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Abstract
Background: Several studies suggest that test characteristics for
the fecal immunochemical test (FIT) differ by gender, triggering a
debate on whether men and women should be screened differently. We used the microsimulation model MISCAN-Colon to
evaluate whether screening stratiﬁed by gender is cost-effective.
Methods: We estimated gender-speciﬁc FIT characteristics
based on ﬁrst-round positivity and detection rates observed in
a FIT screening pilot (CORERO-1). Subsequently, we used the
model to estimate harms, beneﬁts, and costs of 480 genderspeciﬁc FIT screening strategies and compared them with uniform
screening.
Results: Biennial FIT screening from ages 50 to 75 was less
effective in women than men [35.7 vs. 49.0 quality-adjusted life
years (QALY) gained, respectively] at higher costs (€42,161 vs.
€5,471, respectively). However, the incremental QALYs

Introduction
Colorectal cancer is the second most common cause of cancerrelated mortality in the Western world (1). Screening can prevent
part of these deaths by early detection and treatment of colorectal
cancer and its precursor lesions. Consequently, several countries
and local initiatives across the world have adopted populationbased screening for colorectal cancer. The majority of these
initiatives have opted for some form of fecal immunochemical
testing (FIT; refs. 2, 3).
These screening programs use the same approach for both
genders despite age and gender disparities in prevalence of colorectal neoplasia and a higher life expectancy in women. We
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gained and costs of annual screening compared with biennial
screening were more similar for both genders (8.7 QALYs
gained and €26,394 for women vs. 6.7 QALYs gained and
€20,863 for men). Considering all evaluated screening strategies, optimal gender-based screening yielded at most 7% more
QALYs gained than optimal uniform screening and even
resulted in equal costs and QALYs gained from a willingness-to-pay threshold of €1,300.
Conclusions: FIT screening is less effective in women, but the
incremental cost-effectiveness is similar in men and women.
Consequently, screening stratiﬁed by gender is not more costeffective than uniform FIT screening.
Impact: Our conclusions support the current policy of uniform FIT screening. Cancer Epidemiol Biomarkers Prev; 26(8); 1328–36.
2017 AACR.

previously showed that a uniform approach is cost-effective for
primary colonoscopy screening, because the lower prevalence of
advanced neoplasia in women is compensated by a higher life
expectancy (4). However, we assumed that test characteristics for
colonoscopy did not differ between genders, while there are
strong indications that the test characteristics for fecal occult
blood test (FOBT; including FIT) differ between men and women.
A Scottish guaiac-based FOBT (gFOBT) screening study
reported more screen-detected colorectal cancers in men compared with women, whereas the number of interval colorectal
cancers was similar in both groups, suggesting higher sensitivity in
men (5). Two other studies likewise found a higher sensitivity of
FIT for advanced neoplasia in men compared with women (6, 7),
and also a higher positive predictive value (PPV), whereas FIT
speciﬁcity in men was found to be signiﬁcantly lower (6). The
lower speciﬁcity in men was conﬁrmed in the FIT screening trial
CORERO-1 with a higher FPR in men compared with women (8).
These studies triggered a debate whether men and women
should be screened differently with FIT. For instance, lowering
the FIT cutoff in women will increase their sensitivity toward that
of men, or in contrast, increasing the cutoff in women will increase
their PPV toward that of men (9). Differences in test characteristics
might affect the optimal cutoff for a positive FIT, but might also
affect the optimal screening age range and interval. Microsimulation modeling can take these gender differences in test characteristics, but also in life expectancy and colorectal cancer incidence
into account and estimate costs and quality-adjusted life years
(QALY) gained of various screening strategies. In this study, the
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microsimulation model MISCAN-Colon was used to determine
optimal screening strategies for men and women and to study
whether screening stratiﬁed by gender is beneﬁcial in terms of
cost-effectiveness.

