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Abstract 

Background: Many screening programs for colorectal cancer (CRC) use the fecal immunochemical test (FIT) to triage 
individuals for colonoscopy. Although these programs reduce CRC incidence and CRC-related mortality, the detection 
of advanced precursor lesions (advanced adenomas and advanced serrated polyps) by FIT could be improved. As an 
alternative for FIT, the antibody-based multitargetFIT (mtFIT) has been proposed. The mtFIT measures three protein 
markers: hemoglobin, calprotectin, and serpin family F member 2. In a retrospective diagnostic accuracy study in a 
large colonoscopy-controlled series (n = 1284), mtFIT showed increased sensitivity for advanced neoplasia (AN), at 
equal specificity, compared to FIT (42.9% versus 37.3%; p = 0.025). This increase was mainly due to a higher sensitivity 
of mtFIT for advanced adenomas (37.8% versus 28.1% for FIT; p = 0.006). The present mtFIT study aims to prospec-
tively validate these findings in the context of the Dutch national CRC screening program.

Method: The mtFIT study is a cross-sectional intervention study with a paired design. Eligible subjects for the Dutch 
FIT-based national CRC screening program are invited to perform mtFIT in addition to FIT. Samples are collected at 
home, from the same bowel movement, and are shipped to a central laboratory by postal mail. If either one or both 
tests are positive, participants are referred for colonoscopy. Detailed colonoscopy and pathology data are centrally 
stored in a national screening database (ScreenIT; Topicus, Deventer, the Netherlands) that is managed by the screen-
ing organization, and will be retrieved for this study. We aim to determine the relative sensitivity for AN, comprising of 
CRC, advanced adenomas and advanced serrated polyps, of mtFIT compared to FIT at an equal positivity rate. Addi-
tionally, we will use the Adenoma and Serrated Pathway to Colorectal CAncer model to predict lifetime health effects 
and costs for programmatic mtFIT- versus FIT-based screening. The target sample size is 13,131 participants.
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Discussion: The outcome of this study will inform on the comparative clinical utility of mtFIT versus FIT in the Dutch 
national CRC screening program and is an important step forward in the development of a new non-invasive stool 
test for CRC screening.

Trial registration: Clini caltr ials. gov; NCT05314309, registered April 6th 2022, first inclusions March 25th 2022 https:// 
clini caltr ials. gov/ ct2/ resul ts? cond= & term= NCT05 31430 9& cntry= & state= & city= & dist=.

Keywords: Fecal immunochemical test, Multitarget fecal immunochemical test, Screening, Advanced neoplasia, 
Colorectal cancer, Health economic modelling

Background
Colorectal cancer (CRC) is responsible for approxi-
mately 10% of all cancer cases and related deaths, mak-
ing it a highly prevalent and deadly disease. In 2020, 
worldwide around 1.9 million new CRC cases and over 
900.000 CRC-related deaths occurred [1]. CRC survival is 
inversely related to CRC stage at diagnosis, which under-
lines the importance of early detection through screen-
ing. The gradual transition from normal epithelium 
through an adenoma or serrated polyp stage to CRC pro-
vides an opportunity for prevention and early detection 
[2–5]. Indeed, CRC screening programs, introduced over 
the last decade, have reduced CRC incidence and CRC-
related mortality [6–10].

In line with the World Health Organization’s recom-
mendations, many countries have implemented national 
CRC screening programs based on a fecal immuno-
chemical test (FIT), which detects hemoglobin in stool, 
followed by colonoscopy for those testing positive. 
Advantages of FIT-based screening programs are the 
high participation rate, the limited burden for partici-
pants, and the efficient use of colonoscopy resources 
[11–13]. Even though FIT-based screening effectively 
reduces CRC incidence and CRC-related mortality, 
there still is substantial room for improvement, espe-
cially in accurately detecting advanced precursor lesions 
(advanced adenomas and advanced serrated polyps) 
[14, 15]. Detecting high-risk lesions at a precursor stage, 
before their progression to cancer, allows for less com-
plicated removal of those lesions during colonoscopy 
without the risk of metastasis, resulting in better survival 
[16]. However, a higher detection rate should not come at 
the cost of specificity. Therefore, there is a need for cost-
effective, non-invasive screening tests that outperform 
FIT in the detection of advanced neoplasia (AN), at an 
equal positivity rate, to improve the performance of cur-
rent CRC screening programs [17, 18].

