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A B S T R A C T   

A faecal immunochemical test (FIT) screening pilot was introduced in Finland in 2019 with sex-specific screening 
strategies. This study aims to model cost-effectiveness of sex-specific strategies for the whole population, and to 
assess whether the current strategies are optimal. 

We developed separate MISCAN-Colon models, including different FIT performances, for the Finnish men and 
women using the first-year data of the FIT screening pilot. We evaluated 180 FIT strategies varying in FIT cut-off, 
screening interval, age to start, and age to stop screening, and compared them to no-screening by sex. We used 
incremental cost-effectiveness ratios (ICERs) to identify the optimal strategy after combining all male and female 
strategies and restricting the analysis by costs and referral rate to diagnostic colonoscopies. 

Offering annual FIT screening with a cut-off of 25 μg/g at 50–79 years in men and with a cut-off of 10 μg/g at 
55–69 years in women was optimal. This combined strategy prevented 28% of colorectal cancer (CRC) cases and 
55% of CRC deaths with acceptable costs (ICER = 9000€/life-years gained). Screening at the current target age of 
60–74 years was suboptimal for both sexes. Among strategies with the same target age and interval for both 
sexes, expected benefits from optimal screening were lower but still reasonable. 

Our results support a wider age range of screening in men, and a lower cut-off for a positive test in women 
when restrictions on colonoscopy capacity and costs are in place. National FIT screening program should start at 
younger age.   

1. Introduction 

Colorectal cancer (CRC) is one of the leading causes of cancer death 
in Europe (International Agency for Research on Cancer and World 
Health Organization, 2020). With screening, CRCs or their precursors 
can be detected early, and part of CRC deaths can be prevented 
(Winawer et al., 1993; Lauby-Secretan et al., 2018). Currently, screening 
with faecal immunochemical test (FIT) is widely adopted in Europe. 
Quantitative FIT has replaced its predecessor, qualitative guaiac faecal 
occult blood test (gFOBT) due to its better diagnostic performance and 
higher acceptability (European Commission, 2017; Lee et al., 2014). 

Studies suggest that effectiveness of gFOBT screening is larger in men 
than in women (Shaukat et al., 2013; Pitkäniemi et al., 2015). Similar 

findings are expected from FIT screening even though conflicting results 
have been reported (Zorzi et al., 2014). FIT sensitivity and positive 
predictive value for advanced neoplasia have been shown to be lower 
among women (Arana-Arri et al., 2017). Consequently, FIT with a lower 
haemoglobin cut-off in women and a higher cut-off in men might be able 
to lead comparable relative reductions in CRC mortality between sexes. 
So far Sweden and Finland are the only countries in Europe imple-
menting sex-specific screening. In their screening programs, FIT cut-offs 
in women have been set lower than in men, and the positivity rates have 
been almost equal (Blom et al., 2018; Sarkeala et al., 2021). 

CRC screening can be cost-effective (Ran et al., 2019) but there is 
only limited evidence on cost-effectiveness by sex. A Dutch study 
showed that sex-specific FIT screening strategies would result in at most 

Abbreviations: FIT, faecal Immunochemical test; CRC, colorectal cancer; ICER, incremental cost-effectiveness ratio; gFOBT, guaiac faecal occult blood test; LYG, 
life-years gained; FCR, Finnish Cancer Registry; WTP, willingness-to-pay. 
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7% more quality-adjusted life-years gained than an optimal uniform 
screening strategy (van der Meulen et al., 2017). A UK study showed sex- 
specific FIT screening to be more cost-effective with a 61% probability 
(Thomas et al., 2021). Two modelling studies from the US have sup-
ported uniform strategies for both sexes (Meester et al., 2018). These 
results may be affected by differences in CRC risks, screening protocols, 
health care systems, and costs between countries. Therefore, optimal FIT 
strategies need to be assessed separately for each country. 

In Finland, a FIT screening pilot was launched in 2019 (Sarkeala 
et al., 2021). The previous randomized gFOBT screening program since 
2004 had been suspended in 2016 due to similar CRC mortality in the 
screening and control arms and a non-significant increase in women 
(Pitkäniemi et al., 2015). The FIT pilot aims to attain similar relative 
reductions in CRC mortality for both sexes. However, first effectiveness 
results will not be available before 2030’s and results on long-term 
effectiveness decades after that. Until then, modelling provides a 
means to predict long-term (cost-)effectiveness of FIT screening. 

This study analyses cost-effectiveness of various sex-specific FIT 
screening strategies in the Finnish population using the Finnish FIT pilot 
and registry data with a well-established micro-simulation model 
developed within the EU-TOPIA project (Gini et al., 2021). 