Materials and Methods
We developed two separate versions of the microsimulation
model MISCAN-Colon for men and women. We estimated sensitivity and speciﬁcity of FIT based on the gender-speciﬁc positivity and detection rates observed in the CORERO-1 trial. We
then simulated male and female populations screened with
various FIT screening strategies to estimate the QALYs and costs
of FIT screening by gender and determined efﬁcient screening
strategies for men and women. Thereafter, we compared costs and
effects of screening stratiﬁed by gender with uniform screening.
The CORERO trial
The CORERO-1 trial was a randomized controlled trial comparing attendance and detection rates of gFOBT, FIT, and sigmoidoscopy at ﬁrst round screening. For the current study, we only used the
data of FIT screening. Details from this trial have been described
elsewhere (10, 11). In short, screening-na€ve subjects ages 50 to
74 years, living in the southwest of the Netherlands were selected
through municipal population registers. Screenees assigned in the
FIT study arm received a kit with a single FIT (OC-Sensor). A cutoff
of 10 mg hemoglobin/g feces (equivalent to 50 ng hemoglobin/mL)
was used to indicate a positive test result. This was followed by the
recommendation for a diagnostic colonoscopy. In total, 4,969 men
and 5,039 women were invited, of which 59.8% of men and 64.6%
of women returned the test. The positivity rate and detection rates
were higher among men compared with women (Table 1). The PPV
for advanced neoplasia did not differ signiﬁcantly for men (42.1%)
and women (37.0%; P ¼ 0.265). Positivity rates, detection rates,
and the PPV at higher cutoffs can be found elsewhere (8).
MISCAN-Colon
MISCAN-Colon is a well-established microsimulation model
for colorectal cancer developed at Erasmus MC (Rotterdam, the
Netherlands). The model has been extensively described previously (12, 13) and in the Supplementary Model Methods S1. In
brief, MISCAN-Colon simulates life histories of a large group of
individuals from birth to death. As each simulated person ages,
one or more adenomas may develop. These adenomas can progress in size from small (5 mm) to medium (6–9 mm) to large

size (10 mm). Some adenomas can develop into preclinical
cancer, which may progress through stages I to IV.
At any time during the development of the disease, the process
may be interrupted because a person dies of other causes. With
screening, colorectal cancer may be prevented by the detection
and removal of adenomas or detected at an earlier stage with a
more favorable survival. In this way, colorectal cancer incidence
and/or colorectal cancer-related mortality can be reduced. The life
years gained by screening are calculated as the difference in
model-predicted life years lived in the population with and
without colorectal cancer screening.
Model input
Natural history. We developed two versions of the MISCANColon model, one for each gender. The two versions were separately calibrated to gender-speciﬁc prescreening data on the agespeciﬁc incidence of colorectal cancer as observed in the Netherlands before the introduction of screening (between 1999 and
2003; ref. 14) and the gender and age-speciﬁc prevalence and
multiplicity distribution of adenomas as observed in autopsy
studies (15–22). The size distribution of adenomas was calibrated
to the size distribution of adenomas detected in a colonoscopy
trial (23). Survival after clinical diagnosis is based on 1989 to
2003 survival data obtained from the Dutch Comprehensive
Cancer Centre (14). The preclinical duration of colorectal cancer
and the adenoma dwell-time were calibrated to the rates of
interval and surveillance-detected cancers observed in randomized controlled trials evaluating screening using gFOBTs and a
once-only sigmoidoscopy (24). The model outcomes showed
good concordance with trial results (Supplementary Model
Methods).
Study population. We modeled the age distribution and life
expectancy separately for the male and female version of the
model. We modeled the Dutch population aged 25 to 85 years
in 2015 (25), and all individuals were followed until death. Life
expectancy was based on gender-speciﬁc life-tables from 2011
obtained from Statistics Netherlands (25).
Screening strategies. FIT screening was simulated in the population starting in year 2015. Individuals were offered screening
according to different FIT screening schedules varying by:
Age to start screening: 40, 45, 50, 55, 60, and 65 years
Age to stop screening: 70, 75, 80, and 85 years
Screening interval: 1, 1.5, 2, and 3 years
*

