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Abstract

Background: The population-based colorectal cancer (CRC) screening program in in-

dividuals aged 55 to 75 years in the Netherlands uses fecal immunochemical testing
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(FIT), to detect hemoglobin in feces, followed by colonoscopy in individuals with a

positive FIT.

Objectives: The objectives of this study are to assess the false-positive rate, detection

rate, and positive predictive value of FIT for CRC and advanced adenoma (AA) in pa-

tients with Von Willebrand disease (VWD) or hemophilia.

Methods: We performed a multicenter, nationwide cross-sectional study embedded in

2 nationwide studies on VWD and hemophilia in the Netherlands.

Results: In total, 493 patients with hemophilia (n = 329) or VWD (n = 164) were

included, of whom 351 patients participated in the CRC screening program (71.2%). FIT

positivity and false-positive rate in patients with hemophilia and VWD were signifi-

cantly higher than those in the general population (14.8% vs. 4.3%, p < .001 and 10.3%

vs. 2.3%, p <.001, respectively). In patients with hemophilia, the detection rate of CRC/

AA was significantly higher than that in the general male population (4.5% vs. 1.8%,

p = .02), and the positive predictive value of FIT for CRC/AA was comparable (32.3% vs.

39.7%, n.s.). In patients with VWD, the detection rate was similar to that of the general

population (0.8% vs. 1.4%, n.s.), whereas the positive predictive value was significantly

lower than that in the general population (6.3% vs. 36.8%, p = .02).

Conclusion: This study indicates that despite a high false-positive rate of FIT in patients

with inherited bleeding disorders, the detection rate of CRC and/or AA in hemophilia

patients is high. FIT performs different in patients with hemophilia or VWD compared

with the general population.

K E YWORD S

colorectal neoplasms, hemophilia A, hemophilia B, mass screening, occult blood, Von Willebrand

diseases
Essentials

• We studied the fecal immunochemical test (FIT) perfor-

mance in inherited bleeding disorders.

• The false-positive rate of FIT in patients with inherited

bleeding disorders is high.

• Colorectal cancer detection rate in hemophilia patients

was higher than that in the general population.

• The positive predictive value of FIT was low in patients

with Von Willebrand disease.
1 | INTRODUCTION

Colorectal cancer (CRC) is a major contributor to cancer-related

mortality worldwide [1]. In the Netherlands, a population-based CRC

screening program was launched in 2014 [2]. This screening program

aims to reduce the CRC-related mortality by detecting CRC at earlier

stages and reducing the CRC incidence [3]. Individuals aged 55 to 75

years receive an invitation to participate in the screening program

once every 2 years by sending in a stool sample [3]. The participation

rate is approximately 72% [4]. The screening program uses fecal

immunochemical testing (FIT) to detect human hemoglobin in feces

[3]. Individuals with a positive FIT are referred for colonoscopy, pro-

vided that they are considered eligible for the procedure during an

intake interview [3,5]. A colonoscopy is performed in approximately

86% of individuals with a positive FIT result [4]. Relevant outcomes of

the screening program are advanced adenoma (AA) and CRC [2,3,5].

The screening program is expected to reduce the CRC-related

mortality on the long term [3]. A significant decrease in the inci-

dence of advanced-stage CRC was observed at the population level

after implementation of the screening program: from 117 per 100 000

population in 2013 to 94.7 per 100 000 population in 2018 [3].
Moreover, several observational studies showed lower CRC-related

mortality in screened populations compared with unscreened pop-

ulations [6–8].

So far, no studies have been conducted on the performance of the

CRC screening program in a selected cohort of patients with inherited

bleeding disorders, such as Von Willebrand disease (VWD) and he-

mophilia, whereas the outcome of screening in these patients may

substantially differ from that of the general population.
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VWD is the most common inherited bleeding disorder with an

estimated prevalence of 1% [9,10]. It is divided into the following 3

types: type 1 is characterized by a partial quantitative deficiency of

Von Willebrand factor (VWF, 70%-80% of cases); type 2, by qualita-

tive VWF defects (20% of cases); and type 3, by a complete deficiency

of VWF (<5% of cases) [11,12]. Patients with VWD mainly experience

mucocutaneous bleedings [13]. VWF mediates platelet adhesion and

aggregation at sites of vascular injury and serves as a carrier protein

for coagulation factor VIII (FVIII) [14]. Apart from its important role in

primary hemostasis, VWF also acts as an inhibitor of angiogenesis

[15,16]. It is well known that patients with VWD may experience

gastrointestinal bleeding because of the presence of angiodysplasia

[13,17,18]. The self-reported prevalence of gastrointestinal bleeding

in patients with moderate to severe VWD is approximately 15% [13].