2. Material and methods 

2.1. The Finnish CRC screening program 

The biennial FIT screening pilot was launched in April 2019 in nine 
volunteering Finnish municipalities. The study design and first year 
results have been discussed in detail elsewhere (Sarkeala et al., 2021). In 
short, personal invitations with a FIT were sent to everyone in the target 
population of 60–66-year-old men and women. In 2019, 13,059 men 
and 14,669 women were invited, of whom 75% and 83%, respectively, 
returned the test by the end of April 2020. Cut-offs of 70 μg Hb/g faeces 
in men and 25 μg Hb/g faeces in women indicated a positive test result. 
These cut-offs resulted in positivity rates of 2.8% in men and 2.4% in 
women. By September 2020, 73% (N = 198) of men and 73% (N = 216) 
of women with positive test result had findings at diagnostic colonos-
copy. In men, 16 CRCs and 68 advanced adenomas were detected. In 
women, the corresponding figures were 17 and 47, respectively. 

The nationwide CRC programme will start in 2022 when all 60–68- 
year-old men and women will be invited to screening (Fig. 1). The 
gradual implementation will continue until the planned target age of 

60–74 years will be reached in 2027. 

2.2. MISCAN-Colon model 

We used the Microsimulation Screening Analysis-Colon (MISCAN- 
Colon) model (Erasmus University Medical Center, Rotterdam, The 
Netherlands) to simulate future outcomes of CRC screening by sex in 
Finland. The model structure and underlying assumptions are reported 
by (Gini et al., 2021). Briefly, MISCAN-Colon simulates life histories of 
individuals from birth to death with and without screening. In each 
simulated individual, zero, one, or more adenomas may occur, progress 
in size, and develop into a preclinical cancer. Survival after a cancer 
diagnosis is modelled according to age, stage, and location of cancer. 
Screening alters the simulated life histories by detecting cancers at 
earlier stages or by removing precancerous lesions. The model quantifies 
the effectiveness and costs of screening comparing all life histories with 
screening with the corresponding life histories without screening. 

2.3. Study population 

The model simulated male and female cohorts of 10 million in-
dividuals aged 50 without CRC in 2019, and these cohorts were followed 
until death or age 100. To replicate the situation without screening, the 
model was developed and calibrated separately for men and women 
using age-specific CRC incidence and mortality rates from 1999 to 2003 
(please see Supplementary Methods). The age-specific CRC incidence 
and mortality rates as well as the age- and stage-specific relative survival 
rates were obtained from the Finnish Cancer Registry (FCR). All-cause 
mortality estimates were retrieved from the 2016 Finnish life tables 
(Shkolnikov et al., 2020). The main model assumptions on demography 
and natural history are provided in Table 1 with detailed descriptions in 
Supplementary Table 2 of (Gini et al., 2021). 

2.4. Screening strategies 

We used the model to simulate 181 different screening strategies, 
including a no-screening strategy, both in men and women for a total of 
362 strategies. The screening strategies varied by starting age (50, 55, 
60, and 65 years), stopping age (69, 74, and 79 years), screening interval 
(1,2, and 3 years), and FIT positivity cut-off (10, 25, 40, 55, to 70 μg Hb/ 
g faeces). All screening strategies were implemented for the whole 
country from 2019 onwards. 

Fig. 1. Gradual implementation of FIT screening program in Finland by calendar year of invitation (x-axis) and calendar year of birth (y-axis). Shaded areas represent 
invitational age groups. 
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The sex-specific FIT parameters for sensitivity and specificity were 
based on the first-year performance results of the pilot between April 
2019 and June 2020. These parameters were estimated for all the 
different cut-offs as described in Supplementary Methods. FIT was pre-
dicted to be more sensitive in men than in women (Table 1). Assump-
tions for colonoscopy performance were based on scientific literature 
(van Rijn et al., 2006; Schroy 3rd et al., 2013). Adherence to screening, 
diagnostic colonoscopies and post-colonoscopy surveillance were all 
assumed to be 100%. The post-colonoscopy surveillance was assumed to 
follow recommendations of the European Society of Gastrointestinal 
Endoscopy (Hassan et al., 2013). The whole target population was 
assumed to be invited to screening except those referred to post- 
colonoscopy surveillance due to their FIT screening findings. 

This study is based on registry data and was approved by the Na-
tional Institute of Health and Welfare (reference THL/356/5.05.00/ 
2019). 

2.5. Screening costs 

We performed a cost-effectiveness analysis from a health care payer 
perspective. Cost of the screening test including laboratory analyses was 
obtained from the screening laboratory, and cost of diagnostic colo-
noscopies from healthcare providers. Costs of common colonoscopy 
complications were estimated for this study (please see Supplementary 
Methods). Costs of surveillance were obtained from the National Insti-
tute for Health and Welfare (Kapiainen et al., 2014). The pTNM stage- 
specific costs of CRC care were available only for a short 5-year period 
in a specialized medical care (Mäklin et al., 2020). All costs were con-
verted to euros for the year 2019 (Table 1). 

2.6. Model outcomes 

For each simulated strategy, we calculated all outcomes separately 
for men and women for the whole lifetime and report them per 1000 
participants. The benefits are quantified by life-years gained (LYGs) 
from screening (Martin et al., 2008), and CRCs and CRC deaths pre-
vented (%). The vital health care resources are illustrated by the 
numbers of diagnostic and total colonoscopies, of which the latter in-
cludes post-colonoscopy surveillance. The harms of screening are illus-
trated by the numbers of colonoscopy complications. The total costs 
included costs due to screening, post-colonoscopy surveillance and CRC 
care. The LYGs and the costs were discounted by 3%. 