*

*

Table 1. Positivity rates and detection rates FIT with a cutoff of 10 mg Hb/g feces as simulated with equal and gender-speciﬁc test characteristics and as observed in
CORERO-1

Men
Observed (n ¼ 2,857)
Simulated with equal FIT characteristics
Simulated with gender-speciﬁc FIT characteristics
Women
Observed (n ¼ 3,129)
Simulated with equal FIT characteristics
Simulated with gender-speciﬁc FIT characteristics

Positivity
rate

Detection rate of
nonadvanced adenomas

Detection rate of
advanced neoplasiaa

10.71%
8.60%
10.75%

2.56%
1.80%
2.55%

4.38%
3.48%
4.38%

6.30%
7.89%
6.29%

0.86%
1.50%
0.86%

2.17%
2.72%
2.17%

NOTE: The model simulated with equal FIT characteristics had a GOF of 56.3, compared with a GOF of 0.0008 in the model with gender-speciﬁc FIT characteristics, a
difference of 56.3.
a

An advanced adenoma was deﬁned as an adenoma of 10 mm or greater in size, and/or with 25% or greater villous component and/or high-grade dysplasia.
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The cut-off level for a positive FIT result varied between 10
(FIT10), 15, 20, 30, and 40 mg hemoglobin/g feces (equivalent to
50–200 ng Hb/mL). This resulted in a total of 480 different
screening strategies per gender.
If adenomas were detected, individuals entered a surveillance
program according to the Dutch guidelines for follow-up after
polypectomy (26). We assumed that surveillance colonoscopies
would be performed until at least 75 years of age, or until the stop
age for screening, whichever was latest. If no adenomas were
found at diagnostic colonoscopy, the individuals were assumed to
be at low-risk for colorectal cancer and did not return to the
screening program until after 10 years.
Attendance. To identify the optimal screening strategies for participants, we analyzed the strategies with full attendance (100%). In
the sensitivity analysis, we looked at alternative gender-speciﬁc
attendance levels based on the CORERO-1 trial (see Supplementary Table S1).
Costs. The analysis was performed from a third-party payer
perspective. All costs are presented in Supplementary Table S1.
We adjusted all costs to reﬂect the 2012 level, using the Dutch
Consumer Price Index (27).
FIT costs were assumed to be €21.90 based on an internal study
(including a single KIT, packing material, material and personnel
costs of the analysis, postage costs, and organizational costs). The
assumed costs of a colonoscopy were based on estimates in the
COCOS trial: €192 for a negative colonoscopy and €329 for a
colonoscopy with polypectomy (28). Because of the recent discussion on colonoscopy costs in the United States (29), we
considered costs that were twice and four times as high in a
sensitivity analysis. Costs for colonoscopy complications were
based on Diagnosis Treatment Combination (DTC) rates, derived
from the Dutch Health Care Authority (30). Costs for treatment of
colorectal cancer were divided into three clinically relevant phases
of care: initial treatment, continuous care, and terminal care. The
initial care phase was deﬁned as the ﬁrst 12 months after diagnosis, the terminal care phase was deﬁned as the ﬁnal 12 months
of life, and the continuing care phase was deﬁned as all months in
between. For patients surviving less than 24 months, the ﬁnal
12 months were allocated to the terminal care phase, and the
remaining months were allocated to the initial care phase. Initial
treatment costs were based on DTC rates, except for oxaliplatin.
The costs for oxaliplatin were derived from the Dutch Health Care
Insurance Board (31). We assumed that during the continuous
care phase, individuals would follow the Dutch colorectal cancer
treatment guidelines (32), and costs for periodic control were
based on DTC rates. Terminal care costs were based on a Dutch
last-year-of-life-cost-analysis (33). We assumed that these
costs increased with stage at diagnosis, at a rate observed for
U.S. patients (34, 35). Dutch terminal care costs for individuals
who died from colorectal cancer were approximately 40% of the
U.S. costs. We further assumed that terminal care costs of colorectal cancer patients who die from other causes were also 40% of
the U.S. costs.
Utility losses. We assumed no utility loss for a FIT, a utility loss
