
ORIGINAL ARTICLE

Comparative effectiveness and cost-effectiveness analysis
of a urine metabolomics test vs. alternative colorectal cancer
screening strategies

Scott Barichello1
& Lu Deng2

& Kathleen P. Ismond1,2
& Dustin E. Loomes1 & Erin M. Kirwin3

& Haili Wang1,2
&

David Chang1,2
& Lawrence W. Svenson1,3,4,5

& Nguyen Xuan Thanh5

Accepted: 25 September 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose Despite the success of provincial screening programs, colorectal cancer (CRC) is still the third most common cancer in
Canada and the secondmost common cause of cancer-related death. Fecal-based tests, such as fecal occult blood test (FOBT) and
fecal immunochemical test (FIT), form the foundation of the provincial CRC screening programs in Canada. However, those tests
have low sensitivity for CRC precursors, adenomatous polyps and have low adherence. This study evaluated the effectiveness
and cost-effectiveness of a new urine metabolomic-based test (UMT) that detects adenomatous polyps and CRC.
Methods A Markov model was designed using data from the literature and provincial healthcare databases for Canadian at
average risk for CRC; calibration was performed against statistics data. Screening strategies included the following: FOBTevery
year, FITevery year, colonoscopy every 10 years, and UMTevery year. The costs, quality adjusted life years (QALY) gained, and
incremental cost-effectiveness ratios (ICERs) for each strategy were estimated and compared.
Results Compared with no screening, a UMTstrategy reduced CRC mortality by 49.9% and gained 0.15 life years per person at
$42,325/life year gained in the base case analysis. FOBT reduced CRC mortality by 14.9% and gained 0.04 life years per person
at $25,011/life year gained. FIT reduced CRCmortality by 35.8% and gained 0.11 life years per person at $25,500/life year while
colonoscopy reduced CRC mortality by 24.7% and gained 0.08 life years per person at $50,875/life year.
Conclusions A UMT strategy might be a cost-effective strategy when used in programmatic CRC screening programs.
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Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed malignancy and the fourth leading cause of cancer-
related deaths in the world and its burden is expected to in-
crease by 60% to more than 2.2 million new cases and 1.1
million cancer deaths by 2030 [1]. CRC represents a signifi-
cant and increasing health economic burden. In 2009, the es-
timated global CRC cost was $33.4 billion US dollars and was
comprised of direct medical costs (56%), direct non-medical
costs (22%), and productivity losses (22%) [2]. Patients with
CRC have a significantly lower health-related quality of life
negatively impacting their daily activities, mood, work pro-
ductivity, and relationships [3].

CRC typically develops slowly, over the course of 10 to 20
years, with approximately 80–96% of tumors arising from ade-
nomatous polyps (precancerous growths) [4, 5]. The 5-year sur-
vival rate of CRC increases from 14% for distant cancer to 90%

Scott Barichello and Lu Deng contributed equally to the work and are
listed in alphabetical order by last name.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00384-019-03419-7) contains supplementary
material, which is available to authorized users.

* Lu Deng
lu.deng@metabolomictechnologies.ca

1 Faculty of Medicine and Dentistry, University of Alberta,
Edmonton, Alberta, Canada

2 Metabolomic Technologies Inc., Suite 132, 9650 20 Avenue,
Edmonton, AB T6R 3T2, Canada

3 Government of Alberta, Edmonton, Alberta, Canada
4 Cumming School of Medicine, University of Calgary,

Calgary, Alberta, Canada
5 School of Public Health, University of Alberta, Edmonton, Alberta,

Canada

https://doi.org/10.1007/s00384-019-03419-7
International Journal of Colorectal Disease (2019) 34:1953–1962

