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GENERAL INTRODUCTION

Colorectal cancer: a disease suitable for screening
In the Netherlands as well as in Europe and the United States of America, 

colorectal cancer (CRC) ranks top three of cancer related death.1, 2 In the Netherlands 
in 2011, 13,254 individuals (54% males) were diagnosed with CRC and 5,088 
subjects (51% males) died from this disease. In the last ten years, the incidence and 
mortality in absolute numbers increased by 43% and 18% respectively.3 Frequently, 
CRC is diagnosed at a late stage as in early stages symptoms are usually absent. Late 
stage disease is known to have a poor five year survival (9% for stage IV), whereas 
five year survival for stage I is up to 94%.4 CRC develops from colon mucosa with 
adenomatous features. It is estimated that 5% of all adenomas will progress to CRC, 
a process that may take 10-15 years.5 Adenomas ≥ 1.0 cm, adenomas with a villous 
component (i.e. tubulovillous or villous adenomas) and adenomas with high-grade 
dysplasia are classified as advanced adenomas and considered high risk lesions, as 
these adenomas were previously found to be associated with CRC.6, 7 Advanced 
adenomas are therefore used as a surrogate endpoint for CRC development. Due 
to the long latent stage in cancer development, there is a window of opportunity of 
several years to detect high risk adenomas before transition to CRC, or to detect 
CRC at an early and curable stage.

Screening implies examination of asymptomatic individuals for presence of 
a disease or precursor lesion of this disease, to prevent mortality from the disease 
under consideration. However, not all diseases should be screened for as screening 
might also cause serious harm to its participants. Therefore, the World Health 
Organisation formulated ten criteria which should be fulfilled before screening can 
be justified (the Wilson and Jungner criteria, see page 157).8 Over the years, CRC 
was found to be a disease suitable for screening, and the European Union has 
recommended its member states to start CRC screening.9

Various screening tests are available, each with its pros and cons. The 
screening tests available can be divided in techniques for bowel visualisation that 
aim at direct detection of adenomas and CRC, and in blood or faecal markers that 
select high risk individuals for colonoscopy. Bowel visualisation techniques include 
computed tomographic colonography, flexible sigmoidoscopy, and the gold standard 
for detection of CRC and adenomas; colonoscopy. However, as colonoscopy is 
known to have a miss rate of 2-26% for adenomas,10 it should be called the reference 
standard rather than the gold standard. Colonoscopy as primary screening test is 
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1
hampered by a low participation rate, pressure on colonoscopic capacity for general 
health care, the burden of bowel preparation, and the risk of complications.11-13 
In addition, only 5% of adenomas will progress to CRC, and the majority of 
colonoscopies would be performed in subjects who will never develop CRC. Blood 
and faecal markers aim to select individuals at high risk for CRC. In such a two-step 
programme, individuals with a positive screening test are referred for colonoscopy.

The most intensively studied and most frequently used pre-selecting 
screening test is the faecal occult blood test (FOBT). A positive test indicates 
presence of traces of blood in stool, potentially derived from CRC or adenomas, 
and the individual is subsequently referred for colonoscopy. Most adenomas can be 
removed during colonoscopy, and tumour tissue can be sampled for microscopic 
evaluation. Most cancers are treated by surgical resection, sometimes combined 
with chemo- and/or radiotherapy. Compared with screening colonoscopy, FOBT 
has several advantages including being safe, cheap, and non-invasive. In guaiac based 
FOBT (g-FOBT) pilot screening programmes, a 15-33% decrease in CRC related 
mortality has been demonstrated.14-16 G-FOBT detects pseudoperoxidase activity, 
and it is therefore not specifi c for human blood. In contrast, immunochemical faecal 
occult blood tests (i-FOBT) or faecal immunochemical tests (FITs) specifi cally detect 
human blood by antibody reaction to human globin.17 So far, no study examined 
whether FIT screening decreases CRC mortality. However, there is consensus that it 
will, as g-FOBT and FIT use the same principle (detecting blood), and many studies 
directly comparing both tests showed a superior test performance of FIT.18-22 Several 
FITs have the additional advantage of yielding quantitative results. This provides the 
opportunity to choose different cut-off values to call a test positive, and adjust the 
screening programme to e.g. prevalence of CRC and/or colonoscopy capacity.23, 

24 Finally, FIT is more specifi c for distal gastro-intestinal blood loss and has higher 
participation rates compared to g-FOBT.17

Using FIT also has several drawbacks. The sensitivity of FIT for CRC is 
around 65-90%; so still a considerable number of carcinomas are missed.18, 25, 26 
For advanced adenomas, the performance of FIT is disappointing. With a sensitivity 
of around 30% for advanced adenomas, the majority remains undetected.18, 27, 28 
Whether all advanced neoplasia (i.e. CRC and/or advanced adenomas) bleed is 
unknown. If they do not, sensitivity cannot be increased beyond a certain level. A 
method to cope with intermittent bleeding is repeated testing by which cumulative 
sensitivity is increased. However, a more sensitive test is far more attractive as it 
could lower the number of screening rounds needed, decrease the costs, and be 
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more efficient. Moreover, for FIT there are issues of sample instability at ambient 
temperatures.29, 30 Finally, as there are many potential causes of rectal blood loss, a 
positive FIT is not specific for presence of advanced neoplasia.

Another pre-selection method for colonoscopy is using tumour specific 
stool markers. As CRC and adenomas are known to shed fragments of DNA, RNA 
and proteins in the bowel lumen and in stool, detection of this tumour specific 
material may result in superior test accuracy. Due to the heterogeneity of tumours, 
more than a single marker of carcinogenesis seems to be necessary for good test 
accuracy.31 It is known that chromosomal and micro satellite instability, as well as 
epigenetic changes are involved in adenoma to carcinoma progression.32-34 Therefore, 
using tumour specific markers might result in detection of lesions in transition to 
carcinoma and therefore in detection of true high-risk lesions.

Colorectal cancer screening in the Netherlands
Many European countries already implemented a nation wide screening 

programme, others are in preparation. For the Netherlands, the Dutch Health 
Council advised the minister of Health in 2009 to start a FIT based screening 
programme.22 In this programme, all individuals between 55 and 75 years old receive 
an invitation every two years to perform a FIT at home. The FIT will be called 
positive when ≥15 mg of haemoglobin per gram of faeces is found (corresponding 
to 75 ng/ml of buffer solution for OC Sensor® or 88 ng/ml for the FOB-Gold, the 
test that currently is used in the Dutch screening programme). A screenee with 
a positive test is informed by the general practitioner and subsequently referred 
for colonoscopy. Adenomas detected during colonoscopy are removed when 
possible. Large polyps and CRC are managed surgically with adjuvant therapy when 
appropriate. When no CRC is found but only advanced or non advanced adenomas, 
the individual is invited for the adenoma surveillance programme by colonoscopy. 
When no adenomas are found, the screenee is considered at low risk and re-invited 
to the national screening programme 10 years after the negative colonoscopy.22 In 
this screening programme, 4.4 million Dutch inhabitants will be invited biennially. 
Because of the biennial structure, 2.2 million invitations will be sent each year. It is 
expected that 60% of all invited subjects will participate in screening.19, 35 Therefore, 
1.3 million FITs will be analysed each year and 78,000 are expected to test positive. 
The compliance to colonoscopy after a positive FIT is estimated to be 85%, resulting 
in 66,000 screening colonoscopies each year. Under this screening programme, 
five year CRC survival rates are expected to improve compared to no screening 
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(85% vs. 59%). In total, it is expected that around 2,400 deaths from CRC can be 
prevented each year.22

In 2011, the minister of Health decided to start the above described CRC 
screening programme. This programme has started in 2014 by inviting subjects aged 
65 and 75 years old. By gradual roll out of the number of invitees, shortage in capacity 
can be managed, concerning for example the number of gastroenterologists and 
surgical capacity. By 2019, the phased roll-out will be completed and all individuals 
aged 55-75 in 2013 will have been invited to participate in screening at least once. 
From 2019 onwards, all Dutch inhabitants aged 55-75 will be invited biennially.36

Although there is suffi cient evidence to believe that a FIT based CRC 
screening programme will decrease CRC related mortality, FIT characteristics leave 
room for improvement and different aspects of using FIT remain unknown, e.g. its 
performance in males and females. In this thesis several aspects of FIT accuracy 
are explored, in a non screening setting. Using a non screening setting is not 
common practise as subjects referred for colonoscopy are considered at high 
risk for presence of CRC and advanced adenomas, whereas individuals from pilot 
screening programmes are considered at average risk. Therefore, results obtained 
in both settings theoretically may differ. The advantage of evaluating a screening test 
as FIT in a pilot screening programme is that it gives a refl ection of the intended 
daily practise. A drawback is the need for including thousands of individuals, of 
whom in only a small number of advanced neoplasia will be found. Due to this 
low yield, it is diffi cult to draw fi rm conclusions on test performance. In addition, 
as only individuals who test positive on FIT are referred for colonoscopy, only 
the positive predictive value of the screening test can be determined. The test 
characteristics sensitivity (i.e. the percentage of subjects with the disease who 
have a positive FIT) and specifi city (i.e. the percentage of subjects without the 
disease who have a negative FIT) cannot be calculated. Non-screening studies 
invite subjects who are referred for elective colonoscopy to perform a FIT before 
colonoscopy. In these referred populations, a colonoscopy is performed in all 
participants regardless of the FIT result, and test sensitivity and specifi city can be 
calculated. In addition, the prevalence of CRC and advanced adenomas is higher, 
which allows for subgroup analysis on advanced adenomas, early stage CRC (for 
which survival benefi t is expected), and CRC. This high prevalence is at the same 
time the major drawback of this study design, as the positive predictive value 
is not representative, and it has the risk of confounding by work-up bias.37 It is 
therefore frequently debated how to value results from referral studies. This thesis 
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shows that referral studies can be very useful and shows the complementary role 
of studies performed in high risk populations.

This thesis answers new research questions including accuracy of using 
multiple tests, test performance in males and females, influence of haemorrhoids on 
false positive tests, accuracy in surveillance, and the influence of FIT screening on 
colonoscopy capacity. These aspects may have major influence on the efficiency of 
the screening programme and benefit for its participants.

OUTLINE OF THIS THESIS

To gain more insight in the comparability of data obtained from screening 
and referral studies, in Chapter 2 FIT results from subjects with CRC detected in 
a screening population are compared to FIT results in subjects with CRC detected 
in a referral population. The FIT results found in both populations are corrected for 
the confounders age, gender and tissue tumour stage.

As described previously, the sensitivity of FIT is relatively low. As common 
practise in using g-FOBT, multiple testing is likely to increase detection levels. 
Therefore, in Chapter 3 it is studied whether sampling two FITs instead of one 
would result in a higher sensitivity without compromising specificity. The sensitivity 
and specificity of three methods of double testing are compared to using one FIT.

An important disadvantage of FIT is its false positive test results. It is known 
from pilot screening programmes that in around half of participants with a positive 
FIT result (cut-off value 50 ng/ml), no advanced neoplasia is found at colonoscopy. 
These individuals are unnecessarily exposed to the burden of colonoscopy and its 
risk for complications, and their trust in the screening test may decrease. A prevalent 
cause of rectal bleeding is haemorrhoids. In Chapter 4 it is studied whether 
haemorrhoids are a major contributor to false positive tests.

In most studies, FIT performance is a one size fits all approach, and results 
are presented for the total population. However, there are indications that there 
may be a different performance in males and in females, potentially resulting in a 
different screening benefit. Here, screening using a personalised risk might result 
in higher efficiency. In Chapter 5 test characteristics are compared for males and 
females. The influence of known confounders as age, cut-off value, location, number 
and size of lesions is evaluated.
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Nation wide CRC screening will add substantially to the number of 

colonoscopies performed. When the roll-out of the Dutch CRC screening 
programme is completed in 2019, it is expected that a maximum of 78,000 extra 
colonoscopies need to be performed yearly. These colonoscopies are supplementary 
to the endoscopic procedures performed in general health care. The study described 
in Chapter 6 determines the Dutch endoscopic supply and anticipates what this 
extra workload would mean for daily practice.

Around one third of all colonoscopies in general health care are performed 
for surveillance for adenomas, CRC or a positive family history for CRC.38 An 
opportunity to increase capacity could be to increase surveillance intervals. It might 
be an option to use FIT as pre-selection method for timing surveillance colonoscopy. 
Therefore, the accuracy of FIT in surveillance is studied in Chapter 7.
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ABSTRACT

Aim: To improve the interpretation of faecal immunochemical test (FIT) results in 
colorectal cancer (CRC) cases from screening and referral cohorts.
Methods: In this comparative observational study, two prospective cohorts of CRC 
cases were compared. The first cohort was obtained from 10,322 average risk 
subjects invited for CRC screening with FIT of which only subjects with a positive 
FIT were referred for colonoscopy. The second cohort was obtained from 3,637 
subjects with a positive FIT result scheduled for elective colonoscopy. The same 
FIT and positivity threshold (OC Sensor®; ≥50 ng/mL) was used in both cohorts. 
Colonoscopy was performed in all referral subjects and in FIT positive screening 
subjects. All CRC cases were selected from both cohorts. Outcome measurements 
were mean FIT results and FIT scores per tissue tumour stage (T-stage).
Results: One-hundred-and-eighteen patients with CRC were included in the 
present study: 28 cases obtained from the screening cohort (64% male; mean age 
65, SD 6.5) and 90 cases obtained from the referral cohort (58% male; mean age 
69, SD 9.8). The mean FIT results found were higher in the referral cohort (829 
ng/mL ± 302 vs. 613 ng/mL ± 368, p = 0.02). T-stage distribution was different 
between both populations (screening population: 46% (N = 13) T1, 29% (N = 
8) T2, 21% (N = 6) T3, 4% (N = 1) T4 carcinoma; referral population: 13% (N 
= 12) T1, 24% (N = 22) T2, 58% (N = 52) T3, 4% (N = 4) T4 carcinoma), and 
higher T stage was significantly associated with higher FIT results (p < 0.001). Per 
tumour stage no significant difference in mean FIT results was observed (screening 
vs. referral: T1 498 ng/mL ± 382 vs. 725 ng/mL ± 374, p = 0.22; T2 787 ng/mL ± 
303 vs. 794 ng/mL ± 341, p = 0.79; T3 563 ng/mL ± 368 vs. 870 ng/mL ± 258, p = 
0.13; T4 not available). After correction for T-stage in logistic regression analysis no 
significant differences in mean FIT results were observed between both types of 
cohorts (p = 0.10).
Conclusion: Differences in T-stage distribution largely explain differences in FIT 
results between screening and referral cohorts. Therefore FIT results should be 
reported according to T-stage.
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BACKGROUND

Colorectal cancer (CRC) is a disease well suited for population based 
screening. In industrialised countries, CRC is one of the three malignancies with 
the highest incidence and mortality.1, 2 CRC and adenomas can cause lower gastro-
intestinal bleeding, and early detection by guaiac-based faecal occult blood tests 
(g-FOBTs) can decrease mortality.3-5 Recently, faecal immunochemical tests (FITs or 
i-FOBTs) have been found superior over g-FOBTs.6-10

Studies on FITs have used different designs, e.g. in terms of populations 
studied. Screening and referral cohorts each have their pros and cons in this 
respect.6, 7 Studies in screening cohorts, consisting of individuals with average risk for 
CRC, best refl ect the true target population. However, in most such like studies, only 
subjects who test positive on FIT are referred for colonoscopy, what means that 
sensitivity and specifi city can not be determined directly.6 In addition, the number 
of cases detected, particularly cancers, is usually low. Other designs include high risk 
or referral cohorts. Here, an important advantage is that colonoscopy is performed 
in all patients allowing for calculation of sensitivity and specifi city.7 In addition, these 
studies often yield more cases, allowing for more detailed subgroup analyses.7, 11

It has been suggested that conclusions from referral studies cannot be 
extrapolated to the screening setting.12, 13 So far, no comparative data have been 
published to verify or falsify this hypothesis, and arguments both in favour of as well 
as against this hypothesis exist. Due to the higher pre-test likelihood and presence 
of symptomatic individuals included in referral cohorts, the risk of work-up bias 
exists, limiting extrapolation to population based screening. On the other hand, 
CRC stage distribution has been shown to infl uence sensitivity of blood based CRC 
markers,14 and is likely to have a large infl uence on FIT results.15 Therefore, the aim 
of the present study is to compare FIT results between subjects with CRC found 
in either a screening and a referral cohort, and determine if differences can be 
explained by tumour characteristics.
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METHODS

Study design
The present study aimed to compare FIT results in CRC cases derived 

from two methodological different cohorts. Here, CRC cases with a FIT result of 
≥50 ng/mL from both a screening and a referral cohort were compared for mean 
FIT result, age, gender and tumour stage (T-stage). Both these studies were initiated 
in the same time period in the same country, and both used the same FIT.

Setting
Screening population: the screening cohort in this study was prospectively 

selected from June 2006 to February 2007 by a randomised selection from a Dutch 
population. Details from this study are described elsewhere.6, 16 In short, eligible 
individuals 50-75 years of age were invited by mail to perform either a g-FOBT or a 
FIT (N = 20,623). Participants with a positive test were offered colonoscopy in two 
academic centres. Exclusion criteria were institutionalisation and bowel symptoms.6 
In the current study, only participants enrolled in the FIT arm (N = 10,322) were 
included.

Referral population: the referral cohort in this study was derived from a 
previous and ongoing study on FIT performance, and a more detailed description 
can be found elsewhere.7 In short, from June 2006 to October 2009, all ambulatory 
patients (≥18 years) scheduled for elective colonoscopy in five Dutch hospitals 
(including an academic centre and large teaching hospital), were selected regardless 
of the indication for colonoscopy. Eligible subjects were invited to participate in 
a prospective study on FIT performance. All participants performed a FIT before 
bowel preparation. Until June 2008, subjects were invited to perform both a g-FOBT 
and a FIT.7 In an ongoing study after that period, subjects were invited to perform 
only a FIT, but twice (on two consecutive days). From the latter cohort, the FIT 
performed one day before colonoscopy was selected for the current study for 
comparability with the screening population. Exclusion criteria were hospitalization, 
colostomy, inflammatory bowel disease or total colectomy.

Outcomes and measurements
Faecal immunochemical test: in both cohorts, an identical semi-quantitative 

FIT was used: OC-sensor® (Eiken Chemical Co., Tokyo, Japan). No restrictions for 
diet or medication in the week prior to FIT sampling were given. Participants were 
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educated by illustrated and written instructions to sample their faeces ensuring 
that no contamination with water or urine occurred. In the screening population, 
participants were asked not to perform the test if visible blood was seen.

The FIT used in this study consists of a sampling tube fi lled with stabilising 
buffer. Participants were instructed to scrape the probe at different parts of the 
stool. The amount of faeces that can be inserted into the sample bottle is regulated 
to approximately 10 mg.17 In the referral population, subjects performed the FIT 
within 72 hours before colonoscopy, and returned the test and informed consent 
form at the day of colonoscopy. All samples were placed at minus 5 degrees Celsius 
on arrival and analysed according to the manufacturers instructions within one week, 
or were frozen at minus 20 degrees Celsius. The analyses were performed by two 
experienced technicians, blinded for the clinical data.18 In the screening population, 
participants were instructed to return the test by mail as soon as possible. If the 
test could not be returned immediately, storage in a refrigerator was advised. Again, 
two specially trained technicians who were blinded for the clinical data, processed 
all samples.

All FITs were analysed with the OC sensor MICRO desktop analyser 
(Eiken Chemical co., Tokyo, Japan). The agglutination reaction is dependent on 
the haemoglobin concentration in the sample. A prozone effect may occur if the 
concentration is too high and the excess amount of antigen limits agglutination. 
Measured values can then be higher or lower than the actual concentration in the 
sample.19 The risk of the prozone effect gradually increases well above 1,000 ng/
mL. Therefore, every measurement above 1,000 ng/mL was classifi ed as 1,000 ng/
mL. Hereby, the quantitative nature of the test was maintained, because 1,000 ng/
mL is at least 10 times higher than the most usual cut-off values between 50 and 
100 ng/mL.

Colonoscopy and detected malignancies: colonoscopies were performed 
under conscious sedation with midazolam and fentanyl at the discretion of the 
endoscopist. In both cohorts, all colonoscopies were performed or supervised by 
experienced gastroenterologists. Colonoscopy was considered complete if the 
caecum was intubated with visualisation of the ileocaecal valve or the appendiceal 
orifi ce, or by intubation up to CRC. Incomplete colonoscopies were excluded. In 
addition, subjects were excluded in case of insuffi cient bowel cleansing, as judged 
by the individual endoscopist. In the screening cohort, an incomplete colonoscopy 
was followed by a second colonoscopy with propofol anaesthesia. If necessary, 

29467 Turenhout.indd   23 13-09-14   20:09



Chapter 2

24

a computed tomographic colonoscopy was performed followed by a second 
colonoscopy. If an incomplete colonoscopy in the referral cohort was followed by 
a complete second colonoscopy, virtual colonoscopy or x-colon within six months, 
the results were included in analysis.

In the screening study, histology of tissue samples obtained during 
colonoscopy was evaluated by one experienced pathologist. In the referral cohort, 
lesions were evaluated according to routine procedures. In both studies, the 
outcome variable CRC was classified according to tissue tumour stage (T-stage) of 
the TNM-classification (6thedition) according to the AJCC cancer staging manual.20

Statistical analysis
The primary aim of the study was to compare mean FIT scores in CRC 

cases found in the referral and screening setting, with and without correction for 
CRC T-stage. For analyses, only individuals with CRC and a FIT result of ≥50 ng/
mL were selected, as this cut-off value was used for colonoscopy referral in the 
screening population.

FIT scores do not follow a Gaussian curve. On average, even after correction 
for the prozone effect,19 the curve is considerably skewed to the left. Logarithmic 
transformation of the FIT scores allowed for using the t-test, as a normal distribution 
was achieved. Multivariable logistic regression analysis was used to evaluate which 
variables could explain the differences in FIT scores between CRC patients found 
in the screening and referral cohorts. In logistic regression analysis, the outcome 
variable was mean FIT score, and the independent variables were population of 
origin, T-stage, age, and gender. Logistic regression analysis was performed both by 
forward and backward selection.

Statistical analysis was performed with SAS system for windows, software 
version 8.02 (SAS Institute Inc., Cary, NC). Two-sided p-values of <0.05 were 
considered statistically significant.

Ethical approval and consent
In both studies, informed consent was obtained from all participants. 

Approval and consent from the screening arm of this study was obtained by 
the Dutch Health Council (2005/03WBO, The Hague, the Netherlands, www.
gezondheidsraad.nl).6 In all centres participating in the referral arm of this study, local 
Medical Ethics Review Board approval was obtained prior to the start of the study.7
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RESULTS

Participants
In the screening population 10,322 subjects were invited to FIT sampling. 

Of these, 6,157 completed and returned the test. Five-hundred-and-twenty-six 
participants were scheduled for colonoscopy as the FIT result was ≥50 ng/ml (i.e., 
positivity rate of 8.5%). In 428 patients colonoscopy was performed, and considered 
complete in 402 (colonoscopy completion rate 94%; see fi gure 2.1). In the 26 
cases where the ceacum was not visualiased, a second complete colonoscopy was 
performed. In total twenty-eight cases of CRC were detected.

In the referral population 3,637 subjects were invited for participation. Six-
hundred-and-twenty-three subjects were excluded because of FIT sampling violating 
the study protocol, incomplete or contaminated colonoscopy, or missing histology of 
detected lesions. Therefore, 3,014 individuals who had a complete colonoscopy and 
histology remained for analysis (completion rate colonoscopy 91%, see fi gure 2.1). 
The indication for colonoscopy was evaluation of symptoms in 57%, screening and 
surveillance in 38% and unspecifi ed in 5% (see table 2.1). The positivity rate (≥50 
ng/ml) was 15.7%. In total, 105 subjects with CRC were found, of which 96 (91.4%) 
had a positive FIT. The sensitivity of FIT for detection of CRC at cut-off values of 50, 
75 and 100 mg/ml was 91.4%, 90.5% and 89.5% respectively. The specifi city for these 
cut-off values were 83.7%, 85.7% and 87.0% respectively.

In total, 124 patients with CRC and a positive FIT were found: 28 derived 
from the screening population and 96 from the referral population. From the 
referral population 6 cases were excluded because the actual T-stage could not be 
determined due to neo-adjuvant radiotherapy or palliative treatment. The mean 
age of the remaining 90 CRC cases from the referral cohort was signifi cantly higher 
compared with the 28 cases from the screening cohort; 69 (SD 9.8) versus 65 
(SD 6.5) years respectively (p = 0.04). As expected, the proportion of males was 
higher in both populations and not signifi cantly different between the referred and 
screened population (58% and 64%, p = 0.54, see table 2.1). Other abnormalities that 
might cause (minor) mucosal bleeding in the colon in addition to CRC, potentially 
infl uencing the FIT results, were seen in 64% of the referral and 79% (n.s.) of the 
screening population (see table 2.2).
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SCREENING COHORT

FIT invitation
N = 10,322

Exclusion criteria
N = 194;

IBD: N = 176
Colostomy: N = 14

Potential radiation colitis: 
N = 4

CRC
N = 28

Complete colonoscopy*
N = 428

No follow-up
N = 58

FIT ≥50ng/ml
N = 526 (8.5%)

Participation
N = 6,157

Incomplete or 
contaminated 
colonoscopy

N = 298

No histology obtained
N = 61

Error in FIT sampling
N = 70

Colonoscopy
N = 3,373

CRC
N = 96

FIT ≥50ng/ml
N	  =	  474	  (15.7%)

Complete histology
N = 3,014

Complete colonoscopy*
N = 3,075

FIT performance
N = 3,443

FIT invitation
N = 3,637

REFERRAL COHORT

Figure 2.1. Study flow of the screening and referral cohort compared in the present study.