Hemophilia is a rare X-linked inherited bleeding disorder caused by

the deficiency of FVIII (hemophilia A) or coagulation factor IX (FIX)

(hemophilia B). Disease severity is based on the residual FVIII or FIX

activity: severe (<0.01 IU/mL), moderate (0.01-0.05 IU/mL), and mild

(>0.05-0.40 IU/mL) [19]. Patients with severe hemophilia can experi-

ence spontaneous muscle and joint bleedings [20]. In moderate and mild

hemophilia, bleedings mostly occur after surgery, trauma, or injury [20].

Gastrointestinal bleeding may also occur in these patients [21].

False-positive FIT results may occur because of bleeding from

other sources than CRC and/or AA [22]. Consequently, given the fact

that bleeding occurs more easily in patients with bleeding disorders,

we hypothesized that the false-positive rate of FIT is higher in patients

with inherited bleeding disorders than that in the general population.

In addition, we hypothesized that the detection rate, ie the proportion

of participants in whom CRC and/or AA is detected, is higher in pa-

tients with inherited bleeding disorders than that in the general

population because (pre-)malignant lesions in the colon may have a

higher tendency to bleed. Therefore, our study aims to assess the

false-positive rate, detection rate, and positive predictive value of FIT

for CRC and AA in patients with VWD and hemophilia and to compare

these results with the general population in the Netherlands. In

addition, we aim to assess the prevalence of abnormal results and

bleeding complications of colonoscopy.
2 | METHODS

2.1 | Study design

Weperformed amulticenter, nationwide cross-sectional study embedded

in 2 nationwide studies in the Dutch Hemophilia Treatment Centers on

VWD and hemophilia, the Willebrand in the Netherlands-Prospective

study (WiN-Pro), and the Hemophilia in the Netherlands 6 study (HiN6),

respectively. The WiN-Pro study is an ongoing nationwide, multicenter,

prospective cohort study in patients with VWD (ClinicalTrials.gov:

NCT03521583), which started recruitment in July 2019. The inclusion

criteria were historically lowest VWF antigen and/or VWF activity and/or

VWF collagen binding ≤0.30 IU/mL and/or FVIII:C ≤0.40 IU/mL and

treatment at a Hemophilia Treatment Center in the Netherlands. Patients
with concomitant bleeding disorders or acquired VWD were excluded.

Participants of the WiN-Pro study were recruited from the Erasmus

UniversityMedical Center, Rotterdam; LeidenUniversityMedical Center;

Haga Hospital, The Hague; Amsterdam University Medical Center,

Amsterdam; andUniversityMedical Center Groningen. TheHiN6 study is

the 6th nationwide, multicenter, cross-sectional study among patients

with hemophilia in the Netherlands and was performed between May

2018 and August 2019 [23]. The recruitment methods have been

described previously [24]. All male patientswith severe, moderate, or mild

hemophilia A or B, whowere treated at aHemophilia TreatmentCenter in

the Netherlands, were eligible for inclusion in this study [23].

For the current study, participants aged ≥55 years at study in-

clusion and who answered the questions concerning the CRC

screening program were selected. Since the screening program in the

Netherlands was launched in 2014 and runs until the age of 75, the

oldest eligible participants were born in 1938 [2].

Participants of both studies completed an extensive questionnaire

that included questions about participation in the CRC screening pro-

gram and FIT and colonoscopy results, if performed. The HiN6 study

specifically asked about first-time participation in the CRC screening

program, the WiN-Pro study about any participation. In both studies,

patients self-reported data on medication use at study inclusion. As part

of the WiN-Pro study, historically lowest VWF and FVIII levels were

provided by the patient’s Hemophilia Treatment Center. Historically

lowest levels below the lower limit of detection were noted as 0.01 IU/

mL below that level, and values <0.01 were noted as zero. In addition,

the International Society for Thrombosis and Hemostasis Bleeding

Assessment Tool (ISTH-BAT) [25] was assessed by the investigator at

study inclusion. Only the WiN-Pro study collected data on periproce-

dural prophylactic treatment and bleeding complications of colonos-

copy. More details on the HiN6 study questionnaire have been

previously described [23]. To improve reliability, a standardized elec-

tronic case report form was used in the HiN6 study to collect data on

clinical characteristics, FIT, and colonoscopy results from electronic

patient files [23,26]. When data in the case report form were missing,

self-reported data from the questionnaire were used, if available [26]. In

the case of discordant results, data from electronic patient files were

used [26]. Concerning participation in the screening program self-

reported data were used. If self-reported data were missing or if the

case report form indicated that the patient participated in the screening

program, data from the case report form were used.

The HiN6 study was approved by the Medical Ethical Committee

of the Leiden University Medical Center (NL59114.058.17), the WiN-

Pro study was approved by the Erasmus University Medical Center,

Rotterdam (NL62238.078.18). Informed consent was obtained from

all participants.