equal to 2 days per colonoscopy (0.0055 QALYs), and two weeks
of life per complication (0.0384 QALYs). We also assigned a
utility loss to each life-year with colorectal cancer care (Supplementary Table S1; ref. 36).
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Analysis
Estimating FIT sensitivity and speciﬁcity. The sensitivity and speciﬁcity of FIT were ﬁtted to the gender-speciﬁc positivity and
detection rates observed in the ﬁrst round of the CORERO-1 trial.
FIT sensitivity and speciﬁcity were estimated by minimizing the
difference between observed and expected (i.e., model simulated)
trial outcomes. Trial outcomes used for estimation were (i)
positivity rate (PR) and detection rate (DR) of (ii) colorectal
cancer, (iii) advanced adenomas, and (iv) nonadvanced adenomas for both men and women, for a total of 8 trial outcomes. The
observed detection rate of advanced adenomas was ﬁtted to the
detection rate of large (i.e., 10 mm) adenomas in the model, as
the model does not incorporate histology.
We estimated FIT characteristics twice: once assuming equal
and once assuming gender-speciﬁc sensitivity and speciﬁcity. If
the goodness-of-ﬁt (GOF) of the model with gender-speciﬁc FIT
characteristics was signiﬁcantly better than the model with equal
characteristics, we assumed that FIT characteristics indeed differed
between men and women. The GOF was calculated as the sum of
deviances between observed and simulated outcomes using the
following formula:
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FIT characteristics differed signiﬁcantly between men and
women if the difference in GOF of the model with genderspeciﬁc FIT characteristics and the model assuming equal FIT
characteristics exceeded 7.815 (c2 distributed, three degrees of
freedom).
Costs and beneﬁts of uniform and gender-based screening. We used
the MISCAN model to calculate costs and beneﬁts of all 480
different screening strategies by gender, including no screening.
Costs and QALYs gained were discounted by 3% per year (37). For
reference, we ﬁrst compared outcomes of no screening, biennial
screening from age 50 to 75 and annual screening from age 50 to
75 for men and women.
Subsequently, we used incremental cost-effectiveness analysis to determine the cost-effective screening strategies among all
480 evaluated screening by gender. To obtain these strategies,
we ruled out strategies that were more costly and less effective
than other strategies (simple dominance) or combinations of
other strategies (extended dominance). The remaining strategies are known as cost-effective or "efﬁcient." On a plot of
QALYs gained versus costs, the line connecting efﬁcient strategies is called the efﬁcient frontier. We calculated the incremental cost-effectiveness ratio (ICER) of each efﬁcient strategy
by comparing its costs and effects with those of the next less
costly and less effective efﬁcient strategy.
Finally, to determine the beneﬁt of screening stratiﬁed by
gender on a population level, we combined the efﬁcient strategies of men with the efﬁcient strategies of women, thereby
creating the gender-based screening strategies. The costs and
QALYs gained for men and women were summed, based on the
distribution of men and women in the population. Then, the
efﬁcient gender-based screening strategies were determined and
compared with the efﬁcient strategies of uniform screening in
the total population. We considered a difference in beneﬁt
between gender-based and uniform screening of 10% significant (38).
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Table 2. Outcomes of an annual and biennial screening program with FIT with a cutoff of 10 mg Hb/g feces and gender-speciﬁc FIT characteristics, screening from age
of 50–75 years per 1,000 participants (100% attendance)
CRC
CRC
QALYs
Total screening
Treatment
Total
incidence
deaths
gaineda
costs (€)a,b
costs (€)a
costs (€)a
Men
No screen
37.9
20.7
0
499,783
499,783
Biennial screening
23.3
9.6
49
136,267
358,045
494,312
Annual screening
20.1
8.1
56
198,137
317,038
515,175
Women
No screen
31.9
18.5
0
420,600
420,600
Biennial screening
23.4
10.6
36
114,881
347,880
462,761
Annual screening
19.8
8.6
44
182,660
306,495
489,155
a