*This includes cases in which an incomplete initial colonoscopy was followed by a second complete colonos-
copy, virtual colonoscopy or X-colon.
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Table 2.1. Primary indications for colonoscopy.

Indication group Indication for colonoscopy N
Symptomatic/suspect Weight loss 52

Clinical suspicion of diverticulitis 23
Clinical suspicion of IBD 40
Abdominal pain 310
Anaemia 174
Haematochezia 418
Altered bowel habits 416
Clinical or radiological suspicion of CRC 49
Colonoscopy for polypectomy 57
Diarrhoea 115
Constipation 71
Total 1,725

Screening & surveillance Average risk 69
Familial history of CRC 387
Lynch syndrome 42
Polyp surveillance 491
Post CRC surveillance 157
Total 1,146

Other Not specifi ed/others 143
Grand total 3,014

Primary indications for colonoscopy among 3,014 subjects included in the referral arm of this study. This study 
compares FIT results in screening and referral CRC cases (exclusion criteria used in the referral arm of the 
study are age <18 years, hospitalization, colostomy, infl ammatory bowel disease or total colectomy). FIT = 
faecal immunochemical test; IBD = infl ammatory bowel disease; CRC = colorectal cancer.

Table 2.2. Characteristics of patients with CRC and potential explanations for a positive FIT result in addition 
to CRC.

Screening population
(N = 28)

Referral population
(N = 90)

Males (%) 64% 58%1

Mean age (SD) 65 (6.5) 69 (9.8)2

Location CRC (% left sided) 64% 62%

CRC only (%) 6 (21%) 32 (36%)

CRC including
- Advanced adenomas (%) 16 (57%) 14 (16%)
- Other adenomas (%) 5 (18%) 17 (19%)
- Other polyps (%) 0 (0%) 14 (16%)
- Diverticula’s (%) 1 (4%) 9 (10%)
- Haemorrhoids (%) 0 (0%) 4 (4%)

1χ2test: p = 0.54; 2t-test: p = 0.04. The percentages of other abnormalities in addition to CRC in the referral 
population add up to 65% due to rounding. The total percentage of CRC cases with additional pathology is 
64%. CRC = colorectal cancer; SD = standard deviation.
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T- stage distribution and FIT results
The 28 CRC cases from the screening population had a mean FIT score of 

613 ng/ml (SD 368 ng/ml), which was significantly lower (p = 0.02) than the mean 
FIT score of the 90 CRC cases from the referral population (829 ng/ml; SD 302 ng/
ml, see table 2.3).

The CRC stage distribution was different between the populations: early 
stages were more frequently found in the screening population (see figure 2.2). Of 
the 28 cases from the screening population, 13 cases were classified as T1 (46%), 
8 cases as T2 (29%), 6 cases as T3 (21%) and 1 case was classified as T4 carcinoma 
(4%). In the referral population, 12 patients had tumour stage T1 (13%), 22 T2 
(24%), 52 T3 (58%) and 4 patients had CRC stage T4 (4%). After stratifying mean FIT 
scores by T-stage, for none of the tumour stages a significant difference in FIT results 
was observed (see table 2.3): T1, p = 0.22; T2, p = 0.79; T3, p = 0.13. Because there 
was only one T4 case in the screening population, T4 cases were combined with T3 
cases. Again, for the combined T3 and T4 stage category, no significant difference in 
FIT score was seen between both populations (p = 0.19).

0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

T1 T2 T3 T4

T	  stage

Pe
rc
en

ta
ge

Screening

Referral

Population	  type

Figure 2.2. CRC tumour stage distribution in a screening (N = 28) and referral population (N = 90) in studies 
on diagnostic performance of a FIT.

Difference between screening and referral: p < 0.001.
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Table 2.3. FIT results (ng/ml) in patients with CRC derived from a screening and referral cohort according to 
tissue tumour stage.

Population N Mean (SD) 25th % Median 75th % p-valuea

All CRC cases Screening 28 613 (368) 283 662 1,000 0.02
Referral 90 829 (302) 709 1,000 1,000

T1 Screening 13 498 (382) 79 384 871 0.22
Referral 12 725 (374) 428 1,000 1,000

T2 Screening 8 787 (303) 559 936 1,000 0.79
Referral 22 794 (341) 550 1,000 1,000

T3 Screening 6 563 (368) 269 454 1,000 0.13
Referral 52 870 (258) 888 1,000 1,000

T4 Screening 1 n.a. n.a. n.a. n.a. n.a.
Referral 4 793 (415) 586 1,000 1,000

at-test after logarithmic transformation because of non-normality of FIT results. Note: all results ≥1,000 ng/
ml were classifi ed as 1,000 ng/ml. FIT = faecal immunochemical test; CRC = colorectal cancer; SD = standard 
deviation; T = tumour stage; n.a. = not available (i.e. values like mean and median having a single observation are 
meaningless and a t-test cannot be performed because no error term can be estimated for a single observation).

Logistic regression analysis
At univariable analysis, FIT results from the referral cohort were signifi cantly 

higher compared with the screening cohort (p < 0.01). However, after adding T-stage 
to the model the difference in FIT results lost statistical signifi cance (p = 0.10). The 
p-values per T-stage were 0.23 (T1), 0.79 (T2), and 0.11 (T3/T4) respectively.

In multivariable analysis including the variables gender, age, T-, N- and 
M-stage, only T-stage (p < 0.001) and (marginally) age (p = 0.05) could signifi cantly 
explain the differences between the screening and referral cohorts.

DISCUSSION

The current study compares FIT results in individuals with CRC from two 
different prospective study designs, i.e. a population based screening study and a 
referral cohort, to study the uncertainty about the link between the results obtained 
from these kind of studies. Cases of CRC from the screening cohort were found 
to have signifi cantly lower FIT results compared to those from the referral cohort, 
but after stratifying for T-stage, no difference remained. In the screening cohort 75% 
(21/28) and in the referral cohort only 38% of cases had a T1 or T2 tumour (34/90). 
Logistic regression analysis confi rmed that not the type of population, but only 
T-stage and to a lesser extent age could explain the differences in FIT results of CRC 
patients between these screening and referral cohorts.
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The results of this study are very relevant for the evaluation of CRC 
screening tests and guidance of future study designs. Several studies in screening 
populations have been performed comparing e.g. FIT with g-FOBT.6, 9, 12, 21 However, 
despite the large number of screened individuals in these studies, the absolute 
number of individuals with CRC was relatively low and hampered subgroup analysis. 
Furthermore, colonoscopy was missing in subjects with a negative FIT, impeding 
calculation of sensitivity and specificity. Indeed, for the investigation of the performance 
of a screening test like FIT, the ultimate prospective study design would contain full 
colonoscopic evaluation of all participants. However, in a screening population this 
is considered unethical or unfeasible because the capacity and/or funds are lacking. 
In referral populations FIT negatives do indeed all undergo colonoscopy, and in 
addition, in much less time and at a substantially lower costs, a much larger number 
of CRC patients can be included. This enables e.g. more elaborate subgroup analysis 
on early stage CRC. The present study shows that T-stage is the major contributor to 
the different FIT results between the cohorts. Possible differences in characteristics 
between the cohorts did not have much influence on FIT outcomes. It is indicated 
here that, if correction or stratification for CRC tumour stage distribution is applied, 
both screening as well as referral cohorts can be used to answer several important 
screening related research questions. Research questions on accuracy of screening 
tests with sufficient power, could therefore initially be explored using referral 
populations. In line with Tao and colleagues, who found that sensitivity of blood 
based CRC markers is dependent on tumour stage,14 results on test characteristics 
should be presented per tumour stage. By merging results from different sources 
the strength of the evidence available will be enlarged.

Some considerations need to be discussed for proper interpretation of the 
present results. For evaluation of sensitivity and specificity, data from referral studies 
could be extrapolated, or the incidence of interval cancers could be used as false 
negatives. The latter requires intensive follow-up over many years before sensitivity 
can be estimated; time in which tumours may further evolve. Secondly, the number 
of screening cases is limited, although comparable with other screening studies.9, 12, 

21 This limits the power to determine any existing differences. However, from figure 
2.2 and table 2.3 it is clear that it is unlikely that adding more screening cases could 
change the results substantially. Supported by the results from other studies,13, 16, 

17, 22 CRC was considered the major contributor to the overall FIT results. Still, 
it cannot be excluded that other sources of bleeding (like minor polyps) could 
have contributed to the overall FIT results. In addition, although probably limited 
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considering the moderate temperatures in the Netherlands, time lag between 
sampling and analysis could have infl uenced FIT results found.23 In this study the 
existing difference between both cohorts could therefore be even less, because 
time to analysis in the screening cohort was on average somewhat longer. Finally, in 
the screening cohort, no information about preoperative radiotherapy was available 
and therefore tumour stage could have been underestimated in a few cases. In 
summary, the correction for other potential bleeding sources, time lag to analysis, 
and radiotherapy would even decrease the differences between the referral and 
screening cohorts and therefore support our conclusions.

The present study aimed to compare test performance in two study 
designs, each with pros and cons, knowing the essential differences between the 
two cohorts. It can be concluded that T-stage refl ects the majority of the differences 
in overall FIT results between the two studied cohorts.

In conclusion, apparent differences in FIT results between screened and 
referred CRC patients can be attributed to tissue tumour stage. Based on these 
fi ndings, we conclude that results from both cohorts could strengthen the evidence 
available. Using referral populations for studying FIT, and potentially also new 
CRC screening tests, can be useful to stimulate progress in CRC research. Here, 
sensitivity and specifi city should be studied as these measures are independent 
of the prevalence of the disease,24 and test characteristics should be stratifi ed by 
tumour stage.  This will be of particular benefi t in research questions that require 
large numbers of cases or colonoscopy confi rmation in all individuals, and do not 
seek predictive values as outcome.
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ABSTRACT

Background: A single sampled faecal immunochemical test (FIT) has moderate 
sensitivity for colorectal cancer (CRC) and advanced adenomas. Repeated FIT 
sampling could improve test sensitivity. The aim of the present study is to determine 
whether any of three different strategies of double FIT sampling has a better 
combination of sensitivity and specificity than single FIT sampling.
Methods: Test performance of single FIT sampling in subjects scheduled for 
colonoscopy was compared to double FIT sampling intra-individually. Test positivity 
of double FIT sampling was evaluated in three different ways: 1) “one of two FITs+” 
when at least one out of two measurements exceeded the cut-off value, 2) “two of 
two FITs+” when both measurements exceeded the cut-off value, 3) “mean of two 
FITs+” when the geometric mean of two FITs exceeded the cut-off value. Receiver 
operator curves were calculated and sensitivity of single and the three strategies of 
double FIT sampling were compared at a fixed level of specificity.
Results: In 124 of 1,096 subjects, screen relevant neoplasia (SRN) were found (i.e. 
early stage CRC or advanced adenomas). At any cut-off, “two of two FITs+” resulted 
in the lowest and “one of two FITs+” in the highest sensitivity for SRN (range 35-
44% and 42-54% respectively). ROCs of double FIT sampling were similar to single 
FIT sampling. At specificities of 85/90/95%, sensitivity of any double FIT sampling 
strategy did not differ significantly from single FIT (p-values 0.07-1).
Conclusion: At any cut off, “one of two FITs+” is the most sensitive double FIT 
sampling strategy. However, at a given specificity level, sensitivity of any double FIT 
sampling strategy for SRN is comparable to single FIT sampling at a different cut-off 
value. None of the double FIT strategies has a superior combination of sensitivity 
and specificity over single FIT.
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BACKGROUND

In the United States of America and in Europe, colorectal cancer (CRC) 
ranks second as cause of cancer related death.1, 2 Screening is the most realistic 
approach to decrease CRC related mortality. Screening with guaiac-based faecal 
occult blood tests (g-FOBTs) has been shown to decrease disease specifi c mortality.3-5 
Faecal immunochemical tests (FITs or i-FOBTs) have been shown to be superior to 
g-FOBTs.6-9 A major benefi t of (semi-)quantitative FITs is that by adjustment of the 
threshold for positivity, test characteristics and number of follow-up colonoscopies 
can be tuned to local resources.10, 11 Since sensitivity of FIT for CRC is in the range of 
66-87%,8, 12, 13 and sensitivity for advanced adenomas is even lower (27-38% depending 
on the cut-off value),8, 13, 14 there is still room for improvement. One approach for 
improving the sensitivity of FIT based screening could be to increase the number of 
samples tested, which is common practice for g-FOBTs.3-5

So far, most studies on double FIT sampling either did not perform 
colonoscopy in FIT negative individuals,15, 16 did not evaluate different defi nitions 
of positivity for double FIT sampling,14, 17-19 or did not assess the effect of different 
cut-off values.17, 20 In addition, none of these studies evaluated the effect of multiple 
sampling on specifi city.

This prospective, multi-centre cohort study aims to investigate whether 
sensitivity for the detection of screen relevant neoplasia (CRC stage I, II or advanced 
adenomas) of single FIT sampling can be increased by double FIT sampling, without 
substantially affecting specifi city. Primary goal is to compare sensitivity and specifi city 
of single FIT sampling and different strategies of double FIT sampling, at a predefi ned 
range of cut-off values, in a colonoscopy controlled population. In this study, we 
report that double and single FIT sampling have a comparable combination of 
sensitivity and specifi city, at a different cut-off value.

METHODS

Study population
From June 2008 to October 2009, all ambulatory patients (≥18 years) 

scheduled for elective colonoscopy in three participating medical centres in and 
around Amsterdam were invited to participate in this  study, irrespective of their 
indication for colonoscopy (i.e. screening, surveillance, or presence of symptoms). 
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Exclusion criteria were either hospitalization, age below 18 years, colostomy, total 
colectomy, colitis with ulcer(s), or a documented history or subsequent diagnosis 
of inflammatory bowel disease (IBD). In addition, individuals in which colonoscopic 
examination remained incomplete due to insufficient bowel lavage or technical 
difficulties, who did not adhere to the instructions on FIT sampling (e.g. failed to 
provide the dates of FIT sampling), or could not provide informed consent, were 
excluded from analysis. The local Medical Ethics Review Boards of each of the 
hospitals approved this study.

Study design
All eligible individuals were asked to perform a FIT on two subsequent days 

prior to colonoscopy. Elective patients were invited to participate in this study by 
telephone. Individuals interested in the study received a more detailed information 
package by mail, including two FITs, sampling instructions and an informed consent 
form. Subjects who could repetitively not be reached by telephone were send the 
same package with an additional explanatory letter.

An automated FIT was used (OC-sensor®, Eiken Chemical Co., Tokyo, 
Japan). This (semi-)quantitative test is considered positive when the haemoglobin 
concentration in the test tube exceeds the pre-determined cut-off value. Patients 
were instructed to perform this test on two separate days, before bowel preparation 
by laxatives was started, and write the date of test performance on the FIT container.

The baseline FIT was defined as the sample taken from a bowel movement 
one day prior to colonoscopy (t = -1), whereas the additional FIT for double sampling 
was performed on stool produced two days before colonoscopy (t = -2; see figure 
3.1). Illustrated and written instructions explained participants to sample their stool 
without contamination with water or urine. All FITs were sampled at home and 
there were no restrictions in diet or medication during the week in which stool 
was sampled. Participants were instructed to obtain FIT samples at a maximum of 
72 hours prior to colonoscopy, and to put the FIT samples in the zip lock bags that 
were included in the mail package. Participants were requested to store the zip lock 
bags in the refrigerator until departure for the endoscopy department.

Completed FITs and informed consent forms were collected at the 
endoscopy-department at the day of colonoscopy. All FITs were stored at minus 
20 degrees Celsius on arrival. Tests were analysed according to the manufacturer’s 
instructions by an experienced technician, who was unaware of the clinical data, 
using the OC sensor MICRO desktop analyser (Eiken Chemical co., Tokyo, Japan).21
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Figure 3.1. Study design.

FIT = faecal immunochemical test.

Colonoscopy and lesions
All colonoscopies were performed or supervised by experienced 

gastroenterologists, who were unaware of the FIT results. Patients were offered 
to take conscious sedation by midazolam. A complete colonoscopy was de� ned as 
intubation of the caecum with identi� cation of the ileocaecal valve or appendiceal 
ori� ce, or intubation up to CRC (irrespective of the location and visualisation of the 
whole colon). Incomplete colonoscopies or colonoscopies with insuf� cient bowel 
preparation, as judged by the individual endoscopist, were excluded unless CRC was 
found. However, if a barium enema, virtual colonography or second colonoscopy 
was performed within six months, evaluation of the colon was considered complete 
and the subject was included in analysis. Patients were classi� ed based on the most 
advanced lesion detected.

Histology of tissue samples obtained was evaluated routinely. Lesion size 
was estimated by the endoscopist. Adenomas ≥1.0 cm, adenomas with a villous 
component (i.e. tubulovillous or villous adenoma) or adenomas with high-grade 
dysplasia were de� ned as advanced adenomas.22 Colorectal carcinoma was staged 
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according to the AJCC cancer and TNM staging manual.23 Screen relevant neoplasia 
were defined as advanced adenoma and/or early stage cancer (i.e. stage I and II).

Statistical analysis
Primary outcome measures were sensitivity and specificity of the baseline 

FIT (t = -1; henceforth single FIT) and three strategies for double FIT sampling 
(results of t = -1 and t = -2) for the detection of screen relevant neoplasia. Results 
of single and double sampling were compared intra-individually and colonoscopy 
and histopathology were considered as gold standard. This study did not have the 
intention to determine the cut-off value with optimal sensitivity and specificity for 
screening. Instead, we evaluated whether a combination of sensitivity and specificity 
for double FIT sampling exists that is superior to single FIT sampling.

Three different strategies for positive reading of double FIT sampling were 
used:
 1.  “one of two FITs+”: haemoglobin concentrations exceed the cut-off value 

in at least one out of two samples.
 2.  “two of two FITs+”: haemoglobin concentrations exceed the cut-off value 

in both samples.
 3.  “mean of two FITs+”: the geometric mean of haemoglobin concentrations 

from both samples exceeds the cut-off value.
Test sensitivities and specificities were assessed at cut-off values of 50, 75, 

100, 150, and 200 ng/ml. The Exact method was used to calculate 95% confidence 
intervals. Receiver Operating Characteristic (ROC) curves for detecting screen 
relevant neoplasia were calculated for single FIT and all three strategies of double 
FIT sampling. In addition, sensitivities of all three strategies for double FIT sampling 
were compared to single FIT sampling at a specificity of 85%, 90% and 95% using 
McNemar’s test for correlated proportions. All analyses were performed with SPSS 
for Windows Version 15.0 (SPSS Inc., Chicago, USA).
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RESULTS

Participants
Samples were returned by 1,589 patients, 493 of which were excluded 

from further analysis because of reasons listed in fi gure 3.2. In 33 cases repeated 
colonoscopy or radiological research was performed. Mean age of the participants 
included was 60.0 years (range 19-91 yrs, SD 12.5) and 48% of the study cohort 
was male.

Table 3.1 shows the primary indications for colonoscopy in individuals 
eligible for analysis. In this cohort 59% (N = 646) of individuals were referred 
for colonoscopy because of symptoms, whereas 37% (N = 408) of subjects were 
referred for screening or surveillance colonoscopy. In 4% (N = 42) of all individuals 
the indication remained unspecifi ed.

Figure 3.2. Study fl ow diagram of 1,589 subjects who participated in FIT sampling and subsequently underwent 
colonoscopy.

¹Incomplete colon evaluation in spite of possible additional evaluation by repeated colonoscopy, barium 
enema or virtual colonography. FIT = faecal immunochemical test; IBD = infl ammatory bowel disease.
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Table 3.1. Primary indications for colonoscopy among 1,096 consecutive patients enrolled for evaluation of 
double FIT sampling.

Indication group Indication for colonoscopy N 
Symptomatic/suspect Weight loss 11

Clinical suspicion of diverticulitis 7
Clinical suspicion of IBD 8
Abdominal pain 110
Anaemia 71
Haematochezia 156
Altered bowel habits 182
Clinical or radiological suspicion of CRC 25
Colonoscopy for polypectomy 21
Diarrhoea 31
Constipation 24
Total 646

Screening & surveillance Average risk 39
Familial history of CRC 111
Lynch syndrome 17
Polyp surveillance 196
Post CRC surveillance 45
Total 408

Other Not specified/others 42
Grand total 1,096

FIT = faecal immunochemical test, IBD = inflammatory bowel disease, CRC = colorectal cancer.

Colonoscopy results
Colorectal cancer was found in 35 (3.2%) of 1,096 included individuals. 

Malignancies were classified as stage I in 7 (20%), stage II in 13 (37%), stage III in 6 
(17%) and stage IV in 3 (9%) patients. Six rectal cancers (17%) could not be staged 
accurately due to the effects of preoperative radiation. In 104 (9.5%) individuals, one 
or more advanced adenomas were found. Consequently, screen relevant neoplasia 
were found in 124 (11.3%) subjects.

Colorectal neoplasia detection and positivity rates
At a cut-off value of 50 ng/ml, the positivity rate of single FIT was 17%, 

resulting in detection of 91.4% (32/35) of CRCs and 60.6% (63/104) of all advanced 
adenomas found at colonoscopy. In subjects who tested negative for occult blood 
on single FIT, the additional FIT detected 2 more CRCs and 7 additional advanced 
adenomas.
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Positivity rates ranged from 17-10% (with increasing cut-off values) for 
single FIT, from 22-12% for “one of two FITs+”, from 12-7% for “two of two FITs+”, 
and from 17-9% for “mean of two FITs+”.

Sensitivity and specifi city of single and double FIT strategies
Performance characteristics of single FIT and different strategies of double 

FIT sampling for detecting screen relevant neoplasia, at different cut-off values, are 
shown in table 3.2.

At each cut-off value, maximum sensitivity for screen relevant neoplasia 
was obtained with “one of two FITs+”. Compared to single FIT, the highest increase 
in sensitivity was obtained with “one of two FITs+” at either 50, 75 or 100 ng/ml 
(6.4% increase over single FIT). However, the confi dence intervals of the sensitivity 
of single FIT and “one of two FITs+” overlapped, and the specifi city of “one of two 
FITs+” (83.0, 87.4 and 89.8% at 50, 75, and 100 ng/ml, respectively) was lower than 
for single FIT (88.2, 90.5, and 92.5% at 50, 75, and 100 ng/ml, respectively).

At each cut-off value, maximum specifi city was found with “two of two 
FITs+”. The highest specifi city (97.5%) of all double FIT strategies was observed for 
“two of two FITs+” at the highest cut-off value (200 ng/ml). However, “two of two 
FITs+” resulted in lower sensitivities than single FIT. Moreover, by using single FIT, 
comparable specifi cities as for “two of two FITs+” could be reached (up to 95%) by 
using higher cut-off values (see table 3.2).

Test characteristics of double FIT sampling strategies were comparable 
to single FIT sampling at a different cut-off value. For example at 75 ng/ml, the 
sensitivity of “one of two FITs+” (52%) was higher than the sensitivity of single FIT 
(46%). However, when the cut-off value of single FIT was decreased to 50 ng/ml, 
sensitivity became 48% (CI 39-57) which is close to sensitivity of “one of two FITs+” 
(52%; CI 43-61). The accompanying specifi city of single FIT at 50 ng/ml (88.2%) was 
virtually equivalent to the specifi city of “one of two FITs+” (87.4%). As shown in 
table 3.2, test characteristics of “mean of two FITs+” were comparable to single FIT.
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Receiver operator curves
For single FIT and the three double FIT strategies, Receiver Operating 

Characteristic (ROC) curves were constructed (see fi gure 3.3). Highest sensitivities 
were reached with “one of two FITs+” and “mean of two FITs+”, whereas the highest 
specifi cities were reached with “two of two FITs+”. For all double FIT strategies, 
ROC curves and Areas Under the ROC Curves (AUC’s) either overlapped or were 
very close to each other (see fi gure 3.3). Although the highest AUC was found for 
“mean of two FITs+”, all AUCs were within the 95% confi dence interval of the 
AUC of single FIT.

Figure 3.3. ROC curves of single and double FIT sampling strategies for the detection of screen relevant 
neoplasia.

ROC = receiver operating characteristic; FIT = faecal immunochemical test; “one of two FITs+” = at least one of 
both FITs above the cut-off value; “two of two FITs+” = both FITs above the cut-off value; “mean of two FITs+” = 
geometric mean of both FITs above the cut-off value; AUC = area under the ROC curve; CI = confi dence interval.

Comparison at fi xed specifi cities
To evaluate to what extent an increase in sensitivity by double FIT sampling 

went at the cost of decreased specifi city, single FIT and the three double FIT strategies 
were analysed at equal specifi cities. Table 3.3 shows cut-off values and sensitivities 
at 85%, 90% and 95% specifi city, for each strategy. At any of these specifi cities, no 
strategy for double FIT sampling yielded a sensitivity that differed signifi cantly from 
the sensitivity of single FIT.
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Table 3.3. Comparison of sensitivity of single and double FIT sampling for screen relevant neoplasia, at fixed  
specificities.