2.2 | Data on the general population in the

Netherlands

Data on performance of the CRC screening program in the general

population in the Netherlands were provided by the National Institute

for Public Health and the Environment (RIVM). For this study, we used
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the results of the annual national monitoring of the CRC screening

program from 2019. For the comparison with patients with hemo-

philia, the results from the general male population were used. For the

comparison with patients with VWD, the results from the general

population (men/women) were used.
2.3 | Definitions and outcomes

We used the same definitions and outcomes as the national monitoring

of the CRC screening program in the Netherlands [4]. The FIT partici-

pation rate was defined as the number of patients who reported to

have participated in the CRC screening program divided by the number

of patients invited based on their age. The positivity rate was defined as

the number of participants with a positive FIT result divided by the total

number of participants [4]. The positive predictive value was defined as
T AB L E 1 Characteristics of patients with hemophilia.

Severe (N = 103) Moderate

Age (y) median [IQR] 63 [58-68] 64 [61-71

Hemophilia type (%) A = 92 (89.3)

B = 11 (10.7)

A = 39 (90

B = 4 (9.3

BMI (kg/m2) median [IQR] 25.5 [23.3-27.8]

NA: 13

25.7 [23.7

NA: 3

Prophylaxis use (%) 85 (82.5) 5 (11.6)

NA: 1

Inhibitors ever (%) 10 (9.7) 5 (11.6)

NA: 2

Blood group (%) O: 36 (35.0)

Non O: 55 (53.4)

NA: 12 (11.7)

O: 15 (34.

Non O: 12

NA: 16 (3

Lowest baseline FVIII/

FIX activitya (IU/mL)

median [IQR]

0.00 [0.00-0.00]

NA: 6

0.02 [0.02

NA: 7

HIV infection (%) 11 (10.7) 0 (0.0)

NA: 1

HCV ever (%) 91 (88.3)

NA: 5

21 (48.8)

NA: 7

Comorbidityb (%) 74 (71.8)

NA: 6

27 (62.8)

NA: 1

NSAID, antiplatelet and

anticoagulant drugs (%)

PAI = 4 (3.9)

NA: 29

PAI = 1 (2

NA: 9

Concomitant bleeding

disorder

NA: 7 VWD: 1

NA: 7

BMI, body mass index; FIX, factor IX; FVIII, factor VIII; HCV, hepatitis C virus; NA

for that variable; NSAID, nonsteroidal anti-inflammatory drug; PAI, platelet ag
a Lowest baseline factor VIII/IX activity was measured by the one-stage clottin
b Comorbidity indicates the presence of ≥1 comorbidity.
the proportion of participants with CRC and/or AA of the total number

of participants who underwent a colonoscopy [4]. The false-positive

rate was defined as the number of patients without CRC or AA

detected during colonoscopy divided by the number of patients who

reported to have participated in the screening program [2]. The

detection rate was defined as the proportion of participants in whom

CRC and/or AA was detected of all participants in the screening

program.
2.4 | Statistical analysis

Continuous data were described as median with interquartile ranges

(IQR), and categorical data, as numbers and percentages. Exact con-

fidence intervals (CI) for proportions were calculated based on the

binomial distribution. Comparisons with the general population were
(N = 43) Mild (N = 183) Total (N = 329)

] 64 [59-70] 63 [59-69]

.7)

)

A = 169 (92.3)

B = 13 (7.1)

NA: 1

A = 300 (91.2)

B = 28 (8.5)

NA: 1

-27.2] 25.9 [24.0-28.7]

NA: 17

25.7 [23.8-28.4]

NA: 33

1 (0.5)

NA: 1

91 (27.7)

NA: 2

16 (8.7)

NA: 14

31 (9.4)

NA: 16

9)

(27.9)

7.2)

O: 51 (27.9)

Non O: 51 (27.9)

NA: 81 (44.3)

O: 102 (31.0)

Non O: 118 (35.9)

NA: 109 (33.1)

-0.04] 0.13 [0.08-0.23]

NA: 41

0.06 [0.00-0.15]

NA: 54

0 (0.0)

NA: 3

11 (3.3)

NA: 4

35 (19.1)

NA: 29

147 (44.7)

NA: 41

118 (64.5)

NA: 11

219 (66.6)

NA: 18

.3) PAI = 16 (8.7)

NSAID = 3 (1.6)

VKA = 1 (0.5)

NA: 40

PAI = 21 (6.4)

NSAID = 3 (0.9)

VKA = 1 (0.3)

NA: 78

VWD: 1

Platelet disorder: 1

Other clotting factor

deficiency: 1

NA: 42

VWD: 2

Platelet disorder: 1

Other clotting factor

deficiency: 1

NA: 56

, indicates for each variable the number of participants with missing data

gregation inhibitor; VKA, vitamin K antagonist.

g assay.



TA B L E 2 Characteristics of patients with Von Willebrand
disease.