/Published online: 1 November 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s00384-019-03419-7&domain=pdf
http://orcid.org/0000-0002-3324-770X
https://doi.org/10.1007/s00384-019-03419-7
mailto:lu.deng@metabolomictechnologies.ca


of localized cancer [6]. With early detection of CRC and remov-
al of adenomatous polyps, the incidence and mortality of CRC
can be reduced [7, 8]. Population-based screening programs aim
to decrease the prevalence of CRC by detecting and treating
earlier stages of cancer that respond well to conventional treat-
ments relative to opportunistic screening practices [9]. In
Canada, provincial screening programs are available in most
provinces, except Northwest Territories, Nunavut, and Yukon
[10]. Conventional fecal-based screening tests, such as fecal
occult blood test (FOBT) and fecal immunochemical test
(FIT), form the foundation of the provincial CRC screening
programs in Canada. Conventional fecal-based screening tests
(FOBT, FIT) detect hidden blood in stool which occurs mostly
for later stage of cancer and have low sensitivity for adenoma-
tous polyps [11]. New fecal DNA test detects DNAmutation in
addition to hidden blood in stool with improved sensitivity [12],
but is not currently available in Canada. With the nature of the
stool sample, the effectiveness of the fecal-based screening tests
(FOBT, FIT) is also hindered with low adherence [10, 13–19].
Colonoscopy has a superior sensitivity and specificity to non-
invasive screening tests, but costs more than fecal-based tests, is
with higher risk of procedural-related complications and has low
rates of screening compliance [20]. More recently, a urine
metabolomic-based test (UMT) has been reported to have a
higher sensitivity for colonic adenomatous polyps than fecal-
based tests [21–23] and an even higher sensitivity for CRC
[24]. The UMT is based on the quantification of key metabolites
(ascorbic acid, carnitine, succinic acid, kynurenine, and
diacetylspermine) that were discovered through prospective tri-
als to distinguish normal, adenomatous polyps, and CRC
groups. The quantified metabolite concentration in urine was
then analyzed by a multivariate algorithm to give a positive or
negative result that indicates the presence or absence of adeno-
matous polyps or CRC. Like other non-invasive CRC screening
tests, a positive UMT result would lead to the recommendation
of follow-up diagnostic colonoscopy.

Extensive studies have been done to evaluate the effective-
ness and cost-effectiveness of CRC screening tests, e.g.,
FOBT, FIT, and colonoscopy [11, 25–37], and have shown
that screening is an effective way to reduce the incidence and
mortality of CRC. The aim of the present study was to assess
the effectiveness and cost-effectiveness of UMT, FOBT, FIT,
and colonoscopy compared with no screening in Canadian
population using a Markov economics analysis.

Methods

Markov model design

Using TreeAge Pro (TreeAge Software Inc., Williamston,
MA), a Markov model was adapted from the previously pub-
lished model by Ladabaum et al. [26, 27, 29–32] to include

urine-based metabolomics technology test. The model struc-
ture is outlined in Figure S1 (Supplemental Information). In
brief, the simulated population enters the model with different
proportion of normal; small (< 10 mm) adenomatous polyp;
large (> 10 mm) adenomatous polyp; localized CRC, regional
CRC, and distant CRC, and each year, they have a certain
probability to stay in the same state, to progress to the next
state or to death. Diagnosed patients will get treatment, may
die from the disease, or from other causes. People who have
polyp removed or CRC treated will be under surveillance
following Canadian guidelines [38]. Patients with low-risk
polyps (< 10 mm) had a surveillance colonoscopy in 5 years,
while those with high-risk polyps (> 10 mm) were recalled in
3 years, and then every 5 years. Patients with CRC had a
surveillance colonoscopy within 1 year of diagnosis, 3 years
later, and every 5 years subsequently. However, they are given
a highly polyp/CRC recurrence rate to account for the fact that
they are under higher risks of developing adenomas or cancers
than the general population in the following years.