Single FIT “one of two FITs+” “two of two FITs+” “mean of two FITs+”

Spec Sens Cut-off Sens Cut-off p-value Sens Cut-off p-value Sens Cut-off p-value

85% 51.6% 34 53.2% 59 1 n.a.* n.a.* n.a.* 53.2% 40 1

90% 46.0% 73 51.6% 103 0.07 44.4% 27 0.687 50.8% 60 0.125

95% 38.7% 184 37.9% 371 1 41.1% 91 0.453 37.9% 159 1

Corresponding cut-off values (ng/ml) and sensitivities for screen relevant neoplasia of single FIT sampling and 
three different strategies of double FIT sampling at fixed specificities of 85%, 90% and 95%.

FIT = faecal immunochemical test; “one of two FITs+” = at least one of both FITs above the cut-off value; “two of 
two FITs+” = both FITs above the cut-off value; “mean of two FITs+” = geometric mean of both FITs above the cut-
off value; spec = specificity; sens = sensitivity; cut-off = cut-off value; n.a.* = no corresponding sensitivity and cut-off 
value found in the range 50-200 ng/ml.

Additional analysis
All analyses described above were repeated for the outcomes advanced 

adenomas and CRC. These results are shown in supplementary material; tables I-IV 
and figures I and II. The results found were very similar to those for screen relevant 
neoplasia.

In total 251 cases were excluded because of an error in FIT sampling. 
The majority of 155 cases was excluded as the date of sampling of one or both of 
the tests was unsure. These cases were included in additional analysis, to evaluate 
if exclusion of these cases would cause bias. As shown in supplementary material 
tables V and VI and figure III, the results of these analysis were similar. The remaining 
96 sampling errors were due to sampling on or after the day of colonoscopy, 
performance of only one test, or failure in FIT analysis.

DISCUSSION

In the present study three different strategies of double FIT sampling were 
compared to single FIT sampling. In total, 1,096 subjects were included and evaluated 
by colonoscopy. None of the double FIT strategies proved to have a superior 
combination of sensitivity and specificity compared to single FIT sampling, as is clear 
from the comparable ROC curves and similar AUCs found for all strategies. When 
comparing sensitivities of single FIT and the three double FIT strategies at fixed 
specificities of 85%, 90% and 95%, no relevant differences were observed. In fact, at 
every level of specificity, a comparable sensitivity as observed for “one of two FITs+” 
could be obtained by single FIT by simply lowering the cut off value.

29467 Turenhout.indd   46 13-09-14   20:09



Double FIT sampling for colorectal neoplasia

47

3

Table 3.3. Comparison of sensitivity of single and double FIT sampling for screen relevant neoplasia, at fi xed 
specifi cities.

Single FIT “one of two FITs+” “two of two FITs+” “mean of two FITs+”

Spec Sens Cut-off Sens Cut-off p-value Sens Cut-off p-value Sens Cut-off p-value

85% 51.6% 34 53.2% 59 1 n.a.* n.a.* n.a.* 53.2% 40 1

90% 46.0% 73 51.6% 103 0.07 44.4% 27 0.687 50.8% 60 0.125

95% 38.7% 184 37.9% 371 1 41.1% 91 0.453 37.9% 159 1

A priori expectations were that double FIT sampling would increase 
sensitivity, as this has been observed previously for g-FOBT and FIT.18, 19, 24 Accordingly, 
it was shown in the present study that the highest sensitivity was obtained for “one 
of two FITs+’’. However, this strategy resulted in the lowest specifi city.

Our fi ndings are in line with a recent study in a population with an increased 
risk for CRC, in which AUCs for the highest out of one, two or three FITs did 
not differ.18 Although a direct comparison with a recent Italian screening study is 
diffi cult due to different methodology, the authors could not fi nd a clear superior 
performance of double over single FIT sampling either.15 Two other studies on double 
FIT sampling lacked calculation of direct sensitivity and specifi city, as colonoscopy 
was not performed in FIT negative individuals.15, 16 These characteristics are needed 
to determine how an increase in sensitivity is counterbalanced by a decrease in 
specifi city. Less recent studies did not use quantitative FITs or did not evaluate test 
characteristics at different cut-off values.17, 20 In a recent study with a high CRC 
prevalence, average risk individuals sampled stool before screening colonoscopy. 
The authors found that the sensitivity increased and specifi city decreased when a 
lower cut-off value or multiple tests were used. However, no comparison was made 
at an equal specifi city. The AUCs for advanced neoplasia for one, two or three FITs 
did not differ.19 In the present study, the full potential of double FIT sampling was 
further studied by evaluation of several defi nitions of positivity. The present study 
adds important information as it is the fi rst to determine if any of three strategies of 
double FIT sampling could increase sensitivity for screen relevant neoplasia, without 
substantially affecting specifi city, at different cut-off values and in a colonoscopy 
controlled population.

A limitation of the present study is that not a screening population was 
tested but a referral population, partially containing high risk individuals. Therefore, 
test characteristics that depend on the prevalence of disease, i.e. positive and 
negative predictive values, cannot be generalized from this study to the screening 
population. However, the present study focused on sensitivity and specifi city, test 
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characteristics that are not influenced by the prevalence of the disease.25 Still, in this 
referral population, sensitivity may be overestimated and specificity underestimated 
due to work-up bias.26 This may occur as symptomatic participants have an increased 
likelihood for having both a positive FIT and a colorectal neoplasm. In particular, 
it should be noted that lower sensitivities for FIT in a screening population have 
been reported.19, 27 On the other hand, we carried out a formal comparison of 
FIT results in CRC cases from a screening and referral cohort and found similar 
FIT results after correcting for tumour stage.28 Since for screening, only early stage 
cancers are relevant, in the present study late stage cancers were excluded from the 
analysis. Although possible differences in FIT results between referral populations, 
like in the present study, and screening populations cannot fully be excluded, the 
present study design still allows for comparing the sensitivities of different sampling 
schemes for FIT for early stage CRC. However, a complete correction of work-up 
bias cannot be ascertained. One should keep in mind that alternative study designs 
also have limitations like absence of a gold standard because no colonoscopies were 
performed, or in case colonoscopies were performed, relatively low numbers of 
cancers found.15, 16, 27 In addition, in many studies different FITs, different endpoints 
(advanced adenoma, advanced neoplasia, screen relevant neoplasia), a different 
amount of cases, and a different selection of participants (e.g. subjects participating 
in colonoscopy screening) are used.

To evaluate the effect of work-up bias, analyses were repeated after 
exclusion of subjects with rectal blood loss, anaemia and clinical suspicion of CRC 
(data not shown). Although the sensitivities for advanced adenomas found were 
4.5-10% lower, our results were similar in the sense that double FIT sampling did 
not yield any superior combination of sensitivity and specificity compared to single 
FIT. For CRC data were similar, although too few cases remained to draw firm 
conclusions (data not shown).

In the current study the number of excluded participants was relatively 
high. This was mainly due to our stringent protocol on FIT sampling. Of the 251 
individuals that were excluded from further analysis, in the majority of cases this 
was because date of sampling was not registered correctly on the FIT container, as 
described in the study protocol. Additional analysis including these cases showed 
similar results. The percentage of incomplete colonoscopies in the present study is 
in line with previous studies.7, 29

According to our study protocol all FITs should be stored in the refrigerator 
close to the moment of handing in. In addition, both FITs are sampled maximum 72 
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hours prior to colonoscopy. As such, the time that the tests are at room temperature 
is kept as limited as possible. FITs kept at higher temperatures, are more susceptible 
to a decrease in sensitivity as a result of haemoglobin degradation. When compared 
to at least one of the screening studies7 this is still a relative short period of time. 
Therefore, only a slight decrease in haemoglobin concentration is to be expected.30

An important asset of the present study is the relatively high tumour yield, 
which allowed analysing FIT performance for early and late stage CRC separately. 
As the potential health gain is highest for individuals with early stage cancer,31 this 
is relevant for population based screening programmes. A second strength of this 
study is the fact that colonoscopy results were available for all participants, allowing 
the direct calculation of sensitivities and specifi cities.

  In conclusion, this study strongly suggests that double FIT sampling, 
regardless of the defi nition of test positivity, does not provide a superior combination 
of sensitivity and specifi city compared to single FIT sampling. Moreover, if it is aimed 
to increase sensitivity at the cost of specifi city, this can be achieved equally well by 
lowering the cut-off value of single FIT sampling rather than by double FIT sampling. 
To what extent these fi ndings pertain to the general population awaits confi rmation 
in a screening setting. 
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ABSTRACT

Background: Colorectal cancer (CRC) screening by faecal immunochemical 
tests (FITs) is hampered by frequent false positive (FP) results, and thereby risk 
of complications and strain on colonoscopy capacity. Haemorrhoids might be a 
plausible cause of FP results.
Objective: Determine the contribution of haemorrhoids on frequency of FP FITs.
Design: Retrospective analysis from prospective cohort study.
Setting: Five large teaching hospitals, including one academic hospital.
Patients: All subjects scheduled for elective colonoscopy.
Interventions: FIT before bowel preparation.
Main outcome measurements: Frequency of FP FIT results in subjects with 
haemorrhoids as solitary relevant abnormality compared with FP FIT results in 
subjects with no relevant abnormalities. Logistic regression analysis to determine 
colonic abnormalities influencing FP results.
Results: In 2,855 patients, 434 were FIT positive: 213 had advanced neoplasia, 221 
were FP. In 9 individuals (4.1%; 95%CI 1.4-6.8) with a FP FIT haemorrhoids were the 
only abnormality. In univariate unadjusted analysis, subjects with haemorrhoids as 
single abnormality did not have more positive results (9/134; 6.7%) compared with 
subjects without any abnormalities (43/886; 4.9%; p = 0.396). Logistic regression 
analysis identified haemorrhoids, non advanced polyps and a group of miscellaneous 
abnormalities all significantly of influence on false positivity. Of 1,000 subjects with 
haemorrhoids 67 would be FP, of which 18 would be due to haemorrhoids only.
Limitations: Potential underreporting of haemorrhoids. High risk individuals.
Conclusions: Haemorrhoids in individuals participating in CRC screening will 
probably not lead to a substantial number of false positive test results.
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BACKGROUND

Colorectal cancer (CRC) ranks top three of malignancy related mortality in 
Europe and in the United States of America.1, 2 Survival is closely related to stage of 
disease,3 and population-based screening is advocated in many countries.

The screening strategy with the highest sensitivity for detection of colonic 
neoplastic lesions, is high quality screening colonoscopy. However, as screening 
colonoscopy has drawbacks including low participation rates and complications,4-7 
others advocate pre-selection by faecal occult blood tests (FOBTs). In population-
based screening by faecal immunochemical tests (FITs or i-FOBTs; immunochemical 
FOBTs), only participants with a positive test require colonoscopy. However, in 
almost half of all screenees with a positive FIT, no advanced neoplasia is found at 
colonoscopy.8, 9 These false positives could lead to unneeded colonoscopy related 
complications, futile strain on endoscopic resources, psychological stress to the 
screenee and a decrease in confi dence in the screening programme. Therefore, the 
number of false positive FITs should be as low as possible.

Due to their natural history, haemorrhoids are a plausible explanation of 
(both visible and occult) rectal bleeding. Although still unknown, haemorrhoids may 
be an important explanation for false positive FITs. Therefore the aim of this study is 
to determine the association between haemorrhoids and FIT results.

METHODS

Study population
For the present study, the dataset that was used was selected from an 

ongoing study on FIT performance, which was designed to answer several research 
questions.10-12 The data were collected between June 2006 and October 2009. In 
fi ve medical centres in and around Amsterdam, ambulatory subjects ≥18 years 
scheduled for elective colonoscopy were invited regardless of the indication for 
colonoscopy (screening, surveillance or symptoms). Exclusion criteria used were 
either no informed consent, hospitalization, age below 18 years, colostomy, total 
colectomy, colitis with ulcer(s), or a documented history or subsequent diagnosis 
of infl ammatory bowel disease. The study was approved by the local Medical Ethics 
Review Board of each of the fi ve hospitals.
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Study design
Participants were requested to perform at least one FIT one or two 

days before bowel preparation and colonoscopy. Eligible subjects were invited to 
participate by telephone. When interested, a detailed information package was sent 
by mail, containing a FIT, sampling instructions, and an informed consent form. If 
an individual could not be reached by telephone on multiple occasions, the same 
package was sent with an additional explanatory letter. The instructions indicated 
that contact of stool with water and urine should be prevented, and the tests 
should be kept refrigerated until transport to the hospital. The FIT was performed at 
maximum 72 hours prior to colonoscopy. All subjects that were requested to perform 
only one FIT, performed the test one day before colonoscopy. For comparability, in 
participants who performed more than one FIT, only the FIT performed one day 
before colonoscopy was selected for analysis in the present study.

The test used in this study is the automated OC-sensor® (Eiken 
Chemical Co., Tokyo, Japan), which has a quantitative outcome. Completed FITs 
and informed consent forms were handed in at the endoscopy department at the 
day of colonoscopy. All tests were frozen at minus 20 degrees Celsius on arrival. 
Two experienced technicians, who were unaware of the clinical data, analysed all 
tests according to the manufacturer’s instructions. The OC sensor MICRO desktop 
analyser (Eiken Chemical co., Tokyo, Japan) was used for all analyses.13

Colonoscopy and histology
Experienced gastroenterologists performed or supervised all colonoscopies, 

and were unaware of FIT results. All participants were offered conscious sedation 
by midazolam. Assessment of bowel preparation was judged by the individual 
endoscopist. Colonoscopy was considered complete when the caecum was intubated 
with identification of the appendiceal orifice or the ileocaecal valve. Presence of 
haemorrhoids was classified retrospectively as reported in the endoscopy report. 
When available, grading of haemorrhoids according to the degree of prolapse was 
scored.14 The size of polyps detected was estimated by the endoscopist using a 
biopsy forceps.

All tissue samples obtained during colonoscopy were evaluated according 
to routine procedures. Adenomas with high grade dysplasia, villous components and/
or size of at least 1 cm were considered advanced adenomas.15 Presence of CRC 
and/or ≥1 advanced adenoma was classified as presence of advanced neoplasia.
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Statistical analysis
The primary endpoints of this study were the prevalence of haemorrhoids 

in individuals with a positive FIT and a negative colonoscopy, i.e. false positive 
tests, and the relative frequency of false positive tests in subjects with and without 
haemorrhoids. Multiple colonic abnormalities in one patient might infl uence test 
positivity. The frequency of false positive FITs in subjects with haemorrhoids as single 
abnormality was compared with the frequency of false positive FITs in subjects 
without any colonic abnormalities. Logistic regression analysis was used to study 
which colonic abnormalities are risk factors for false positive FITs.

Colonoscopy and histology were considered gold standard for presence of 
advanced neoplasia and haemorrhoids. Subjects with an incomplete colonoscopy 
or insuffi cient bowel preparation were excluded from analyses unless CRC was 
found. Subjects with an incomplete colonoscopy were included in analyses, if 
followed by a second complete colonoscopy within six months. Subjects with one 
or more polyps from which no material was obtained for histological examination 
(N = 147) were excluded. This concerns polyps which could not be retrieved 
after polypectomy, or polyps that were not sent for evaluation because no clinical 
consequences of a histopathological diagnosis were anticipated (e.g. due to co-
morbidity). These subjects were excluded as it is unknown whether the polyp was 
an advanced adenoma and therefore whether the FIT was true or false positive/
negative. In addition, subjects in which the signifi cance of haemorrhoids was unsure 
were excluded (i.e. subjects in which haemorrhoids reported were described as 
only one haemorrhoid or fi brotic haemorrhoids).

False positivity was defi ned as a FIT with ≥50 ng of haemoglobin per millilitre 
of buffer solution and no advanced neoplasia (either advanced adenomas or CRC) 
at colonoscopy. All individuals with a false positive FIT were evaluated for presence 
of different colonic abnormalities, particularly the frequency of haemorrhoids as the 
solitary abnormality detected.

To study the association between haemorrhoids and false positive tests 
in more detail, only subjects without advanced neoplasia were selected. These 
subjects are by defi nition at risk for false positive FIT results. Fisher’s exact test 
was used to compare the number of false positive tests in individuals with and 
without haemorrhoids. To avoid possible heterogeneity in occult blood loss due 
to the presence of other abnormalities two additional groups were selected: 
(1) the group of subjects without any abnormalities at colonoscopy, and (2) the 
group of individuals in which haemorrhoids were the solitary abnormality found 
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at colonoscopy. Group 1 and 2 were compared for the frequency of false positive 
tests. Finally, logistic regression analysis was used to study the effect of different 
colonic risk factors which could influence false positive FIT results. False positivity 
(FIT ≥50, ≥75 and ≥100 ng/ml) was used as dependent variable and presence of 
haemorrhoids, presence of one or more diverticula, presence of one or more 
non advanced polyps, and finally presence of one or more other abnormalities 
(i.e. abnormalities not included in the other variables) were independent variables. 
The variable ‘other abnormalities’ was scored positive when abnormalities like 
angioectasia, aphthous lesions, lymphoma, and lipoma were present. In multivariate 
analysis, the influence of the above mentioned variables on false positivity were 
corrected for age and gender.

All analyses were performed with SPSS for Windows Version 15.0 (SPSS 
Inc., Chicago, USA).

RESULTS

Participants
In the present study, 3,339 subjects underwent colonoscopy and performed 

a FIT. In 2,893 individuals a total colonoscopy was performed and histological analysis 
was complete when applicable (see figure 4.1). Thirty-eight subjects were excluded 
as the clinical relevance of the haemorrhoids that were reported was not clear. The 
main indication for colonoscopy was surveillance and screening in 1,021, presence 
of symptoms in 1,712, and unspecified in 122 (see table 4.1). Of the 2,855 subjects 
included in analysis, 434 (15%) had a positive FIT (cut-off value of 50 ng/ml) and 
371 (13%) had haemorrhoids. Of all individuals with haematochezia as indication 
for colonoscopy, 44 (11%) were false positive. This accounts for 44/221 (20%) of 
all false positives. Of all individuals with colonoscopy for polypectomy as indication 
for colonoscopy, 4 (6%) were false positive. This accounts for 4/221 (2%) of all 
false positives. These subjects were not excluded because the frequency of false 
positive FIT results was studied in subjects with haemorrhoids as only abnormality, 
irrespective of the indication for colonoscopy.

Table 4.2 shows the age and gender distribution of the total population, 
true and false positives.
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Figure 4.1. Study fl ow diagram.
#no histology obtained: no material obtained for histological examination. This concerns polyps which could 
not be retrieved after polypectomy, or polyps that were not sent for histopathological evaluation because no 
clinical consequences of a histopathological diagnosis were anticipated. *percentage of total study population 
(2,855 subjects). FIT = faecal immunochemical test.
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Table 4.1 Primary indications for colonoscopy among 2,855 consecutive patients included in a study on the 
influence of haemorrhoids on faecal immunochemical tests.

Indication group Indication for colonoscopy N
Symptomatic/suspect Weight loss 29

Clinical suspicion of diverticulitis 28
Clinical suspicion of IBD 23
Abdominal pain 388
Anaemia 164
Haematochezia 403
Altered bowel habits 422
Clinical or radiological suspicion of CRC 47
Colonoscopy for polypectomy 64
Diarrhoea 93
Constipation 51
Total 1,712

Screening & surveillance Average risk 64
Familial history of CRC 362
Lynch syndrome 44
Polyp surveillance 404
Post CRC surveillance 147
Total 1,021

Other Not specified/others 122
Grand total 2,855

FIT = faecal immunochemical test; IBD = inflammatory bowel disease; CRC = colorectal cancer.

Table 4.2. Demographics of 2,855 subjects included in a study on the frequency of haemorrhoids as cause for 
false positive faecal immunochemical tests.

Group N Age (SD) p-value Females p-value
Total population 2,855 59.5 (12.8) - 55% -

False positives 221 62.5 (12.2) <0.001 49% 0.21

True positives 213 66.6 (9.9) 43%

Total group without 
advanced neoplasia#

2,463 58.6 (12.9) - 56% -

Haemorrhoids present* 339 60.0 (11.5) 0.03 53% 0.22
No haemorrhoids* 2,124 58.4 (13.1) 56%
Only haemorrhoids present 134 56.8 (13.6) 0.004 62% 0.71
No abnormalities 886 53.2 (11.5) 60%

#susceptible to false positive results.*next to haemorrhoids, other abnormalities may be present.
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False positive results
The frequency of haemorrhoids and abnormalities other than haemorrhoids 

detected in false positive cases are shown in fi gure 4.2. Of the positives, 221 FITs 
(51%) were found to be false positive (i.e. no advanced neoplasia were detected at 
colonoscopy) (see fi gure 4.1). In all false positive cases it was observed that in 4.1% 
(9/221; 95%CI 1.4-6.8) haemorrhoids were the only colonic abnormality that could 
have caused a positive test result.
































Figure 4.2. Overview of abnormalities and their frequencies in 221 cases with a false positive faecal 
immunochemical test result.

Note: due to rounding, percentages add up to 100,1%.

Haemorrhoids
As stated above, in 371 out of 2,855 (13%) haemorrhoids were detected at 

colonoscopy. The grade of haemorrhoids was reported in 43%. After retrospective 
reclassifi cation according to the degree of prolapse into the anal canal,14 86% were 
classifi ed as grade I, 10% as grade II and 4% remained unspecifi ed. From the 2,463 
participants without advanced neoplasia, 339 (14%) were found to have haemorrhoids. 
In table 4.2 mean age and gender are presented for participants without advanced 
neoplasia and with (N = 339) or without (N = 2,124) haemorrhoids.

Subjects with and without haemorrhoids were compared for false positive 
tests. The number of false positive FITs in all subjects with haemorrhoids (41/339; 
12.1%) was signifi cantly higher than the number of false positive FIT results in all 
susceptible subjects without haemorrhoids (180/2,124; 8.5%; p = 0.04; see table 
4.3). Individuals with a false positive FIT result with haemorrhoids were signifi cantly 
older compared to false positive individuals without haemorrhoids (mean age 60.0 
versus 58.4 years respectively; p = 0.03). In addition, a slight not statistically signifi cant 
gender difference was observed (see table 4.2).
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To exclude the potential confounding influence of age and presence of more 
than one type of abnormalities, subjects in which no abnormalities were found at 
colonoscopy (N = 886), were compared with subjects in which haemorrhoids were 
the solitary abnormality (N = 134) detected (group 1 and group 2, respectively). 
As shown in table 4.4, group 1 and 2 did not statistically significantly differ in the 
frequency of false positive FIT results (4.9% vs. 6.7% respectively; OR 1.41; p = 
0.396). However, the mean age in group 1 was significantly lower (mean age 53.2 vs. 
56.8 years respectively; p = 0.004; see table 4.2) and some statistically insignificant 
gender differences were observed (p = 0.71). As these findings might indicate that 
the absence of a significant difference was caused by confounding, logistic regression 
analysis was performed.

Table 4.3. Frequency of false positive results of a faecal immunochemical test in subjects with and without 
haemorrhoids, studied in 2,463 subjects without advanced neoplasia.

Haemorrhoids present* No haemorrhoids present* Total

FIT + 41 (12.1%) 180 (8.5%) 221

FIT - 298 (87.9%) 1,944 (91.5%) 2,242
Total 339 2,124 2,463

*other colonic abnormalities may be present. Fisher’s exact test: p=0.04. Cut-off value FIT positivity is ≥50 ng/
ml. FIT = faecal immunochemical test.

Table 4.4. Frequency of false positive results of a faecal immunochemical test in subjects with haemorrhoids 
detected as the only abnormality at colonoscopy, and in subjects without any abnormalities at colonoscopy.

Haemorrhoids only No abnormalities Total
FIT + 9 (6.7%) 43 (4.9%) 52

FIT - 125 (93.3%) 843 (95.1%) 968
Total 134 886 1,020

Fisher’s exact test: p=0.396. Cut-off value FIT positivity is ≥50 ng/ml. FIT = faecal immunochemical test.

Table 4.5. Multivariate logistic regression analysis: abnormalities detected at colonoscopy with their odds ratio 
for false positive faecal immunochemical test results, at different cut-off values for positivity and corrected for 
age and gender.

Cut-off value: 50 ng/ml; 221 are false positive 75 ng/ml; 178 are false positive 100 ng/ml; 146 are false positive
Colonic abnormalities: p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI
Haemorrhoids 0.045 1.45 1.01-2.10 0.026 1.57 1.06-2.32 0.114 1.43 0.92-2.21
Diverticula 0.143 1.25 0.93-1.69 0.197 1.24 0.89-1.73 0.216 1.26 0.88-1.80
Non advanced polyps <0.001 1.78 1.34-2.37 <0.001 1.76 1.29-2.41 0.003 1.67 1.19-2.36
Others* <0.001 2.17 1.46-3.21 <0.001 2.66 1.77-3.21 <0.001 2.75 1.77-4.26

*other abnormalities include e.g. angioectasia, ulcers, erosions, aphthous lesions, lipomas, moderate chronic 
inflammation. OR = odds ratio.
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To exclude the potential confounding infl uence of age and presence of more 
than one type of abnormalities, subjects in which no abnormalities were found at 
colonoscopy (N = 886), were compared with subjects in which haemorrhoids were 
the solitary abnormality (N = 134) detected (group 1 and group 2, respectively). 
As shown in table 4.4, group 1 and 2 did not statistically signifi cantly differ in the 
frequency of false positive FIT results (4.9% vs. 6.7% respectively; OR 1.41; p = 
0.396). However, the mean age in group 1 was signifi cantly lower (mean age 53.2 vs. 
56.8 years respectively; p = 0.004; see table 4.2) and some statistically insignifi cant 
gender differences were observed (p = 0.71). As these fi ndings might indicate that 
the absence of a signifi cant difference was caused by confounding, logistic regression 
analysis was performed.

