph Table 1, Opioid Analgesics:
Approximate Analgesic Equivalences.
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See prescribing summary on page 1353
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