Natural history and model calibration

The base prevalence of small polyp, large polyp, and localized
cancer at age 50 were set to be 14.25%, 0.75%, and 0.09%,
respectively, based on previous publications [26, 27, 29–32].
Beginning at age 50 years, average-risk persons progress
through the model for 50 1-year cycles, until age 100 years
or death. Age-specific non-CRC mortality rates [39] were de-
rived from age-specific mortality rates and age-specific sex
ratio [40] reported by Statistics Canada. The model assumes
85% of CRC develops from adenomatous polyp. In the natural
history model, CRCs are diagnosed with colonoscopy only
once they lead to symptoms. The symptomatic presentation
of localized cancer and regional cancer are taken from
Ladabaum’s model and is set to be 22%/year and 40%/year,
respectively [31, 32, 34–37]. The symptomatic presentation of
distant cancer is assumed to be 100%. Diagnosed CRCs are
treated, resulting in stage-specific survival. To represent the
Canadian population, model calibration was preformed to re-
produce age-specific CRC incidence rate, the age-specific pol-
yp prevalence for small polyp and large polyp. The annual
transition rate to small polyp from normal, annual transition
rate to large polyp from small polyp, annual transition rate to
cancer from large polyp, and annual transition rate to cancer
without polypoid precursors were derived from model
calibration.

Screening strategies

We superimposed screening on the natural history model.
Screening was performed from age 50 years up to age 74
years. The conventional screening strategies were analyzed
including (1) FOBT every year, (2) FIT every year, and (3)
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colonoscopy-based screening every 10 years. Both FIT and
colonoscopy are recommended by Canadian Association of
Gastroenterology and Canadian Task Force on Preventive
Health Care [9, 39] as well as American College of
Gastroenterology and the US Multi-Society Task Force [40].
Although it is not included in the US colorectal cancer screen-
ing guidelines [40], FOBT is recommended in Canadian
screening guidelines and is still the primary test in colorectal
screening programs in provinces like Ontario [41]. Screening
interval of 1 year for the UMTwas used for base case analysis.
Screening interval of 2 years, 3 years, 4 years, and 5 years for
the UMT strategy were also modeled for scenario analysis. In
our model, if a non-colonoscopy-based screening test was
positive but colonoscopy negative, the test was assumed
to be a false positive and those individuals returned to
their original screening strategy after a 10-year screening
free period.

Markov model input parameters

Model inputs, including base prevalence, transition probabil-
ities, characteristics of screening tests, health utilities, and
costs, were collected/derived and summarized in
Supplemental Table S1. In this study, we prioritized the use
of local Alberta, Canada data. If the Alberta data were not

available, we used data from published literature (applying a
meta-analysis whenever necessary) with an order of prioriti-
zation being data from Canada, USA, and developed
countries.

Characteristics of screening strategies

Individual screening test operating characteristics were ex-
tracted from the literature and outlined in Table 1. Removal
of polyps with colonoscopy was modeled as complete. At a
specificity of 91%, the sensitivity of UMT is 43% for adeno-
matous polyps [22] and 74% for CRC [24]. These values were
used for base case analysis. Sensitivities of FIT test for small
adenomatous polyp, large adenomatous polyp, and cancer
were 10%, 24%, and 70%, respectively, with a specificity of
95% [30]. FOBT has a sensitivity of 5% for small polyps, 11%
for large polyps, and 40% for cancer with a specificity of 97%
[30]. The specificity of colonoscopy is assumed to be 100%,
with a sensitivity of 85% for small polyp, 90% for large polyp,
and 95% for cancer.

Programmatic uptake and adherence of FOBT [18, 19],
FIT [10, 13–17], and colonoscopy [37, 38] have been assessed
in several large studies. Uptake with the UMT was estimated
using the available data on adherence of other widely used
urine-based screening tests [42, 43]. For base case analysis,

Table 1 Clinical and economic outcomes in a cohort of 100,000 people

Screening strategy No screening FOBT, 1 year FIT, 1 year Colonoscopy, 10 years UMT, 1 year

Cost per test - $22 $25 $1000 $95

Sensitivity for small polyp - 5% 10% 85% 43%

Sensitivity for large polyp - 11% 24% 90% 43%

Sensitivity for cancer - 40% 70% 95% 74%

Specificity - 97% 95% 100% 91%

Adherence - 0.254 0.493 0.576 0.836

CRC deaths

Total CRC deaths 3949 3363 2534 2975 1978

CRC deaths prevented (n) 0 587 1415 974 1971

CRC mortality reduction (%) 14.9% 35.8% 24.7% 49.9%

Total cost of strategy in cohort 0.55 billion 0.66 billion 0.82 billion 0.95 billion 1.20 billion