Table 4.3. Frequency of false positive results of a faecal immunochemical test in subjects with and without 
haemorrhoids, studied in 2,463 subjects without advanced neoplasia.

Haemorrhoids present* No haemorrhoids present* Total

FIT + 41 (12.1%) 180 (8.5%) 221

FIT - 298 (87.9%) 1,944 (91.5%) 2,242
Total 339 2,124 2,463

*other colonic abnormalities may be present. Fisher’s exact test: p=0.04. Cut-off value FIT positivity is ≥50 ng/
ml. FIT = faecal immunochemical test.

Table 4.4. Frequency of false positive results of a faecal immunochemical test in subjects with haemorrhoids 
detected as the only abnormality at colonoscopy, and in subjects without any abnormalities at colonoscopy.

Haemorrhoids only No abnormalities Total
FIT + 9 (6.7%) 43 (4.9%) 52

FIT - 125 (93.3%) 843 (95.1%) 968
Total 134 886 1,020

Fisher’s exact test: p=0.396. Cut-off value FIT positivity is ≥50 ng/ml. FIT = faecal immunochemical test.

Table 4.5. Multivariate logistic regression analysis: abnormalities detected at colonoscopy with their odds ratio 
for false positive faecal immunochemical test results, at different cut-off values for positivity and corrected for 
age and gender.

Cut-off value: 50 ng/ml; 221 are false positive 75 ng/ml; 178 are false positive 100 ng/ml; 146 are false positive
Colonic abnormalities: p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI
Haemorrhoids 0.045 1.45 1.01-2.10 0.026 1.57 1.06-2.32 0.114 1.43 0.92-2.21
Diverticula 0.143 1.25 0.93-1.69 0.197 1.24 0.89-1.73 0.216 1.26 0.88-1.80
Non advanced polyps <0.001 1.78 1.34-2.37 <0.001 1.76 1.29-2.41 0.003 1.67 1.19-2.36
Others* <0.001 2.17 1.46-3.21 <0.001 2.66 1.77-3.21 <0.001 2.75 1.77-4.26

*other abnormalities include e.g. angioectasia, ulcers, erosions, aphthous lesions, lipomas, moderate chronic 
infl ammation. OR = odds ratio.

Logistic regression analysis
Logistic regression analysis was used to study which abnormalities 

contribute signifi cantly to the probability of a false positive FIT. In the univariate 
analysis age, gender, presence of haemorrhoids, diverticula, non advanced polyps 
and other abnormalities (including ulcers, angioectasia, aphthous lesions, moderate 
chronic infl ammation, lipoma, and lymphoma) were all signifi cantly associated with 
false positive FIT results.

In multivariate analysis, risk factors for false positivity were corrected for 
age and gender. It was found that haemorrhoids (OR 1.45), non advanced polyps 
(OR 1.78) and other abnormalities (OR 2.17) infl uenced the probability of false 
positivity signifi cantly. Table 4.5 shows the level of signifi cance of the abnormalities 
and odds ratios for false positivity at the cut-off values 50, 75 and 100 ng/ml.

Risk of false positivity attributable to haemorrhoids
The risk of false positive FIT results exclusively due to haemorrhoids is the 

difference in risk of FP in subjects with haemorrhoids only and subjects without 
any abnormalities: 6.7%-4.9% = 1.8%. In other words, per 1,000 subjects with 
haemorrhoids only, 67 FP FIT results will be found, of which 18 are attributable to 
the presence of haemorrhoids.
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DISCUSSION

In the present study, a large prospective cohort was used to study the 
association between haemorrhoids and false positive FIT results. In 4.1% of all false 
positive tests, haemorrhoids were the only abnormality detected. After correction 
for gender, age and other abnormalities with logistic regression analysis it was 
shown that subjects in which haemorrhoids were the only abnormality found at 
colonoscopy were found to have a slightly higher rate of false positive FITs. The 
absolute increase in risk of false positivity is small, namely 1.8% (from 4.9% to 6.7%), 
and not significant.

Based on the present data, the number of false positive FITs exclusively 
caused by haemorrhoids seems to be limited. The threshold of 50 ng/ml for positivity 
was chosen, because the number of potential false positive tests would be highest 
at this cut-off value. Since haemolysis is needed before FIT can detect globin, the 
likelihood of detecting occult blood from haemorrhoids may be low due to their 
location. By choosing the lowest cut-off value, the chance of detecting haemorrhoidal 
bleeding would be optimal. The present findings seem to be in line with a previous 
study, in which subjects with a positive FIT were sent for colonoscopy.17 In this study, 
the positivity rate in subjects with and without haemorrhoids was found to be 
similar.17

Not for all positive FITs the source of blood loss is identified. By logistic 
regression analysis it was shown that haemorrhoids, non advanced polyps, and 
other abnormalities all contribute to false positive tests. Also at cut-off values of 
75 and 100 ng/ml, which are frequently used in screening,8, 18 the odds ratios were 
similar. However, due to fewer subjects with a false positive test at a higher cut-off 
value, the standard error increased and consequently the level of significance of 
the associations decreased. In almost 5% of subjects with a false positive test, no 
colonic abnormalities were detected. As the FIT used in the present study detects 
human globin by specific antibodies, false positive tests caused by dietary factors can 
be excluded.18 As the epitope for the antibody reaction of this FIT is within globin, 
what is degraded through the digestive tract, the likelihood of a more proximal 
located cause of occult bleeding is low, but cannot be excluded.19 In addition, the 
suboptimal sensitivity of colonoscopy for small lesions like small adenomas is a 
potential confounder here.7, 20, 21

In population-based screening, even a small percentage of false positive 
tests would cause a large number of individuals referred for colonoscopy needlessly. 
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If the present results are extrapolated to a hypothetical screening situation, of all 
1,000 subjects with haemorrhoids, 67 would be false positive. Of those, 18 would 
be exclusively due to the presence haemorrhoids. This number could be higher 
or lower as the prevalence of haemorrhoids in the present clinical population is 
likely to be different from the prevalence in average risk individuals participating 
in a screening programme. A recent study in colonoscopy screening participants 
in Austria found a prevalence of haemorrhoids of 39%.22 These individuals might 
however be different from participants in FOBT screening. Unfortunately, the 
true prevalence of haemorrhoids seems to remain a black box, as other studies 
showed a prevalence ranging from 4% up to 86%, depending on the population 
that was studied and methodology that was used.23, 24 We still would expect that this 
referral population will have a higher prevalence of haemorrhoids (e.g. due to an 
older population and indications of rectal bleeding). In addition, as the sensitivity of 
colonoscopy for small lesions like small adenomas is far from optimal,7, 20, 21 a portion 
of the false positives related to haemorrhoids only might actually be true positives 
due to one or a few missed small advanced adenomas. However, in general, all 
potential screenees with an episode of rectal bleeding should contact their physician 
instead of performing a FIT test.

For proper interpretation of the present results, some limitations need to 
be discussed. First, underreporting of haemorrhoids by the endoscopist may have 
occurred. This might be due to less attention for haemorrhoids when signifi cant 
other abnormalities were found, or missing retrofl exion of the scope in the rectum. 
In addition, as description of appearance of the anus was not a predefi ned reporting 
item, other sources of anorectal bleeding like prolapse with anitis and rhagades 
may have gone unreported. A future prospective study using standardised external 
anal inspection, rigid anoscopy and fl exible colonoscopy with retrofl exion would 
be superior. Second, colonoscopy may not be the best diagnostic tool to assess the 
presence of haemorrhoids.25 However, previous studies suggest the usefulness of 
fl exible colonoscopy for grading of haemorrhoids, as red colour, circumference, size 
and the degree of elevation of rectal columns were found to be associated with 
rectal bleeding.26, 27 Third, caution should be taken with extrapolation of false positive 
results from this study towards the screening setting, as subjects from a referral 
setting were tested, which might well have a higher prevalence and/or different 
bleeding pattern of haemorrhoids.

Strengths of the present study are evaluation of the association of 
haemorrhoids and the level of false positive tests of a frequently used FIT with a 
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quantitative outcome. In addition, insight is gained in the number of subjects with 
haemorrhoids and a negative FIT result at a large sample size.

In conclusion, the present study indicates that the number of false positive 
results that can be attributed to haemorrhoids only is small. Therefore, the influence 
of haemorrhoids on the effectiveness of a FIT based screening programme is likely 
to be limited.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge all participants and staff of the 
endoscopy units at the VU University Medical Centre, Kennemer Gasthuis 
Haarlem, Sint Lucas Andreas Hospital, Zaandam Medical Centre, and Slotervaart 
Hospital. Edwin van Hengel is especially acknowledged for a tremendous effort on 
test analysis. This study was presented at the United European Gastroenterology 
Week 2010 in Barcelona and the Digestive Disease Week 2011 in Chicago.

29467 Turenhout.indd   66 13-09-14   20:09



Hemorrhoids and false positive FIT results

67

4

REFERENCES

1.  Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates of cancer incidence and mortality in Europe in 2008. 
Eur J Cancer 2010;46:765-781.

2.  Jemal A, Siegel R, Xu J, Ward E. Cancer Statistics, 2010. CA Cancer J Clin 2010.

3.  O’Connell JB, Maggard MA, Ko CY. Colon cancer survival rates with the new American Joint Committee 
on Cancer sixth edition staging. J Natl Cancer Inst 2004;96:1420-1425.

4.  Kronborg O, Regula J. Population screening for colorectal cancer: advantages and drawbacks. Dig Dis 
2007;25:270-273.

5.  Kaminski MF, Regula J. Colorectal cancer screening by colonoscopy--current issues. Digestion 2007;76:20-25.

6.  Neerincx M, Terhaar Sive Droste JS, Mulder CJ, Rakers M, Bartelsman JF, Loffeld RJ, Tuynman HA, Brohet 
RM, van der Hulst RW. Colonic work-up after incomplete colonoscopy: signifi cant new fi ndings during 
follow-up. Endoscopy 2010;42:730-735.

7.  Bretagne JF, Hamonic S, Piette C, Manfredi S, Leray E, Durand G, Riou F. Variations between endoscopists 
in rates of detection of colorectal neoplasia and their impact on a regional screening program based on 
colonoscopy after fecal occult blood testing. Gastrointest Endosc 2010;71:335-341.

8.  van Rossum LG, van Rijn AF, Laheij RJ, van Oijen MG, Fockens P, van Krieken HH, Verbeek AL, Jansen JB, 
Dekker E. Random Comparison of Guaiac and Immunochemical Fecal Occult Blood Tests for Colorectal 
Cancer in a Screening Population. Gastroenterology 2008;135:82-90.

9.  Hol L, Van Leerdam ME, van BM, van Vuuren AJ, van DH, Reijerink JC, van der Togt AC, Habbema JD, Kuipers 
EJ. Screening for colorectal cancer: randomised trial comparing guaiac-based and immunochemical faecal 
occult blood testing and fl exible sigmoidoscopy. Gut 2010;59:62-68.

10.  Oort FA, Terhaar sive Droste JS, van der Hulst RW, van Heukelem HA, Loffeld RJ, Wesdorp IC, van 
Wanrooij RL, de Baaij L, Mutsaers ER, van der Reijt S, Coupe VM, Berkhof J, Bouman AA, Meijer GA, 
Mulder CJ. Colonoscopy-controlled intra-individual comparisons to screen relevant neoplasia: faecal 
immunochemical test vs. guaiac-based faecal occult blood test. Aliment Pharmacol Ther 2010;31:432-439.

11.  Terhaar Sive Droste JS, Oort FA, van der Hulst RW, van Heukelem HA, Loffeld RJ, van Turenhout ST, Ben 
Larbi I, Kanis SL, Neerincx M, Rakers M, Coupe VM, Bouman AA, Meijer GA, Mulder CJ. Higher Fecal 
Immunochemical Test cut-off levels: lower positivity rates but still acceptable detection rates for early 
stage colorectal cancers. Cancer Epidemiol Biomarkers Prev 2010.

12.  Oort FA, van Turenhout ST, Coupe VM, van der Hulst RW, Wesdorp EI, Terhaar Sive Droste JS, Ben Larbi I, 
Kanis SL, van Hengel E, Bouman AA, Meijer GA, Mulder CJ. Double sampling of a faecal immunochemical 
test is not superior to single sampling for detection of colorectal neoplasia: a colonoscopy controlled 
prospective cohort study. BMC Cancer 2011;11:434.

13. Rozen P, Waked A, Vilkin A, Levi Z, Niv Y. Evaluation of a desk top instrument for the automated 
development and immunochemical quantifi cation of fecal occult blood. Med Sci Monit 2006;12:MT27-
MT32.

14.  American Gastroenterological Association medical position statement: Diagnosis and treatment of 
hemorrhoids. Gastroenterology 2004;126:1461-1462.

15.  Rex DK, Kahi CJ, Levin B, Smith RA, Bond JH, Brooks D, Burt RW, Byers T, Fletcher RH, Hyman N, Johnson 
D, Kirk L, Lieberman DA, Levin TR, O’Brien MJ, Simmang C, Thorson AG, Winawer SJ. Guidelines for 
colonoscopy surveillance after cancer resection: a consensus update by the American Cancer Society 
and US Multi-Society Task Force on Colorectal Cancer. CA Cancer J Clin 2006;56:160-167.

16.  Greene Fea. AJCC (American Joint Committee on Cancer) Cancer Staging Manual. Volume New York. 
6th ed. Springer-Verlag, 2002:113.

17.  Nakama H, Kamijo N, Fujimori K, Horiuchi A, Abdul FS, Zhang B. Immunochemical fecal occult blood test 
is not suitable for diagnosis of hemorrhoids. Am J Med 1997;102:551-554.

18.  Duffy MJ, van Rossum LG, van Turenhout ST, Malminiemi O, Sturgeon C, Lamerz R, Nicolini A, Haglund 
C, Holubec L, Fraser CG, Halloran SP. Use of faecal markers in screening for colorectal neoplasia: a 
European group on tumor markers position paper. Int J Cancer 2011;128:3-11.

19.  Levi Z, Vilkin A, Niv Y. Esophago-gastro-duodenoscopy is not indicated in patients with positive 
immunochemical test and nonexplanatory colonoscopy. Eur J Gastroenterol Hepatol 2010;22:1431-
1434.

29467 Turenhout.indd   67 13-09-14   20:09



Chapter 4

68

20.  van Rijn JC, Reitsma JB, Stoker J, Bossuyt PM, van Deventer SJ, Dekker E. Polyp miss rate determined by 
tandem colonoscopy: a systematic review. Am J Gastroenterol 2006;101:343-350.

21.  Kaminski MF, Regula J, Kraszewska E, Polkowski M, Wojciechowska U, Didkowska J, Zwierko M, Rupinski 
M, Nowacki MP, Butruk E. Quality indicators for colonoscopy and the risk of interval cancer. N Engl J Med 
2010;362:1795-1803.

22.  Riss S, Weiser FA, Schwameis K, Riss T, Mittlbock M, Steiner G, Stift A. The prevalence of hemorrhoids in 
adults. Int J Colorectal Dis 2011.

23.  Haas PA, Haas GP, Schmaltz S, Fox TA, Jr. The prevalence of hemorrhoids. Dis Colon Rectum 1983;26:435-
439.

24.  Johanson JF, Sonnenberg A. The prevalence of hemorrhoids and chronic constipation. An epidemiologic 
study. Gastroenterology 1990;98:380-386.

25.  Kaidar-Person O, Person B, Wexner SD. Hemorrhoidal disease: A comprehensive review. J Am Coll Surg 
2007;204:102-117.

26.  Sadahiro S, Mukai M, Tokunaga N, Tajima T, Makuuchi H. A new method of evaluating hemorrhoids with 
the retroflexed fiberoptic colonoscope. Gastrointest Endosc 1998;48:272-275.

27.  Fukuda A, Kajiyama T, Kishimoto H, Arakawa H, Someda H, Sakai M, Seno H, Chiba T. Colonoscopic 
classification of internal hemorrhoids: usefulness in endoscopic band ligation. J Gastroenterol Hepatol 
2005;20:46-50.

29467 Turenhout.indd   68 13-09-14   20:09



29467 Turenhout.indd   69 13-09-14   20:09



29467 Turenhout.indd   70 13-09-14   20:09



Chapter 5

Prospective cross-sectional 
study on faecal immunochemical 
tests: sex specifi c cut-off values 

to obtain equal sensitivity for 
colorectal cancer?

S.T. van Turenhout*, F.A. Oort*, R.W.M. van der Hulst, A.P. Visscher, 
J.S. Terhaar sive Droste, P. Scholten, A.A. Bouman, G.A. Meijer, C.J.J. Mulder, 

L.G.M. van Rossum, and V.M.H. Coupé

*both authors contributed equally to this study

Submitted.

29467 Turenhout.indd   71 13-09-14   20:09



Chapter 5

72

ABSTRACT

Background: Faecal immunochemical tests (FITs) are commonly used in colorectal 
cancer (CRC) screening. Diagnostic accuracy of FIT differs between males and 
females. This so far unexplained difference could result in a dissimilarity in screening 
outcome between both sexes. The aim of this study is to compare sensitivity and 
specificity of a FIT between males and females, and study potential explanatory 
variables.
Methods: In this cross-sectional study, data were prospectively collected. 3,022 
subjects performed a FIT prior to complete colonoscopy. Sensitivity, specificity, and 
ROC curves were compared for both sexes. Potential explanatory variables on the 
relation between sensitivity and gender were explored.
Results: At all cut-off values, FIT sensitivity for CRC was higher (range 13-23%) and 
specificity was lower (range 2-4%) in males compared to females. For advanced 
adenomas, males had a slightly higher sensitivity and lower specificity (not significant). 
ROC curves were similar for both sexes and equal combinations of sensitivity and 
specificity could be achieved by adjusting the cut-off values. For CRC, the difference 
in sensitivity could not be explained by age or location of the tumour. FIT was more 
sensitive for left sided cancer.
Conclusions: FIT has a higher sensitivity and a lower specificity for CRC in males 
than in females. Equal test characteristics can be achieved by allowing separate cut-
off values for both sexes. Location and age do not explain the observed differences 
in sensitivity.
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BACKGROUND

Colorectal cancer (CRC) is a leading cause of cancer related death 
worldwide.1 Early detection by population screening is the most realistic approach 
to reduce CRC-related death. Faecal immunochemical tests (FITs) are increasingly 
used as the primary screening test for CRC.2

Recently, it was found that FITs have a higher sensitivity and lower specifi city 
for advanced colorectal neoplasia in males compared to females.3 Although 
diagnostic accuracy of a screening test is just one of several factors determining 
uptake of a screening programme, a difference in FIT characteristics between males 
and females could implicate disparities in the expected benefi t from CRC screening. 
Such a difference may require tailored screening. So far, it remains to be resolved 
whether this difference e.g. refl ects a dissimilarity in advanced neoplasia distribution 
or a difference in the age of onset of CRC.

The aim of the present study is to investigate whether the sensitivity 
and specifi city of a frequently used FIT for the detection of CRC and advanced 
adenomas differs between males and females, and whether this difference can be 
explained by age, location, number and size of neoplastic lesions.

METHODS

Study population
For the current analysis, data were used from an ongoing study programme 

on FIT performance. This programme aims to answer a number of research questions 
and previously has been described extensively.4-6 In short, individuals scheduled for 
elective colonoscopy in 5 participating medical centres were invited to participate 
and perform a FIT prior to colonoscopy. In addition to the exclusion criteria of these 
previous studies, individuals with an indication of visible rectal bleeding, anaemia or 
clinical suspicion of CRC were excluded from the analysis to minimize potential 
work-up bias. Use of NSAIDs and/or aspirin were no exclusion criteria, and subjects 
were not advised on whether to continue this medication on the day of colonoscopy. 
The study was approved by the VU University Medical Centre Ethics Committee 
and local medical ethics review boards of each of the other four hospitals, and all 
participants provided informed consent.
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Study design
In this cross-sectional study, data were collected prospectively. The test 

used was an automated FIT with quantitative results: OC-sensor® (Eiken Chemical 
Co., Tokyo, Japan). One experienced technician performed the analyses while being 
unaware of the clinical data. All tests were analysed by using the OC sensor MICRO 
desktop analyser (Eiken Chemical co, Tokyo, Japan).7 A cut-off of ≥75 ng/ml is 
advised by the manufacturer. Here, haemoglobin concentrations of ≥50, ≥75, ≥100, 
and ≥200 ng/ml of buffer solution were taken as cut-off values. These concentrations 
correspond to respectively ≥10, ≥15, ≥20 and ≥40 milligram of haemoglobin per 
gram of faeces, respectively.

Colonoscopy and lesions
Experienced gastroenterologists performed or supervised all colonoscopies. 

The endoscopists were unaware of the FIT result, in order to prevent investigator 
bias. Conscious sedation by midazolam was offered to all patients.

A complete colonoscopy was defined as intubation of the caecum with 
identification of the appendicle orifice or valvula Bauhini, or intubation up to an 
obstructing neoplasm. Quality control measures included documentation of colonic 
landmarks. Individuals in whom the bowel cleansing was insufficient, and individuals 
in whom the colonoscopy remained incomplete were excluded from analysis. 
However, if a barium enema, virtual colonography or second colonoscopy was 
performed within six months, evaluation of the colon was considered complete and 
the subject was included in analysis. The right colon was defined as the proximal 
part of the colon including caecum, ascending colon, right (or hepatic) flexure and 
transverse colon. The left colon was defined as the distal part of the colon including 
left (or splenic) flexure, descending colon, sigmoid and rectum.8, 9 In case of multiple 
neoplasia detected on colonoscopy, patients were classified based on the most 
advanced lesion found.

Tissue samples obtained at colonoscopy were sent to the department of 
pathology and evaluated according to current standards. Adenomas ≥1.0 cm, adenomas 
with a villous component (i.e. tubulovillous or villous adenoma) or adenomas with 
severe/high-grade dysplasia were classified as advanced adenomas.10, 11

Statistical analysis
Using colonoscopy as the reference test, sensitivities and specificities of 

FIT were calculated for two definitions of colonoscopy outcome: (i) the presence 
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of CRC and (ii) the presence of advanced adenoma. Sensitivity was defi ned as the 
proportion of positive test results in patients with the colonoscopy outcome under 
consideration. Specifi city was calculated as the proportion of negative test results in 
patients with an outcome less severe than the outcome under consideration.

Sensitivity and specifi city of FIT at different cut-off values were compared 
between males and females using the Fisher Exact test. Receiver Operating 
Characteristic (ROC) curves were plotted for both sexes separately and the Areas 
Under the ROC Curves (AUC’s) were calculated, along with their 95% confi dence 
intervals. The 95% confi dence intervals were used to compare diagnostic capabilities.

To study whether gender dissimilarities are a refl ection of differences in 
age, location and size or number of neoplastic lesions, a stratifi ed analysis of 2x2 
contingency tables was done, with statistical testing using the Fishers Exact test. Age 
was dichotomized into subjects <65 and 65 or older. Location was divided in left 
and right sided lesions. The number of advanced adenomas was grouped as 1 or >1, 
and size was grouped <10 mm or ≥10 mm.

In addition, the effect of these covariates on the relation between test 
sensitivity (for CRC and advanced adenoma) and gender was studied in a multivariate 
logistic regression analysis. In this analysis, we aimed to estimate the independent 
effect of each factor after adjusting for the contributions of other variables in the 
model. Full multivariate models (i.e., forced entry with no variable selection) were 
used, because it was of interest to study the extent to which the coeffi cient of 
sex would be infl uenced when including other covariates in the model. The Wald 
test was used to detect signifi cant factors in multivariate logistic regression analysis 
models. Age was used as continuous variable. Subjects with CRC or advanced 
adenomas on both sides of the colon were excluded from these analyses. Stratifi ed 
analyses and the multivariate analysis were performed for a FIT cut-off value of 50, 
75 and 100 ng/ml.

There was no correction of p-values to recognize that several tests of 
statistical signifi cance were performed on data arising from individual patients, 
because the purpose of the research was to highlight any potential differences.

All analyses were performed with SPSS for Windows Version 20 (SPSS Inc., 
Chicago, USA).
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RESULTS

Participants
Between June 2006 and October 2010, 4,704 subjects returned a FIT 

and underwent colonoscopy. Of these, 1,682 were excluded for different reasons 
(see figure 5.1), leaving 3,022 participants for analysis. As the first colonoscopy 
was incomplete in 107 participants, a second colonoscopy, barium enema or CT-
colonography was needed to complete the colonoscopic evaluation. The mean age 
of the participants was 59,7 years (range 19-91 years, SD 12,6), and 45% was male. 
The indication for colonoscopy was evaluation of symptoms in 44% (1,331/3,022), 
screening or surveillance in 47% (1,412/3,022), and unspecified in 9% (279/3,022) 
(see table 5.1). Characteristics of included males and females are shown in table 5.2.












 

 
 

 
 

 








 
 

























Figure 5.1. Study flow diagram.

¹Incomplete colon evaluation in spite of possible additional evaluation by repeated colonoscopy, barium enema 
or virtual colonography within 6 months. 2CRC stage remained unsure as these cases received pre-operative 
radiotherapy or due to disseminated disease exact classification remained unknown. CRC = colorectal cancer.
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Table 5.1. Primary indication for colonoscopy among 3,022 consecutive patients included for analysis of FIT 
characteristics according to gender.

