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Abstract
Background

The implementation of an organized screening strategy should include a cost-effectiveness analysis for the governments to
take decisions that promote health and better allocate resources which does not happen most of the times. This study aimed
to evaluate the most cost-effective strategy for CRC screening in a European Country.

Methods

A cost-effectiveness (CE) probabilistic Markov model was developed to compare the costs and the quality-adjusted life
expectancy of 50-year-old average-risk individuals submitted to �ve alternative screening strategies based on colonoscopy,
computed tomography (CT) and FIT, as well as no screening. We calculated the costs from the perspective of a third payer
(Portuguese National Health Service) and populated the model with data from published literature. Probability of being cost-
effective was estimated for different thresholds of willingness-to-pay.

Results

Colonoscopy 3/10 years is the most cost-effective strategy for colorectal screening in Portugal, with an estimated ICER of
802 €/ QALY when compared with colonoscopy every 10 years. The FIT and CT colonography based strategies are
dominated by colonoscopy-based strategies. Biennial FIT, the strategy currently being used in Portugal, showed the smallest
gains in life years gained (498.3 days) the smallest reduction in the incidence of CRC (-37%) and the smallest reduction in
CRC mortality (-57%) between all the screening strategies. The �ndings were robust to probabilistic sensitivity analysis.

Conclusions

Colonoscopy based strategies offer the best value for the money in Portugal. Biennial FIT, the screening strategy in Portugal
should be replaced by a colonoscopy-based strategy.

Background
Colorectal cancer [CRC] is a major cause of cancer-associated morbidity and mortality worldwide and the 3rd leading cause
of cancer-related death in Portugal [1]. Several screening methods are available: fecal occult-blood test (FOBT), fecal
immunochemical test (FIT), �exible sigmoidoscopy, total colonoscopy, CT-colonography and stool DNA testing. CRC
screening is endorsed by most health agencies, but recommendations are diverse [2]. Although the various screening
methods have different levels of accuracy (colonoscopy is considered the gold standard by most), the consensus has long
been that one test is better than no test at all [3]. Cost-effectiveness (CE) data for CRC screening in Europe are scarce, with
diverging results, generating uncertainty about the best screening strategy and its own effectiveness. The decision to
adopting a screening program in a country is complex, and must take into account several dimensions, such as, evidence of
cost-effectiveness, feasibility, stakeholder support, and being part of a country’s public health priorities. An important step in
the decision to start a screening program is to carry out a cost-effectiveness analysis (CEA) across different alternatives,
using country-speci�c inputs. In several, the policies are implemented, without a clear strategical blueprint, as a reactive
response to contingent political/public pressures, without a prior evaluation that appraised the impact of the policies under
different scenarios. In Portugal (PT), an organized screening program, funded by the National Health Service (NHS) using FIT
every 2-years was implemented in 2017 [4], without any CEA performed prior to its implementation. Give this lack of evidence
sustaining the choice of screening strategy vis-à-vis other alternative strategies, we aim to estimate the most cost-effective
strategy for CRC screening in Portugal.

Methods
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Model Structure overview
A Markov model was developed to simulate the natural history of colorectal cancer and to estimate the cost-effectiveness of
�ve strategies for CRC screening in Portugal, as well as no screening, in 50-year-old individuals at average risk for colorectal
cancer (Fig. 1,2,3). The CRC model includes a screening component and a natural history component. The screening
component incorporates assumptions relevant to the screening programme, such as adherence, tests performance,
screening intervals, type of tests used, while the natural history component incorporates assumptions about the progression
from adenoma to CRC. The Markov model contained 23 mutually exclusive and exhaustive health states and the �ve
screening strategies were superimposed on the natural history of the model.

Screening began at age 50 years and stopped at age 75 years, and persons were followed until death or 100 years of age. If
a screening test was positive, colonoscopy was offered, and biopsy or polypectomy were performed according to the
�ndings. All colonoscopies were performed with anaesthesia assistance. The models run through a maximum of 50 cycles
1-year-cycles. The costs and outcomes are accrued within each cycle and accumulate throughout the life cycle of the model.
At the end of each cycle, the members of the cohort return to the same health state and/or to other(s) health states,
according with predetermined transition probabilities. Additional costs, outcomes and count progressions associated with
relevant events occurring in the full set of pathways for each state during a cycle (‘transition subtrees’), are also accrued. The
model uses a payer perspective (Portuguese NHS as the primary payer). All costs and outcomes were discounted at 3,0% to
adjust for time preference. Half-cycle correction was used.

