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INTRODUCTION
Colorectal cancer (CRC) is an important health problem; it is the third most common 
cancer in men and second in women globally.1 In Europe, CRC is the most common cause 
of cancer death after lung cancer.2 Age is a major risk factor for the development of CRC, 
with the majority of patients with sporadic cancer being > 50 years of age.3 Other common 
risk factors include a first-degree relative with CRC and excess body weight.4, 5

The lifetime risk of developing colorectal cancer in many regions is around 5%. Over the 
past years, treatment modalities have largely improved, but still 40-50% of patients with 
symptomatic CRC eventually die of metastatic disease.6 These treatment advancements 
have been accompanied by increased treatment costs. In the United States, colorectal 
cancer was estimated to be the second highest cancer site with highest national cost 
of cancer care in 2010, with approximately 14.14 billion dollar.7 For patients with non-
metastasized CRC, surgery is the main curative treatment, which has been associated with 
appreciable morbidity and mortality rates.8 Most CRCs develop from an adenoma, the 
preclinical precursor of CRC.9 However, only a minority of adenomas ultimately progress to 
CRC. The transition from early adenoma to invasive colorectal cancer takes years.10 These 
characteristics of CRC make CRC particularly suitable for screening.11, 12

Screening for colorectal cancer
In recent years, more than 50 countries have implemented population CRC screening.13 
It has been demonstrated that CRC screening reduces both CRC-related mortality and 
incidence.12, 14-20 Screening aims to lower the burden of cancer by detecting the disease at 
an early, preclinical stage.12, 14, 17, 21

There are several CRC screening methods available, which vary in the level of supporting 
evidence, effectiveness, invasiveness, and uptake. Currently CRC screening programs 
are either based on direct endoscopic visualization of the colon (colonoscopy or flexible 
sigmoidoscopy) or use fecal occult blood testing (FOBT) as primary screening method. In 
the latter form of CRC screening, colonoscopy is offered in case of a positive test.

Fecal occult blood testing
Two types of fecal occult blood testing for CRC screening are available: guaiac fecal occult 
blood testing (gFOBT) and fecal immunochemical testing (FIT). Randomized controlled 
trials have shown that screening with gFOBT is associated with a 15%-33% decrease in 
CRC-related mortality rates.15, 16, 22 Worldwide, FIT is now rapidly replacing gFOBT, as FIT 
has been shown to be more sensitive for the detection of both CRCs and it’s precursors 
than gFOBT.23, 24 Fecal immunochemical tests detect human-specific globin of blood, 
whereas guaiac fecal occult blood tests react with heme, including consumed non-human 
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heme. Other advantages of FIT over gFOBT include that these tests are easier to handle, 
which leads to higher participation and allow for single stool testing.25, 26 They also 
allow automated handling and may provide quantitative test results. Consequently, the 
positivity cut-off is adjustable to match available colonoscopy resources.25, 26

Due to these advantages of FIT over gFOBT, the European guidelines recommend the 
quantitative immunochemical tests as test of choice for population CRC screening.27 
More than 50 FIT brands are widely available.28 However, only few data are available on 
differences between FIT-brands in screening effectivity to detect advanced neoplasia 
(AN). FIT brands vary in sampling tubes and buffer volumes, resulting in different fecal 
hemoglobin measurements that are incomparable.29, 30

Current status in The Netherlands
In the Netherlands, a nationwide FIT-based CRC screening program has been gradually 
implemented from January 2014 onwards. Individuals, aged 55-75 years, are biannually 
invited to perform a single test, followed by subsequent colonoscopy in case of a positive 
test. It was decided to start screening with the FOB-Gold (Sentinel, Italy) through a 
national tender. To match available colonoscopy resources, the positivity cut-off used was 
increased from 15 to 47 μg hemoglobin per gram feces halfway 2014.31

The European guidelines indicate that a screening program should assess individual device 
characteristics, including accuracy, ease of use by participant and laboratory, suitability for 
transport, sampling reproducibility and sample stability.27

AIMS OF THE THESIS

The aims of this thesis are to compare different fecal occult blood tests for CRC screening 
and to explore tailored FIT-based screening strategies.

Outlines of the thesis
Interval cancer rate is a key quality indicator in screening programs. Since data on the 
incidence rate of interval cancers following negative occult stool tests were limited, we 
performed a systematic literature search and meta-analysis to determine the pooled 
incidence rates of interval cancers following a negative gFOBT and FIT in Chapter 2. In this 
chapter, we also assessed how these two types of tests compare with regard to interval 
cancer incidence. In Chapter 3, we assess the accuracy of two FIT assays in detecting 
advanced neoplasia in the Dutch CRC screening program. For this large population-based 
study, we use a paired design, in which both tests are compared within the same individual 
and sampled from the same stool. Such design minimizes the risk of confounding factors 
and increases the applicability of the study results to CRC screening programs worldwide. 
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To facilitate further informed decision-making on implementing one of both tests for a 
CRC screening program, we assessed participation rates and ease of use of the tests in 
Chapter 4.

Furthermore, we compare the accuracy of the two FIT assays in detecting advanced 
neoplasia across various test positivity cut-offs in Chapter 5.

Second, we explore tailored CRC screening strategies with FIT. Potential factors of use 
for tailored or personalized screening may include sex, age, family history, genetic and 
environmental factors, lifestyle, fecal hemoglobin levels detected (over time) and multiple 
sample screening. In Chapter 6, we assess the diagnostic yield of two-sample screening 
and provide information for the decision-making on how to deal with two discordant 
FIT results. We further analyze positivity rates and detection rates of advanced neoplasia 
across age categories in Chapter 7, and assess how these relate to the positive predictive 
values and colonoscopy demand at multiple test positivity cut-offs. Finally, we illustrate 
the effect of gender-tailored FIT screening in Chapter 8.

The impact of CRC screening as well as the balance between screening burden and 
benefits strongly depends on the quality of colonoscopy. Besides quality, safety of the 
endoscopic procedure and patient satisfaction are important outcome parameters 
for a screening program. In the final chapter of the thesis, Chapter 9, we describe the 
requirements for accrediting screening centers as well as individual endoscopists in a CRC 
screening program.
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