Indication group Indication for colonoscopy N
Symptomatic Weight loss 88

Clinical suspicion of diverticulitis 26
Clinical suspicion of IBD 40
Abdominal pain 355
Altered bowel habits 548
Clinical or radiological suspicion of CRC 54
Diarrhoea 128
Constipation 92
Total 1,331

Screening & surveillance Average risk 103
Familial history of CRC 482
Lynch syndrome 54
Polyp surveillance 578
Post CRC surveillance 195
Total 1,412

Other Not specifi ed/others 279
Grand total 3,022

FIT = faecal immunochemical test; IBD = infl ammatory bowel disease; CRC = colorectal cancer.

Table 5.2. Characteristics of males and females with CRC and advanced adenomas included in comparative 
analysis of a FIT test.

Males Females
Total number of subjects 1,312 1,641

CRC N = 45 N = 24
Mean age 68,0 years 68,8 years

Positive tests* 93% 79%
Location (left sided/right sided/missing) 67% / 31% / 2% 71% / 29% / 0%

Symptomatic/screening & surveillance/unknown 64% / 18% / 18% 67% / 25% / 8%

Advanced adenoma N = 164 N = 140
Mean age 63,9 years 64,3 years

Positive tests* 37% 33%
Location (left sided/right sided/missing) 55% / 36% / 9% 64% / 29% / 7%

Number of advanced adenomas >1 21% 16%
Size of advanced adenoma >9 mm 70% 66%

Symptomatic/screening & surveillance/unknown 28% / 54% / 18% 38% / 45% / 17%

*Cut-off value 50 ng/ml. CRC = colorectal cancer; FIT = faecal immunochemical test.

Colonoscopy
In 2,3% of the included subjects, CRC was found (69/3,022) and in another 

10,1% one or more advanced adenomas were detected (304/3,022; see fi gure 
5.1). From all subjects with CRC, 11,6% (8/69) also had one or more advanced 
adenomas. Males were found to have a higher prevalence of CRC (45/1357 = 
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3,3%) than females (24/1665 = 1,4%; p = 0,001). The distribution of CRC stages 
according to the TNM classification, is demonstrated in figure 5.1. The tumour-stage 
(T-stage) distribution found was; 16% (11/69) T1, 25% (17/69) T2, 33% (23/69) T3 
and 6% (4/69) T4. In 14 (20%) individuals with CRC, T-stage was unknown due to 
preoperative radiotherapy or was not determined because of disseminated disease 
at time of diagnosis. The prevalence of T1/T2 and T3/T4 tumours was comparable 
in males (17/32 = 53%) and females (11/23 = 48%; p = 0,70).

Positivity rates
For the total population, the FIT positivity rate was 12,3% at a cut-off level 

of 50 ng/ml. Males were found to have a higher positivity rate (15,3%) compared to 
females (9,8%, p < 0,001). The positivity rate decreased at increasing cut-off values, 
to 6,8% at 200 ng/ml.

Sensitivity and specificity
In the total study population, the sensitivity and specificity for CRC at a 

cut-off value of 50 ng/ml was 88% and 90% respectively. For advanced adenomas, 
these figures were 35% and 92% respectively (see table 5.3). At all cut-off values, 
males were found to have a higher sensitivity for CRC than females. The difference 
in sensitivity ranged from 13% to 23% and was significant at the cut-offs 75 and 100 
ng/ml. The specificity for CRC was significantly lower in males compared to females, 
but the difference was small (between 2,2 and 3,9%). For advanced adenomas, the 
differences in sensitivity and specificity between males and females showed the 
same pattern as for CRC. However, the higher sensitivity in males was small and 
mostly not significant (see table 5.3). Only specificity of FIT in males at a cut-off 
value of 50 ng/ml was significantly lower than in female participants (see table 5.3).

In additional analysis, the symptomatic and screening/surveillance indication 
groups were compared. These results are in line with results in the total population 
(data not shown).

Receiver Operating Characteristic Curves
The test characteristics for males and females at each cut-off value are 

visualized in the ROC curves in figures 5.2 and 5.3. The AUC’s for CRC for males 
and females were 0,95 (95% CI 0,909-0,985) and 0,90 (95% CI 0,819-0,981) 
respectively. The ROC curves and AUC’s for advanced adenoma were very similar 
between males and females (see figure 5.3).
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Figure 5.2. Receiver operating characteristic curve of FIT for detection of CRC.

ROC = receiver operating characteristic; FIT = faecal immunochemical test; CRC = colorectal cancer; AUC = area 
under the curve.

Figure 5.3. Receiver operating characteristic curve of FIT for detection of advanced adenoma.

ROC = receiver operating characteristic; FIT = faecal immunochemical test; AUC = area under the curve.
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The infl uence of potential explanatory variables
In patients with CRC, males were found to have a higher FIT positivity rate 

than females (93% vs. 79%, p = 0,08). This difference persisted when stratifying CRC 
by location (100% vs. 88% (left-sided) and 79% vs. 51% (right-sided), respectively). 
Overall for males and females, left sided CRC was found to have a higher positivity 
rate (96%) than right sided CRC (71%, p < 0,05). However, within males and females 
with CRC an equal proportion of cancers was left sided. The Wald test was used in 
multivariate analysis, and location and gender were found to be associated with FIT 
sensitivity for CRC (see table 5.4 and Supplementary tables 1 and 2). This model 
was not made to test which variables provide the best prediction for FIT sensitivity, 
but to study which factors infl uence the predictive value of gender. The univariate 
odds ratio for gender (OR 5.8, 95%CI 1,3-25,0) was only mildly affected by the 
inclusion of location and age in the analysis (OR 6,2, 95% CI 1,2-32,9). As such, the 
relation between gender and FIT sensitivity is not a result of differences in age of the 
patients or location of the tumour between males and females.

In individuals with advanced adenomas, males were found to have a slightly 
higher positivity rate than females (37% vs. 33%, n.s.). Left sided advanced adenomas 
were more frequently positive (38%) than right sided lesions (24%, p = 0,02). Also, 
subjects with more than one advanced adenoma were found to have a higher 
FIT positivity rate (63%) than subjects with one advanced adenoma (27%, p < 
0,001). The same was found for subjects with an advanced adenoma >9 mm (45%) 
compared to advanced adenomas <10 mm (12%, p < 0,001).

In males, a slightly higher proportion of advanced adenomas was right-sided 
(40% in males versus 32% in females) and was large in size (76% in males versus 
71% in females). In addition, in men multiple synchronous advanced adenomas were 
more common (21% in males versus 17% in females, not signifi cant). The distribution 
of these explanatory variables caused a shift in the OR for gender from 1.2 in 
the univariate analysis to 1.0 in the multivariate analysis, indicating that the small 
difference in sensitivity between males and females can be explained by differences 
in the size and number of advanced adenomas (see table 5.4 and Supplementary 
tables 1 and 2). In conclusion, the size and the number of advanced adenomas were 
important predictors of FIT positivity in advanced adenomas, but gender was not.
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DISCUSSION

In this study, sensitivity and specifi city of a frequently used FIT was assessed 
in males and females in a large cohort of subjects referred for colonoscopy. FIT was 
found to be more sensitive and less specifi c for CRC in men than in women. The 
areas under the ROC curves were similar for males and females. By using different 
cut-off values for both sexes, a similar sensitivity can be reached. The difference 
in sensitivity between the sexes could not be explained by age or location of the 
lesion. The sensitivity of FIT for advanced adenomas was slightly higher in males (not 
signifi cant) and strongly related to size and the number of advanced adenomas.

In males, FIT was found to have 13-23% higher sensitivity for CRC than 
in females. Previous studies already found a difference in test performance for the 
detection of advanced neoplasia in males and females.3 In this German study, positive 
and negative predictive values, as well as sensitivity and specifi city were calculated. 
However, due to the inclusion of only 14 cases of CRC, the test characteristics could 
not be calculated for CRC. The current study not only included a higher number of 
advanced adenomas, it also evaluated the relation between gender and FIT sensitivity 
for CRC, corrected for the location of colonic lesions and age of the participant. 
These variables were chosen because it is known that CRC develops earlier in the 
lifetime in men then in women.12 In addition, it is also known that females have a 
higher prevalence of right sided CRC.13 Finally, left sided neoplasia have a higher 
likelihood for a positive FIT.9, 14 A potential explanation for this phenomenon, could 
be a difference in degradation of haemoglobin between left and right sided lesions, 
or difference in shape and tendency to bleed between proximal and distal lesions.14

In the multivariate analysis, location and gender were signifi cantly associated 
with FIT sensitivity for CRC, but the univariate odds ratio for gender was not 
substantially affected by the inclusion of location and age in the analysis. By stratifi ed 
analysis of 2x2 contingency tables, it was found that the observed relation between 
gender and FIT sensitivity for CRC could not be explained by either location or 
age. It can only be speculated on whether the gender difference is due to other 
confounders as e.g. tumour size or tumour biology (e.g. blood vessel density). Other 
authors hypothesized that the higher serum concentration of haemoglobin in male 
blood could cause higher FIT positivity when blood is lost in the colon.3 This cannot 
be confi rmed in the current study, as the serum haemoglobin level of participants 
was not determined. For advanced adenomas, no signifi cant difference in sensitivity 
was found between the sexes, but males consistently had a higher sensitivity. In 

29467 Turenhout.indd   83 13-09-14   20:09



Chapter 5

84

multivariate analysis and stratified 2x2 contingency tables, it was found that the 
number and size of lesions are predictive for test sensitivity. This last observation is 
in line with another study that showed that the number and size of polyps influence 
test accuracy for detection of advanced adenomas.15

Currently, CRC screening with preselection by means of FIT sampling is a 
one size fits all approach. Gender specific screening guidelines could be considered, 
in order to optimize the effectiveness of a screening programme in both males and 
females.3, 16 Based on the current results, the lower sensitivity of FIT in women could 
lead to a smaller benefit from screening for females. However, the lower sensitivity 
of FIT in females may be counterbalanced by a higher participation rate, as was 
found in the English and Scottish screening programmes.17, 18 Therefore, multiple 
factors need to be taken in account to determine the efficiency of a CRC screening 
programme. When preferred, the same sensitivity for CRC could be easily reached 
by lowering the cut-off value in females. In the absence of a gender difference in 
the sensitivity for advanced adenomas, sex specific cut-off values in screening seem 
unnecessary, as prevalent cancers will presumably be detected in the first screening 
rounds. In the next screening rounds the focus of screening may shift to detection 
of advanced adenomas. In addition, individualising screening guidelines adds to the 
complexity of a screening programme and should only be adopted if the expected 
benefits are substantial. Individualised screening guidelines may confuse providers 
and consumers to the point of decreasing adherence.19

The current study provides insight into the relation between gender and the 
test characteristics of FIT for detection of CRC and advanced adenomas. To the best 
of our knowledge, this is the first study to observe that gender specific differences 
in FIT sensitivity are mainly present in CRC and only small in advanced adenomas. 
Each participant in the study underwent complete colonoscopy regardless of FIT 
outcome. This enabled direct calculation of not only sensitivity but specificity as well. 
The high number of advanced colonic neoplasia in the referral population that was 
used, enabled us to stratify for CRC, which was not possible before.3

For proper interpretation of the results, some limitations need to be 
discussed. The main limitation is that a heterogeneous population was studied as 
both symptomatic subjects and subjects with higher than average risk for CRC 
(e.g. derived from adenoma and CRC surveillance programmes) were included. 
Consequently, it cannot be excluded that, even after exclusion of subjects with 
anaemia and haematochezia, sensitivity may be overestimated and specificity 
underestimated due to work-up bias.20 This may occur as symptomatic participants 
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have an increased likelihood for having both a positive FIT and an advanced colorectal 
neoplasm. This is why the current study for instance did not aim to determine the 
optimal cut-off value for each sex. However, in a recent comparison of CRC cases 
from the current study cohort with CRC cases from a screening population, similar 
FIT results were found.21 Another limitation is that location of lesions was assessed 
by the endoscopists by recognition of colonic landmarks. Although this is the most 
commonly used method for assessment of the location, the accuracy with which the 
location of the neoplastic lesions can be determined may not be optimal. In addition, 
as size of CRC was not prospectively scored, it was not possible to use this variable 
in the logistic regression analysis. Finally, there may be other explanatory variables 
for FIT performance that were not included, like for instance the use of NSAIDs.9

In conclusion, males were found to have a higher FIT sensitivity and a 
lower specifi city for CRC compared to females. However, as the shapes of and 
the areas under the ROC curves are similar, equal characteristics can be achieved 
by allowing different cut-off values for both sexes. Location of CRC and age of the 
individuals are not responsible for the observed differences in sensitivity. Whether 
the difference is relevant in screening remains questionable. No signifi cant difference 
in test characteristics for advanced adenomas was found between the sexes.
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ABSTRACT

Background: Colorectal cancer (CRC) screening requires sufficient endoscopic 
resources. The present study aims to determine the Dutch endoscopic production 
and manpower for 2009, evaluate trends since 2004, determine additional workload 
which would be caused by implementation of a CRC screening programme, and 
inventory colonoscopy rates performed in other European countries.
Methods: All Dutch endoscopy units (N = 101) were surveyed for manpower and 
the numbers of endoscopic procedures performed in 2009. Based on calculations 
in the report issued by the Dutch Health Council, future additional workload 
caused by faecal immunochemical test (FIT) screening was estimated. The number 
of colonoscopies performed in Europe was evaluated by a literature search and an 
email-inquiry.
Results: Compared to 2004, there was a 24% increase in total endoscopies (N = 
505,226 in 2009), and a 64% increase in colonoscopies (N = 191,339 in 2009) in 
the Netherlands. The number of endoscopists had increased by 4.6% (N = 583 
in 2009). Five years after stepwise implementation of FIT-based CRC screening, 
endoscopic capacity needs to be increased an additional 15%. A lack of published 
data on the number of endoscopies performed in Europe was found. Based on our 
email-inquiry, the number of colonoscopies per 100,000 inhabitants ranged from 
126 to 3,031 in 15 European countries.
Conclusions: Over the last years, endoscopic procedures increased markedly in 
the Netherlands without a corresponding increase in manpower. A FIT-based CRC 
screening programme requires an estimated additional 15% increase in endoscopic 
procedures. It is very likely that current colonoscopy density varies widely across 
European countries.
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BACKGROUND

The demand for gastrointestinal endoscopic procedures and 
gastroenterological care in the Netherlands and surrounding countries has been 
steadily increasing over the years.1 Demographic changes due to an aging population 
and technical developments like video capsule endoscopy, double balloon endoscopy, 
and magnifying techniques are likely to have contributed to this increase in workload. 
The existing shortage of gastroenterologists and endoscopy staff in the Netherlands 
is clear from waiting lists and vacancies.1 This shortage is likely to be compounded 
by the implementation of a nationwide screening programme for colorectal cancer 
(CRC), as it would lead to a further increase in endoscopic demand.

CRC screening programmes have to comply with the Wilson and Jungner 
criteria including the availability of suffi cient facilities for diagnosis and treatment.2 
Several European countries favour population based screening by faecal occult 
blood tests, which has been shown to decrease CRC related mortality.3-5 Recently, 
the Dutch Minster of Health has decided to start the implementation of a CRC 
screening programme in the Netherlands in 2013.6 In this programme individuals 
aged 55-75 years are offered a faecal immunochemical test (FIT) biennially, at a cut-
off value of ≥75 ng/ml.7 All individuals with a positive FIT should subsequently be 
referred for colonoscopy.

To meet the Wilson and Jungner criteria, current endoscopic capacity in 
the Netherlands as well as other European countries needs to be determined. On 
behalf of the Dutch Society of Gastroenterology, this study aims to update current 
endoscopic production and determine the trends in endoscopic procedures 
performed in the Netherlands since 2004. In addition, the impact of implementing a 
FIT based screening programme on daily endoscopic practice is evaluated, and the 
number of colonoscopies currently being performed in several European countries 
is inventoried. In this study, a large increase in colonoscopies performed in the 
Netherlands is shown. For Europe, the number of colonoscopies performed appear 
to vary widely, but published data are lacking.
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METHODS

Study design
In spring 2010, a questionnaire was sent to all endoscopic facilities (N = 

101) in the Netherlands. Respondents could provide their data by returning the 
questionnaire by mail, fax, email or by completing the query sheet on the internet 
by a link provided. Initial non-responders were sent reminders by email and mail. 
When needed, endoscopists were contacted by telephone.

The questionnaire concerned the endoscopic facilities in 2009, which 
were previously evaluated in 1999 and 2004.1, 8 The total number of endoscopic 
procedures, as well as the number of gastroscopies, colonoscopies, sigmoidoscopies 
and endoscopic retrograde cholangiopancreatographies (ERCPs) were listed. 
Other topics evaluated the volume of nursing staff, length of the waiting list for 
elective gastroscopy and colonoscopy, and the number of endoscopists per 
hospital. Moreover, respondents were asked whether or not they expected that 
their endoscopy unit could cope with an increase of 30% in endoscopic workload 
in 2012. For comparison between 2004 and 2009, all paediatricians performing 
endoscopy were excluded in comparative analysis.

A literature search was carried out to determine the number of colonoscopies 
performed in surrounding European countries. Using PubMed, an electronic search 
was performed for manuscripts concerning endoscopic capacity published from 
2000 to 2010. The terms used in the search were (gastrointestinal endoscopy AND 
supply), (gastrointestinal endoscopy AND capacity), (gastrointestinal endoscopy 
AND resource), (gastrointestinal endoscopy AND demand), (colonoscopy 
AND supply), (colonoscopy AND capacity), (colonoscopy AND resource), and 
(colonoscopy AND demand). In addition, due to a lack of published data from 
European countries (see results section), endoscopists associated with the United 
European Gastroenterology Federation were requested to report data on the 
number of colonoscopies per 100,000 inhabitants from their country, when available.

Statistical analysis
At analyses, the number of endoscopic procedures was determined per 

100,000 inhabitants. Geographical differences throughout the twelve provinces 
of the Netherlands were evaluated for endoscopic procedures, manpower and 
workload per endoscopist. Data on the age distribution of the Dutch population 
and the number of inhabitants per province were obtained from Statistics 
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Netherlands.9 Results were compared with data from 1999 and 2004 to assess the 
incremental trends in endoscopic procedures over the past fi ve and ten years.1, 8 
The report of the Dutch Health Council was used to study the impact of future 
CRC screening on daily practice. The Council has calculated that fi ve years after a 
stepwise implementation of the screening programme, 78,000 extra colonoscopies 
would be needed each year.7 These calculations considered the size of the target 
screening population, an anticipated participation of 60% for FIT screening, and a 
FIT positivity rate of 6.4% at the proposed cut-off level of ≥75 ng/ml. Considering 
this report, the additional number of colonoscopies needed in a FIT based national 
screening programme was determined per region and endoscopy unit. SPSS for 
Windows Version 15.0 (SPSS Inc., Chicago, USA) was used for descriptive analyses.

RESULTS

Response rate
The response rate to the Dutch survey was 100%, covering 48,908 hospital 

beds. There were no missing data concerning the total number of endoscopies, 
which included the number of gastroscopies, colonoscopies, sigmoidoscopies and 
ERCPs. Regarding the number of endoscopists at each site, 1 respondent did not 
provide information on the number of gastroenterologists, 2 respondents did not 
provide information on the number of internists and 4 respondents did not provide 
information on the number of surgeons performing endoscopies. Therefore, data on 
the number of gastroenterologists, internists and surgeons performing endoscopy 
were complete in 99%, 99% and 96%, respectively.

Number of endoscopists
The total number of gastroenterologists, internists and surgeons performing 

endoscopies was 324, 256, and 103 respectively. The comparison with the number 
of endoscopists in 2004 is shown in table 6.1. For gastroenterologists, a 47% increase 
over 2004 was found, whereas the number of internists and surgeons decreased by 
27% and 16% respectively. In total, a 4.6% increase in the number of endoscopists 
was found over the past fi ve years. The total Dutch population increased by 1.4% 
in the same period.9
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Table 6.1. Number of gastroenterologists, internists and surgeons performing endoscopies in the Netherlands 
in 2004 and 2009.

Endoscopists 2004 2009 Change (CI)
Gastroenterologists 221 324 +46.6% (40-53)

Internists 213 156 -26.8% (21-33)
Surgeons 123 103 -16.3% (12-26)

Total 557 583 +4.6% (3-6)

CI = confidence interval.

Number of endoscopies
In 2009, 505,226 endoscopies were performed in the Netherlands, 

representing an increase of 24% compared to 2004 (N = 408,982) and 55% 
compared to 1999 (N = 325,000). The majority of the endoscopic procedures 
were gastroscopies (43%) and colonoscopies (38%; see table 6.2). The number of 
colonoscopies increased substantially (64%) compared with 2004 (N = 191,339 
in 2009 versus N = 116,815 in 2004), whereas the number of sigmoidoscopies 
decreased by 17% (N = 57,894 in 2009 versus N = 70,049 in 2004; see table 6.2). 
This is further reflected by the increased ratio of colonoscopies to sigmoidoscopies 
(3.3: 1 for 2009 versus 1.7: 1 for 2004). The numbers of endoscopic procedures per 
100,000 inhabitants are shown in table 6.2.

Table 6.2. Number of endoscopic procedures in the Netherlands in 2004 and 2009; in total and per 100,000 
inhabitants.*

Total 
number 

2004

Total 
number 

2009

Change Endoscopies 
per 100,000 

inhabitants 2004

Endoscopies 
per 100,000 

inhabitants 2009

Change

Gastroscopies 184,915 216,267 +17.0% 1,137 1,312 +15.4%

Colonoscopies 116,815 191,339 +63.8% 719 1,161 +61.4%
Sigmoidoscopies 70,049 57,894 -17.4% 431 351 -18.5%

ERCPs 14,596 16,728 +14.6% 90 101 +12.7%
Others** 22,607 22,998 +1.7% 139 140 +0.4%

Total 408,982 505,226 +23.5% 2,516 3,065 +21.8%

*Dutch population 2004 and 2009: 16,258,032 and 16,485,787 respectively (www.cbs.nl). **Other endoscop-
ic procedures, i.e. placement of duodenal feeding tubes, gastrostomies, paediatric endoscopies, double balloon 
enteroscopies, endoscopic ultrasound imaging and emergency procedures for haematemesis or haematoche-
zia outside the endoscopic facility. ERCP = Endoscopic retrograde cholangiopancreatography.
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Waiting list
The mean waiting time for elective gastroscopy and colonoscopy was 3.47 

weeks (SD 2.66, range 0-13) and 4.79 weeks (SD 3.12, range 0-13) respectively. 
Compared with 2004, the waiting time increased for gastroscopy, but decreased 
for colonoscopy (3.0 and 5.1 weeks in 2004 respectively). Of all respondents, 
22.4% expected their unit to be capable of handling a 30% increase in endoscopic 
workload in 2012.

Geographical distribution
The number of endoscopists per 100,000 individuals ranged from 2.87 in 

Flevoland to 4.28 in Limburg. In 5 provinces the number of endoscopists decreased 
over the past fi ve years (up to a 13.3% decrease), whereas in the other 7 the 
number increased (up to a 22.2% increase). In general, the number of endoscopies 
performed per endoscopist increased compared to 2004 (mean 18.1%, range 1.1-
34.1%; see table 6.3).

In all but one province, the total number of endoscopies performed in 
2009 has increased compared with 2004 (mean 23.6%, range 0-64%, see table 6.4). 
Per 100,000 inhabitants, the fewest endoscopies were performed in Flevoland (N 
= 2,431), and the most were performed in Groningen (N = 3,993). The number 
of endoscopies performed per 100,000 inhabitants in each region showed a mean 
increase of 21.6%. Only for Utrecht, the number of endoscopies per 100,000 
inhabitants decreased (-4.0%), whereas in all other regions an increase was found. 
Flevoland was found to have the greatest increase of 53.8% (see fi gure 6.1).

In all provinces the number of colonoscopies increased substantially 
(mean 63.8%) with a range of 28% in Utrecht to 137% in Flevoland (see table 6.5). 
Geographical distribution of the number of colonoscopies per 100,000 individuals 
ranged from 911 in Noord-Brabant to 1,620 in Limburg (mean in the Netherlands 
was 1,164). The increase of the number of colonoscopies per 100,000 inhabitants 
ranged from 20.3% in Groningen to 122.6% in Flevoland (mean increase 64.4%; see 
fi gure 6.1). Also the mean number of colonoscopies performed per endoscopist 
increased substantially from 210 in 2004 to 328 in 2009 (mean increase of 56.6%; 
range 37.2-94.0%; see table 6.3). The most colonoscopies per endoscopist were 
performed in Overijssel (N = 420) and the fewest colonoscopies per endoscopist 
were performed in Drenthe (N = 256).
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Table 6.3. Change in the number of endoscopists and the number of endoscopies performed per endoscopist 
over the twelve provinces of the Netherlands from 2004 to 2009.

Province Number of 
endoscopists 

2004

Number of 
endoscopists 

2009

Change Endoscopies 
/ endoscopist 

2004

Endoscopies 
/ endoscopist 

2009

Change

Noord-Holland 92 98 +6.5% 678 841 +24.1%
Zuid-Holland 129 126 -2.3% 718 917 +28.3%
Noord-Brabant 65 76 +16.9% 787 883 +12.2%
Utrecht 43 40 -7.0% 812 873 +7.5%
Gelderland 65 71 +9.2% 726 769 +6.0%
Overijssel 32 35 +9.4% 998 1,158 +16.1%
Groningen 26 23 -3.1% 760 1,014 +33.4%
Flevoland 9 11 +22.2% 632 847 +34.1%
Zeeland 15 13 -13.3% 602 742 +23.2%
Limburg 41 48 +17.1% 726 817 +12.5%
Friesland 24 23 -4.2% 620 733 +18.2%
Drenthe 16 19 +18.8% 637 644 +1.1%
The Netherlands 557 583 +4.6% 734 867 +18.1%

Table 6.4. Geographical distribution of the number of endoscopies in Dutch provinces in 2004 and 2009.