While many stool biomarkers for CRC screening have 
been investigated, only a few tests have made it to imple-
mentation [19–21]. The most well-known example is the 
multitarget stool DNA (mt-sDNA) test, which is widely 
used in the United States [22]. However, the mt-sDNA 
test is not considered an alternative for FIT in many 

countries with programmatic CRC screening, based 
on cost-effectiveness and logistical considerations, as 
the mt-sDNA test is more costly than FIT and based on 
whole stool samples instead of small stool samples.

As an alternative, over the past decade, we have devel-
oped a multitarget fecal immunochemical test (mtFIT) 
that could be suitable for programmatic CRC screening 
[12, 23, 24]. This mtFIT consists of antibody-based assays 
for a combination of three protein biomarkers (hemo-
globin, calprotectin and serpin family F member 2), and 
can be performed on small stool samples, which are col-
lected using the same collection devices as for regular 
FIT-based screening. Recently, we have demonstrated in 
a retrospective diagnostic accuracy study with 1284 par-
ticipants that, at an equal specificity of 96.6%, the sensitiv-
ity of mtFIT for AN was higher than that of FIT (42.9% 
versus 37.3%, respectively; p = 0.025). This increase was 
mainly due to a 35% increase in advanced adenoma detec-
tion (37.8% versus 28.1% for mtFIT and FIT, respectively; 
p = 0.006) [12]. Early health technology assessment, eval-
uating the potential of implementing the mtFIT in a CRC 
screening program, indicated that mtFIT-based screening 
could lead to a reduction of 12% in CRC incidence and 8% 
in CRC-related mortality compared to FIT-based screen-
ing. Moreover, it showed that mtFIT-based screening 
could be cost-effective compared to FIT-based screening. 
As a next step, we now set out to validate these findings in 
a cross-sectional intervention study with a paired design 
in an intended-use population, i.e. participants of the 
Dutch national CRC screening program.

Objectives
Primary objective
The primary objective of this study is to assess the rela-
tive sensitivity (calculated as the relative detection rate) 
of mtFIT compared to FIT for AN at an equal positivity 
rate in a head-to-head comparison in an intended-use 
population. AN comprises CRC, advanced adenomas and 
advanced serrated polyps.

Secondary objectives
A secondary objective is to assess the relative sensitiv-
ity for CRC, advanced adenomas, and advanced serrated 
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polyps after one round of screening with mtFIT or FIT. 
In addition, we aim to assess the long-term cost-effec-
tiveness of mtFIT- versus FIT-based programmatic CRC 
screening.

Methods/Design
Study design
The mtFIT study is a cross-sectional intervention study 
with a paired design comparing mtFIT to FIT. Partici-
pants will take two samples from the same bowel move-
ment. One of the laboratories appointed to analyze FIT 
samples collected during the Dutch national CRC screen-
ing program will also analyze the mtFIT samples. If 
either or both tests are positive, participants are referred 
for colonoscopy. All colonoscopy and pathology data 
are collected and centrally stored in a national screen-
ing database (ScreenIT; Topicus, Deventer, The Neth-
erlands), managed by the screening organization, and 
will be retrieved for this study. As recommended by the 
Dutch Health Council, the ethical review and approval of 
the study were issued by the Dutch Ministry of Health, 
Welfare and Sport in April 2020. The study is registered 
in Clini calTr ials. gov (NCT05314309) [25]. The current 
mtFIT study is being conducted with the FAIR principles 
in mind: to have the data be Findable, Accessible, Inter-
operable and Reusable.

Study population
The mtFIT study is conducted in an intended-use popu-
lation [18, 26]. To this end, participants are randomly 
selected from the target population of the Dutch national 
CRC screening program (n  = 2.000.000 annually). The 
screening organization will send invitations until 13,131 
participants are included. Inclusion criteria for the mtFIT 
study are equal to those of the Dutch national CRC 
screening program. Dutch residents aged 55 to 75 years 
old are eligible, except for those [1] undergoing treat-
ment for CRC, or [2] having had a colonoscopy less than 
5 years ago, or [3] undergoing colonoscopy surveillance 
because of another gastrointestinal disease or [4] because 
of an increased risk of CRC due to a hereditary or familial 
CRC syndrome. In order for subjects to be able to read 
the participant information and give informed consent, 
they need to have a sufficient understanding of the Dutch 
language.