2.7. Specific study questions 

The model outcomes were specifically aimed to study whether the 
current sex-specific screening strategies are cost-effective, and if not, 
which strategies would be both optimal and feasible with regards to total 
costs and colonoscopy resources for the whole population (see below). 
The current strategies refer to biennial screening of 60–74-year-olds 
with cut-offs 70 μg/g for men and 25 μg/g for women. 

2.8. Cost-effectiveness analysis 

We determined the cost-effectiveness of sex-specific screening stra-
tegies for the Finnish population and compared the results to no- 
screening. To be able to provide screening and resources optimally for 
the whole population, sex-specific strategies were combined. We first 
formed all possible pairwise combinations between 181 male and 181 
female strategies (i.e., a total of 32,761 unique combinations), and 
pooled sex-specific outcomes together as weighted averages of 50-year- 
old men and women in the population in 2019 (European Commission, 

Table 1 
Key modelling assumptions.  

Input parameter Model assumptions 

Demography  

All-cause mortality Finnish lifetables (Human Mortality Database, 
2016) 

Natural history  
Adenoma onset Age-dependent (non-homogenous Poisson)1 

Adenoma localization Finnish Cancer registry 
Adenoma progression  

State transitions Age-dependent 
State durations, years (total) Exp(λ = 140) 

Cancer progression (preclinical)  
Stage transitions Age-dependent1 

Stage durations, years Exp(λ = 2.5) 
Colorectal cancer survival Age-/stage− /localization-dependent 

Finnish Cancer registry 

FIT performance in men2 10 
μg/g 

25 
μg/g 

40 
μg/g 

55 
μg/g 

70 
μg/g 

Sensitivity, %      
Adenomas 0-5 mm 0 0 0 0 0 
Adenomas 6-9 mm 10 9 7 5 4 
Adenomas ≥10 mm 27 26 24 18 14 
Pre-clinically detectable CRC 60 55 50 35 21 
Clinically detectable CRC 90 80 75 70 65 

Specificity, % 96 99 99 99 99 

FIT performance in women2 10 
μg/g 

25 
μg/g 

40 
μg/g 

55 
μg/g 

70 
μg/g 

Sensitivity, %      
Adenomas 0-5 mm 0 0 0 0 0 
Adenomas 6-9 mm 0 0 0 0 0 
Adenomas ≥10 mm 9 9 8 6 3 
Pre-clinically detectable CRC 40 35 25 20 15 
Clinically detectable CRC 57 50 35 25 19 

Specificity, % 97 98 99 99 99 

Colonoscopy performance  
Sensitivity3, % 0 

Adenomas 0-5 mm 75 
Adenomas 6-9 mm 85 
Adenomas ≥10 mm 95 
Malignant neoplasia 99 

Specificity4, % 86 
Complete colonoscopy 
examination, %  
Complication rates, % with 
polypectomy5 

Age-dependent 

Fatal complications6 0.000329 

Costs8  

FIT 12.4 
Colonoscopy with or without 

polypectomy 
400 

Colonoscopy complications 3280 

Per life-year with cancer care7  

Initial and ongoing years, 
stage I-IV 

2888-5665 

Terminal year, stage I-IV8 12,884-32,860  

1 Model parameters calibrated using data of Finnish Cancer registry in pre- 
screening era (1999–2003, Figs. 5 and 6 in Supplementary Material); 

2 The first-year FIT performance was assumed for all screening rounds. 
3 The sensitivity of colonoscopy for the detection of adenomas and CRC within 

the reach of the endoscope was obtained from a systematic review on miss rates 
seen in tandem colonoscopy studies (van Rijn et al., 2006); 

4 Specificity for colonoscopy is based on an adenoma prevalence study of 
patients undergoing screening colonoscopy (Schroy 3rd et al., 2013); 

5 Age-specific risks for complications of colonoscopy requiring a hospital 
admission or emergency department visit were obtained from a study by Warren 
et al. (Warren et al., 2009); 

6 The mortality rate associated with colonoscopies with a polypectomy was 
derived by multiplying the risk for a perforation obtained from a study by 
Warren et al. (Warren et al., 2009) by the risk for death given a perforation 
obtained from a study by Gatto et al. (Gatto et al., 2003); 

7 Please see CRC screening costs for more details. 

8 The terminal year included costs of CRC death from a published study 
(Färkkilä et al., 2015), and of death from other causes (10,000€) from an expert 
opinion. 
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2020). We then restricted these pooled strategies to feasible ones which 
we determined as total costs maximum of 10% higher than those of the 
current screening, and as overall referral rate to diagnostic colonoscopy 
maximum of 5%. The overall referral rate was defined by numbers of 
diagnostic colonoscopies among those with the FIT in each pooled 
strategy. The 5%-limit was guided by the clinical expert group of the 
FCR. Of all screening strategies, only 6% (n = 1981) were infeasible 
which included strategies with a cut-off of 10 μg/g in men. We then 
removed the weakly and strongly dominated strategies as described 
elsewhere (Mark, 2002; Gini et al., 2017). The remaining strategies were 
considered efficient and constituted the efficient frontier. Finally, we 
calculated the incremental cost-effectiveness ratio (ICER) of each effi-
cient strategy by comparing its costs and LYGs with those of the next less 
costly and effective efficient strategy. 