Quality adjusted life years

Total QALY 2,421,296 2,425,587 2,431,955 2,429,138 2,436,609

Incremental QALY - 4291 10,660 7842 15,314

QALY gained per person compared to no screening - 0.04 0.11 0.08 0.15

ICER

No screening - $25,011 $25,500 $50,875 $42,325

FOBT - - $25,829 $82,130 $48,065

FIT - - - FIT dominates $80,859

Colonoscopy - - FIT dominates - $33,350

Total colonoscopies 3660 24,581 67,399 154,420 168,094

Colonoscopies per person 0.04 0.2 0.7 1.5 1.7
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we performed a meta-analysis to pool the rate of each screen-
ing test and the results are outlined in both Table 1 and
Table S1.

Screening and treatment costs

Screening and treatment costs are outlined in Table S1. Cost
inputs were estimated using Alberta-based data and inflated to
2018 Canadian dollars.

Cost of FIT and FOBT were provided by Alberta Health
Services. A $95 cost per UMTwas used based on consultation
with the UMT vendor (Metabolomic Technologies Inc.). To
estimate the costs of colonoscopy and polypectomy, a cohort
of 19,059 individuals who underwent colonoscopy in 2010
who did not develop colorectal cancer within a year was ana-
lyzed. The total inpatient, ambulatory, and physician care
costs for the day of the procedure were compared with total
costs the day prior and following the colonoscopy. The aver-
age colonoscopy cost and cost of colonoscopy with a small or
large polypectomy were estimated from the Alberta cost data.
Costs of colorectal cancer screening program administration,
variable across regions, were not included in the treatment
cost analysis.

To estimate costs for patients diagnosed with a colorectal
cancer (colon, rectosigmoid junction, or rectum), a retrospec-
tive cohort of 42,416 patients (local confined cancer n = 6722,
regional cancer spread n = 4768, distant cancer spread n =
3608) diagnosed between January 1, 2004 and December
31, 2006, were identified through the Alberta Cancer
Registry. These individuals were matched to 5 controls each,
by age, location, and gender. The incremental surgical, inpa-
tient, ambulatory, and physician costs were calculated as the
difference in total costs between those with cancer and the
controls. The Alberta Health Services Cancer Pharmacy pro-
vided chemotherapy costs. The total ongoing chemotherapy
costs, including biologics, were tabulated for a sample of pa-
tients from the cancer cohort group. The average difference
total cost, for 1 year to 5 years following diagnosis, were
tabulated by cancer stage at diagnosis; local, regional, or dis-
tant. Indirect cost such as lost productivity was not considered
in the cost analysis.

Analyses

The cost-effectiveness in terms of costs, quality adjusted life
years (QALY), and the incremental cost-effectiveness ratio
(ICER) for each strategy were determined and compared with
each other as well as to no screening or natural history.
Clinical outcomes such as CRC mortality and the number of
colonoscopies were also included. Future QALYs and costs
were discounted by an annually discounted rate to account for
the effect of time on those values due to opportunity cost,
catastrophic risk, and pure time preference. According to the

Canadian Agency for Drugs and Technologies in Health
(CADTH) guidelines, an annual discount rate of 1.5% was
used for base case analysis and a range of 0–3% was used in
sensitivity analysis [44]. Tornado diagrams on each screening
strategies pair were generated on input parameters including
test characteristics, health utilities, and cost. We used lower
and upper values of the confidence interval as listed in
Table S1 or ± 20% if a confidence interval was not available.
One-way sensitivity analysis on adherence for each screening
strategy was also performed. To see how resampling parame-
ter values affect the base case calculation, probabilistic sensi-
tivity analysis was conducted with Monte Carlo simulation
with the number of samples sets to be 1000 and the incremen-
tal cost-effectiveness (ICE) scatterplot was generated for each
screening strategy compared with no screening.