VWD patients (N = 164)

VWD type (%) Type 1: 95 (57.9)

Type 2: 65 (39.6)

Type 3: 4 (2.4)

Age (y) median [IQR] 65 [61-72]

Female sex (%) 113 (68.9)

BMI (kg/m2) median [IQR] 26.3 [23.1-29.7]

Blood group (%) O: 87 (53.0)

Non O: 54 (32.9)

NA: 23 (14.0)
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made with two-sided binomial tests. P values were adjusted for mul-

tiple testing with the methods of Benjamini and Hochberg [27]. We

computed the age-standardized morbidity ratio (SMR) for the com-

parison of the detection rate with the general population. The SMR is

the ratio of the observed number of CRC and AA and the expected

number of CRC and AA, if the age-specific detection rates from the

general population would apply in the study population [28]. This

measure accounts for differences in age distribution between pop-

ulations [29]. The 95% CI of the SMR was approximated with the

method of VandenBrouke [28]. Statistical analyses were performed in

R version 4.0.3 (2020-10-10), with the packages openxlsx (version

4.2.3), foreign (version 0.8-80), and binom (version 1.1-1.1) [30–33].
Historically lowest VWF:Ag

(IU/mL) median [IQR]

0.31 [0.22-0.44]

Historically lowest VWF:Act

(IU/mL) median [IQR]

0.19 [0.09-0.26]

Historically lowest FVIII:C

(IU/mL) median [IQR]

0.46 [0.33-0.59]

Comorbiditya (%) 119 (72.6)

NSAID, antiplatelet and

anticoagulant drugs (%)

PAI = 14 (8.5)

NSAID = 1 (0.6)

VKA = 4 (2.4)

DOAC = 5 (3.0)
2.5 | Sensitivity analysis

Only the HiN6 study collected data on the year of participation in the

CRC screening program. We performed a sensitivity analysis in pa-

tients with hemophilia excluding subjects who participated in the

screening program in 2014, because the national CRC screening

program used a cutoff level for FIT positivity of 15 μg hemoglobin/g

feces when it was first implemented in 2014 [2]. To optimize program

performance, the cutoff level for a positive FIT was increased to 47 μg

hemoglobin/g feces in July 2014 [2].
ISTH-BAT score median [IQR] 13 [8–18]

BMI, body mass index; DOAC, direct oral anticoagulant; FVIII:C, factor

VIII activity; ISTH-BAT, International Society for Thrombosis and

Hemostasis Bleeding Assessment Tool; NA, indicates the number of

participants with missing data for that variable; NSAID, nonsteroidal

anti-inflammatory drug; PAI, platelet aggregation inhibitor; VKA, vitamin

K antagonist; VWD, Von Willebrand disease; VWF:Act, Von Willebrand

factor activity; VWF:Ag, Von Willebrand factor antigen.
a Comorbidity indicates the presence of ≥1 comorbidity.
3 | RESULTS

3.1 | Patient characteristics

We included 493 patients with hemophilia (n = 329) and VWD

(n = 164), with median ages of 63 (IQR [59-69]) and 65 (IQR [61-72])

years, respectively. Fifty-eight patients with hemophilia and 3 patients

with VWD were excluded because of missing data for questions

concerning the CRC screening program. In total, 67% of patients with

hemophilia patients and 73% of VWD patients reported to have at

least one comorbidity. Of all hemophilia patients, 300 had hemophilia

A (91%) and most had mild hemophilia (56%). Most severe hemophilia

patients used long-term prophylaxis with coagulation factor concen-

trates (83%). Hypertension (36%), hypercholesterolemia (17%), and

cardiovascular disease (12%), including ischemic heart disease, stroke,

heart failure, valve disease, and arrhythmias, were the most commonly

reported comorbidities by patients with hemophilia. In total, 7.6% of

patients with hemophilia used platelet aggregation inhibitors (N = 21),

nonsteroidal anti-inflammatory drugs (NSAIDs) (N = 3), or vitamin K

antagonists (N = 1). Of the patients with VWD, 58% had type 1, 40%

had type 2, and 2% had type 3 VWD. Most patients with VWD were

women (69%) and had blood group O (53%). Hypertension (35%),

cardiovascular disease (18%), and malignancies (13%) were the most

commonly reported comorbidities by patients with VWD. In total, 15%

of patients with VWD used platelet aggregation inhibitors (N = 14),

NSAIDs (N = 1), vitamin K antagonists (N = 4), or direct oral antico-

agulants (N = 5). The characteristics of patients with hemophilia and

VWD are displayed in Tables 1 and 2, respectively.
3.2 | Performance of CRC screening program in

patients with hemophilia or VWD

Figure 1 shows the flowchart of the screening process in patients with

hemophilia and VWD. In total, 351 patients participated in the CRC

screening program, of whom 52 (14.8%) had a positive FIT result. A

colonoscopy was performed in 47 of these patients. One of these 47

patients underwent a computed tomography colonography (CTC)

instead of a colonoscopy after the positive FIT result. This patient had

type 3 VWD and could not be prophylactically treated with coagula-

tion factor concentrates because of a history of anaphylaxis. More-

over, 3 patients with VWD did not have a colonoscopy after a positive

FIT result for unknown reasons. One hemophilia patient refused to

have a colonoscopy because of hemophilia. The other hemophilia

patient had not undergone the colonoscopy yet at the time of the

HiN6 survey. Of the 47 patients who had a colonoscopy, CRC was

detected in 2 patients and AA in 9 patients.