In a secondary analysis, we set additional feasibility restrictions to 
provide support to optimal and easily implementable FIT screening 
program. We restricted the strategies further to include those with the 
same target age and interval for both sexes (801 out of 30,780 feasible 
strategies), and finally to biennial screening (292 out of 801 strategies). 
We compared efficient biennial strategies closest in cost to the current 
screening. 

Since an official willingness-to-pay (WTP) threshold for the incre-
mental cost-effectiveness ratio has not been defined in Finland, we used 
a WTP threshold of 10,000€/LYG in this study. All the analyses have 
been performed on the pooled data, but the results are presented also by 
sex. 

We also performed a budget impact analysis to assess the effect of 
attendance on the current and the optimal screening strategies. We 
assumed first-round non-attenders, 25% of men and 17% of women, to 
be never-attenders in accordance with a previous finding (Jäntti et al., 
2021). 

2.9. Sensitivity analysis 

Several sensitivity analyses were carried out to study the robustness 
of the primary results for uncertain model assumptions. First, we 
assumed higher care costs by increasing them by 50% and 100%. Sec-
ond, we assumed the same FIT sensitivity and specificity for men and 
women (Supplementary Table 1). Third, we analysed the cost- 

effectiveness of all strategies assuming no restrictions on total costs 
and overall referral rate. 

3. Results 

Without screening, 46/1000 men and 42/1000 women were pre-
dicted to be diagnosed with CRC, and 23/1000 men and 22/1000 
women to die from it. The current screening strategy prevented 14% of 
CRCs in men and 10% in women, and 34% of CRC deaths in men and 
31% in women (Fig. 2). The current screening was predicted to be quite 
similar for both sexes in LYGs (29/1000 men vs. 27/1000 women). 

Among all 180 sex-specific strategies in comparison to no-screening, 
men were predicted to gain more from screening than women. In men, 
prevented CRCs ranged from 5% to 43%, prevented CRC deaths from 
13% to 73%, and LYGs from 11 to 76/1000. In women, prevented CRCs 
ranged from 1% to 27%, prevented CRC deaths from 5% to 59%, LYGs 
from 4 to 60/1000. (Results not shown.) 

Among the feasible strategies in the population, annual screening at 
50–79 years with a cut-off of 25 μg/g in men and at 55–69 years with a 
cut-off of 10 μg/g in women was optimal with acceptable costs (ICER =
9000€/LYG) (Table 2). This strategy prevented 28% of CRCs and 55% of 
CRC deaths, and resulted in 58 LYGs/1000. Strategies at the current 
target age of 60–74 years were dominated and thus suboptimal for both 
sexes (Table 2, Fig. 2). 

Among the feasible strategies with the same target age and interval 
for both sexes, annual screening at 55–74 years with a cut-off of 25 μg/g 
in men and with a cut-off of 10 μg/g in women was optimal (ICER =
10,000€/LYG, Table 3). This strategy prevented 28% of CRCs and 54% 
of CRC deaths, and resulted in 55 LYGs/1000 individuals. Biennial 
strategies with a cut-off of 25 μg/g at 55–69 and 55–74 years for both 
sexes were closest in costs and superior to the current screening (Table 4, 
Fig. 3). 

Incomplete adherence reduced both LYGs and costs of screening up 
to 45% and 22% in the current and optimal strategies, respectively 
(Table 5). 

3.1. Sensitivity analyses 

The cost-effectiveness results were tested under several assumptions 

Fig. 2. The current screening and the optimal screening among the feasible screening strategies. Outcome are shown for prevented (prev.) CRCs and CRC deaths (%), 
and LYGs (/1000) by sex. 
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on CRC care costs and FIT performance. When care costs were increased 
by 50% or 100%, the optimal screening strategies remained unchanged 
but were associated with lower costs (ICER = 7000€/LYG, Table 6). 
When the same FIT performance was assumed for both sexes, optimal 
strategies no longer differed by sex. Annual screening with a cut-off of 

25 μg/g was optimal when offered at 55–74 years in men and at 55–79 
years in women (ICER = 10,000€/LYG). 

The analysis without restrictions on colonoscopy resources and costs 
resulted in a more intensive optimal strategy in women. Annual 
screening was optimal when offered at 50–79 years with a cut-off of 25 

Table 2 
Efficient FIT (faecal immunochemical test) screening strategies and the current screening in the Finnish population. For each screening strategy outcomes are shown 
per 1000 individuals assuming 100% adherence to screening, diagnostic colonoscopy, and post-colonoscopy surveillance.  

Sex (men/ 
women): 
Strategy(cut-off, 
target age, 
interval) 

FITs Diagnostic 
COLs 

Total 
COLs1 

COL 
compl. 