3% discounted.
Including primary test, diagnostic colonoscopy, surveillance, and complications.

b

Sensitivity analysis
We performed seven sensitivity analyses on different test
characteristics of FIT: (i) we assumed only speciﬁcity differed
between men and women; (ii) we assumed only sensitivity
differed; (iii) we assumed no difference in sensitivity and
speciﬁcity; (iv) we assumed a difference in sensitivity of colorectal cancer similar to the difference in sensitivity of advanced
adenomas; (v) we assumed that sensitivity of FIT in women is
primarily lower for progressive adenomas and to a lesser extent
for nonprogressive adenomas; (vi) we assumed that a percentage of adenomas do not bleed and can therefore never be
detected by FIT, unless they grow; and (vii) a similar analysis
where we assumed that this percentage was higher in women
than in men (Supplementary Table S1).
We also performed sensitivity analyses on differential attendance for men and women, colonoscopy costs, treatment costs,
discounting rates, and including societal costs (Supplementary
Table S1).

Results
FIT characteristics
Assuming equal FIT characteristics for both sexes, the simulated
PR and DR at a cutoff of 10 mg hemoglobin/g feces (50 ng Hb/mL)
were higher in men than in women, due to a higher prevalence
of colorectal neoplasia in men. Under this assumption, the
simulated PR and DR in men were lower and in women higher
than the observed rates (Table 1). Allowing FIT characteristics
to vary by sex signiﬁcantly improved the FIT of the model to the
observed CORERO-1 trial rates (Table 1). FIT speciﬁcity needed
to be lower and sensitivity for (non)advanced adenomas needed to be higher in men than in women to replicate the observed
FIT positivity and detection rates by gender, whereas the sensitivity for colorectal cancer was similar in both sexes (Supplementary Table S2).
Screening outcomes by gender
Using the model with gender-speciﬁc test characteristics, MISCAN predicted that biennial FIT10 screening between 50 and 75
years led to more profound reduction in colorectal cancer incidence and mortality compared with no screening in men than in
women (Table 2). Women had less life years and QALYs gained
than men per 1,000 participants (35.7 vs. 49.0 QALYs gained,
respectively), at higher costs (€42,161 vs. €5,471, respectively).
Annual screening also yielded fewer QALYs gained (44.4 vs. 55.7)
and higher costs (€68,555 vs. €15,391) in women than men when
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compared with no screening. However, the incremental QALYs
gained and costs for annual screening compared with biennial
screening were more similar between both sexes with 8.7 QALYs
gained and €26,394 for women versus 6.7 QALYs gained and
€20,863 for men.
When all strategies were considered (also varying screening age
range and interval), costs remained higher and QALYs gained
lower in women compared with men for all strategies (Fig. 1).
There was considerable overlap in which strategies were efﬁcient
between men and women, as six efﬁcient screening strategies were
identical (Table 3).
Beneﬁt of gender-based screening
Supplementary Table S3 shows all efﬁcient screening strategies
stratiﬁed by gender and efﬁcient uniform screening strategies. Six
of these strategies included an identical screening strategy for men
and women. Table 4 shows an example of uniform screening
strategies and screening strategies stratiﬁed by gender at different
willingness-to-pay thresholds. At a willingness-to-pay threshold
of €0, screening stratiﬁed by gender consisted of screening men
only. At a willingness-to-pay threshold of €20,000, the most
effective strategy was equal in men and women; thus, there was
no difference between gender-stratiﬁed and uniform screening.
The costs and QALYs gained of all efﬁcient strategies are shown
in Fig. 2. For screening strategies with few screening rounds,
screening stratiﬁed by gender dominated uniform screening,
albeit the difference was small. The widest gap in QALYs gained
between uniform screening and screening stratiﬁed by gender
was at savings of €16,867: screening both men and women ages
60 to 70 years triennially gained less QALYs (54) than screening
men ages 60 to 70 years biennially and screening women ages
60 to 70 years triennially (58; Supplementary Table S3), a difference of 7%. From willingness-to-pay thresholds of €1,300 or
higher, there was no difference between screening stratiﬁed by
gender and uniform screening.
Sensitivity analysis
The performed sensitivity analyses resulted in different strategies to be on the efﬁcient frontier. However, in all sensitivity
analyses, the added value of screening stratiﬁed by gender compared with uniform screening was marginal (Supplementary Fig.
S1). At a willingness-to-pay threshold of €20,000 per QALY
gained, there was no difference between uniform and stratiﬁed
screening when assuming differential attendance levels for men
and women. At this threshold level, the difference in QALY gained
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Figure 1.
Costs and QALYs gained per 1,000
participants of FIT screening with ﬁve
different cutoffs and with different
start and stop age and screening
interval, 3% discounted.