In comparison to the general population in the Netherlands, the

FIT participation rate in our study population, the hemophilia and

VWD patients combined, was similar (71.2% vs. 71.8%, respectively,



F I GUR E 1 Flowchart of screening process. (A) Hemophilia patients and (B) Von Willebrand disease patients. FIT, fecal immunochemical test;

PWH, patients with hemophilia; VWD, Von Willebrand disease. * One VWD patient could not be prophylactically treated with coagulation

factor concentrates because of a history of anaphylaxis; therefore, a computed tomography colonography instead of a colonoscopy was

performed after the positive FIT result.
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p = .82) (Table 3). Patients with hemophilia or VWD had a significantly

higher FIT positivity rate compared with the general population

(14.8% vs. 4.3%, respectively, p< .001). The false-positive rate was

also significantly higher in patients with hemophilia or VWD compared

with the general population (10.3% vs. 2.3%, respectively, p < .001).

The positive predictive value of FIT for CRC and/or AA in our study

population was lower than that in the general population, although not

statistically significant (23.4% vs. 36.8%, respectively, p = .10). How-

ever, the detection rate of CRC and/or AA was significantly higher in

patients with hemophilia or VWD than that in the general population

(3.1% vs. 1.4%, respectively, p = .03). The age-standardized detection

rate in our study population was 2.2 times higher compared with the

general population (SMR 2.2, 95% CI [1.1-3.7]).
T AB L E 3 Performance of screening program compared with the gene

All patientsa [95% CI]

(N = 493)

Hemophilia

[95% CI] (N

FIT participation rate (N/N)b 71.2% [67.0-75.2]

(351/493)

p = .82 68.1% [62.7

(224/329)

Positivity rate (N/N)b 14.8% [11.3-19.0]

(52/351)

p < .001 14.7% [10.4

(33/224)

False-positive rate (N/N)b 10.3% [7.3-13.9]

(36/351)

p < .001 9.4% [5.9-1

(21/224)

PPV CRC and/or AA (N/N)b 23.4% [12.3-38.0]

(11/47)

p = .10 32.3% [16.7

(10/31)

Detection rate CRC and/

or AA (N/N)b
3.1% [1.6-5.5]

(11/351)

p = .03 4.5% [2.2-8

(10/224)

p values from two-sided binomial tests for the comparison with the general po

population in the Netherlands.

AA, advanced adenoma; CRC, colorectal cancer; FIT, fecal immunochemical tes
a All patients include both hemophilia and Von Willebrand disease patients.
b Numerator and denominator given for the given parameter.
3.3 | Performance of CRC screening program in

patients with hemophilia

In patients with hemophilia, the FIT participation rate was comparable

to the general male population (68.1% vs. 69.1%, respectively, p = .78)

(Table 3 and Supplementary Table S1). The positivity rate and false-

positive FIT rate were both significantly higher in patients with he-

mophilia than those in the general male population (14.7% vs. 5.2%,

p < .001 and 9.4% vs. 2.7%, p < .001, respectively). However, the

positive predictive value of FIT for CRC and/or AA in these patients

was comparable to the general male population (32.3% vs. 39.7%,

respectively, p = .58). The detection rate of CRC and/or AA was

significantly higher in patients with hemophilia than that in the general
ral population.

patients

= 329)

VWD patients [95% CI]

(N = 164) GP GP male

-73.1] p = .78 77.4% [70.3-83.6]

(127/164)

p = .16 71.8% 69.1%

-20.1] p < .001 15.0% [9.3-22.4]

(19/127)

p < .001 4.3% 5.2%

4.0] p < .001 11.8% [6.8-18.7]

(15/127)

p < .001 2.3% 2.7%

-51.4] p = .58 6.3% [0.2-30.2]

(1/16)

p = .02 36.8% 39.7%

.1] p = .02 0.8% [0.0-4.3]

(1/127)

p = 1 1.4% 1.8%

pulation. Hemophilia patients were compared with the general male

t; GP, general population; PPV, positive predictive value.



T AB L E 4 Performance of screening program in moderate-severe versus mild hemophilia patients and in hemophilia patients excluding
participants from 2014.