Province Number of 
endoscopies 

2004

Number of 
endoscopies 

2009

Change Number of 
endoscopies 
per 100,000 
inhabitants 

2004

Number of 
endoscopies 
per 100,000 
inhabitants 

2009

Change

Noord-Holland 62,359 82,401 +32% 2,410 3,114 +29%
Zuid-Holland 92,172 115,541 +25% 2,670 3,319 +24%
Noord-Brabant 51,128 67,070 +31% 2,124 2,755 +30%
Utrecht 34,905 34,910 0% 3,003 2,883 -4%
Gelderland 47,181 54,604 +16% 2,399 2,742 +14%
Overijssel 31,921 40,518 +27% 2,887 3,600 +25%
Groningen 19,767 22,924 +16% 3,441 3,993 +16%
Flevoland 5,687 9,320 +64% 1,580 2,431 +54%
Zeeland 9,026 9,640 +7% 2,381 2,530 +6%
Limburg 29,767 39,205 +32% 2,613 3,492 +34%
Friesland 14,880 16,861 +13% 2,318 2,615 +13%
Drenthe 10,189 12,232 +20% 2,112 2,497 +18%
The Netherlands 408,982 505,226 +24% 2,514 3,065 +22%
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Figure 6.1. Geographical distribution of the number of endoscopies and colonoscopies performed per 
100,000 inhabitants in the Netherlands in 2004 and 2009.

Discontinuous lines represent mean of the Netherlands. NH = Noord-Holland; ZH = Zuid-Holland; NB = 
Noord-Brabant; UTR = Utrecht; GLD = Gelderland; GRO = Groningen; FLE = Flevoland; ZEE = Zeeland; LIM = 
Limburg; FRI = Friesland; DRE = Drenthe.

Table 6.5. Geographical distribution of the number of colonoscopies in Dutch provinces in 2004 and 2009.

Province Number of 
colonoscopies 

2004

Number of 
colonoscopies 

2009

Change Number of 
colonoscopies 
per 100,000 
inhabitants 

2004

Number of 
colonoscopies 
per 100,000 
inhabitants 

2009

Change

Noord-Holland 16,798 30,281 +80% 649 1,144 +76%
Zuid-Holland 26,992 41,583 +54% 782 1,194 +53%
Noord-Brabant 11,932 22,191 +86% 496 911 +84%
Utrecht 10,498 13,473 +28% 903 1,113 +23%
Gelderland 13,716 23,248 +70% 697 1,168 +68%
Overijssel 9,799 14,709 +50% 886 1,307 +48%
Groningen 5,739 6,906 +20% 999 1,203 +20%
Flevoland 1,822 4,319 +137% 506 1,126 +123%
Zeeland 2,691 3,670 +36% 710 963 +36%
Limburg 9,487 18,184 +92% 833 1,620 +94%
Friesland 4,680 7,918 +69% 729 1,228 +68%
Drenthe 2,661 4,857 +83% 552 991 +80%
The Netherlands 116,815 191,339 +64% 719 1,161 +61%

29467 Turenhout.indd   97 13-09-14   20:09



Chapter 6

98

Number of colonoscopies in Europe
The literature search yielded data on endoscopic procedures only for 

Ireland and Romania.10, 11 Data for Italy were obtained by extrapolation of a recent, 
prospective Italian survey and Italian life tables.12, 13 Because of this disappointing 
result, dedicated endoscopists in several European countries were requested to 
provide the number of colonoscopies performed per 100,000 inhabitants in their 
country, when available. In 15 of the European countries that were contacted, the 
number of colonoscopies per 100,000 inhabitants was reported (see table 6.6). 
For Spain and the United Kingdom, either no data or only the number of screening 
colonoscopies were known. The number of reported colonoscopies per 100,000 
inhabitants ranged from less than 126 in Turkey to 3,031 in Germany. The number 
of colonoscopies performed in the Netherlands is similar to around half of other 
European countries (7 of 15 countries ranged 950-1,263).

Table 6.6. Overview of the number of colonoscopies performed per 100,000 inhabitants in different European 
countries.

Country Year of 
reference

Number of 
colonoscopies per 
100,000 inhabitants

Remarks

Austria 2009 1,131 Excluding number of in hospital colonoscopies.
Estonia 2008 992
Finland 2010 950 Based on regional data (Helsinki and surrounding 

areas).
France 2008 1,837
Germany 2009 3,031 Includes a 10% estimation for people with private 

insurance. All colonoscopies performed include 19% 
screening colonoscopies.

Ireland 2009 2,020
Italy 2004 570 Extrapolation from references.12, 13

Latvia 2009 723
Luxembourg 2008 2,889 Concerns colonoscopies and sigmoidoscopies.
Norway 2006 1,060 More recent data expected shortly.
The Netherlands 2009 1,161
Romania 2009 178
Poland 2010 1,263 Based on prescriptions for bowel preparation.
Sweden 2010 1,100 Based on regional data (Stockholm area).
Turkey +/- 2009 126 Concerns total of lower gastrointestinal 

endoscopies.30

For Spain and the United Kingdom, no nation wide data for the number of colonoscopies were available.

29467 Turenhout.indd   98 13-09-14   20:09



Endoscopic supply and demand in CRC screening

99

6

Anticipation of a future CRC screening programme
The Dutch Health Council has reported that a stepwise implementation of 

a biennial FIT-based CRC screening programme would require an additional 78,000 
colonoscopies per year in year six of the screening programme. These 78,000 extra 
colonoscopies represent a 15% increase based on current endoscopies performed, 
and a 41% increase based on current colonoscopies performed. This would result in 
a mean increase from the current 1,164 colonoscopies per 100,000 inhabitants to 
1,634 colonoscopies per 100,000 inhabitants.

Based on the geographical distribution of inhabitants aged 55-75 in 
2009,9 the number of extra colonoscopies needed after fi ve years of screening 
was calculated per province (range 1,379–15,774). The mean number of additional 
colonoscopies needed per endoscopy unit per year was 754 (range 460–1,029). 
Assuming that endoscopy services are running 46 weeks per year, the number 
of additional colonoscopies needed per unit per week and per day ranged from 
10.0–22.4 and 2.0–4.5 respectively (see table 6.7).

Table 6.7. Required number of extra colonoscopies after implementation of a biennial faecal immunochemical 
test based CRC screening programme for subjects 55-75 years old.

Province Number of 
inhabitants 

55-75 years old 
2009 (% of the 
Netherlands)*

Number 
of extra 

colonoscopies 
needed

Number 
of extra 

colonoscopies 
needed per 

unit

Number 
of extra 

colonoscopies 
needed per unit 

per week

Number 
of extra 

colonoscopies 
needed per 
unit per day

Noord-Holland 538,936 (16%) 12,104 712 15,5 3,1
Zuid-Holland 702,358 (20%) 15,774 789 17,1 3,4
Noord-Brabant 534,288 (15%) 12,000 923 20,1 4,0
Utrecht 228,423 (7%) 5,130 733 15,9 3,2
Gelderland 428,848 (12%) 9,631 876 19,0 3,8
Overijssel 231,492 (7%) 5,199 867 18,8 3,8
Groningen 122,408 (4%) 2,749 687 14,9 3,0
Flevoland 61,387 (2%) 1,379 460 10,0 2,0
Zeeland 90,896 (3%) 2,041 680 14,8 3,0
Limburg 274,970 (8%) 6,176 1,029 22,4 4,5
Friesland 143,445 (4%) 3,222 644 14,0 2,8
Drenthe 115,547 (3%) 2,595 649 14,1 2,8
The Netherlands 3,472,998 (100%) 78,000 788 17,1 3,4

*www.cbs.nl. CRC = colorectal cancer.
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DISCUSSION

This nationwide endoscopy survey had a 100% response rate and has 
shown a 24% increase in endoscopies performed in the Netherlands over the past 
five years, and a 55% increase over the past 10 years. In particular, the number of 
colonoscopies increased by 64%. This was accompanied by only a minor increase in 
the number of endoscopists. Anticipating a national FIT based screening programme, 
an additional 10-22 colonoscopies per unit per week would be required in year 
six of the screening programme, necessitating a 15% increase over the current 
endoscopic workload. Putting these figures into a European perspective, it was 
shown that almost half of the European countries that responded performed similar 
quantities of colonoscopies per 100,000 inhabitants. Yet, a striking heterogeneous 
distribution across Europe was observed.

An increase in the number of endoscopies was anticipated due to 
population growth and potentially changing morbidity patterns. However, the 64% 
increase in the number of colonoscopies over the past five years is remarkable. 
Several CRC screening trials have been ongoing in the Netherlands since 2009,14-16 
but the cumulative number of extra colonoscopies in these trials is estimated not 
to exceed 2,500. Consequently, these trials will only have a minor effect on the 
total number of colonoscopies. Due to the increasing awareness of CRC and the 
need for a screening programme, opportunistic screening has probably increased 
as well. In addition, although speculative, considering sigmoidoscopy rates decreased 
over the same time period, subjects who present with rectal bleeding may be being 
referred for total colonoscopy more frequently.

Although the total number of endoscopists increased slightly, the number 
of gastroenterologists increased substantially whereas the number of internists 
and surgeons performing endoscopies in 2009 declined markedly. The increase 
in the total number of endoscopies performed might be related to this change 
as gastroenterologists might spend more full time equivalents on performing 
endoscopies, what could result in an increase in endoscopic production. However, 
full time equivalent volumes on endoscopic procedures per specialty of the 
endoscopist is unknown.

The number of endoscopies performed varied substantially over the 
different provinces of the Netherlands. Yet, per 100,000 inhabitants, this difference 
was at maximum 1.6 fold. These differences might be related to variation in available 
endoscopists and, although speculative, morbidity patterns. A difference in patient 
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demographics among provinces as a potential explanation, could not be found.9

A more extensive interpretation of the presented results in the context 
of the number of endoscopies performed in other European countries is diffi cult. 
Although suffi cient endoscopic resources are clearly stated as a prerequisite before 
implementing a CRC screening programme in the recent European CRC screening 
guidelines,17 very little data on European production are available. Only from Ireland 
and Romania have recent data been published.10, 11 Other studies did not report 
on current and total capacity, but did report on models of capacity needed in 
CRC screening.18, 19 The results of our pilot inquiry indicate that the number of 
colonoscopies per 100,000 inhabitants has a wide range from less than 126 in 
Turkey to 3,031 in Germany. If Romania and Turkey are considered representatives 
of Eastern Europe, then endoscopic capacity in Eastern Europe needs to be 
increased.11 Half of the responding countries perform 950-1,263 colonoscopies per 
100,000 inhabitants.

Anticipating a national screening programme in the Netherlands, current 
capacity may be insuffi cient as the number of extra colonoscopies needed is expected 
to range from 10-22 per unit per week. Although subjective, 22% of endoscopy 
units expect to be able to cope with a 30% increase in workload in 2012, whereas 
the anticipated increase would only be 15%. The number of endoscopic procedures 
performed in 2009 are considered current minimal capacity. However, capacity also 
relies on endoscopy staff, medical co-workers, fl exible endoscopes, (disinfecting) 
material, medication and effective use of resources. In addition, the number of 
endoscopies is also infl uenced by procedure guidelines and quality issues. For 
example, in 2004 the guideline for cleansing and disinfection of fl exible endoscopes 
was intensifi ed.20 Current available facilities in Dutch endoscopy units are unknown. 
Improvements in operational effi ciency and/or technological advancements could 
increase current capacity. Rest capacity is however unknown, and warrants additional 
studies. Therefore, current capacity level may actually be higher or lower than the 
production level. Still, there might be no or little rest capacity as for years many 
vacancies for gastroenterologist exists in the Netherlands.21 It can be expected that 
capacity needs to increase at least to some extent, as more colonoscopies need to be 
performed in a screening programme. Also, an increase in workload for medical co-
workers can be expected as e.g. in upper gastrointestinal endoscopies, it was shown 
that around 75% of total time was spent on pre- and postendoscopic operations.22 
Importantly, before implementing screening based on the present results, it should 
be ascertained that the increase in procedures performed does not hamper quality 
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of the procedures. Due to the substantial increase over the recent years without 
a considerable increase in manpower, the upper limit of capacity might have been 
reached already, and a further increase without sufficient investment might result in 
low quality colonoscopies.

Whether investment in increasing capacity is needed or not, eventually 
the number of endoscopic procedures will decrease again. It is estimated that 10% 
of colonoscopies performed in daily practice are performed for opportunistic 
screening,23 which will become unnecessary after the implementation of a 
national screening programme. In addition, less colonoscopies due to less frequent 
symptomatic presentations of CRC and a decrease in CRC incidence is expected.24-27 
On the contrary, the implementation of a screening programme will also result in 
more adenomas being detected, that consequently warrants ongoing colonoscopic 
surveillance. Capacity could be increased by critically reviewing guidelines for post-
polypectomy surveillance.28, 29

Some limitations of the present study need to be discussed. Firstly, this study 
describes the changes in daily endoscopic practice, but the factors that drive these 
changes are largely unknown. Secondly, due to missing data on full time equivalents 
for 2004, the trends in fulltime manpower could not be determined completely. A 
substantial increase in the number of endoscopies performed per endoscopist was 
found, so even if more endoscopists would work part-time in 2009, this number 
would in fact be even higher. Thirdly, the response rate for the data from 2004 
was slightly lower than for 2009 (98% versus 100% respectively). Therefore, the 
increases presented could be slight overestimations and the decreases could be 
slight underestimations. However, modelling the missing data based on the complete 
data of 2009, the over/underestimation is expected not to be larger than 1-3% 
(data not shown). Fourthly, it was assumed that the 78,000 extra colonoscopies 
required for FIT-based CRC screening would distribute according to the number 
of inhabitants aged 55-75 in the different regions of the Netherlands, and that 
all individuals would get their colonoscopy in the province of residence. However, 
participation rates for FIT screening might show regional differences, and patients 
may prefer the closest hospital instead of a hospital in their own province. Fifth, the 
data presented for other European countries should be interpreted with caution. 
The data provided by European colleagues were mainly obtained from national 
or regional registries. As these data were not collected in the same standardized 
manner and therefore were not validated by the authors of this manuscript, the 
European data may not be the exact reflection of each country. Still, these data 

29467 Turenhout.indd   102 13-09-14   20:09



Endoscopic supply and demand in CRC screening

103

6

are provided with discretion by the European endoscopists, and we believe this 
effort is a good fi rst inventory of current endoscopic variety. In addition, the lack 
of published data warrants more studies especially from countries in which CRC 
screening is advocated, planned or already implemented.

In conclusion, current Dutch endoscopic capacity has increased substantially 
since 2004. For the number of colonoscopies in particular, a remarkable increase 
was experienced, although the number of endoscopists increased marginally. When 
a national CRC screening programme will be implemented in the Netherlands, the 
increase of colonoscopies needed per unit will be at maximum 22 per week. Finally, 
the distribution of colonoscopies performed in Europe is very heterogeneous and 
more solid data are needed for proper analysis.
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ABSTRACT

Background: Given the increasing burden on colonoscopy capacity, it has been 
suggested that faecal immunochemical test (FIT) results could guide surveillance 
colonoscopy intervals. Against this background, we have evaluated the test accuracy 
of single and double FIT sampling to detect colorectal cancer (CRC) and/or advanced 
adenomas in an asymptomatic colonoscopy controlled high-risk population.
Methods: Cohort study of asymptomatic high-risk patients (personal history of 
adenomas/CRC or family history of CRC), who provided one or two FITs before 
elective colonoscopy. Test accuracy of FIT for detection of CRC and advanced 
adenomas was determined (cut-off level 50 ng/ml).
Results: 1,041 patients provided a FIT (516 personal history of adenomas, 172 
personal history of CRC and 353 family history of CRC). Five CRCs (0.5%) and 
101 advanced adenomas (9.7%) were detected by colonoscopy. Single FIT sampling 
resulted in a sensitivity, specificity, PPV and NPV for CRC of 80%, 89%, 3% and 99.9% 
respectively, and for advanced adenoma of 28%, 91%, 24% and 92% respectively. 
Double FIT sampling did not result in a significantly higher sensitivity for advanced 
neoplasia. Simulation of multiple screening rounds indicated that sensitivity of FIT 
for advanced adenoma could reach 81% after 5 screening rounds.
Conclusions: In once-only FIT sampling before surveillance colonoscopy, 70% of 
advanced neoplasia were missed. A simulation approach indicates that multiple 
screening rounds may be more promising in detecting advanced neoplasia and 
could potentially alleviate endoscopic burden.
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BACKGROUND

The use of colonoscopy to evaluate patients for the presence of colorectal 
cancer (CRC) has increased substantially in the past decade.1-3 This concerns both 
high-risk asymptomatic individuals and patients with signs or symptoms suggestive 
of CRC. At present, 22% of colonoscopies in the United States of America are 
performed for a family history of CRC and another 22% for surveillance after 
polypectomy or resection of CRC.4 In the Netherlands, 33% of colonoscopies are 
performed for a personal history of adenomas or CRC or a family history of CRC.5 

With the planned introduction of a CRC screening programme in 2013 in the 
Netherlands, not only the number of screening colonoscopies, but also the number of 
surveillance colonoscopies because of a personal history of colorectal neoplasia will 
increase.6 Since the burden on endoscopic capacity is already high in some countries, 
it has been proposed to use faecal immunochemical tests (FITs) to postpone elective 
colonoscopy in asymptomatic high-risk subjects.7,8 Previous studies on guaiac-based 
faecal occult blood tests (g-FOBTs) have shown that the clinical use of this strategy 
was hampered by its relatively low sensitivity for advanced adenomas.9 For that 
reason, high-risk subjects are recommended not to rely on g-FOBT screening, but 
to undergo colonoscopic evaluation at predetermined intervals.10-12 However, FIT 
has been proven to be superior to g-FOBTs in detecting advanced adenomas and 
CRC.13-20 The higher sensitivity of FIT for advanced adenomas is particularly relevant 
since the goal of a surveillance programme is to detect advanced adenomas before 
malignant transformation and in this way prevent CRC related death. A recent 
study in asymptomatic high-risk patients, showed sensitivities of 100% and 65% for 
the detection of CRC and all advanced neoplasia, respectively.7 These results need 
confi rmation in a different set of patients, preferably with a larger sample size and 
higher yield of advanced neoplasia, before contemplating on its use in surveillance 
programmes. The present study evaluates the test accuracy of single and double FIT 
sampling to detect CRC and/or advanced adenomas in a colonoscopy controlled 
high-risk population.
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METHODS

Study population and study design
All consecutive patients scheduled for elective colonoscopy from June 

2006 to October 2009 at one of the five participating hospitals, were invited to 
participate in the original study.16 Details of study design and of most materials 
and methods relevant for this study have been published previously.16 In addition 
to the original study protocol in which subjects were asked to provide one FIT, we 
extended the protocol by asking for a second FIT sample before colonoscopy in the 
final 15 months of inclusion (June 2008 to October 2009).21 For the present study, all 
asymptomatic patients with a personal history of adenomas/CRC or asymptomatic 
individuals with a family history of CRC who underwent complete colonoscopy, and 
who performed at least one FIT were analysed retrospectively. In all centres, local 
Medical Ethics Review Board approval was obtained prior to the start of the study.

All eligible individuals were asked to provide one or two FITs on stool from 
one or two bowel movements prior to colonoscopy. Exclusion criteria are shown 
in figure 7.1. All medical files were assessed to evaluate the time interval since prior 
colonoscopy, previous presence of advanced neoplasia, cumulative number, size and 
histology of polyps detected at previous colonoscopies, and a self reported two-
generation family history of CRC. A significant family history of CRC was defined 
as one first-degree relative with CRC diagnosis under the age of 60 years or with 
more than one first-degree relative with CRC of any age.22 A non-significant family 
history was defined as one first-degree relative older than 60 years with a diagnosis 
of CRC or second-degree relatives with a diagnosis of CRC.
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Figure 7.1. Study fl ow diagram.

FIT = faecal immunochemical test; IBD = infl ammatory bowel disease.

Faecal immunochemical test
The FIT used in the present study is the automated OC sensor® test (Eiken 

Chemical Co., Tokyo, Japan), which has a quantitative outcome. The baseline FIT was 
performed on a bowel movement one day before colonoscopy (t = -1), whereas 
the additional FIT for double sampling was performed on stool obtained two days 
prior to colonoscopy (t = -2; see fi gure 7.2). This is at maximum 72 hours prior to 
colonoscopy. Both FITs were performed before bowel preparation was started. 
Patients who performed the FIT after starting bowel preparation were excluded. 
Illustrated instructions guided the participants to sample their stool ensuring that 
contact with water and urine was prevented. No restrictions were made with 
regard to diet during the week in which the stool sample was taken.23 On the day 
of colonoscopy, the completed test and the signed informed consent form were 
handed over to the nursing staff at the endoscopy department. All FITs were stored 
at minus 5 degrees Celsius on arrival. Individuals were requested to keep the FIT 
refrigerated before handing in the test at the endoscopy department. Tests were 
analysed using the OC sensor MICRO desktop analyser (Eiken Chemical Co., Tokyo, 
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Japan) according to the manufacturers instructions.24 For single FIT sampling a cut-off 
level of 50 ng/ml was used. For double FIT sampling, we considered the FIT positive 
when the cut-off level exceeded 50 ng/ml in at least one out of two samples. In 
general, tests were analysed within one week by one of two experienced technicians 
who were unaware of the clinical data. In case tests could not be analysed within 
one week, the tests were deep frozen at minus 20 degrees Celsius. Both technicians 
received special training for analysing the tests.










  




Figure 7.2. Flowchart of invitation and FIT sampling.

FIT = faecal immunochemical test.

Standards of reference
Colonoscopy was the standard of reference for the presence, size and 

location of colorectal neoplasia. Colonoscopies were performed or supervised 
by experienced gastroenterologists. Endoscopists were blinded to the FIT result. 
Conscious sedation using midazolam was offered to all patients. A complete 
colonoscopy was defined as intubation of the caecum with identification of the 
ileocaecal valve or appendiceal orifice, or intubation up to CRC. The results of 
histopathological analysis of tissue samples obtained during colonoscopy were the 
standard of reference for the diagnosis of adenoma or cancer. Adenomas ≥1.0 cm, 
with any villous features (i.e. tubulovillous or villous adenoma) or high-grade dysplasia, 
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were considered advanced adenomas.25,26 Advanced neoplasia included all cases of 
CRC and all advanced adenomas. If multiple lesions were present, classifi cation was 
based on the most advanced lesion found.

Adequacy of adherence to surveillance guidelines was evaluated by 
comparing the actual surveillance intervals in this population to the national and/or 
international guidelines.27,28

Statistical analysis
Taking colonoscopy as the reference test, sensitivity, specifi city, positive and 

negative predictive value (PPV and NPV) of FIT were calculated for the following 
colonoscopy outcomes: 1) the presence of CRC; 2) the presence of advanced 
adenoma; and 3) the presence of advanced neoplasia. Sensitivity was calculated as 
the proportion of positive test results in patients with the colonoscopy outcome 
under consideration. Specifi city was calculated as the proportion of negative test 
results in patients with an outcome less severe than the colonoscopy outcome 
under consideration. Note that the same specifi city results from choosing either 
outcome 2 or 3. For dichotomising the FIT results, a cut-off level of 50 ng/ml was 
used, which is considered the most sensitive cut-off level for the OC sensor. The 
95% confi dence intervals (CI) were calculated using the exact method (www.
measuringusability.com/wald.htm).

The Chi-square test was used for the comparison of proportions. A two 
sided p-value of <0.05 was considered statistically signifi cant. All analyses were 
performed with SPSS for Windows Version 15 (SPSS Inc., Chicago, Illinois).

Modelling cumulative sensitivity after multiple rounds of FIT screening
This study was not designed to provide information on interval FIT testing 

in a surveillance programme. Given the fact that sensitivity of FIT for advanced 
adenomas is moderate, we explored the potential of repeated testing rounds 
by modelling cumulative sensitivity as has been described previously.29 In brief, 
this model assumes unbiased detection each time testing is done and cumulative 
sensitivity can be calculated with the following formula: (1-(1-sensitivity)x). The x 
variable represents the number of FIT testing rounds.
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RESULTS

Characteristics of the study population
Overall 1,041 asymptomatic high-risk subjects who underwent surveillance 

colonoscopy provided one FIT. A subgroup of 43% of these patients provided two 
FITs (N = 451). The mean age of all patients was 60.7 years (range 27-87 years) 
and 50.1% of these were male. Colonoscopy was performed because of a personal 
history of adenomas in 516 patients (49.6%). In 172 patients (16.5%) and 353 
patients (33.9%), colonoscopy was performed because of a personal history of 
CRC and a family history of CRC, respectively. In 249/1,041 patients (23.9%) a 
significant family history of CRC was observed. The date and findings of the last 
colonoscopy prior to FIT sampling were known for 872/1,041 patients (84%). In 305 
patients the previous colonoscopy was within two years of the current colonoscopy 
and FIT. A total of 386 patients had a colonoscopy more than two years prior to 
their current colonoscopy and FIT. In 181 patients with a family history of CRC, 
the current colonoscopy was their first colonoscopy. In 21% (147/691) of patients 
for whom the findings of the last colonoscopy were known, the recommended 
guidelines for surveillance were followed correctly. In 63% (434/691) of patients, 
surveillance colonoscopy was performed earlier than the recommended interval.