Sample size calculation
The sample size is based on the McNemar test for testing 
the difference in detection rates between mtFIT and FIT 
in a paired design. The calculation used data reported by 
the screening organization for 2020, with a FIT detec-
tion rate for AN of 1.2%, and assumed that mtFIT would 
result in a 20% increased detection rate of 1.44%. Then, 

under the assumption of an 80% overlap in AN detection, 
a two-sided significance level of 5%, and a power of 90% 
to detect a 20% increased detection rate, a total number 
of 13,131 participants is required.

Subject recruitment and informed consent
The screening organization, responsible for execut-
ing the Dutch national CRC screening program, selects 
and recruits subjects. A computer-run algorithm selects 
a random sample from the participants of the Dutch 
national CRC screening program (SPSS, version 23, IBM 
Corp, Armonk, NY). Each subject has an unique study 
code used in all correspondence. An invitation is sent to 
subjects four weeks prior to their planned regular screen-
ing invitation, informing them about the study and  giv-
ing them the opportunity to participate. This invitation 
includes an information brochure, an informed consent 
form, and a link to the study website which contains an 
animation video explaining the study, and all study bro-
chures (in Dutch) [27]. Individuals participating in the 
study have to sign the informed consent form and send it 
to the Netherlands Cancer Institute, where the informed 
consent is stored following the European General 
Data Protection Regulation. In addition to requesting 
informed consent for participation in the study, partici-
pants are also asked for permission to re-use obtained 
data and material for future research into early detection 
of CRC, including the storage of collected stool samples 
in a biobank and keeping residual material obtained dur-
ing a possible colonoscopy.

Sample collection
Approximately four to eight weeks after their study invi-
tation, at the moment of their planned invitation for the 
Dutch national CRC screening program, participants 
receive a participation package. This package includes 
an information brochure on the national CRC screening 
program and the mtFIT study, instructions for collect-
ing the stool samples for the two tests, two collection 
tubes, a plastic sealing bag for safely shipping the col-
lection tubes, and a return envelope (Fig. 1, step 1). The 
FOB-Gold (Sentinel, Milan, Italy) collection tube is used 
for FIT and the OC-Sensor (Eiken Chemica Co., Tokyo, 
Japan) for mtFIT. After completing the stool collection, 
the samples are returned to the laboratory by postal mail. 
Except for the extra collection tube and associated infor-
mation, the study package is similar to the package used 
in the Dutch national CRC screening program.

Laboratory procedures
The laboratory checks the returned envelopes for the 
presence of both FIT and mtFIT. When a participant 
returns just one of two collection tubes, he/she will be 
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excluded from the study. If only the FIT is returned the 
FIT is analysed for the regular CRC screening program. 
In the laboratory, the two collection tubes follow separate 
workflows.

FIT samples will be analyzed according to the standard 
operating procedures of the Dutch national CRC screen-
ing program, using a fully-automated clinical chemistry 
analyzer (Bio Majesty JCA, DiaSys Diagnostic Systems, 
Holzheim, Germany). Quantitative hemoglobin test 
results for every sample are automatically communicated 
to the screening organization and stored in the ScreenIT 
database (Fig.  1, step 2). The used FIT cut-off for posi-
tivity is 47 μg hemoglobin / g feces and is similar to the 
cut-off used in the regular Dutch national CRC screening 
program [28].

For mtFIT, the assay, developed using the Meso Scale 
Discovery (MSD) platform, measures the hemoglobin, 
calprotectin, and serpin family F member 2 proteins 
with tailored antibody assays, using electrochemilumi-
nescence [29]. The study setup allows for the analysis 
of 37 samples (in duplo) per run, next to multiple con-
trols. For each protein, the mean of the duplicate values 
is computed and fed into the previously described mtFIT 
algorithm [12]. The mtFIT result is then communicated 
to the screening organization and stored in the ScreenIT 
database (Fig. 1, step 2).