Results

Model development and calibration

Our model was adapted from the previously published
Markov model by Ladabaum et al. [26, 27, 29–32] to include
a UMT screening strategy. The Markov model developed by
Ladabaum’s group has been calibrated to US numbers [29]
and has been validated through multiple trials. In this study,
we aimed to evaluate the screening strategies in Canadian
population with prioritized use of local Alberta, Canada data.
We calibrated our model for natural history to reproduce
Alberta age-specific CRC incidence published by Alberta
Health Service (Fig. 1a) and the age-specific prevalence of
small polyp and large polyp derived from the autopsy data.
(Fig. 1b–c) [29, 45].

Model output: clinical and economic outcomes
and cost-effectiveness

The clinical and economic outcomes of the base case analysis
are summarized in Table 1. For a cohort of persons at an
average risk for colorectal cancer, all screening strategies be-
ginning at age 50 were associated with CRC mortality reduc-
tion, an increase in both QALYs and associated cost as com-
pared with no screening strategy.

With no screening, the expected number of deaths from
CRC in the 100,000 person cohort was 3949. A UMT screen-
ing strategywith base case operating characteristics resulted in
the greatest reduction in CRC-related mortality with a 49.9%
reduction in CRC-associated mortality compared with no
screening or non-adherence. This significant reduction in mor-
tality was followed by FITwith 35.8% reduction, colonoscopy
with 24.7% reduction, and FOBT with 14.9% reduction
(Table 1). The urine screening strategy is also the most effec-
tive strategy for QALY. Compared with no screening, a UMT
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screening strategy was associated with the largest QALY gain
averaged per person at 0.15 years followed by FIT with 0.11
years, colonoscopy with 0.08 years, and FOBT with 0.04
years, respectively.

There is a total cost of 0.55 billion for no screening strategy
for a cohort of 100,000. This consists of the cost for colonoscopy
and cancer treatment cost of systematic patients. Among four

screening strategies, FOBT has the lowest total cost due to its
low adherence rate and low cost per test. Colonoscopy has the
second lowest total cost as a 10-year adherence rate of 0.576 [37,
38] was used in the model to represent the real screening uptake.
Notably, FIT screening strategy was found to be less costly and
associated with a greater gain in QALYwhen compared with the
colonoscopy screening strategy. As such, a FIT screening strate-
gy dominated the colonoscopy screening strategy in this model.
A UMTstrategy required the highest cost, but still considered to
be cost-effective with ICER at $42,325 at the $50,000-per-
QALY threshold [46]. Interestingly, the ICER of the UMT strat-
egy is lower than the ICER of the colonoscopy strategy at
$50,875, despite the higher cost. This is because the
UMT strategy is selecting and directing the people
who have polyp or CRC for the follow up colonosco-
pies which makes it more effective. Colonoscopies re-
quired for each strategy were also outlined in Table 1.
A no screening strategy was associated with 0.04
colonoscopies/person as these patients underwent colo-
noscopy only as symptoms manifested. The colonoscopy-
based screening strategy required the second most colonosco-
pies (1.5/person). A UMT screening strategy resulted in
the most colonoscopies (1.7/person). FIT screening re-
sulted in 0.7 colonoscopies/person, and FOBT with 0.2
colonoscopies/person.

Sensitivity analysis

From tornado diagrams for each screening strategies pair, the
most influential variables for ICERs were discount rate, sen-
sitivity of the tests, and adherence of tests (Table 2). From one-
way sensitivity analysis on adherence in the range of no ad-
herence to 100% adherence, titration plots were generated to
show the influence of adherence on incremental cost (Fig. 2a),
incremental effectiveness (Fig. 2b), and ICERs (Fig. 2c) for
each screening strategy compared with no screening. The base
case adherence values were also shown on the plots. In gen-
eral, screening strategy becomes more effective and costs
more as the adherence increases. At the same adherence rate,
a UMTstrategy is the most effective one with the highest cost.
At 100% adherence rate, a UMT is more effective than colo-
noscopy that is because the screening colonoscopy was at 10
years interval. A colonoscopy strategy has the highest ICER,
followed by UMT, FOBT, and FIT, when they are at the same
adherence rate. Interestingly, the ICERs for FOBT, FIT, and
UMT increase with higher adherence rate, while the ICER for
colonoscopy reaches a maximum of $51,064 at an adherence
rate of 0.25. The model result for UMT is quite sensitive to the
adherence number. The ICER for UMT is dropped from
$42,325 per QALY at adherence rate of 0.836 to $41,574 per
QALY at adherence rate of 0.75, or $40,705 per QALY at
adherence rate of 0.65.