Though there is no o�cial maximum acceptable incremental cost-effectiveness ratio (ICER) in Portugal for health
technologies evaluations, we assumed a threshold of 30 000€ per quality-adjusted life years (QALY), as recommended by
The National Institute for Health and Care Excellence (NICE)[5]. The simulation was performed using TreeAge Pro HealthCare
2021, R2 (TreeAge Software Inc., Williamstown, MA, USA).

Screening strategies
We modelled �ve screening strategies: (1) FIT every 2 years (FIT 2/2y strategy), which is the strategy chosen in Portugal by
the NHS[25]; 2) colonoscopy every 10 years (colonoscopy 10/10y strategy); 3) colonoscopy, with the second screening
colonoscopy at a 3-year interval and thereafter every 10 years (colonoscopy 3/10y strategy); 4) CT-colonography every 5
years (CT 5/5y strategy); 5) FIT every year (FIT 1/1y strategy) (Table S1 - screening strategies). Under our model, all
colonoscopies are performed with anaesthesia assisted sedation administered by an anaesthesiologist, as it is common
practice in Portugal since 2014.

Model population
An arbitrary cohort of average-risk persons for CRC at the age of 50 entered the model and was distributed at 7 health states
at model initiation. The initiation states were de�ned according to the prevalence of adenomas and CRC in the population:
(1) normal mucosa, (2) low-risk adenomas, (3) advanced adenomas (de�ned as either > = 1cm, villous histology or high-
grade dysplasia), (3) preclinical CRC stage I, (5) preclinical CRC stage II, (6) preclinical CRC stage III and (7) preclinical stage
CRC IV [6]. The cohort population transitioned between 23 health states, in annual cycles, based on transition probabilities
estimated from the literature. The model run until death or by 50 cycles (Table S2 - distribution of patients across health
states).

Health States
The model aims to replicate the natural history of CRC and CRC screening using the following health states: (1) Normal
mucosa; (2) Low-risk adenomas; (3) Advanced adenomas (de�ned as either > = 1cms, villous histology or high-grade
dysplasia); (4) Preclinical CRC stage I; (5) Preclinical CRC stage II; (6) Preclinical CRC stage III; (7) Preclinical stage CRC IV;
(8) Treatment/Surveillance CRC stage I; (9) Treatment/Surveillance CRC stage II; (10) Treatment/Surveillance CRC stage III;
(11) Treatment/Surveillance CRC stage IV; (12) Natural history no polyp; (13) Natural history low-risk adenomas; (14) Natural
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history advanced adenoma; (15) Natural history preclinical CRC stage I; (16) Natural history CRC stage II; (17) Natural history
CRC stage III; (18) Natural history CRC stage IV; (19) Surveillance after low-risk adenoma polypectomy; (20) Surveillance after
advanced adenoma polypectomy; (21) Death from background mortality; (22) Death from CRC and (23) Death from
colonoscopy.

Transition Probabilities
The probabilities of transition between health states, the compliance rate, the age- and stage speci�c incidence and mortality
rates of CRC, and other input parameters were based on a systematic literature review (Table S3- annual transition
probabilities). The probability of background death was obtained from Portuguese o�cial life tables [7]. The probabilities of
CRC-related death were stage speci�c, and it was assumed that after six years of survival the probability of death was �xed
(Table S4 – probability of death).

Test performance and compliance
The performance and the compliance rate with the screening tests were based on a systematic literature review (Table 1). In
the base case, the adherence for initial screening varied according to the test (Table 2). For the colonoscopy assisted with
anaesthesia, since there is no available data with which to estimate the initial adherence in an organized screening program,
we assumed an initial adherence of 60%. At each screening interval (after the initial) we assumed that a random 73%
underwent screening, independent of whether they were compliant with past tests. We assumed that 20% of the persons
were never adherent to screening (drop out). This sub- cohort of patients transited to the natural history health states of the
model immediately after the �rst screening round. For the follow-up colonoscopy after a positive screening test, we assumed
a compliance rate of 80%. The same compliance rate was assumed for the surveillance colonoscopy after polyp removal or
CRC diagnosis. Among patients who had symptomatic presentation of CRC, it was assumed that all patients undergo
colonoscopy with biopsy.
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Table 1
Screening test performance