CRCs2 CRC 
deaths2 

LYGs Total 
costs3(/ 
1000) in 
€ 

Net 
costs4(/ 
1000) in 
€ 

CRC inci. 
Reduction3(%) 

CRC mort. 
Reduction3(%) 

ICER 
(/1000) in 
€ 

No Screening 0 22 22 1 44 23 0 946 0 0 0 0 

M: FIT70, 65–69, 
3 yrs & 
W: No 
screening 

511 34 46 1 43 21 5 973 26 3 7 2 

M: FIT25, 60–69, 
1 yr & 
W: No 
screening 

2637 85 143 2 39 17 22 1003 57 13 24 2 

M: FIT25, 55–69, 
1 yr & 
W: No 
screening 

4674 119 153 2 38 17 27 1017 70 14 25 2 

M: FIT25, 55–74, 
1 yr & 
W: No 
screening 

5542 134 174 2 37 16 31 1030 84 17 31 4 

Current 
Screening 
M: FIT70, 
60–74, 2 yrs & 
W: FIT25, 
60–74, 2 yrs 

4094 105 168 3 39 15 28 1101 155 12 33 Dominated 

M: FIT25, 55–74, 
1 yr & 
W: FIT25, 
60–69, 1 yr 

8452 191 268 3 34 12 45 1117 171 23 45 6 

M: FIT25, 50–74, 
1 yr & 
W: FIT25, 
60–69, 1 yr 

10830 226 298 3 34 12 50 1144 198 24 47 6 

M: FIT25, 50–74, 
1 yr & 
W: FIT10, 
60–69, 1 yr 

10791 270 353 4 33 12 52 1157 211 26 49 8 

M: FIT25; 50–79, 
1 yr & 
W: FIT10, 
60–69, 1 yr 

11396 280 366 4 32 11 53 1169 223 27 53 8 

M: FIT25; 50–79, 
1 yr & 
W: FIT25, 
55–69, 1 yr 

13428 271 336 4 33 11 55 1187 241 26 52 8 

Optimal 
Screening 
M: FIT25, 
50–79, 1 yr & 
W: FIT10, 
55–69, 1 yr 

13398 346 420 4 32 10 58 1206 260 28 55 9 

M = Men; W = Women; LYG = life years gained; compl. = complications; COLs = colonoscopies; CRC = colorectal cancer; ICER = Incremental cost-effectiveness ratio 
(Δcosts/ΔLYs gained compared to the previous less costly efficient strategy); inci. = incidence; mort. = mortality. 

1 Total colonoscopies include diagnostic and surveillance colonoscopies. 
2 CRC cases and CRC death were not discounted. 
3 Total costs include costs of CRC screening, surveillance and CRC care costs. 
4 Compared with no-screening. 
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μg/g in men and at 55–74 years with a cut-off of 10 μg/g in women 
(ICER = 10,000€/LYG, Table 6). 

4. Discussion 

Our study demonstrates that men gain more from FIT screening than 
women. However, women also benefit from screening at acceptable 
costs. An annual screening strategy with a cut-off of 25 μg/g at 50–79 
years was predicted to be optimal in men, and with a cut-off of 10 μg/g 
at 55–69 years in women. The current strategies would lead similar 
relative reductions in CRC mortality among men and women, but they 
would not be cost-effective. Among strategies with the same target age 
and interval for both sexes, benefits from optimal screening were 
reasonable compared to those in the primary analysis. Biennial strate-
gies with a cut-off 25 μg/g at 55–69 and 55–74 years for both sexes are 
closest in costs and superior to the current screening. Sensitivity ana-
lyses indicate that our cost-effectiveness estimates are conservative 
especially when comparing them to studies where the uniform FIT 
performance has been assumed. 

We studied screening strategies by pooling them over sex and used 
the current screening as a reference. Unfeasible strategies were ruled out 
due to their relatively high costs and colonoscopy demand. Due to these 
constraints, the most extensive strategies were excluded, and even the 
highest incremental cost-effectiveness ratios were acceptable with 
regards to WTP thresholds used in European countries/studies (10,000€ 
in Sweden (Aronsson et al., 2017), 20,000€ in the Netherlands, 
~38,000€ in France (Hassan et al., 2011)). The colonoscopy demand 
was described by the overall referral rate to diagnostic colonoscopy 
which is expected to decrease with subsequent screening rounds (Crotta 
et al., 2012). The overall referral rate of max 5% was a minor restriction: 
only suboptimal screening strategies with the lowest cut-off 10 μg/g 
were excluded in men. Nonetheless, the overall referral rate will un-
derestimate the short-term demand of colonoscopies which is critical for 
a CRC screening program. Fortunately, the current FIT screening is being 
gradually implemented to older ages, and the colonoscopy demand will 
thus increase gradually. 

FIT screening was found to be less effective in women which is in line 
with previous studies (Shaukat et al., 2013; van der Meulen et al., 2017; 

Table 3 
Efficient FIT (faecal immunochemical test) screening strategies in the Finnish population when the same target age and screening interval was assumed for both sexes. 
For each screening strategy outcomes are shown per 1000 individuals assuming 100% adherence to screening, diagnostic colonoscopy, and post-colonoscopy 
surveillance.  