Final test result
Within 10 days of the arrival of the sample at the labora-
tory, the screening organization informs the participant 
of the final positive or negative stool test result. The result 
is positive if FIT and/or mtFIT are positive and negative 
if both FIT and mtFIT are negative (Fig.  1, step 3). For 

positive results, both the participant and the endoscopist 
are blinded for which test(s) was (were) positive. If a par-
ticipant wants to know which test(s) was (were) positive 
before the colonoscopy, the participant will be excluded 
from the study.

Clinical procedures
In the event of a positive stool test result, participants 
are referred for colonoscopy (Fig.  1, step 3). All lesions 
detected during colonoscopy are removed and sent for 
pathological evaluation. The quality of the colonoscopy 
and pathology examinations is controlled in the Dutch 
national CRC screening program, including certification 
of the centers and the individual endoscopists [30]. This 
includes structured reporting of both colonoscopy and 
pathology data in ScreenIT [31, 32]. The data of study 
participants will be made available to the study team in 
a pseudonymized form. AN is defined as the presence 
of a CRC, an advanced adenoma or an advanced ser-
rated polyp. CRC stage is defined based on the American 
Joint Committee on Cancer TNM classification system. 
Advanced adenomas are defined as adenomas with a 
size ≥10 mm and/or high-grade dysplasia and/or a vil-
lous component (e.g. tubulovillous or villous adenoma). 
Advanced serrated polyps are serrated polyps with a size 
≥10 mm and/or with any grade of dysplasia (Fig. 2).

Data collection, management and monitoring
To define data management processes and workflow, the 
research team has developed standard operating proce-
dures that follow the Good Clinical Practice guidelines. 
Study data are compiled and stored in the web-based 
electronic data capture system ‘Castor EDC’ (Ciwit B.V., 

Fig. 1 Flow-scheme of the cross-sectional intervention study. Step 1; After invitation and written consent, participants will receive a study package 
at home with two tests (FIT and mtFIT). Step 2; Participants will perform the two tests at home and send them per post to the central laboratory 
where the tests are analyzed. Step 3; Analysis results will be communicated to the participant per post. In case either one or both tests have a 
positive result, then the participant will be referred for colonoscopy, otherwise they will be re-invited for screening 2 years later
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Amsterdam, the Netherlands). Informed consent and 
participants’ data are pseudonymized by the screening 
organization, using unique identification codes. Each 
sample tube, either mtFIT or FIT, has a unique code with 
which the laboratory reports the mtFIT results to the 
study team. Only the screening organization has access to 
information that may reveal a participants’ identity.

For data sharing and transfer of the various data types 
obtained during this study, a secure cloud storage called 
Surfdrive (SURF, Utrecht, the Netherlands) is used that 
complies with the Dutch and European privacy legis-
lation [33]. Access to the cloud storage is restricted to 
study staff, including the researchers, screening organiza-
tion and laboratory, and granted at folder level.

Data monitoring is performed regularly to check com-
pleteness of data entry and warnings from the validation 
rules. Incidents regarding data and study logistics are 
documented and reviewed with the screening organiza-
tion and the National Institute of Public Health and the 
Environment.

The study team aims to ensure that end-of-study inte-
grated data complies with the FAIR principles using 
the cBioPortal platform hosted for Dutch institutions 
through Health-RI [34].

Data analysis
Since colonoscopy data will only be available for partici-
pants with a positive FIT and/or mtFIT, absolute sensi-
tivities of both tests cannot be determined. Therefore, the 
performance of mtFIT will be compared to FIT by deter-
mining the relative sensitivity (calculated as the relative 
detection rate) for AN as well as CRC, advanced adeno-
mas and advanced serrated polyps, respectively. This 
comparison will be performed at an equal positivity rate.

Health economic modelling
The externally validated Adenoma and Serrated path-
way to Colorectal Cancer (ASCCA) model will be 
used to assess the long-term cost-effectiveness of pro-
grammatic mtFIT- versus FIT-based screening [35]. 