Variable Base case (range) SD Source  

Fecal immunochemical test      

Sensitivity to detect CRC 0.73 (0.603–0.839) 0.035 [23]

Sensitivity to detect

advanced adenoma

0.238 (0.208–0.270) 0.02 [23]

Sensitivity to detect

low-risk adenoma

0.076 (0.0607–0.086) 0.01 [23]

Speci�city 0.964 (0.958–0.969) 0.01 [23]

Colonoscopy assisted with anaesthesia      

Sensitivity to detect CRC 0.95 (0,900-0,970) 0.02 [17]

Sensitivity to detect

advanced adenoma

0.90 (0.900–0.970) 0.015 [17]

Sensitivity to detect

low-risk adenoma

0.85 (0.850–0.950) 0.015 [17]

Speci�city 1   [17]

CT-Colonography      

Sensitivity to detect CRC 0.84 (0.756–0.924) 0.03 [24]

Sensitivity to detect

advanced adenoma

0.84 (0.756–0.924) 0.03 [24]

Sensitivity to detect

low-risk adenoma

0.57 (0.489–0.716) 0.03 [24]

Speci�city 0.88 (0.777–0.883) 0.02 [25]
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Table 2
Adherence to screening (Real-World Scenario)

Variable Base case

(range)

SD Source

Adherence with initial screening:      

Fecal immunochemical test 0.42 (0.34–0.51) 0.08 [13]

Colonoscopy 0.60 (0.3–0.7) 0.1 [13, 26]

CT-Colonography 0.22 (0.15–0.32) 0.22  

Probability of undergoing

each screening round after initial screening

0.73 (0.5–0.9) 0.03 [13]

Follow-up colonoscopy for a positive screening test 0.80 (0.50–0.90) 0.02 [26, 27]

Never adherent to a screening test 0.20 (0.10–0.50) 0.2 Assumption

Follow-up colonoscopy after polyp removal 0.80 (0.60–0.90) 0.2 [26, 27]

SD: standard deviation

Costs inputs
The costs were calculated after measuring the quantities of resources used, using the appropriate physical units (Table S5 –
Medical Costs). Only direct medical costs are included. Costs came derived from two national reference costs datasets and
the contractual framework for hospital care produced by the Portuguese Ministry of Health [8–10]. Costs for the initial two
years of CRC treatment (stages II to stage IV) use the amount that hospitals receive under the prospective payment pilot
program for CRC treatment. For stage I CRC, we assumed a different reimbursement, as no treatment, other than surgery is
performed (e.g., chemotherapy or radiotherapy). In stage 1, hospitals were reimbursed in the �rst year, for the surgery
performed, according to the cost of the appropriate Portuguese classi�cation for Diagnosis-Related Group (DRG) (code 221
named in portuguese, “procedimentos major do intestino grosso”, severity 2) plus the price of the consultations and tests
required for surveillance. The cost of a a death related with CRC was assumed to be reimbursed under DRG code 240,
severity 4. We assumed that there is no co-payments supported by patients, since in Portugal, all consultations and tests
requested by primary care physicians are free of charge for patients in point-of-care.

Utility inputs
We assigned utilities to the health states used in the model, to calculate quality adjusted life-years (QALYs). We assigned a
utility of 1 for patients without a diagnosis of cancer[11]. When CRC patient became symptomatic, he would be promptly
diagnosed, and a different utility would be assigned according to the CRC stage. (Table S6 - Utilities).

Modelled scenarios
Two scenarios were considered to evaluate the impact of adherence on screening: (i) Scenario 1 – Real World Scenario:
where real-world adherence rates are assumed for all screening tests (initial and uptake) and follow-up colonoscopies; (ii)
Scenario 2 – Perfect Adherence Scenario: where 100% adherence rates are assumed for all screening tests (initial and
uptake) and follow-up colonoscopies (Table S7 – Scenarios).