Fig. 1 a The natural history model reproduced the age-specific CRC
incidence rate from AHS Cancer Statistic Report. The natural history
model reproduced the age-specific prevalence of b small and c large
adenomatous poly from autopsy data
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To see how resampling parameter values affects the base
case calculation, the ICE scatterplot was generated from prob-
abilistic sensitivity analysis for each screening strategy com-
pared with no screening and shown in Fig. 3. The probabilistic
sensitivity analysis did not change the ranking of the strategies
when compared with the base case results. The willingness-to-
pay (WTP) line at $50,000 per incremental QALY was also
shown in Fig. 3. The region below and to the right of the line
includes points where the screening strategy is cost-effective.
At WTP = 50,000, the percentage of cost-effective simulation
iterations for a FOBT or FIT strategy is 100%, followed by
95% for a UMT strategy and 44% for a colonoscopy strategy.

Scenario analysis

For FOBT, FIT, and colonoscopy, the screening intervals have
been previously evaluated extensively with recommendation
of annual screening for FOBT or FIT and 10-year screening
interval for colonoscopy in guidelines [9, 39, 40]. Since the
UMT is relatively a new test, we evaluated the screening in-
terval at 1 to 5 years. The effectiveness and cost of the test
decreased as the interval of UMTscreening increased (Fig. 4).
When compared with no screening, the ICERs for a UMT
strategy at screening interval of 1 to 5 years are $42,325 to
$34,980 per QALY gained that are all below $50,000 per
QALY gained. Thus, a UMT strategy with screening intervals
at 1 to 5 years is cost-effective when compared with no screen-
ing (Fig. 4). The incremental cost per QALY gained for UMT
increased as the screening frequency increased, for example,
$40,774 per QALY gained for screening every 4 years vs. 5
years, $41,145 per QALY gained for screening every 3 vs. 4
years, $49,612 per QALY gained for screening every 2 vs. 3
years, and $73,789 per QALY gained for screening every 1 vs.
2 years. FIT every 1 year dominated UMT every 4 or 5 years.
UMT every 1, 2, or 3 years were more effective compared
with other screening strategies.

Fig. 2 Titration plots of a incremental cost vs. adherence, b incremental
effectiveness vs. adherence, and c ICERs vs. adherence with base case
adherence values shown on the plot

Table 2 Sensitivity of
incremental cost effectiveness
ratio (ICER) in a population of
100,000 individuals at average
risk for colorectal cancer under-
going various cancer prevention
screening strategies beginning at
age 50 years

Screening strategy Most sensitive variable ICER

Low High

UMT vs. no screening Discount rate $34,296 $52,546

UMT vs. FOBT Discount rate $39,677 $60,994

UMT vs. FIT Sensitivity of FIT for large polyp $69,500 $116,323

UMT vs. colonoscopy Discount rate $27,070 $41,101

Colonoscopy vs. no screening Discount rate $41,206 $63,394

Colonoscopy vs. FOBT Sensitivity of FOBT for large polyp $77,286 $147,562

Colonoscopy vs. FIT Adherence of FIT $1,624,237 $19,252

FIT vs. no screening Discount rate $21,190 $30,922

FIT vs. FOBT Sensitivity of FIT for small polyp $22,855 $37,254

FOBT vs. no screening Discount rate $20,640 $30,526
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Discussion

This study examines the effectiveness and cost-effectiveness of
using a UMT screening strategy for CRC in the Canadian
healthcare system and makes comparisons to currently existing
CRC screening strategies. A Markov model was adapted from
the previously published model by Ladabaum et al. [26, 27,
29–32] and recalibrated to reproduce the prevalence of adeno-
matous polyps and the incidence of CRC reported in Canada.
Screening strategies examined in this study resulted in a reduc-
tion in CRC related mortality (14.9–49.9%) and an increase in
QALY (4291–15,314) consistent with outcomes presented in
other studies [11, 25–34, 36]. In our model, the CRC mortality

reduction from screening colonoscopy is 24.7% which is much
less than 49% reported by Chen et al. [37] when assuming
100% adherence to one single screening colonoscopy per-
formed between 50 and 65 years of age, but is very close to
their finding on CRCmortality reduction by 24% to 30% when
assuming 50% adherence to one single screening colonoscopy
performed between 50 and 65 years of age.