between uniform screening and screening stratiﬁed by gender
was highest when assuming quadruple colonoscopy costs, but
did not exceed 3 QALY per 1,000 participants (approximately
3%; see Supplementary Figure S1, Panel B).

Discussion
Our study demonstrates that FIT screening is more (cost-)
effective in men than in women due to a higher prevalence of
colorectal neoplasia and a better test sensitivity for (advanced)
adenomas in men. Nevertheless, screening women remained
highly cost-effective compared with no screening. Despite the
difference in cost-effectiveness compared with no screening, the
ICER of different screening strategies did not differ substantially
between men and women, and the optimal screening strategies for

1332 Cancer Epidemiol Biomarkers Prev; 26(8) August 2017

men and women were either the same or very similar. As a result,
FIT screening stratiﬁed by gender dominated uniform screening
with less intensive screening (maximum difference 58 vs. 54
QALYs gained, respectively), but resulted in equal costs and
QALYs gained from a willingness-to-pay threshold of €1,300.
Thus, FIT screening stratiﬁed by gender was not more cost-effective than uniform FIT screening.
Given the differences in costs and QALYs gained compared with
no screening between men and women, it may come as a surprise
that the efﬁcient strategies and incremental cost-effectiveness
ratios are quite similar between sexes. Cost-effectiveness of intensifying screening is however determined by the yield of the
additional screening rounds. The prevalence of (advanced) neoplasia in the screened population decreases each screening round,
depending on FIT sensitivity. At the ﬁrst screening round, men
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Table 3. Screening strategies on the cost efﬁciency frontier in (i) men and (ii) women, 3% discounted