Outcomes
The following clinical outcomes were estimated: QALY gained, life years gain (LYG), number of CRC cases, number of CRC
deaths, CRC incidence reduction, CRC mortality reduction, number of screening tests, number of colonoscopies for follow-up/
surveillance and costs of screening strategy. The outcomes will be presented for the two modelled scenarios.
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Results

Scenario 1 – Real world scenario
In the real-world scenario, the most expensive strategy was no screening costing 6,683€ per person. The cheapest strategy
was colonoscopy 10/10y which costs 974.25€ per person. The most effective strategy was colonoscopy 3/10y providing
20.55 QALYs and the least effective strategy, was no screening providing 20.22 QALYs.

Colonoscopy 3/10y is the most cost-effective strategy with an ICER of 802.07€ per QALY (clearly below the WTP of 30 000€/
QALY), when compared with colonoscopy 10/10y. All the other strategies (all stool-based and CT screening strategies) are
absolutely dominated by the colonoscopy screening strategies. FIT 1/1y, the strategy immediately above colonoscopy 3/10y
in the CE ranking table, is absolutely dominated by colonoscopy 3/10y, as it is more costly (incremental cost of € 1,395.28€)
and less effective (incremental effectiveness of -0.003 QALYs) (Table 3). In the cost-effectiveness plane we observe the cost-
effectiveness frontier displayed as a line that connects colonoscopy 10/10y and colonoscopy 3/10y (Fig. 4). FIT 2/2 y, the
CRC screening strategy used in Portugal, is the second with highest cost (3,533.33€), and the second least effective with
20.46 QALYs only surpassed by no screening.

Costs and health bene�ts are combined to estimate the ICER between different screening strategies. The numerators were
the differences in costs for each strategy in relation to the previous strategy (ranked in order of costs), and the denominators
were the differences effectiveness. CE ranking tables will be presented, as well as CE planes. In this diagrams differences in
effect between alternative screening strategies are plotted along the horizontal axis, and the difference in cost on the vertical
axis. In addition, clinical outcomes were presented as totals over 1000 patients over the model lifetime.

Sensitivity analysis
Uncertainty was evaluated using deterministic and probabilistic sensitivity analysis (PSA) to assess the robustness of the
conclusions to changes in critical input parameters in the base case scenario (scenario 1). Results for the deterministic
sensitivity analysis are presented in a Tornado chart displaying the results of those analysis (using the intervals de�ned in
the input tables) with largest impact in the model output (results presented as incremental net monetary bene�ts) between
the pair of strategies: Colo 3/10y vs FIT 1/1y. The individual parameters were varied across a plausible range and threshold
values (at which two strategies have equal expected values) were identi�ed if occurred. For the PSA analysis, we performed a
probabilistic Monte Carlo simulation recalculating the model with 10,000 trials in which multiple parameters (probabilities
and utilities) sampled from beta distributions (representing uncertainty around the base case estimate; using the base case
as the mean and standard deviations (SD) described in tables) are varied simultaneously, with the resulting cost and effect
pairs being recorded. Results were presented using acceptability curves, acceptability at willingness-to-pay threshold (WTP).
An incremental cost-effectiveness scatterplot between the most CE strategy and FIT2/2y will be presented.

The perfect adherence scenario, compared to the real-world scenario (base case), will give information to the decision
makers, about the impact of adherence on the outcomes of the model. In case the best strategy in this scenario of perfect
adherence differs from the baseline scenario, it may be a strong argument for the decision-makers to support policies to
increase patient adherence to this strategy.
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Table 3
Cost-effectiveness Report – Real-World Scenario

Dominance Strategy Cost(€) Incr Cost Eff(QALYs) Incr Eff ICER NMB

undominated Colo 10/10y 974.257   20.484     613,555,843

undominated Colo 3/10y 1,031.175 56.917 20.555 0.071 802.070 615,627,823

abs. dominated FIT 1/1y 2,426.457 1395.282 20.552 -0.003 dominated 614,138,406

abs. dominated CT 5/5y 3,450.668 2,419.493 20.496 -0.059 dominated 611,431,756

abs. dominated FIT 2/2y 3,533.336 2,502.161 20.459 -0.096 dominated 610,242,881

abs. dominated No screening 6,683.806 5,652.631 20.218 -0.338 dominated 599,849,913

Abreviations: Incr, incremental; Eff, effectiveness; NMB, net monetary bene�t

The total number of LYG gained per 1000 persons was highest for FIT 1/1y (661.3 days) (Table 4). Colonoscopy 3/10y
resulted in the highest CRC incidence reduction (-64%). As expected, the total number of colonoscopies (screening and
surveillance) were higher for colonoscopy 3/10 y strategy (n = 2,503). FIT 2/2 y showed the smallest gains in LYG (498.3
days) of all strategies, as well as the smallest reduction in the incidence of CRC (-37%) and the smallest reduction in
mortality (-57%).