Moderate and severe

[95% CI] (N = 146) Mild [95% CI] (N = 183)

Hemophilia patientsa

[95% CI] (N = 300)

FIT participation rate 60.3% [51.9-68.3] 74.3% [67.4-80.5] 65.0% [59.3-70.4]

Positivity rate 11.4% [5.6-19.9] 16.9% [11.0-24.3] 14.4% [9.8-20.1]

False-positive rate 8.0% [3.3-15.7] 10.3% [5.7-16.7] 9.7% [6.0-14.8]

PPV CRC and/or AA 33.3% [7.5-70.1] 31.8% [13.9-54.9] 26.9% [11.6-47.8]

Detection rate CRC and/or AA 3.4% [0.7-9.6] 5.1% [2.1-10.3] 3.6% [1.5-7.3]

AA, advanced adenoma; CI, confidence interval; CRC, colorectal cancer; FIT, fecal immunochemical test; PPV, positive predictive value;.
a Performance of screening program in patients with hemophilia, excluding participants from 2014.
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male population (4.5% vs. 1.8%, respectively, p = .02). The age-

standardized detection rate was 2.5 times higher in patients with

hemophilia compared with the general male population (SMR 2.5, 95%

CI [1.2-4.3]).

Table 4 shows the performance of the screening program in

moderate to severe hemophilia patients compared to patients with

mild hemophilia. Since most patients with severe hemophilia used

prophylaxis, we grouped patients with severe and moderate hemo-

philia together. No relevant differences were observed between these

groups.

3.4 | Performance of CRC screening program in

patients with VWD

In patients with VWD, the FIT participation rate was slightly higher

than that in the general population; however, this difference was not

statistically significant (77.4% vs. 71.8%, respectively, p = .16) (Table 3

and Supplementary Table S1). The positivity and false-positive FIT

rates were both significantly higher in VWD patients than those in the

general population (15.0% vs. 4.3%, p < .001 and 11.8% vs. 2.3%,

p < .001, respectively). Moreover, the positive predictive value of FIT

for CRC and/or AA in these patients was significantly lower than that in

the general population (6.3% vs. 36.8%, respectively, p = .02). However,

the detection rate in patients with VWD was similar to the general

population (0.8% vs. 1.4%, respectively, p = 1). In patients with VWD,

the SMR could not be calculated because the expected number of AA

and CRC was zero.

3.5 | Colonoscopy findings

Abnormalities were found in 29 of 47 patients with a positive FIT

result who had a colonoscopy (61.7%, 95% CI [46.4-75.5]). In 31 he-

mophilia patients, 2 CRC, 8 AA, and 13 nonadvanced adenomas or

polyps were found (74.2%, 95% CI [55.4-88.1]), and in 16 patients with

VWD, no CRC, 1 AA, and 5 nonadvanced adenomas or polyps were

found (37.5%, 95% CI [15.2-64.6]). The percentage of patients with

VWD in whom abnormalities during colonoscopy were found was

significantly lower than that in the general population (37.5% vs.

72.3%, respectively, p = .008), and no difference was found between
patients with hemophilia and the general male population (74.2% vs.

76.4%, respectively, p = .83).

3.6 | Use of prophylactic hemostatic treatment and

bleeding complications in patients with VWD

The diagnosis of VWD was already established at the time of colo-

noscopy in all patients with VWD who had a colonoscopy after a

positive FIT result. Detailed information of patients with VWD who

had a colonoscopy is displayed in Table 5. Four of 16 patients with

VWD who had a colonoscopy after a positive FIT result reported a

bleeding episode during or after the colonoscopy, of whom one pa-

tient had not received periprocedural prophylactic treatment. VWF

concentrates were administered in 3 bleeding patients (in one patient

combined with TXA), and 2 patients had to be hospitalized (12.5%). In

comparison, the bleeding complication rate in the general population,

defined as bleeding requiring hospitalization, colonoscopy, or blood

transfusion, was 0.39% [34]. Of the patients who experienced a

bleeding complication, AA was detected during colonoscopy in one

patient, and in 2 patients, nonadvanced adenomas were found. These

patients had type 1 (n = 1) and type 2 (n = 3) VWD.

3.7 | Sensitivity analysis

In total, 29 patients with hemophilia participated in the CRC screening

program in 2014. After excluding these patients, we found similar

results (Table 4).
4 | DISCUSSION

This first nationwide study on the performance of the CRC screening

program in patients with inherited bleeding disorders showed that the

FIT positivity and false-positive rates were significantly higher in pa-

tients with inherited bleeding disorders compared with the general

population. In hemophilia patients, the detection rate of CRC and/or AA

was also significantly higher than that in the general male population,

and the positive predictive value of FIT for CRC and/or AA was not

affected. However, in patients with VWD, the positive predictive value



T AB L E 5 Patients with VWD who had a colonoscopy after a positive FIT result.