Sex (men/ 
women): 
Strategy (cut-off, 
target age, 
interval) 

FITs Diagnostic 
COLs 

Total 
COLs1 

COL 
compl. 

CRCs2 CRC 
deaths2 

LYGs Total 
costs3(/ 
1000) in € 

Net 
costs4(/ 
1000) in 
€ 

CRC inci. 
Reduction3(%) 

CRC mort. 
Reduction3(%) 

ICER 
(/1000) 
in € 

No screening 0 22 22 1 44 23 0 946 0 0 0 0 

M: FIT70, 
65–69, 3 yrs & 
W: FIT55, 
65–69, 3 yrs 

1069 43 61 1 43 20 9 995 49 4 10 2 

M: FIT25, 
60–69, 2 yrs & 
W: FIT40, 
60–69, 2 yrs 

2909 86 148 2 39 17 22 1047 101 12 27 3 

M: FIT25, 
60–69, 1 yr & 
W: FIT40, 
60–69, 1 yr 

5563 127 218 3 36 14 35 1080 134 19 37 4 

Current 
Screening 
M: FIT70, 
60–74, 2 yrs & 
W: FIT25, 
60–74, 2 yrs 

4094 105 168 3 39 15 28 1101 155 12 33 Domi- 
nated 

M: FIT25, 
55–69, 1 yr & 
W: FIT25, 
55–69, 1 yr 

9577 211 272 3 35 13 46 1133 187 21 41 5 

M: FIT25, 
55–74, 1 yr & 
W: FIT25, 
55–74, 1 yr 

11,484 243 317 4 33 11 52 1176 230 25 52 6 

Optimal 
Screening 
M: FIT25, 
55–74, 1 yr & 
W: FIT10, 
55–74, 1 yr 

11,427 334 417 4 32 10 55 1199 253 28 54 10 

M = Men; W = Women; LYG = life years gained; compl. = complications; COLs = colonoscopies; CRC = colorectal cancer; ICER = Incremental cost-effectiveness ratio 
(Δcosts/ΔLYs gained compared to the previous less costly efficient strategy); inci. = incidence; mort. = mortality. 

1 Total colonoscopies include diagnostic and surveillance colonoscopies. 
2 CRC cases and CRC death were not discounted. 
3 Total costs include costs of CRC screening, surveillance and CRC care costs. 
4 Compared with no-screening. 
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Holme et al., 2017). So far only one cost-effectiveness study has 
compared sex-specific screening to uniform screening with regards to 
age range, interval, and FIT cut-off (van der Meulen et al., 2017). In that 
study, efficient strategies and incremental cost-effectiveness ratios were 

similar for both sexes indicating the uniform strategy to be sufficient. In 
our analyses with and without restrictions on colonoscopy use and costs, 
efficient strategies differed by sex. FIT sensitivity is likely to be one of 
the reasons for the difference between the study results. In women the 

Table 4 
The current screening and efficient FIT (faecal immunochemical test) screening strategies in the Finnish population when the same target age and biennial screening 
interval was assumed for both sexes. For each screening strategy outcomes are shown per 1000 individuals assuming 100% adherence to screening, diagnostic co-
lonoscopy, and post-colonoscopy surveillance.  

Sex (men/ 
women): 
Strategy (cut-off, 
target age, 
interval) 

FITs Diagnostic 
COLs 

Total 
COLs1 

COL 
compl. 

CRCs2 CRC 
deaths2 

LYGs Total 
costs3(/ 
1000) in € 

Net 
costs4(/ 
1000) in € 

CRC inci. 
Reduction3(%) 

CRC mort. 
Reduction3(%) 