Table 4
Clinical outcomes per 1000 patients – Real-World Scenario

Strategy QALY

Gained

LY
Gained

CRC
Cases

CRC
Deaths

CRC
Death

Reduction

CRC
cases

Reduction

Screening

Test

Colon* Total cost

Colonoscopy
10/10y

266.5 506.2 59.6 24.9 -60% -54% 1,400 1,778 €
974,257.41

Colonoscopy
3/10y

337.5 628.5 46.2 17.0 -73% -64% 2,023 2,503 €
1,031,174.86

FIT 1/1y 334.4 661.3 58.7 15.4 -75% -55% 13,607 1,301 €
2,426,457.19

CT 5/5y 278.3 537.5 62.3 20.7 -67% -52% 2,568 990 €
3,450,667.62

FIT 2/2y 241.4 498.3 81.5 27.0 -57% -37% 7,022 755 €
3,533,335.85

No screening 0.0 0.0 129.7 62.2 0% 0% 0 70 €
6,683,805.71

*All colonoscopies

3.2 Scenario 2- Perfect adherence scenario
In the perfect adherence scenario, assuming 100% adherence for screening and follow-up colonoscopies (when indicated),
colonoscopy 3/10y is the most cost-effective strategy with an ICER of 6,361.08€ per QALY (at WTP of 30 000€/ QALY),
compared with colonoscopy 10/10y (Table S8- Cost-effectiveness Report – Perfect Adherence Scenario). All other strategies
are absolutely dominated by the colonoscopy screening strategies (Fig. 5).

FIT 1/1y, the strategy immediately below colonoscopy 3/10y in the CE ranking table, is absolutely dominated by
colonoscopy 3/10y. FIT 2/2 y, the strategy used in Portugal, is the second with highest cost (2,369.17€), and the second least
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effective with 20.567 QALYs only surpassed by no screening. The most expensive strategy was no screening costing
6,683.8€ per person. The cheapest strategy was colonoscopy 10/10y which costs € 1063 per person. The most effective
strategy was colonoscopy providing 20.67 QALYs and the least effective strategy, was no screening providing 20.22 QALYs.

The total number of LYG gained per 1000 persons was highest for colonoscopy 3/10y (812.2 days) (Table S9- Clinical
outcomes per 1000 patients – Perfect Adherence Scenario]. Colonoscopy 3/10y resulted in the highest CRC incidence
reduction (-80%) and greatest CRC mortality reduction (-91%). The total number of colonoscopies (screening and
surveillance) were higher for colonoscopy 3/10 y strategy (n = 3,566). FIT 2/2 y showed the smallest gains in LYG (687.5
days) of all strategies, as well as the smallest reduction in the incidence of CRC (-55%) and the smallest reduction in
mortality (-76%). The no screening strategy had the highest cost (6,683,805.71€), with colonoscopy 10/10y being the least
expensive (1,063,366.85€), followed by colonoscopy 3/10y (1,190,483.53€).

Sensitivity analysis
Univariate analysis

The impact of adherence and cost parameters on the cost-effectiveness of colonoscopy 3/10 strategy versus FIT 1/1y
strategy (Fig. 6). We evaluated adherence to �rst screening test, uptake tests, dropout from screening and adherence to
follow-up colonoscopy when FIT was positive. Cost of the CRC treatment and cost of the screening colonoscopy were also
evaluated.

Alteration of adherence to baseline colonoscopy had the greatest impact on the base-case ICER, being the only input that
changes the most cost-effective strategy, but only when the rate of adherence is below 39,8%. In that case FIT 1/1y becomes
the most cost-effective strategy.

The results were sensitive to variation of the other parameters (over the de�ned parameter’s uncertainty range) supporting
the evidence that colonoscopy 3/10y is the most cost-effective strategy. Interestingly, even with colonoscopy costing 2,000€
(the upper limit of the range used in this sensitivity analysis), colonoscopy 3/10y is still the most cost-effective strategy.