Agea VWD type Prophylaxis Bleeding Treatment bleeding Colonoscopy findings

57 1 Vicenza TXA + CFC - n.a. Nonadvanced adenoma/polyp

57 1 TXA + DDAVP - n.a. -

62 1 - Yes Hospitalization Nonadvanced adenoma/polyp

63 1 TXA + DDAVP - n.a. -

66 2A CFC Yes Hospitalization + CFC Nonadvanced adenoma/polyp

67 2M DDAVP - n.a. -

67 1 CFC - n.a. -

68b 3 - - n.a. -

70 2B CFC - n.a. -

70 2A TXA + CFC Yes TXA + CFC -

73 1 CFC - n.a. -

74 1 - - n.a. Nonadvanced adenoma/polyp

76 2M CFC - n.a. Nonadvanced adenoma/polyp

77 1 TXA - n.a. -

79 1 CFC - n.a. -

80 2B CFC Yes CFC Advanced adenoma

CFC, coagulation factor concentrates; DDAVP, 1-deamino-8-D-arginine vasopressin; n.a., not applicable; TXA, tranexamic acid, VWD, Von Willebrand

disease.
a Age at study inclusion.
b This patient could not be prophylactically treated with coagulation factor concentrates because of a history of anaphylaxis; therefore, a computed

tomography colonography instead of a colonoscopy was performed after the positive FIT result.
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of FIT for CRC and/or AA was significantly lower than that in the

general population. Our findings are relevant to a large population of

patients with inherited bleeding disorders because most CRC screening

programs worldwide are based on FIT [35].

Apart from the bleeding disorder, the use of NSAIDs and anti-

coagulant therapy in our study population (7.6% and 15% of patients

with hemophilia and VWD, respectively) may have contributed to the

higher FIT positivity and false-positive rate we found in comparison to

the general population. Moreover, although only a minority of our

study population was affected by chronic complications related to

hepatitis C, such as liver cirrhosis and bleeding from esophageal

varices or gastric lesions, these might also have contributed to the

higher false-positive rate in patients with hemophilia.

There are several possible contributing factors to the higher

detection rate we found in patients with hemophilia. First, a higher

bleeding tendency of (pre-)malignant lesions in the colon. Second,

hepatitis C virus (HCV) and human immunodeficiency virus (HIV) in-

fections have been previously shown to be associated with an increased

risk of CRC [36]. In our study, 45% and 3% of patients with hemophilia

have been previously infected with HCV and HIV, respectively. How-

ever, only 5 patients had an active HCV infection at the time of HiN6

study inclusion. Third, men show a higher detection rate in the general

population compared with women [34]. Because all included patients

with hemophilia are men, we selected only men in the comparative

cohort. The detection rate was still significantly higher in patients with

hemophilia than that in the general male population.
Bleeding from gastrointestinal angiodysplasia rather than (pre-)

malignant lesions in the colon could explain the lower positive pre-

dictive value of FIT observed in patients with VWD. Gastrointestinal

angiodysplasia is a vascular abnormality that is frequently observed in

patients with VWD and which is associated with gastrointestinal

bleeding [15,37]. Bleeding from gastrointestinal angiodysplasia mainly

occurs in VWD types that are characterized by loss of high-molecular-

weight VWF multimers, such as type 2A, 2B, and 3 VWD

[15,17,38,39]. No angiodysplastic lesions were reported by patients

with VWD in our study, but earlier studies have shown that these are

frequently not found upon colonoscopy [40,41]. Video capsule

endoscopy in addition to conventional endoscopy has been shown to

be superior in detecting gastrointestinal angiodysplasia than endos-

copy alone [41].

Implementation of any national screening program is based on an

extensive evaluation of benefits and harms. On one hand, the higher

detection rate found in patients with hemophilia could be beneficial

because detection and removal of premalignant lesions can reduce

mortality and morbidity, with the opportunity for less invasive treat-

ment and lower treatment costs [35]. However, the detection rate

among patients with VWD did not differ from the general population.

On the other hand, the higher false-positive rate may predispose

patients with inherited bleeding disorders to additional harms of the

screening program. First, unnecessary colonoscopies are performed in

these patients with associated bleeding risks and need for prophy-

lactic treatment. Second, false-positive FIT results are associated with
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adverse psychological effects up to 6 weeks after colonoscopy [42].

Since in patients with VWD the positive predictive value was lower

than that in the general population, the benefit-to-harm ratio of the

CRC screening program seems less favorable in patients with VWD.

Moreover, our results indicate that bleeding from other sources may

be more prominent in VWD than in hemophilia, and therefore, the

balance between a higher bleeding tendency of (pre-) malignant le-

sions versus bleeding from other sources is less favorable in patients

with VWD than that in patients with hemophilia. Future research

should focus on whether a higher cutoff value for FIT positivity should

be used to optimize the program performance in patients with

bleeding disorders, in particular in patients with VWD.