Colonoscopy remains integral to CRC prevention due to the
therapeutic aspect of adenomatous polyp removal. Notably, the
compliance to colonoscopy as a confirmative and treatment tool
after a positive non-invasive screening result increased signifi-
cantly to 0.840 [47–49], compared with the low adherence of
colonoscopy as an initial screening test at 0.576 [37, 38]. This
underlies the importance of non-invasive screening tests’ ability
to increase CRC screening effectiveness by screening a larger
segment of the population through higher adherence, and later
driving those patients with positive test results to undergo a
colonoscopy.UMTis expected to have amuch higher adherence
rate compared with fecal-based tests (FIT and FOBT) at 0.836
vs. 0.254 and 0.493, respectively. Additionally, UMT has a
much higher sensitivity compared with FITand FOBT for small
adenomatous polyps (43% vs. 5% and 10%, respectively), large
adenomatous polyps (43% vs. 11% and 24%, respectively), and
comparable sensitivity for cancer (74% vs. 40% and 70%, re-
spectively). With the high adherence rate and high sensitivity,
the UMT screening strategy drives more needed people for co-
lonoscopy and treatment which leads it to be the most effective,
but also costliest strategy. Based on the scenario analysis, one
might consider a UMT strategy at 2 years or 3 years to be less
costly, but still effective screening modality. As the urine

Fig. 3 Cost-effectiveness plane
with willingness to pay set at
$50,000 per QALY gained in a
population of 100,000 individuals
at average risk for colorectal
cancer undergoing various cancer
prevention screening strategies
beginning at age 50

Fig. 4 Cost and effectiveness with no screening, FOBT every year, FIT
every year, colonoscopy every 10 years, and UMT at screening intervals
of 1 to 5 years
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metabolomics technology continues to evolve, it is reasonable to
expect that analyses of test results may become cheaper, and test
specificity may increase, both of which would independently
drive down the overall cost of the strategy.

There are several limitations to this study. First, the results are
modeling estimates from a Markov simulation with several as-
sumptions. The principal health states in the model are normal;
small (< 10 mm) adenomatous polyp; large (> 10 mm) adeno-
matous polyp; localized, regional, or distant CRC; and dead.
The size or the location of polyp is not considered. The model
assumes 85% CRC develops from adenomas polyp and does
not account for the detection of patients with sessile serrated
adenoma (SSP), the likely precursor of a significant percentage.
Even among well-validated, published models, there are signif-
icant differences in predicted costs and effectiveness of CRC
strategies within the same health care system. Absolute values
for costs, QALYs gained, and ICERs of the various strategies
may not be as important as the relative ranking of the strategies.
Secondly, although most of the Markov model inputs were de-
rived from real world data, input such as the adherence of a
UMT is unknown and collected from literatures on other
urine-based tests. Currently, there are a 3000-size utility trial
going on in Alberta that will collect real world adherence data
on UMT [50]. The cost inputs for the model exclude indirect
costs as well as the overhead cost of developing and
implementing a screening program. Lastly, based on available
publications, UMT does not distinguish small polyp and large
polyp, or different stages of CRC. Thus, one sensitivity number
of 43% was used for both small and large polyp, 74% was used
for all cancer stages.With continuous clinical trials, we expect to
see more publications in these areas with extended sample size.

In summary, a Markov model was developed and calibrat-
ed to reproduce the prevalence of adenomatous polyps and the
incidence of CRC reported in Canada. For the base case anal-
ysis, the model predicts that a UMT every year strategy to be
the costliest and most effective compared with other three
strategies evaluated: FOBT every year, FIT every year, and
colonoscopy every 10 years. The UMT every year screening
strategy had the second highest ICER at $42,325 per QALY
gained and was a cost-effective strategy.
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