Probabilistic sensitivity analysis
In the probabilistic sensitivity analysis, colonoscopy 3/10 screening strategy was cost-effective over all other strategies in
84.77% of the simulations at a WTP of €30,000/QALY (Fig. 7). FIT 1/1y screening strategy was only cost-effective in 15.23%
of the simulations. To evaluate the percentage of iterations WTP that favour each screening strategy over a range WTP, an
acceptability curve was produced (Fig. 8). Again, in an WTP range (€0–60,000€), colonoscopy 3/10y is the more cost-
effective strategy. FIT 2/2 y, was never a cost-effective strategy, in the 10,000 iterations (Fig. 9).

Discussion
The results of our model, indicate that the Portuguese context, the most cost-effective strategy for CRC screening is
colonoscopy every 10 years, with the �rst follow-up colonoscopy performed 3 years after completion of the baseline
colonoscopy. The colonoscopy based-strategies (colonoscopy 3/10y and colonoscopy 10/10y) absolutely dominate all
stool-based strategies as well as CT-colonography, with ICERs clearly below the WTP threshold of 30,000€ per QALY and the
largest net monetary bene�ts (NMB). Choosing a different strategy resulted in lower effectiveness and higher costs, making
such an option not rational and undesirable. The biennial FIT strategy, although positive in reducing CRC incidence and
mortality compared with no screening, is the least cost-effective choice among the 5 strategies modelled.

Our �ndings are consistent with previous �ndings in the literature, although there are studies with different results [12].
Teldford et al, used a Markov probabilistic model to estimate the most cost-effective strategy for CRC screening in Canada;
colonoscopy every 10 years was the most cost-effective strategy with an ICER of 6,133€ per QALY when compared to FIT
performed annually [13]. In a study by Barzi et al evaluating 13 screening strategies, including FIT, colonoscopy was the most
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effective strategy with the highest effectiveness, but also the lowest total cost per patient ($2861) [14]. They showed that
annual FIT was dominated by colonoscopy every 10 years. In our study, we found similar results, as annual FIT is absolutely
dominated by colonoscopy, with an ICER of – 44,461.97€ per QALY (FIT 1/1y versus colonoscopy 3/10y). The absolute
dominance of colonoscopy over all other screening strategies in Portugal, observed in our model, is probably explained by
two main factors acting simultaneously in the Portuguese context: (1) relatively low cost of anaesthetic-assisted
colonoscopy (compared to other developed countries), and (2) the high reimbursement received by NHS hospitals during the
�rst two years of CRC treatment.

In our model colonoscopy 3/10y is more cost-effective than colonoscopy 10/10y, with an ICER of 802.7€ per QALY, in the
base case scenario. Colonoscopy every 10 years is the strategy generally evaluated in CRC models. As far as we know, this is
the �rst time, a colonoscopy 3/10 y strategy has been included in a model, aiming to decrease the number of missing lesions
in the baseline colonoscopy[2].

Our results are reinforced by the perfect adherence scenario. Colonoscopy-based strategies continue to dominate all other
strategies and the cost-effectiveness ranking remains unchanged. These results are further supported by PSA, in which
colonoscopy 3/10y is the most cost-effective strategy in more than 80% of the iterations. The only situation in which FIT is
more cost-effective than colonoscopy is for initial adherence for colonoscopy below 39.8% ceteris paribus, reinforcing the
importance of health policies to increase adherence.

The colonoscopy adherence rate used in the cost-effectiveness models for base case estimates is variable, from 22–60%[12,
15, 16]. In our study, we assumed the upper limit of this range, as colonoscopy was modelled under anaesthesia assistance
(in Portugal, almost all colonoscopies requested by NHS primary care physicians are performed under anaesthesia in an
open access basis, free of charge at the point of care), which will very plausibly increase the adherence rate. In 2015, a US
survey found that 45.3% of adults aged 50 to 54 years reported screening with either colonoscopy or sigmoidoscopy[2].In our
model, the assumption of adherence for initial screening with colonoscopy-based strategies was 60%. Individual adherence
can be in�uenced by many factors, such as, education about screening, test characteristics and physician recommendation.
Regarding colonoscopy adherence, two major factor in�uencing patient compliance is ensure that they will not have of pain
and safety.