The reported bleeding complication rate was 25% in patients with

VWD who had undergone a colonoscopy after a positive FIT result.

Bleeding complications in the general population are only reported if

they require hospitalization, colonoscopy, or blood transfusion. Ac-

cording to this definition, the bleeding complication rate in VWD pa-

tients was 12.5%, which was still higher than observed in the general

population. However, the bleeding complication rate in patients with

VWD was based on only a small number of observations. Unfortu-

nately, no data on peri- and postprocedural bleeding complications

were collected in patients with hemophilia. One retrospective study in

48 patients with an inherited bleeding disorder (of whom 50% had

hemophilia and 38% VWD) reported a bleeding rate of 2% and 4.8%

postcolonoscopy and postcolonoscopy with polypectomy, respectively

[43]. These rates were comparable to the general population. Another

retrospective cohort study in patients with bleeding disorders who

had undergone a colonoscopy reported a bleeding complication rate

of 7.8%, which included both minor and major bleeding complications

[44]. Of the included patients, 45% had VWD and 34% had hemophilia.

Patients who experienced a bleeding complication either had a severe

bleeding disorder, defined as severe hemophilia, type 3 VWD, ac-

quired VWD, dysfibrinogenemia, and platelet function disorders, or

had undergone a high risk intervention (excision of moderate-to-large-

sized polyps) [44]. However, these 2 studies were not restricted to a

CRC screening setting. A meta-analysis of population-based studies

found that the post-colonoscopy bleeding rate was significantly higher

after colonoscopy with polypectomy than without polypectomy (9.8/

1000 colonoscopies vs. 0.6/1000 colonoscopies, respectively) [45]. In

our study, 3 of the 4 patients experienced a bleeding complication

after the detection of AA or nonadvanced adenoma during colonos-

copy. In those cases, the usual treatment is immediate polypectomy

[46], which could have contributed to the high bleeding complication

rate we observed.

As previously suggested in the literature, CTC after a positive FIT

result could be considered as an alternative to colonoscopy in patients

with inherited bleeding disorders, since the sensitivity of CTC is com-

parable to colonoscopy [47,48]. This minimally invasive procedure is

less burdensome to patients, does not predispose patients to bleeding

complications, and could save the use of expensive coagulation factor

concentrates [47]. However, CTC is associated with radiation risk [49].

Colon capsule endoscopy (CCE) is another noninvasive screening mo-

dality, which uses a swallowable capsule with a camera [35]. CCE can be
used as an alternative to colonoscopy in CRC screening programs [50].

Sensitivity and specificity of CCE for polyps >6 mm range from 79% to

96% and 66% to 97%, respectively [50]. However, a disadvantage of

these techniques is that subsequent colonoscopy is needed in case

polypectomy is necessary [51]. Further research is needed to evaluate

the use of these techniques in a screening setting, in particular for

patients with inherited bleeding disorders.

Our findings in patients with hemophilia are similar to studies on

the effect of oral anticoagulants and NSAIDs on FIT performance [22].

This meta-analysis showed that the positive predictive value of FIT for

CRC and/or AA was not affected [22]. The positivity rate of FIT was

only calculated for 2 included studies, which was higher among oral

anticoagulants users and patients undergoing dual antiplatelet ther-

apy compared with nonusers [52,53]. In addition, the detection rate

was also higher in dual antiplatelet therapy users than that in non-

users [52]. However, no false-positive rates were reported in this

meta-analysis.

A limitation of this study is the low overall response rate of pa-

tients with hemophilia or VWD to participate in the HiN6 study and

WiN-Pro study of 46% and 50%, respectively [23]. Nonparticipants

may have a different FIT participation rate compared with participants

of these studies, and therefore, a possibility of selection bias cannot be

ruled out. However, it is unlikely that participation is related to out-

comes of the CRC screening program. In addition, most of the WiN-

Pro study data were self-reported by patients, which could lead to

information bias. Although some patients may have misunderstood

questions about the screening program and therefore might be mis-

classified, this is likely to be nondifferential. Moreover, patients with a

negative FIT had not undergone verification by means of colonoscopy

nor did we collect data on interval cancers. Therefore, we were not

able to calculate the sensitivity, specificity, and negative predictive

value of FIT for CRC and/or AA.

In conclusion, despite higher positivity and false-positive rates of

FIT in patients with inherited bleeding disorders compared with the

general population, the detection rate of CRC and/or AA in patients

with hemophilia is high. In patients with hemophilia, the positive

predictive value of FIT for CRC and/or AA is not affected, whereas in

patients with VWD, the positive predictive value is lower than that in

the general population. Additional studies are needed to evaluate

possible adjustment of the CRC screening program for patients with

hemophilia and VWD.
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