Men
1
2
3
4
5
6
7
8
9
Women
1
2
3
4
5
6
7
8
9
10

Cutoff

Start
age

Stop
age

Interval

#
Screens

FIT10
FIT10
FIT10
FIT10
FIT10
FIT10
FIT10
FIT10
FIT10

60
55
55
55
50
50
50
45
40

70
70
70
75
75
75
80
80
80

2
2
1.5
1.5
1.5
1
1
1
1

6
8
11
14
17
26
31
36
41

FIT10
FIT10
FIT10
FIT10
FIT10
FIT10
FIT10
FIT10
FIT10
FIT10

60
60
60
55
55
55
50
50
45
40

70
70
70
70
75
75
75
80
80
80

3
2
1.5
1.5
1.5
1
1
1
1
1

4
6
7
11
14
21
26
31
36
41

Costs
(€)/QALY
gained

QALY
gaineda

Costsa
54,815
48,971
41,287
32,956
10,543
31,175
63,867
97,580
125,815

76
87
95
100
106
113
116
118
119

18,948
25,890
28,696
52,302
66,794
101,147
135,405
167,127
199,055
225,426

41
51
54
67
72
81
88
92
95
96

ICER

719
560
434
331
99
276
551
824
1,054

719
524
998
1,859
3,525
6,006
10,809
13,285
33,234

462
512
533
783
921
1,241
1,543
1,812
2,092
2,341

462
730
860
1,818
2,549
3,823
5,449
7,131
10,818
23,267

a

Per 1,000 participants.

have a higher prevalence of (advanced) neoplasia than women,
but the prevalence of advanced neoplasia in men after one
screening round will become lower than in unscreened women.
As a consequence, the yield of initiating screening in women is
higher than the yield of intensifying screening in men. This effect is
demonstrated by a lower ICER of the ﬁrst efﬁcient strategy of
women than the ICER of the second efﬁcient strategy of men. The
yield of further intensifying FIT screening depends on the residual
number of nondetected neoplasia. The lower sensitivity of FIT in
women compared with men necessitates more frequent screening
in women than men, while the lower initial prevalence of neoplasia compensates this, leading to similar efﬁcient strategies with
a similar ICER.
We have modeled the differential performance of FIT between
men and women as a difference in sensitivity for (advanced)
adenomas. This does not necessarily mean that FIT is less accurate
in women. Rather, adenomas in women are less likely to give
blood in stool, and therefore, FIT is not able to detect these
adenomas, resulting in a lower sensitivity of the test for adenomas.

One explanation for the differential performance of FIT is the fact
that a greater proportion of adenomas in men are generally
located in the left hemicolon. Because this could inﬂuence results
if the (missed) right-sided lesions progress more rapidly, we
added a sensitivity analysis in which the difference in FIT performance between men and women primarily existed for progressive
(i.e., faster growing) adenomas rather than for nonprogressive
(slow growing) adenomas. The conclusion of this sensitivity
analysis was in line with the base case analysis. Potential other
reasons for the differential performance of FIT are gender differences in hemoglobin concentration of blood, fecal volume, and a
lower colonic transit in women than men (5).
Our ﬁnding of lower test sensitivity of FIT in women is in
concordance with two other studies (6, 7), but in contrast with
one other study (39). Even though our sensitivity estimates are
based on a single study, we are conﬁdent that this does not
inﬂuence our results. We performed extensive sensitivity analyses
on test characteristics and found our results to be robust for these
assumptions. Also, a German study found a per-person sensitivity

Table 4. Example of the most effective uniform screening strategies and screening strategies stratiﬁed by gender at different willingness-to-pay thresholds, 3%
discounted
Willingness to pay
€0 By gender
Uniform

Cutoff
FIT10
FIT10

Start age
M
60

W
X

Stop age
M
70

60

€2,000 By gender
Uniform

FIT10
FIT10

€5,000 By gender
Uniform

FIT10
FIT10

€10,000 By gender
Uniform

FIT10
FIT10

50
50

€20,000 By gender
Uniform

FIT10
FIT10

45
45

Interval
M
2

70

55
55
50

W
X

75
55

75

75
75

75

# Screens
M
6

3
70
1.5

80

1
1

80
80

1
1

11

10,209
6,096

83
81

21

46,005
40,020

94
92

31
31

100,007
116,147

102
104

36
36

148,956
148,956

107
107

11
1

80

Costsa
27,062
16,867

14
17

1.5

QALY
gaineda
38
54

W
X
4

1.5
1.5

70

50

W
X

17
26

a

Per 1,000 participants.
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Figure 2.
Costs and QALY gained of strategies
on the cost-efﬁciency frontier per
1,000 participants with uniform
screening and screening stratiﬁed by
gender, 3% discounted.