Colonoscopy results
CRC was found in five patients (0.5%). Of these, three were found in 

patients with a personal history of CRC, one in a patient with a family history of 
CRC and one in a patient with a personal history of adenomas. Early stage CRC 
(AJCC stage I/II) was found in 3/5 patients (60%) and in 2/5 patients (40%) the 
tumour was located in the proximal colon. Two patients with recurrent CRC had a 
previous colonoscopy two years before. In the third case with recurrent CRC, no 
data on the time interval could be retrieved. In one patient with a family history 
of CRC, the CRC diagnosis was obtained during the first colonoscopy. In the CRC 
patient with a personal history of adenomas, only two small adenomas were found 
during previous colonoscopy. In 101 patients (9.7%) at least one advanced adenoma 
was found. Of these, 19 (19%) were found in patients with a personal history of 
CRC, 23 (23%) in patients with a family history of CRC and 59 (58%) in patients 
with a personal history of adenomas. In 47/101 patients (47%), the advanced 
adenoma was found in the proximal colon. Of all advanced adenomas, 42% had >3 
adenomas diagnosed on previous colonoscopies, 67% (N = 68) were sized >10 
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mm, 28% (N = 28) had villous histology and 5% (N = 5) had high grade dysplasia. 
Advanced neoplasia (CRC and advanced adenoma together) were found in 106 
patients (10.2%). The yield of advanced neoplasia per indication group is shown 
in table 7.1. The quality of bowel preparation was rated “good” in 77% (N = 805) 
of colonoscopies and was rated “fair” in 23% (N = 236) of colonoscopies. The 
caecal intubation rate was 96.4% (see fi gure 7.1). No serious procedure related 
complications were observed.

Table 7.1. Demographics and yield of advanced neoplasia‡ in three different indication groups in 1,041 
asymptomatic, high-risk subjects referred for surveillance colonoscopy.

Demographics Yield

N (%) Mean age 
(range)

Males 
(%)

CRC 
(%)

Advanced 
Adenoma 

(%)

Advanced 
neoplasia 

(%)
Indication for 
colonoscopy

Personal history 
of adenomas

516
(49.6)

63.2
(29-87)

279
(54.1)

1
(0.2)

59
(11.4)

60
(11.6)

Personal history
of CRC

172
(16.5)

66.2
(44-86)

82
(47.7)

3
(1.7)

19
(11.0)

22
(12.8)

Familial history of 
CRC

353
(33.9)

54.3
(27-82)

161
(45.6)

1
(0.3)

23
(6.5)

24
(6.8)

Total population 1,041
(100)

60.7
(27-87)

522
(50.1)

5
(0.5)

101
(9.7)

106
(10.2)

‡Advanced neoplasia is defi ned as either one or more advanced adenoma(s) or CRC. CRC = colorectal cancer.

FIT results
The overall FIT positivity rate in single FIT sampling was 11% (115/1,041 

patients). The positivity rate for the subgroup of patients that provided two FITs 
was 19% (87/451 patients). Table 7.2 summarizes the test accuracy of single and 
double FIT sampling for the presence of CRC and advanced adenomas. The overall 
sensitivity for CRC and advanced neoplasia in the total population was 80% and 
30% respectively, missing 1 out of 5 cancers and 74 out of 106 advanced neoplasia. 
Double FIT sampling resulted in a sensitivity of 33% for advanced neoplasia, missing 
28 out of 42 advanced neoplasia. Sensitivity for patients with left- versus right-sided 
advanced neoplasia were 38% (20/53) and 22% (11/47) respectively. The positivity 
rates and test accuracy of single FIT sampling for the presence of all advanced 
neoplasia in the three indication groups separately are shown in table 7.3. The 
positivity rate was signifi cantly higher both in patients with a personal history of 
CRC and patients with a personal history of adenomas, compared to patients with 
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a family history of CRC (12%; N = 21/172 and 14%; N = 70/516 versus 6.8%; N = 
24/353; p = 0.04 and p = 0.002).

Regarding all test characteristics, only specificity for CRC and specificity 
for advanced adenoma differed significantly between the patients with a personal 
history of colorectal neoplasia and patients with a family history of CRC (specificity 
for CRC is 87.1%; N = 96/684 vs. 93.5%; N = 329/352; p = 0.002; specificity for 
advanced adenoma is 89.4%; N = 542/606 vs. 94.2%; N = 310/329; p = 0.014). No 
significant differences in specificity for CRC or advanced adenomas were found 
when separating personal history of neoplasia in personal history of CRC and 
personal history of adenomas. No significant differences in sensitivity, PPV and NPV 
for either CRC or advanced adenoma were found between these three groups. 
Sensitivity of FIT for detecting all advanced neoplasia was not significantly higher in 
patients with a significant family history for CRC compared to patients with a non-
significant family history of CRC (33.3%; N = 3/9 vs. 13.3%; N = 2/15; p = 0.33).

Table 7.2. Test characteristics of single and double FIT sampling for CRC and advanced adenoma at a cut-off 
level of 50 ng/ml in asymptomatic, high-risk subjects referred for surveillance colonoscopy.

Single FIT
(N = 1,041)

Double FIT (one FIT+)
(N = 451)

CRC
(N = 5)

Advanced 
adenoma
(N = 101)

CRC
(N = 2)

Advanced 
adenoma
(N = 40)

Sensitivity
N

(CI in %)

80%
4/5

(28-99)

28%
28/101
(19-38)

50%
1/2

(1-99)

33%
13/40

(19-49)

Specificity
N

(CI in %)

89%
925/1,036
(87-91)

91%
852/935
(89-93)

81%
363/449
(77-84)

82%
336/409
(78-86)

PPV
N

(CI in %)

3%
4/115
(1-9)

24%
28/115
(17-33)

1%
1/87

(0.03-6)

15%
13/87
(8-24)

NPV
N

(CI in %)

99.9%
925/926
(99-100)

92%
853/926
(90-94)

99.7%
363/364
(98-99.9)

93%
337/364
(89-95)

PPV = positive predictive value; NPV = negative predictive value; CRC = colorectal cancer; oneFIT+ = at least one 
of both FIT exceed cut-off value of 50 ng/ml.
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Table 7.3. Positivity rates and test characteristics of single FIT sampling for advanced neoplasia‡ in three 
different indication groups in 1,041 asymptomatic, high-risk subjects referred for surveillance colonoscopy.

Indication groups

Personal 
history of 
adenomas
(N = 516)

Personal 
history of CRC

(N = 172)

Family history 
of CRC

(N = 353)

Total
(N = 1,041)

Test
characteristics

Positivity rate
N

14%
70/516

12%
21/172

7%
24/353

11%
115/1,041

Sensitivity
N

(CI in %)

32%
19/60

(20-45)

36%
8/22

(17-59)

21%
5/24

(7-42)

30%
32/106
(22-40)

Specifi city
N

(CI in %)

89%
405/456
(86-92)

91%
137/150
(86-95)

94%
310/329
(91-96)

91%
852/935
(89-93)

PPV
N

(CI in %)

27%
19/70

(17-39)

38%
8/21

(18-62)

21%
5/24

(7-42)

28%
32/115
(20-37)

NPV
N

(CI in %)

91%
405/446
(88-93)

91%
137/151
(85-95)

94%
310/329
(91-96)

92%
852/926
(90-94)

‡Advanced neoplasia = either one or more advanced adenoma(s) or a CRC. PPV = positive predictive value; NPV = 
negative predictive value; CRC = colorectal cancer.

Cumulative sensitivity after multiple rounds of FIT screening
A once-only FIT sensitivity of 80% for CRC compounds to a sensitivity of 

99.2% with 3 rounds of testing (1-(1-sensitivity)3). Similarly for advanced adenoma 
detection, modelling a 28% once-only sensitivity compounds over 3 rounds of 
testing to 63%, and over 5 rounds of testing to a sensitivity of 81%.

DISCUSSION

In the present study, test accuracy of one of the most commonly used FITs 
was evaluated in a large cohort of asymptomatic, high-risk individuals undergoing 
colonoscopy surveillance. It was found that 20% of CRCs and 72% of advanced 
adenomas were missed when using a single FIT sampling strategy at the lowest cut-
off level. Moreover, providing a second FIT preceding colonoscopy did not result in 
a signifi cant increase in sensitivity since still only 33% of all advanced neoplasia was 
detected. When the indication groups were separated into patients with a personal 
history of CRC, a personal history of adenomas and patients with a family history 
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of CRC, a higher FIT positivity rate and a higher yield of advanced neoplasia was 
observed in the first two groups. However, sensitivity did not significantly differ 
between these three indication groups, showing that a once-only FIT sampling 
strategy is inadequate in detecting advanced neoplasia in either group of high-risk, 
asymptomatic individuals.

Limited data are available on the performance of FITs in asymptomatic 
high-risk patients. Three studies have assessed the efficacy of a first generation, 
qualitative FIT (OC light and Hemeselect) in volunteer first-degree relatives 
of patients with CRC, where sensitivities ranged from 50-83% for detection of 
advanced neoplasia.8,30,31 However, small sample sizes and small numbers of target 
lesions hamper the generalisation of these results. In patients with a personal history 
of CRC, one study showed a 100% sensitivity for detecting 9 recurrent CRCs.32 
These results were obtained from stools collected with digital examination and 
therefore not representative for at home FIT sampling. Moreover, test characteristics 
for advanced adenomas were not available. Another study, using a qualitative FIT 
in a larger population, showed sensitivities of 70% and 44% for detecting CRC 
and advanced adenomas respectively.33 Yet, incorrect criteria for defining advanced 
adenoma were used. In general, test characteristics from qualitative FITs should be 
interpreted with caution since the test performance can vary greatly between the 
different qualitative FITs, indicating that quality assurance is an issue.34

The most promising results were shown in a recent study, providing three 
FITs preceding colonoscopy in asymptomatic high-risk patients.7 Sensitivities of 
100% and 65% for the detection of CRC and advanced neoplasia were found 
respectively, using the same FIT as was used in the present study at the same cut-
off level.7 Unfortunately, we were not able to confirm these promising findings in 
our study with a comparable sample size and a larger number of target lesions. 
Multiplicity of testing (three versus two FIT samples) and a different prevalence of 
advanced adenomas (higher in the present study) may partly explain the differences 
between the two studies in FIT performance. Other potential explanations might be 
that the study by Hazazi et al. had a better defined high-risk population with more 
CRCs located in the distal colon or larger pedunculated advanced adenomas with 
a higher tendency to bleed, or a better quality of bowel preparation since 23% of 
colonoscopies was rated “fair” bowel preparation in the present study. Moreover, 
in the present study a high percentage of patients have received their colonoscopy 
at an earlier time interval than recommended by the guidelines which might have 
resulted in smaller sized advanced adenomas.
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Periodically performing non-invasive FIT sampling in the surveillance of high-
risk individuals in order to triage individuals for invasive colonoscopy sounds appealing, 
as this could lead to a better utilisation of colonoscopy as both a diagnostic and 
therapeutic procedure. However, when considering such an alternative surveillance 
scheme, a high sensitivity of FIT is important. Specifi city is less of a concern, because 
at present colonoscopy is performed in all these patients. Even at the most sensitive 
cut-off level of 50 ng/ml in single and double FIT sampling, the majority of advanced 
neoplasia was missed in the present study. On the one hand it is debatable whether 
missing advanced adenomas is clinically relevant, since they could be detected in 
subsequent surveillance rounds (either with FIT or colonoscopy) while still being in a 
curable stage. On the other hand, a delay in detecting CRC can result in progression 
into advanced stage disease. Yet, the risk of progression from adenoma to carcinoma 
in the majority of patients with a family history of CRC and in the majority of 
patients with a personal history of adenomas may be limited and comparable to 
the risk in the general population.10,35,36 Particularly in patients with only a few small 
tubular adenomas in the past or a non-signifi cant family history of CRC, multiple 
rounds of FIT sampling may be a good alternative to colonoscopic surveillance. The 
present study was not designed to provide information on interval FIT testing in a 
surveillance programme. Recent data from Australia showed that multiple rounds 
of FIT sampling within an existing surveillance programme aided the detection 
of advanced neoplasia.29 In that particular study, it was clearly demonstrated that 
repeated testing results in a compounding of sensitivity. It was also shown that 
in those patients who returned a negative FIT in multiple rounds of testing, the 
chance of fi nding advanced neoplasia was signifi cantly reduced.29 When we model 
cumulative detection in the same manner it can be calculated that a once-only FIT 
sensitivity of 80% for CRC compounds to 99.2% with 3 rounds of testing. Similarly 
for advanced adenoma detection, modelling a 28% once-only sensitivity compounds 
over 5 rounds of testing to 81%, which may be acceptable for the detection of 
advanced adenomas. Although these computed sensitivities should be interpreted 
with caution, it allows us to explore the effect of multiple rounds of testing. Such 
a strategy of repeated FIT sampling in selected individuals may hold potential to 
postpone invasive colonoscopy and create more colonoscopic capacity. The effects 
of earlier diagnosis, particularly of advanced adenomas, on survival remain elusive 
and might only be clarifi ed in a long-term prospective randomized trial. Since the 
yield of CRC is generally low in surveillance programmes, it is questionable whether 
such a study is feasible.
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There are some concerns that need to be addressed for proper 
interpretation of our results. First, the number of target lesions is relatively low. 
Although this study has a large sample size and the percentage of target lesions 
is higher than in most other studies, the absolute number of cancers is low.7,8,30-33 
Potential explanations for the low number of CRCs may be overuse of colonoscopy 
surveillance and inappropriate colonoscopy referral for patients with a non-
significant family history of CRC.27,28 Second, there was substantial heterogeneity in 
the group of patients with a personal history of adenomas and a family history of 
CRC, making it difficult to draw firm conclusions for each subgroup.

The present study of high-risk individuals for colorectal neoplasia, shows 
that 67-70% of all advanced neoplasia are not detected by single or double FIT 
sampling before elective colonoscopy. Future studies should focus on multiple 
rounds of FIT sampling in different, high-risk patient groups in order to create a 
sensitive strategy to detect advanced neoplasia and potentially alleviate the burden 
on endoscopic capacity.
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SUMMARY AND GENERAL DISCUSSION

Colorectal cancer (CRC) screening by guaiac based faecal occult blood 
tests (g-FOBTs) was shown to decrease CRC related death.1-3 In this screening 
setting, subjects with a positive test were referred for colonoscopy. Later, test 
performance of faecal immunochemical tests (FITs) was shown to be superior over 
g-FOBT.4-7 This thesis explored different aspects of FIT performance that influence 
CRC screening and that were previously unknown. The studies presented were 
performed in outpatients referred for colonoscopy. Therefore, several research 
questions were answered that can hardly be answered in a screening setting. The 
results are complementary to the current knowledge on FITs for CRC screening.

The study presented in Chapter 2 compared FIT results in CRC cases 
from two studies with a different population and study design. It showed that a 
FIT result is largely dependent on tissue tumour stage. The higher FIT results in the 
referral population are a reflection of a higher prevalence of advanced stage CRC. 
Pilot screening programmes may provide the best context to study screening tests, 
since the tests are evaluated in the population intended to be screened in the 
future. However, due to its design, some research questions cannot be answered. 
The study presented in Chapter 2 indicates that after correction for tissue tumour 
stage distribution, both screening and referral cohorts provide similar test results. 
This supports the use of elective or clinical settings to test hypotheses in an early 
phase of research, when a large number of outcome variables is desired, or when 
colonoscopy is required in all participants. Although this approach is not a substitute 
for screening studies, at substantially lower costs and in less time, relevant research 
questions can be answered in referral populations. In addition, by merging results 
from different sources, the strength of the evidence can be enlarged.

As described in previous studies, FIT sensitivity can be increased by 
performing multiple tests.8, 9 This is not surprising, as any additional selection method 
that will result in more colonoscopies will lead to a higher detection level of 
advanced neoplasia. However, as described in Chapter 3, the increase in sensitivity 
is counterbalanced by a lower specificity. When sampling two FITs was compared 
with sampling one FIT at a fixed value for specificity, a comparable sensitivity was 
found at a different cut-off level when using a single test. This seems to be in line 
with an Italian study where detection rates increased with two FITs compared to 
one FIT, and positive predictive values decreased accordingly.8 Recently, our findings 
were confirmed by French investigators who compared sampling one FIT with 
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two FITs in a screening setting. At a different cut-off value, the ratio of sensitivities 
and false positive tests (as surrogate endpoints for sensitivity and specifi city) were 
found to be similar.10 In addition, a study simulating screening with one and two 
FITs found that sampling one FIT is likely to be more cost-effective than double 
sampling.11 Therefore, when a FIT screening programme requires a higher sensitivity, 
the preferred solution is to use one test at a lower cut-off value.

It is known that haemorrhoids can cause rectal bleeding and their 
prevalence may be high, as one report found a prevalence of 86%.12 Therefore, 
haemorrhoids could lead to many false positive tests. If this problem indeed exits 
one might consider a different screening test or cut-off value for subjects known 
to have haemorrhoids. However, in Chapter 4 it was shown that the presence of 
haemorrhoids in subjects performing a FIT was not associated with a higher rate 
of false positive test results. Subjects with haemorrhoids did not have more false 
positive results than subjects without any abnormalities in the colon. As average risk 
subjects are likely to have a lower prevalence and less severity of haemorrhoids 
compared with the high risk individuals studied, the present study may represent the 
worst case scenario. The actual frequency of false positive tests due to haemorrhoids 
may therefore be even lower.

The sensitivity of FIT for CRC is higher and the specifi city is lower in 
males compared with females, and thereby the results presented in Chapter 5 
are in agreement with previous work.13 This difference was not caused by known 
confounders as age and location of CRC in the colon. The same sensitivity for CRC 
as in males could be reached by lowering the cut-off value in females. However, 
whether sex specifi c cut-off values are needed is questionable. Females may have 
a lower sensitivity of FIT but have a higher participation rate, as was found in the 
English and Scottish screening programmes.14, 15 In addition, prevalent cancers will 
presumably be detected in the fi rst screening rounds, and the focus of screening may 
shift to detection of advanced adenomas. As only a small gender difference in the 
sensitivity for advanced adenomas was found, gender specifi c cut-off values seem 
unnecessary. The actual benefi t of tailored screening depends on several factors 
and modelling studies may provide insight in this matter.16 It should be kept in 
mind that individualising screening guidelines adds to the complexity of a screening 
programme and should only be adopted if the expected benefi ts are substantial.

Under the assumption that the CRC screening programme in the 
Netherlands would be using OC Sensor® as primary screening test, the total 
colonoscopy burden after complete roll-out of the programme was calculated. It 
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was found that the current 191,339 colonoscopies per year need to be increased 
to a total of 269,339 colonoscopies yearly (an additional 41%). The study described 
in Chapter 6 did not investigate rest capacity, but the extra workload will anyhow 
increase pressure on current capacity. Assuming that the colonoscopies will be 
performed in the province of residence, 2 to 4,5 extra colonoscopies need to be 
performed daily. Due to the stepwise implementation of the programme, there is 
time to create more capacity by e.g. training more endoscopists, supporting staff 
and increasing means.

Another way to increase capacity could be by adjusting surveillance 
programmes, as 30% of colonoscopies in the Netherlands are performed because 
of surveillance for adenomas, CRC or a positive family history.17 In Chapter 7 it was 
explored whether using FIT as pre-selection before colonoscopy in surveillance is 
accurate enough to exclude presence of advanced neoplasia. Unfortunately, this 
seems an unfeasible option, as 70% of advanced neoplasia were missed. However, 
future studies could focus on (epi)genetic alterations involved in adenoma to 
carcinoma progression in adenomas detected in surveillance. This could result in a 
personalised risk classification that may guide surveillance intervals. In addition, when 
molecular biomarkers could detect the genetic alterations in stool from subjects 
under surveillance, a stool test could be used to guide surveillance intervals. Such a 
test might result in less adenomas missed, and due to a potential higher specificity a 
decrease in the strain on capacity.

Screening is a realistic approach to decrease mortality from CRC. In the 
Netherlands, screening with the gold standard, colonoscopy, is no longer considered 
to be an option because of the low participation, the risk of complications, the 
burden of the procedure, the costs, and the knowledge that 95% of all inhabitants 
will never get CRC. It is therefore of vital importance to have a valid, stable and 
accurate pre-selection test to identify those subjects at increased risk for presence 
of precursor lesions or CRC. FIT is easy to perform at home, cheap, non invasive, 
and is known to have a relatively high participation rate. Although it has moderate 
test characteristics, biennial repetition of the test is very likely to result in mortality 
reduction and potentially also in a decrease in incidence of CRC. The start of the 
Dutch national CRC screening programme was received with a lot of enthusiasm, 
but screening accuracy should be improved substantially. What should future 
research aim at, and how can we take CRC screening to the next level?
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FUTURE PERSPECTIVES

Although nation wide CRC screening has started and CRC related 
mortality is expected to decrease by 2,400 cases each year after full roll-out over 
the Netherlands,18 improvement of the programme is desirable from the start.

Firstly, it should be clarifi ed which FIT is the best to use in the screening 
programme. The tendering programme in which the FIT for screening was selected, 
yielded the FOB Gold®. This is a different test than the FIT for which most evidence of 
effectiveness is available; OC Sensor®. Comparative studies, especially of high quality, 
on both tests are sparse.19-21 Recently, a comparative study from Spain showed a 
3% higher participation rate, a 2% lower positivity rate, but a higher number of true 
positive test results for OC Sensor®. The frequency of error in performance was 
higher for FOB Gold®.22 However, both tests were not compared at different cut-off 
values, neither at an equal predetermined amount of haemoglobin in the test. As 
it is known that FITs from different manufacturers differ in test characteristics,23-25 
it is preferred to perform a study directly comparing at least FOB Gold® and OC 
Sensor® at a cut-off value with an equal amount of haemoglobin per millilitre, as 
well as at different cut-off values. Even small differences may have major impact in 
a screening population of millions of people. As shown by this thesis, outpatients 
referred for colonoscopy can be invited for such a diagnostic comparison study, as 
tests can be compared at relative low costs and in little time, and test accuracy can 
be determined in a high number of carcinomas and advanced adenomas.

Secondly, the currently available FITs seem to have reached their maximum 
performance, but need to be improved further. This maximum performance is far 
from perfect. Faecal immunochemical tests have a low sensitivity for right sided 
lesions,26, 27 have moderate overall test characteristics (especially for advanced 
adenomas),5, 25, 26, 28 and are non specifi c in that they detect human blood, not high 
risk neoplasia. Detection levels can be increased by lowering the cut-off value or 
by using multiple tests, but always at cost of a lower specifi city. The detection rate 
could theoretically be further increased by using anticoagulants before FIT sampling. 
Hereby, the chance that advanced neoplasia will bleed might increase. Another 
option could be to repeatedly perform FIT in a short interval (e.g. once every month 
for six months), in an attempt to correct for intermittent blood loss. However, it 
is unknown whether all neoplasia bleed, whether continuously or intermittently. 
In addition, higher detection levels of blood will not necessarily result in a higher 
effi ciency of screening, as there are multiple causes of occult bleeding.
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Efficiency of CRC screening could be improved in two ways: 1. 
improvement of test characteristics by detection of tumour specific products in 
addition to bleeding; 2. detection of those colonic neoplasia that actually carry high 
risk of progression to carcinoma. It is known that carcinomas, as well as adenomas, 
shed and exfoliate cells and cell substances as DNA into the bowel lumen. These 
waste products can subsequently be detected in stool. This material could be the 
fingerprint of adenomas developing to carcinoma, and provide the opportunity 
to detect non-bleeding lesions. Tumour specific markers in combination with FIT 
(FITplus) might close the gap left by FIT. A pilot study showed the potential of such 
a combination test; test sensitivity increased and specificity was hardly affected.29 
In addition, stool biomarkers have shown to have equal sensitivity for proximal 
and distal lesions.30 Secondly, efficiency of screening could be increased by using 
tumour specific stool markers that detect only those adenomas developing towards 
carcinoma. By detection of (epi)genetic changes known to occur in the adenoma to 
carcinoma sequence, overdiagnosis and overtreatment of harmless adenomas could 
be decreased. Screening could become more efficient when development of a new 
generation of biomarkers could accurately detect true high risk lesions. A shift in the 
paradigm of what we call advanced or high risk adenomas is needed.31 By a change 
towards the biology of carcinogenesis, the accuracy and efficiency of screening can 
further be improved.