Our results are in line with previous studies on the clinical impact of different screening strategies on the natural history of
CRC. Screening colonoscopy 3/10y, prevented 64% of CRCs (129.7 CRC cases in the unscreened cohort) and gained 337.5
QALYs (per 1000 screened patients); improving screening for a perfect adherence scenario would prevent 80% of the CRCs
cases and gain 451.9 QALYs. In a study by Ladabaum et al, the number of cases of CRC per 1000 persons was 105 in the
unscreened cohort; colonoscopy every 10 years, averted 60 cases of CRC (57.2% reduction)[17]. Again as expected, the least
effective strategy, biennial FIT avoided only 55% of CRCs, and gained only 77.2% of the QALYs obtained by the colonoscopy
3/10y strategy, being more than six times more expensive compared to colonoscopy 3/10y.

As far as we know, our study is the �rst to estimated cost-effectiveness analysis for the Portuguese context, using the NHS
perspective, using a Markov model replicating the natural history of colon cancer, as well as its current treatment according
to CRC staging, where the �ve strategies were superimposed. Areia et al compared only 2 strategies in the Portuguese
context: biennial FIT and colonoscopy every 10 years (using no screening as baseline) [18]. They concluded that biennial FIT
was the most cost-effective strategy, as colonoscopy presented an ICER (103,633€ per QALY) above the WTP threshold. The
study used a societal perspective, which despite strong economic theoretical arguments for its use, is not the perspective
used and recommended by most government agencies, such as NICE or the Infarmed - National Portuguese Authority of
Medicines and Health Products, due to its lack of consistency and objectivity, as it introduces a large number of discretionary
costs[19–21]. Their analysis is limited to 2 strategies, as they argue that including more strategies in the model would
compromise the evaluation of the 2 strategies. This argument has no practical or theoretical support, as the quality of the
model analysis is not dependent on the number of strategies included, as each strategy is an independent node in a Markov
model. In our opinion, FIT 1/1 y should have been included, not least because FIT 2/2y is not endorsed by most medical
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societies[22]. Moreover in their model they only considered a very low compliance rate for colonoscopy, which seems not
realistic given that in Portugal, colonoscopy is performed under anaesthesia, free of charge. The 38% adhesion rate used in
the base case estimate was also used as the upper limit in the model's sensitivity analysis; it does not seem plausible that
the baseline value is, at the same time, the upper limit in a sensitivity analysis. Furthermore, using the initial adherence rate
value of 38%, as the adherence rate for subsequent colonoscopies is surprising. In most studies, the rate of adhesion used
for subsequent colonoscopies is higher between 60%-80%[12]. The cost per patient of the 2 modelled strategies is very low:
11.9€ in the FIT strategy, 199.4€ in the colonoscopy strategy and 7.9€ in unscreened patient. This is di�cult to understand
as the cost of the cancer treatment, is the main driver of the total costs in any CRC screening program, give the price of new
drugs and treatments. They should have used, as we did in our model, for objectivity and simplicity, the �xed reimbursement
for the �rst 2 years of CRC treatment that it is being progressively implemented in Portugal. In their work, the cost of CRC per
stage is not explicitly reported, as only cost data is showed in a supplementary table, with unit cost for several tests and
procedures.

We should note that this study is a a modelling exercise, using multiple health states, patients’ pathways, inputs and
assumptions, and using published data. The costs are derived from the Portuguese NHS, so care must be exercised when
applying these results to other countries. Despite the limitations, we believe that the study can contribute to the design of
better and more e�cient screening policies.

Our results, strong suggest, that biennial FIT, the screening strategy used in Portugal, should be abandoned as it is the most
expensive and less effective strategy for the NHS, and replaced by one of the two colonoscopy strategies. Finally, the
implementation of an organized screening strategy should include a cost-effectiveness analysis for the governments to take
more rational decisions and better allocate resources in healthcare.
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Figure 1

Markov Tree 
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Figure 2

FIT 2/2y Node
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Figure 3

Colonoscopy 10/10y Node
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Figure 4

Cost-effectiveness plane - Real World Scenario

Figure 5
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Cost-effectiveness plane - Perfect Adherence Scenario

Figure 6

Tornado diagram: colonoscopy 3/10y versus FIT 1/1y
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Figure 7

Monte Carlo acceptability at WTP

Figure 8

CE acceptability curve
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Figure 9

ICE scatterplot: Colonoscopy3/10y versus FIT1/1y