ICER 
(/1000) 
in € 

No Screening 0 22 22 1 44 23 0 946 0 0 0 0 

M: FIT70, 65–69, 
2 yrs & 
W: FIT55, 
65–69, 2 yrs 

1559 52 77 2 42 19 12 1012 66 5 14 2 

M: FIT25, 65–69, 
2 yrs & 
W: FIT55, 
65–69, 2 yrs 

1549 60 95 2 41 18 16 1023 77 8 20 2 

M: FIT25, 60–69, 
2 yrs & 
W: FIT55, 
60–69, 2 yrs 

2912 84 143 2 39 17 25 1044 98 12 26 2 

M: FIT25, 60–69, 
2 yrs & 
W: FIT40, 
60–69, 2 yrs 

2909 86 148 2 39 17 26 1047 101 12 27 3 

M: FIT25, 55–69, 
2 yrs & 
W: FIT40, 
55–69, 2 yrs 

5161 124 166 2 38 16 34 1080 134 13 30 4 

M: FIT25, 55–69, 
2 yrs & 
W: FIT25, 
55–69, 2 yrs 

5157 137 181 2 38 15 36 1092 145 14 32 5 

Current 
Screening 
M: FIT70, 
60–74, 2 yrs & 
W: FIT25, 
60–74, 2 yrs 

4094 105 168 3 39 15 28 1101 155 12 33 Domi- 
nated 

M: FIT25, 55–74, 
2 yrs & 
W: FIT25, 
55–74, 2 yrs 

5940 153 206 3 37 14 41 1121 175 16 40 6 

M: FIT25, 50–74, 
2 yrs & 
W: FIT25, 
50–74, 2 yrs 

8482 197 250 3 37 13 48 1167 221 17 43 7 

Optimal 
Screening 
M: FIT25, 
50–74, 2 yrs & 
W: FIT10, 
50–74, 2 yrs 

8464 263 323 3 36 12 50 1187 241 19 46 9 

M: FIT25, 50–79, 
2 yrs & 
W: FIT25, 
50–79, 2 yrs 

9058 208 266 3 36 12 50 1193 247 18 49 28 

M = Men; W = Women; LYG = life years gained; compl. = complications; COLs = colonoscopies; CRC = colorectal cancer; ICER = Incremental cost-effectiveness ratio 
(Δcosts/ΔLYs gained compared to the previous less costly efficient strategy); inci. = incidence; mort. = mortality. 

1 Total colonoscopies include diagnostic and surveillance colonoscopies. 
2 CRC cases and CRC death were not discounted. 
3 Total costs include costs of CRC screening, surveillance and CRC care costs. 
4 Compared with no-screening. 
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FIT sensitivity was consistently lower for all screening outcomes 
compared to the Dutch study (van der Meulen et al., 2017). In men, 
however, there was no such consistent pattern in the FIT sensitivity 
between the studies. Thus, even with best available data, FIT sensitivity 
may not have been properly estimated for the Finnish women. Never-
theless, FIT screening is cost-effective in women compared to no- 
screening. 

Our study results support younger starting age and larger age range 
of FIT screening in men. This finding is line with one cost-effectiveness 
study which compared biennial sex-specific screening to uniform 
screening with regards to age in three fixed FIT cut-offs for a resource- 
constraint setting (Thomas et al., 2021). 

Based on a recent review, cost-effectiveness ratios of biennial FIT 
screening compared to no-screening ranged in Europe from 2400€/LYGs 
in Sweden to 4000€/LYGs in France (in 2016) (Ran et al., 2019; 
Aronsson et al., 2017; Hassan et al., 2011). Our estimate for biennial 
screening with a cut-off of 25 μg/g at 55–69 and 55–74 years corre-
sponds with the upper limit, 4000€/LYGs. Low CRC incidence and low 
care costs are known to increase the cost-effectiveness ratios (Ran et al., 
2019). The Finnish incidence rates are only slightly lower than in 
Sweden (Danckert et al., 2020). Therefore, the uniform FIT performance 
assumed and the high care costs in the Swedish study are likely to 
explain the difference between the estimates. 

Our study has several strengths. We used the well-established 
microsimulation model MISCAN-Colon which has previously been 
used to inform public makers in Western countries (van Hees et al., 
2015; Knudsen et al., 2016; Cenin et al., 2014). Model predictions were 
externally validated to several different screening trials and studies (Gini 
et al., 2021). Sex-specific colon models were calibrated to replicate the 
situation without screening using nationwide cancer registry data which 
is known to be accurate (Leinonen et al., 2017). Sex-specific models 
were calibrated also using the first-year data which were almost com-
plete. The FIT screening pilot is run within the routine health care in 
municipalities which have been shown to be representative for the 
whole country. Therefore, the cost-effectiveness results can be regarded 
representable for the population-based screening in Finland. 

As for limitations of the study, the first-year pilot data were rather 
uncertain due to the narrow age range and small numbers of screening 
outcomes: even a few CRCs by sex could have changed detection rates 

notably. The positivity rate was surprisingly low among women, and the 
predicted FIT sensitivity was very low as mentioned above. It is yet to be 
seen whether the FIT performance will remain the same in the first and 
subsequent rounds when based on more comprehensive data. Never-
theless, the predicted FIT performance will remain uncertain especially 
in low cut-offs among men. At the time of data delivery in June 2020, 
11% of screening outcomes were still missing and their distribution by 
sex was assumed to be same to those reported so far. This assumption 
held perfectly for the CRCs and almost so for advanced adenomas as 
confirmed in September 2020 (Sarkeala et al., 2021). We also assumed 
that the FIT positivity rates were from the first screening round even 
though 6% of individuals had been invited to the gFOBT screening. 
Further, to assure comparability between strategies and to avoid hypo-
thetical implementation plans, we assumed that screening was imme-
diately implemented from 2019 onwards. We also assumed full 
adherence to screening, diagnostic, and post-colonoscopy surveillance. 
If imperfect adherence had been assumed, strategies with short intervals 
and larger target age could have compensated suboptimal adherence in 
the population. However, this would have implied over-screening of 
individuals who adhere recommendations. All in all, our results can 
provide useful insights in the benefits and costs of FIT screening in 
Finland. 