for advanced neoplasia of 30.7% for women compared with
47.7% for men (6). Our sensitivity estimates concern a per-lesion
instead of per-person sensitivity. Because of multiple lesions and a
probability for a positive FIT for other reasons than colorectal
neoplasia (e.g., hemorrhoids), the sensitivity on a person-level is
higher than the per-lesion sensitivity. Our per-person sensitivity as
calculated from the model output is quite similar to the German
study (32.5% for women vs. 55.4% for men).
Our results are obtained by assuming perfect (100%) attendance, because assuming imperfect adherence could result in
overly aggressive screening in hope that, on average, screening is
performed at the desired frequency. This would lead to overscreening in those who adhere with recommendations, with the
potential for unnecessary risks. However, we showed in the
sensitivity analyses that assuming gender-speciﬁc realistic attendance did not inﬂuence our conclusions.
To our knowledge, this is the ﬁrst cost-effectiveness analyses to
determine the optimal FIT screening strategy by gender. Two
limitations are noteworthy. First, we assumed that all differences
in the prevalence of adenomas and colorectal cancer incidence
between men and women were caused by a difference in adenoma
onset and probability to progress to colorectal cancer. We did not
assume any differences in dwelling time of adenomas. However,
as the relative risk for men and women of nonadvanced adenomas
in a German study is similar to the relative risks of colorectal
cancer in the Netherlands in the corresponding age group (RR, 1.5;
ref. 6), we believe it is likely that the dwelling time of adenomas
does not differ signiﬁcantly between men and women. Second, we
introduced a sensitivity analysis in which a proportion of adenomas are systematically missed, but assumed this proportion
was equal for men and women. If this proportion does differ, it
might inﬂuence the preferred screening ages and interval, in
theory making screening stratiﬁed by gender more beneﬁcial.

1334 Cancer Epidemiol Biomarkers Prev; 26(8) August 2017

There are not enough data yet to study this phenomenon for
men and women separately, but we did include a sensitivity
analysis with a hypothetical difference in the proportion, showing
the same conclusion in this sensitivity analysis as the base case
analysis.
Various investigators have argued that colorectal cancer screening should be stratiﬁed by gender because of the difference in
prevalence of (advanced) neoplasia (40, 41) and the genderrelated differences in FIT accuracy (5, 9). Our study shows that
the added value of gender-based screening is at most marginal.
Furthermore, screening stratiﬁed by gender may also have disadvantages: some men and women may be confused by the
differential recommendations to the point that they no longer
attend screening. A slight impact of stratiﬁed screening recommendations on attendance will easily offset its marginal beneﬁt.
On the other hand, screening stratiﬁed by gender may increase
attendance because participants feel that the recommendations
are better tailored to their risk. Therefore, future research is needed
in this area.
Another area for future research is to evaluate the comparative
effectiveness of FIT screening and other screening modalities in
men and women separately. Earlier studies showed not much
difference in cost-effectiveness between a FIT screening program
and colonoscopy screening for the population as a whole (42).
However, as sensitivity of FIT is lower in women than men, the
additional sensitivity of colonoscopy compared with FIT is also
higher in women leading to lower comparative effectiveness of FIT
with colonoscopy. If the lower sensitivity of FIT in women does
not apply to other stool-based tests, the comparative effectiveness
of newer tests, such as stool-DNA tests, could also be different
than in men.
In conclusion, this study shows that the (cost-)effectiveness of
FIT screening is higher in men than in women due to a higher FIT
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sensitivity and a higher prevalence of neoplasia in men. However,
optimal screening strategies were similar in men and women with
respect to interval, age range, and FIT cutoff. Screening stratiﬁed by
gender does not improve cost-effectiveness, and therefore, our
ﬁndings support uniform screening of men and women as currently applied in FIT screening programs, like in the Netherlands.
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