We will first set up the model to simulate the current 
Dutch national CRC screening program, which con-
sists of biennial FIT-based screening between the age 
of 55 and 75 years. Participation to FIT and colonos-
copy will be set to 73 and 92%, respectively, following 
the observed participation rates in the Dutch national 
CRC screening program. Subsequently, we will set up 
the model to simulate mtFIT-based screening, assum-
ing the same screening protocol and participation rates 
as for FIT-based screening. The sensitivities of FIT for 
separate lesion types (i.e., CRC, advanced adenomas, 
advanced serrated polyps, non-advanced adenomas, 
non-advanced serrated polyps) that are currently used 
in the ASCCA model will be adapted with the rela-
tive sensitivities of mtFIT compared to FIT at an equal 
positivity rate to obtain absolute sensitivities of mtFIT. 
Outcomes of each screening strategy will include the 
number of CRC cases and deaths, number of colo-
noscopies, quality adjusted life-years and costs. The 
mtFIT-based screening will be compared to FIT-based 
screening by calculating CRC incidence and CRC-
related mortality reductions as well as the incremental 
cost-effectiveness ratio (ICER) (the difference in costs 
divided by the difference in quality adjusted life-years). 
In addition, a threshold analysis will be performed to 
determine the maximal costs of the mtFIT at which 
mtFIT-based screening will be cost-effective compared 
to FIT-based screening assuming a willingness-to-pay 
threshold of €45.874 corresponding to the Dutch gross 
domestic product per capita in 2020 [36, 37].

Discussion
Worldwide, CRC poses a heavy burden for both indi-
viduals affected by the disease as well as healthcare sys-
tems. Early detection of CRC by programmatic CRC 
screening has proven to be the most effective method 
to address this challenge [17]. Many countries have 
substantially invested in deploying such programs, 
that require extensive logistics. Consequently, any 

Fig. 2 Participant timeline. Estimated periods of waiting time between the different steps of the study per participant
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improvements of FIT-based screening will be much 
more easily adopted when the investments in these 
CRC screening programs can be re-used.

The opportunity to conduct this study in 13,131 partic-
ipants of the Dutch national CRC screening program has 
major advantages. Screening trials require large numbers 
of participants and are inherently costly, while support 
from industry for screening studies like this one lags far 
behind what is common practice in drug development. 
The ability to benefit from the logistics, quality assur-
ance, data management, and collection of colonoscopy 
and pathology outcome data is a tremendous facilitator, 
and provides the optimal scenario for evaluating mtFIT 
in an intended-use population. An inherent limitation is 
that the study is not fully colonoscopy controlled, since 
only participants with a positive stool test result will be 
referred for colonoscopy. Nevertheless, using a paired 
design still allows for determining the relative sensitivity 
(relative detection rate at equal positivity rate) of mtFIT 
for AN compared to FIT. The validation of new screen-
ing tests is recommended in an intended use population, 
by comaring the new screening test to an existing screen-
ing test with well-known impact on CRC-incidence and 
CRC-related mortality [18]. In addition, the study results 
will be used to model the long-term impact of mtFIT- 
versus FIT-based screening on CRC incidence and CRC-
related mortality and to assess whether the mtFIT could 
replace FIT in programmatic CRC screening programs in 
a cost-effective way.

The assay technology used in the mtFIT is industry 
standard and allows multiple proteins to be analyzed 
simultaneously. However, the method requires substan-
tial hands-on time in the laboratory, making it, at the 
moment, less suitable for use at the scale required for 
programmatic CRC screening programs. Nevertheless, 
this study is important in proving the clinical utility of 
the mtFIT combination of protein markers. The techni-
cal details of the platform ultimately used, pending the 
results of the mtFIT study, will depend on the choices 
made by any industry partner developing mtFIT into a 
commercial product.

In conclusion, mtFIT holds great potential for improv-
ing current FIT-based CRC screening programs while at 
the same time being compatible with the logistics of these 
screening programs, which strengthens the perspectives 
for implementation of the test. Next to validating earlier 
retrospective data, the planned study in the intended-use 
population will also provide a solid basis for determining 
the conditions under which mtFIT-based screening will 
be cost-effective compared to FIT-based screening. Thus, 
this study marks an important step forward in the devel-
opment of a new stool-based test for programmatic CRC 
screening.
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