The study results support a wider age range of screening in men, and 
a lower FIT cut-off in women when restrictions on colonoscopy capacity 
and costs are in place. We showed strategies with the same target age 
and interval for both sexes to lead lower benefits but only to some 
extent. This is reassuring since it can be difficult to justify and imple-
ment a truly sex-specific screening programme. Public acceptance of 
sex-specific FIT cut-offs is also needed to contribute high adherence to 
screening. Altogether, efficient strategy for both sexes is a logical aim of 
a screening programme. Men are then predicted to gain more from 
screening than women. However, since adherence to screening is likely 
to be higher in women, actual difference in effectiveness will be smaller 
than predicted. 

In conclusion, this study suggests that optimal strategies may differ 
by sex with regards to target age and FIT cut-off. Therefore, our results 
provide support for other countries to consider sex-specific CRC 
screening. 

Fig. 3. The current screening (Current) and two efficient biennial screening strategies (FIT25,55–69 & FIT25,55–74) with the same target age for both sexes, and 
closest in cost to the current screening. Outcomes are shown for prevented (prev.) CRCs and CRC deaths (%), and LYGs (/1000) by sex. 
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Table 5 
Impact of adherence on the current and the optimal FIT (faecal immunochemical test) screening strategies in the Finnish population. For each screening strategy 
outcomes are shown per 1000 individuals.  

Sex (men/women): Strategy 
(cut-off, target age, interval) 
Adherence assumption 

FITs Diagnostic 
COLs 

Total 
COLs1 

COL 
compl. 

CRCs2 CRC 
deaths2 

LYGs Total 
costs3 

(/1,000) in 
€ 

Net costs4 

(/1,000) in 
€ 

CRC inci. 
reduction3 

(%) 

CRC mort. 
reduction3 

(%) 

No screening 0 22 22 1 44 23 0 946 0 0 0 
Current screening            
M: FIT70, 60–74, 2 yrs & 

W: FIT25, 60–74, 2 yrs            
100% adherence 4094 105 168 3 39 15 28 1101 155 12 33 
Incomplete adherence+ 2319 70 109 2 41 19 17 1031 85 7 18 
Reduction+ (%, incomplete vs 

100% adherence)       
39  45   

Optimal screeningp            

M: FIT25, 50–79, 1 yr &  
W: FIT10, 55–69, 1 yr            

100% adherence* 13398 346 420 4 32 10 58 1206 260 28 55 
Incomplete adherence+ 10444 279 337 3 35 13 45 1152 206 22 42 
Reductionα (%, incomplete vs 

100% adherence)       
22  21   

Optimal screenings            

M: FIT25, 55–74, 1 yr &  
W: FIT10, 55–74, 1 yr            

100% adherence* 11427 334 417 4 32 10 55 1199 253 28 54 
Incomplete adherence+ 9046 272 338 4 35 13 43 1149 203 22 43 
Reductionα (%, incomplete vs 

100% adherence)       
22  20   

M = Men; W = Women; LYG = life years gained; compl. = complications; COLs = colonoscopies; CRC = colorectal cancer; ICER = Incremental cost-effectiveness ratio 
(Δcosts/ΔLYs gained compared to the previous less costly efficient strategy); inci. = incidence; mort. = mortality. 

1 Total colonoscopies include diagnostic and surveillance colonoscopies. 
2 CRC cases and CRC death were not discounted. 
3 Total costs include costs of CRC screening, surveillance and CRC care costs. 
4 Compared with no-screening. 
p Optimal screening in the primary analysis (Table 2). 
s Optimal screening in the secondary analysis (Table 3). 
* Assuming 100% adherence to screening, diagnostic colonoscopy, and post-colonoscopy surveillance; 
+ Incomplete adherence: Assuming 75% of males and 83% of females attended each screening round, i.e., 25% of men and 17% of women, were assumed to be never- 

attenders. Among those who attended to screening, 100% adherence to diagnostic colonoscopy, and post-colonoscopy surveillance was assumed; 
α Calculated only for LYGs and net costs. 

Table 6 
Optimal FIT (faecal immunochemical test) screening strategies and their asso-
ciated incremental cost-effectiveness ratios (ICER) per life-years gained (LYG) 
under specific sensitivity analyses.   

Screening strategy (sex (men/ 
women): Cut-off, target age, 
interval) 

ICER 
(/1000) in € 

Primary analyses: M: FIT25, 50–79, 1 yr & 
W: FIT10, 55–69, 1 yr 

9  

Sensitivity analyses1:   

50% higher CRC care costs M: FIT25, 50–79, 1 yr & 
W: FIT10, 55–69, 1 yr 

7 

100% higher CRC care costs M: FIT25, 50–79, 1 yr & 
W: FIT10, 55–69, 1 yr 

7 

Uniform FIT sensitivity and 
specificity 

M: FIT25, 55–74, 1 yr & 
W: FIT25, 55–79, 1 yr 

10 

No restrictions on 
colonoscopy resources and 
total costs 

M: FIT25, 50–79, 1 yr & 
W: FIT10, 55–74, 1 yr 

10 

M = Men; W = Women; ICER = Incremental cost-effectiveness ratio (Δcosts/ 
ΔLYs gained compared to the previous less costly efficient strategy). 

1 Detailed data on efficient screening strategies and uniform FIT performance 
are shown in Supplementary Tables 1–5. 
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