In the Netherlands, CRC screening started in 2014 by using FOB Gold®. 
As the Dutch Health Council recommends, it should be possible to compare the 
operational programme to new or different screening tests, as new developments 
may become more efficient. The addition of promising tumour specific biomarkers 
such as PHACTR3 would be an excellent opportunity for improvement. After a few 
rounds of screening it is likely that prevalent carcinomas have been detected, and the 
aim of screening may shift towards detection of high risk adenomas. The paradigm 
should shift to detect only adenomas at high risk to carcinoma progression. By 
making FIT more targeted to carcinogenesis, we take it to the next level.
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SAMENVATTING EN ALGEMENE DISCUSSIE

Het is aangetoond dat screening naar colorectaal carcinoom (CRC) met 
guaijak fecaal occult bloedtesten (g-FOBTs) de mortaliteit van CRC verlaagt.1-3 
Mensen met een positieve testuitslag worden verwezen voor colonoscopie. De 
eigenschappen van immunologische fecaal occult bloedtesten (i-FOBTs of FITs) zijn 
superieur aan de eigenschappen van g-FOBTs.4-7 In dit proefschrift zijn verschillende, 
aanvankelijk nog onbekende, aspecten van het gebruik van FITs onderzocht. Dit 
is van belang voor screening naar CRC. Het gepresenteerde onderzoek werd 
uitgevoerd bij poliklinische patiënten die werden verwezen voor colonoscopie. 
Hierdoor konden verscheidene onderzoeksvragen worden beantwoord, die 
nauwelijks beantwoord kunnen worden binnen een proefbevolkingsonderzoek. De 
resultaten zijn complementair aan wat reeds bekend is over het gebruik van FITs 
voor CRC screening.

Het onderzoek gepresenteerd in Hoofdstuk 2 beschrijft een vergelijking 
van FIT-resultaten verkregen uit twee verschillende onderzoeken met elk een 
andere onderzoekspopulatie en onderzoeksopzet. Dit onderzoek toont aan dat 
FIT-resultaten bij mensen met CRC hoofdzakelijk afhankelijk zijn van het stadium 
van weefselingroei van de tumor. De hogere FIT-uitslagen gevonden in de populatie 
met mensen verwezen voor colonoscopie, zijn een weerspiegeling van de hogere 
prevalentie van gevorderd CRC. Proefbevolkingsonderzoeken behelzen, weliswaar 
afhankelijk van de onderzoeksvraag, de beste context om screeningstesten te 
onderzoeken, aangezien de test onderzocht wordt in mensen die ook aan screening 
zullen deelnemen. Echter, door de opzet van deze onderzoeken kunnen sommige 
onderzoeksvragen niet worden beantwoord. De studie uit Hoofdstuk 2 toont dat 
na correctie voor het weefsel stadium van de tumor, zowel bij verwezen individuen 
als bij mensen uit een proefbevolkingsonderzoek, vergelijkbare FIT-resultaten 
worden gevonden. Dit ondersteunt het uitnodigen van individuen verwezen 
voor colonoscopie in een oriënterende fase van onderzoek voor het toetsen van 
hypothesen, vooral wanneer het nodig is een colonoscopie te verrichten bij alle 
deelnemers, of wanneer een groot aantal uitkomstmaten benodigd is. Hoewel 
deze opzet geen vervanging is van proefbevolkingsonderzoeken, is het mogelijk om 
tegen aanzienlijk lagere kosten en in minder tijd relevante onderzoeksvragen te 
beantwoorden in verwezen populaties. Bovendien wordt de bewijskracht vergroot 
door resultaten van verschillende onderzoeksopzetten te bundelen.

29467 Turenhout.indd   136 13-09-14   20:09



Samenvatting

137

Zoals in eerdere onderzoeken is beschreven, is het mogelijk de sensitiviteit 
van FIT te vergroten door meerdere testen te gebruiken.8, 9 Dit is niet verrassend, 
aangezien een extra selectiemethode die leidt tot meer colonoscopieën ook zal 
leiden tot een hogere detectiegraad van gevorderde neoplasieën (CRC en/of 
gevorderde adenomen). Echter, zoals is beschreven in Hoofdstuk 3, een toename 
in sensitiviteit gaat samen met een afname in specifi citeit. Bij het vergelijken van 
het gebruik van één en twee FITs bij een vaste specifi citeit, werd een vergelijkbare 
sensitiviteit gevonden bij een andere afkapwaarde. Dit lijkt in overeenstemming te 
zijn met een Italiaans onderzoek waarbij de detectiegraad toenam bij het gebruik 
van twee FITs ten opzichte van één FIT, en waarbij de positief voorspellende waarde 
met gelijke tred daalde.8 Onze bevindingen werden recent bevestigd door Franse 
onderzoekers die het gebruik van één en twee FITs hebben vergeleken in een 
proefbevolkingsonderzoek. Men constateerde dat, bij verschillende afkapwaarden, de 
ratio van sensitiviteit en fout positieve testen (als surrogaatmarkers voor sensitiviteit 
en specifi citeit) vergelijkbaar waren.10 Bovendien toonde een andere studie, met 
behulp van een simulatiemodel, dat screenen met één FIT kosteneffectiever is dan 
het gebruik van twee testen.11 Wanneer in een screeningsprogramma een hogere 
sensitiviteit gewenst is, verdient het daarom de voorkeur om te kiezen voor het 
gebruik van één test met een lagere afkapwaarde.

Het is bekend dat hemorroïden rectaal bloedverlies kunnen veroorzaken. 
Één onderzoek toonde een prevalentie van hemorroïden van 86%.12 Het is daarom 
mogelijk dat hemorroïden leiden tot veel fout positieve testen. Wanneer dit inderdaad 
een probleem blijkt te zijn, kan het overwogen worden om mensen waarvan bekend 
is dat ze hemorroïden hebben een andere screeningstest aan te bieden, of een 
andere afkapwaarde te gebruiken. In Hoofdstuk 4 is echter aangetoond dat de 
aanwezigheid van hemorroïden niet geassocieerd is met meer fout positieve testen. 
Mensen met hemorroïden hadden niet vaker een fout positief resultaat dan mensen 
zonder enige afwijking in het colon. Aangezien het aannemelijk is dat mensen in 
een proefbevolkingsonderzoek minder vaak of minder ernstige hemorroïden zullen 
hebben dan mensen verwezen voor colonoscopie, is het daadwerkelijke aantal fout 
positieve testen in een bevolkingsonderzoek mogelijk nog lager.

De sensitiviteit van FIT voor detectie van CRC is hoger en de specifi citeit 
is lager bij mannen dan bij vrouwen. De bevindingen van Hoofdstuk 5 zijn daarmee 
in overeenstemming met eerder uitgevoerd onderzoek.13 Het bleek dat dit verschil 
niet werd veroorzaakt door bekende verstorende variabelen als leeftijd en locatie 
van CRC. Voor vrouwen kon dezelfde sensitiviteit voor CRC als bij mannen worden 
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verkregen door de afkapwaarde bij vrouwen te verlagen. Het is echter maar de 
vraag of verschillende afkapwaarden voor mannen en vrouwen gewenst zijn. Het 
effect van de lagere sensitiviteit bij vrouwen zou teniet kunnen worden gedaan door 
een hoger deelnemerspercentage, zoals geconstateerd in het Engelse en Schotse 
screeningsprogramma.14, 15 Daarnaast is het aannemelijk dat prevalente carcinomen 
gedetecteerd zullen worden in de eerste screeningsronden, waarna het focus van 
screening kan verschuiven naar detectie van gevorderde adenomen. Aangezien het 
verschil in sensitiviteit voor gevorderde adenomen slechts klein was, lijken specifieke 
afkapwaarden voor de geslachten niet nodig. Het daadwerkelijke voordeel van 
geïndividualiseerde screening is afhankelijk van diverse factoren en modellerend 
onderzoek zou hier meer inzicht in kunnen geven.16 Het individualiseren van 
screening kan resulteren in meer complexiteit en dit zou alleen moeten worden 
toegepast wanneer de verwachte voordelen aanzienlijk zijn.

In de veronderstelling dat de FIT die in het Nederlandse bevolkingsonderzoek 
gebruikt zou gaan worden de OC Sensor® zou zijn, werd de belasting voor het 
aantal colonoscopieën berekend na invoering van het volledige programma. Er werd 
geconstateerd dat het aantal van 191,339 colonoscopieën per jaar (in 2009) moet 
toenemen tot 269,339 colonoscopieën (een toename van 41%). Het onderzoek 
gepresenteerd in Hoofdstuk 6 heeft niet de resterende capaciteit onderzocht, maar 
de extra werkbelasting zal hoe dan ook meer druk geven op de huidige capaciteit. 
Ervan uitgaande dat de colonoscopieën zullen worden verricht in de provincie 
waar de deelnemer woont, zullen per ziekenhuis 2 tot 4,5 extra colonoscopieën 
per dag moeten worden verricht. Doordat het screeningsprogramma gefaseerd 
wordt ingevoerd, is er tijd om meer capaciteit te creëren door bijvoorbeeld meer 
endoscopisten en ondersteunend personeel op te leiden, en beschikbare middelen 
te vergroten.

Een andere potentiële manier om meer capaciteit te creëren, is het 
aanpassen van surveillance programma’s, aangezien 30% van alle colonoscopieën in 
Nederland worden verricht voor surveillance naar adenomen, CRC of het familiair 
voorkomen van CRC.17 In Hoofdstuk 7 werd onderzocht of FIT een goede test 
is om de aanwezigheid van gevorderde neoplasieën uit te sluiten en mensen in 
surveillance te selecteren voor colonoscopie. Helaas lijkt dit een onaantrekkelijke 
optie, aangezien 70% van de gevorderde neoplasieën niet door FIT werden 
gedetecteerd. Toekomstige studies zouden zich echter kunnen richten op de (epi)
genetische veranderingen die betrokken zijn bij de progressie van adenoom naar 
carcinoom. Dit zou kunnen leiden tot een gepersonaliseerde risicoclassificatie, wat 
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leidend zou kunnen zijn voor het surveillance-interval. Wanneer het bovendien 
mogelijk blijkt te zijn om moleculaire biomarkers in ontlasting van gesurveilleerde 
personen aan te tonen, dan zou een ontlastingtest het surveillance-interval kunnen 
gaan bepalen. Een dergelijke test zou kunnen leiden tot een lager aantal gemiste 
adenomen en, ten gevolge van een hogere specifi citeit, tot een lagere belasting van 
de colonoscopie capaciteit.

Screening is een realistische methode om de mortaliteit van CRC te 
verminderen. Het is in Nederland niet langer gewenst om te screenen met de 
gouden standaard colonoscopie, aangezien deze een lage participatiegraad heeft, 
het risico op complicaties kent, het een belastende procedure is, het hoge kosten 
heeft en 95% van alle inwoners nooit CRC zal krijgen. Het is daarom van vitaal 
belang om een valide, stabiele en accurate selecterende test te verkrijgen die juist 
die mensen identifi ceert met een verhoogd risico op CRC of voorloperstadia. FIT 
is eenvoudig te gebruiken, kan thuis worden verricht, is goedkoop en niet-invasief, 
en is bekend een relatief hoge participatiegraad te hebben. Hoewel het matige 
testeigenschappen heeft, is het zeer waarschijnlijk dat het tweejaarlijks herhalen van 
de test zal lijden tot een afname in mortaliteit en mogelijk ook in een lagere incidentie 
van CRC. Het begin van het Nederlandse bevolkingsonderzoek is ontvangen met 
veel enthousiasme, maar de accuraatheid van screening zou aanzienlijk verbeterd 
moeten worden. Waar zou toekomstig onderzoek zich op moeten richten en hoe 
kunnen we CRC screening optillen naar het volgende niveau?

TOEKOMST PERSPECTIEF

Hoewel CRC screening is begonnen en verwacht wordt dat de mortaliteit 
ten gevolge van CRC in Nederland met 2,400 gevallen per jaar zal af nemen na 
volledige uitrol van het programma,18 is het wenselijk het programma van begin af 
aan te verbeteren.

Ten eerste moet het duidelijk worden welke FIT het meest geschikt is om 
in het screeningsprogramma te gebruiken. In het jonge screeningsprogramma is 
gekozen voor de FIT FOB Gold®. Dit is een andere dan de test waarvoor het meeste 
bewijs van effectiviteit beschikbaar is; OC Sensor®. Vergelijkende onderzoeken, met 
name van hoge kwaliteit, zijn schaars.19-21 Onlangs toonde een vergelijkende studie 
uit Spanje een 3% hogere participatiegraad, een 2% lager aantal positieve testen, 
maar een hoger aantal terecht positieve testresultaten voor OC Sensor®. Het 
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aantal fouten in uitvoering van de test was groter bij FOB Gold®.22 Beide testen 
werden echter niet bij verschillende afkapwaarden vergeleken, noch bij een vooraf 
bepaalde gelijke hoeveelheid hemoglobine. Omdat het bekend is dat FITs van 
verschillende fabrikanten verschillen in testkarakteristieken,23-25 is het wenselijk een 
onderzoek te doen welke ten minste FOB Gold® en OC Sensor® vergelijkt bij een 
afkapwaarde welke een gelijke hoeveelheid hemoglobine per milliliter bevat, als ook 
bij verschillende afkapwaarden. Zelfs kleine verschillen kunnen in een doelgroep van 
miljoenen mensen een groot effect hebben. Zoals dit proefschrift heeft laten zien, 
kunnen mensen die zijn verwezen voor colonoscopie voor een dergelijk vergelijkend 
onderzoek worden uitgenodigd, waarbij in relatief korte tijd en tegen relatief lage 
kosten verschillende testen kunnen worden vergeleken. Daarbij kan de accuraatheid 
worden bepaald in een hoog aantal carcinomen en gevorderde adenomen.

Ten tweede lijken de momenteel beschikbare FITs hun maximale resultaat 
te hebben bereikt. Dit maximale resultaat is echter verre van perfect en verbetering 
is nodig. FITs hebben een lage sensitiviteit voor rechtszijdige afwijkingen,26, 27 matige 
testkarakteristieken (vooral voor gevorderde adenomen),5, 25, 26, 28 en zijn niet specifiek 
in de zin dat ze menselijk bloed detecteren in plaats van hoog risico neoplasieën. De 
detectiegraad kan weliswaar worden verbeterd door de afkapwaarde te verlagen 
of door meerdere testen te gebruiken, maar dit gaat altijd ten koste van een lagere 
specificiteit. De detectiegraad zou theoretisch verder verhoogd kunnen worden 
door anticoagulantia te gebruiken voor het uitvoeren van de FIT. Hierdoor wordt 
de kans dat gevorderde neoplasieën bloeden mogelijk groter. Een andere optie 
zou zijn om FIT in een korter interval (bijvoorbeeld eens per maand gedurende 
zes maanden) te herhalen in een poging om te corrigeren voor intermitterend 
bloedverlies. Het is echter onbekend of alle neoplasieën bloeden en een hogere 
detectiegraad van bloed betekent niet noodzakelijkerwijs efficiëntere screening, 
omdat er vele oorzaken van occult bloedverlies zijn.

De effectiviteit van CRC screening zou op twee manieren kunnen worden 
verbeterd: 1. verbetering van testkarakteristieken door het ontwikkelen van een 
test die naast bloed ook tumorspecifieke producten kan detecteren; 2. detectie 
van juist die neoplasieën in het colon die daadwerkelijk een hoog risico hebben op 
progressie naar carcinoom. Het is bekend dat maligne cellen en cellen van adenomen 
bestanddelen als DNA in het lumen van de darm afscheiden. Deze afvalproducten 
kunnen vervolgens in ontlasting worden gedetecteerd. Dit materiaal zou de 
vingerafdruk kunnen zijn van adenomen in ontwikkeling tot carcinoom en biedt de 
mogelijkheid om ook niet bloedende laesies op te sporen. Tumorspecifieke markers 
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in combinatie met FIT (FITplus) zou het gat kunnen dichten dat FIT open laat. Een 
eerste onderzoek toonde de potentie van een dergelijke combinatietest; de test 
sensitiviteit nam toe terwijl de specifi citeit nauwelijks werd beïnvloed.29 Daarnaast 
hebben fecale biomarkers laten zien een gelijke sensitiviteit voor proximale en 
distale laesies te hebben.30 Ten tweede zou de effectiviteit van screening kunnen 
worden verbeterd door het gebruik van tumorspecifi eke fecale markers die alleen 
die adenomen detecteren die zich ontwikkelen tot carcinoom. Door (epi)genetische 
veranderingen te detecteren waarvan bekend is dat ze betrokken zijn bij de 
progressie van adenoom naar carcinoom, kan overdiagnostiek en overbehandeling 
van onschuldige adenomen worden verminderd. Wanneer een nieuwe generatie 
biomarkers in staat blijkt om daadwerkelijke hoog risico laesies te detecteren, kan 
screening effi ciënter worden. Er is een verschuiving in het paradigma nodig van wat 
nu als gevorderde adenomen wordt beschouwd.31 Door een verandering in de 
richting van carcinogenese kan de accuraatheid en effi ciëntie van screening verder 
worden verbeterd.

In Nederland startte het bevolkingsonderzoek naar CRC in 2014, waarbij 
gebruik wordt gemaakt van FOB Gold®. Zoals de Gezondheidsraad adviseert, moet 
het mogelijk zijn om het operationele programma te vergelijken met nieuwe of 
andere screeningstesten, omdat nieuwe ontwikkelingen het programma effectiever 
kunnen maken. Het toevoegen van veelbelovende tumorspecifi eke biomarkers als 
PHACTR3 zou een uitstekende mogelijkheid zijn voor verbetering. Na een aantal 
screeningsronden is het aannemelijk dat de prevalente carcinomen zijn gedetecteerd 
en verschuift het doel van screening mogelijk naar detectie van hoog risico 
adenomen. Het paradigma van gevorderde adenomen zou moeten verschuiven 
naar adenomen met daadwerkelijk een hoog risico op progressie naar carcinoom. 
Door FIT meer gericht te maken op carcinogenese, tillen we het naar het volgende 
niveau.
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‘It can be proven that most claimed research fi ndings are false’.1 Dit is een 
statement wat lekker ontnuchterend werkt bij het schrijven van het dankwoord. 
Het is ook waar dat promoveren met tegenslagen gepaard gaat en meer tijd kost 
dan je lief is. Daar komt nog eens bij dat bij het uitvoeren van onderzoek allerlei 
politieke processen een rol spelen, welke niet altijd even transparant, maar vaak des 
te opmerkelijker zijn. En toch is dit alles niet zwartgallig bedoeld; het promotietraject 
is een bijzonder leuke en interessante tijd geweest. Inspirerende bijeenkomsten, 
bevindingen en collegae maakten het tot een zeer waardevolle en positieve ervaring. 
In dit hoofdstuk wil ik iedereen hartelijk danken voor zijn of haar bijdrage aan de 
totstandkoming van dit proefschrift.

Geachte prof. dr. Mulder, beste Chris, dank voor de mogelijkheid en het 
vertrouwen dat je me hebt gegeven om het CRC-onderzoek voort te zetten. 
Je aanstekelijke enthousiasme, optimisme en het zien van mogelijkheden was en 
is een goede stimulans. Je hebt niet alleen hart voor het onderzoek, maar ook 
voor je assistenten/onderzoekers. Naast de zakelijke kant ben je altijd attent en 
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Gerrit, ook jij bedankt voor je goedkeuring mij op te nemen in het onderzoeksteam. 
Ik herinner me onze kennismaking waarbij je me vroeg of ik dacht dat ik het 
onderzoek een goed vervolg kon geven. Met ‘Ah, Chris heeft je toch al aangenomen’ 
leek je onverschillig, maar het was vast prikkelend bedoeld. Je organisatie, inzicht en 
ideeën zijn indrukwekkend. Dat blijkt ook uit de fraaie resultaten die de TP-groep 
heeft geboekt. Dank voor je opbouwende kritiek. Ik heb het erg prettig gevonden 
met je samen te werken. Geachte dr. L.G.M. van Rossum, beste Leo, dank voor je 
sparringen over screening naar CRC en onderzoek in het algemeen. Het is fi jn 
te zien dat er onderzoekers zijn die open zijn, ‘out of the box’ willen denken, en 
krachten willen bundelen. Ons overleg was stimulerend, aangenaam en heeft veel 
toegevoegd aan het proefschrift. Geachte dr. V.H.M. Coupé, beste Veerle, jij maakt 
het kwartet van (co-)promotoren compleet. Niet alleen als vierde, maar vooral 
door je bijdrage vanuit een andere invalshoek. Ik dank je voor al je inspanningen 
bij de statistiek, je hulp met verbeteringen van artikelen, nieuwe ideeën en prettige 
kritiek. Ook de samenwerking met jou heb ik als bijzonder aangenaam ervaren en 
ik hoop de laatste resultaten samen succesvol te kunnen afronden.

Mijn dank gaat ook uit naar de leden van de leescommissie. Prof. dr. J.B.M.J. 
Jansen, prof. dr. E. Dekker, dr. M.G.H. van Oijen, dr. R.W.M. van der Hulst, dr. M.E. van 
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Leerdam en dr. B. Carvalho, allen dank voor de tijd en inspanning die jullie hebben 
besteed aan het beoordelen en bekritiseren van mijn proefschrift.

Beste Jochim, Frank en Ilhame, het was en is bijzonder aangenaam om 
met jullie samen te werken. Jullie hebben de lat voor een nieuwe onderzoeker 
zeker niet laag gelegd. Ik heb genoten van ons overleg en samenwerking, dank 
daarvoor! Gedeelde smart is halve smart, en er was en is altijd tijd voor een geintje. 
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Haarlem, betrokkenheid, motivatie en suggesties waren zeer welkom. Ik heb goede 
herinneringen aan de bijeenkomsten op de Prinsengracht. Ook veel dank aan alle 
studentassistenten die ons door de jaren hebben geholpen! Mijn dank gaat ook 
uit naar alle patiënten, artsen, verpleegkundigen en secretaresses die ons hebben 
geholpen in de samenwerkende GUT-club ziekenhuizen om het onderzoek 
succesvol te laten verlopen.

Beste Edwin, hartelijk dank voor je tomeloze inzet en onuitputbare energie 
voor ons onderzoeksproject. Je stond altijd klaar voor extra testanalyses, was 
betrokken en dacht mee. Zonder jou was al het onderzoek niet mogelijk geweest. 
Daarbij ook dank aan dr. A.A. Bouman en prof. dr. M.A. Blankenstein van de afdeling 
Klinische Chemie, voor het faciliteren van de samenwerking.

Dank ook aan de TP-groep voor de samenwerking door de jaren. De 
groep is op een gegeven moment zo groot geworden dat ik ongetwijfeld iemand 
vergeet. Beste Sandra (Catenaccio), Linda, Beatriz, Remond, Pien, Nicole, Jeroen 
B., Cunyet, Mark, Mireille, Marianne, Anke, Josien, Lisette, Oscar, Jeroen G., Erienne, 
Meike, Rinus, Cindy, Danielle, Anne, Begona, Evert en Janneke; dank voor jullie hulp 
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altijd zoals we van tevoren hadden gedacht en gehoopt, maar de samenwerking was 
prettig en de voorlopige resultaten geven nieuwe inzichten.

‘De wetenschap’ gaat thuis, zeker na 2 jaar, gewoon door. Lieve papa en 
mama, dank voor jullie liefde, interesse, steun en de mogelijkheden die jullie me 
altijd hebben gegeven. Binnen een warm en betrokken gezin lijken dingen soms 
gemakkelijk of vanzelfsprekend te zijn, maar eigenlijk zijn veel dingen juist heel 
bijzonder. Lieve Lise, Dan, Boukje en Ard, jullie ook veel dank voor je interesse, liefde, 
steun en ogenschijnlijke acceptatie van mijn beperkte tijd. Lieve opa (en eerder opa 
en oma’s), Marianne en Gerrit, jullie interesse en betrokkenheid stimuleert en zou 
ik niet willen missen. Lieve Robert, Marjo, Inge, Anna, Kostas en Sigrid, dank voor 
jullie liefde en gastvrijheid. Een schoonfamilie kies je niet, maar het is wel prettig een 
fi jne schoonfamilie te hebben! Nu zal ik (hoewel toch nog niet alles klaar is), niet 
zo vaak die laptop op schoot hebben. De vraag ‘wat doet hij daar toch altijd?’ lijkt 
me nu wel beantwoord. Andere familie, vrienden en vriendinnen, ook jullie dank 
voor je interesse in de voortgang en vriendschap. Ik geniet bijzonder van onze 
samenkomsten. Allen excuus voor de tijd die ik heb opgeofferd aan dit proefschrift 
waar dit ten koste ging van tijd met jullie. En ook excuus aan degene die ik nu 
vergeet te bedanken. Ook jij heel erg bedankt!

Tot slot, lieve Kirsten. Je zal geregeld hebben gezwegen wanneer ik weer 
een avond of weekend achter de computer bezig was en me van jou afzonderde. 
Naast gewone werkdagen heb je geaccepteerd dat ik ook vaak bezig was in mijn 
vrije tijd. Ik ben heel blij met de steun en je geduld dat je me al die jaren hebt 
gegeven. Lieve Arne en Line, hoe klein en groot jullie ook zijn, bedankt dat jullie ook 
tevreden gingen spelen als papa op de computer moest werken. Hoe mooi is het 
om het plezier in jullie ogen te zien, jullie lachjes en jullie levenslust! Het is tijd voor 
een andere prioriteit.
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‘Er bestaan geen feiten, alleen interpretaties’

F. Nietzsche (1844-1900)
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WILSON AND JUNGNER CRITERIA JUSTIFYING SCREENING

1. The condition sought should be an important health problem.

2. There should be an accepted treatment for patients with recognized disease.

3. Facilities for diagnosis and treatment should be available.

4. There should be a recognizable latent or early symptomatic stage.

5. There should be a suitable test or examination.

6. The test should be acceptable to the population.

7. The natural history of the condition, including development from latent to 
declared disease, should be adequately understood.

8. There should be an agreed policy on whom to treat as patients.

9. The cost of case-fi nding (including diagnosis and treatment of patients 
diagnosed) should be economically balanced in relation to possible expenditure 

on medical care as a whole.

10. Case-fi nding should be a continuing process and not a “once and for all” 
project.
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