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ABSTRACT

Background

Quality assessment is crucial for consistent programme performance of colorectal cancer 
(CRC) screening programmes using faecal immunochemical test for haemoglobin (FIT). 
However, literature on the consistency of FIT performance in laboratory medicine was 
lacking. This study examined the consistency of FIT in testing positive or detecting advanced 
neoplasia (AN) for different specimen collection devices, lot reagents and laboratories.

Methods

All participants with a FIT sample with a cut-off of 47 µg Hb/g faeces in the Dutch CRC 
screening programme in 2014 and 2015 were included in the analyses. Multivariable logistic 
regression analyses were performed to estimate the odds ratios of collection devices, 
reagents and laboratories, on testing positive or detecting AN and positive predictive value 
(PPV).

Results

87,519 (6.4%) of the 1,371,169 participants tested positive. Positivity rates and detection 
rates of AN differed between collection devices and reagents (all p <0.01). In contrast, PPV 
were not found to vary between collection devices, reagents or laboratories (all p >0.05). 
Positivity rates showed a small difference for laboratories (p 0.004), but not for detection 
rates of AN. Size of the population impacted by the deviating positivity rates was small (0.1% 
of the total tested population).

Conclusions

Variations were observed in positivity and detection rates between collection devices and 
reagents, but there was no detected variation in PPV. While the overall population-impact 
of these variations on the screened population is expected to be modest, there is room for 
improvement.
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INTRODUCTION

In recent years many countries have introduced organised screening programmes for 
colorectal cancer (CRC) using the faecal immunochemical test for haemoglobin (FIT).1 Such 
programmes require careful balancing of harms and benefits and adequate quality control.2 
The European Union has therefore developed quality assurance guidelines for CRC screening 
with the aim to enhance the quality and effectiveness of CRC screening.3

In the Netherlands, a national CRC FIT-based screening programme was initiated in 2014. 
Quality assessment of analytical performance of FIT in the Dutch CRC screening programme 
consists of three steps: 1) synthetic controls, 2) commutable faeces based controls, and 3) 
repeated assessment of participant samples with a wide range of FIT results. Recently Fraser 
et al. (2018) have suggested new analytical performance specifications for FIT, because 
this quality assessment in the Dutch CRC screening programme has some limitations.4 
Firstly, both internal and external quality assessment are not used for trueness verification 
purposes as promoted by the 2014 Milan consensus agreement on analytical performance 
specifications.5 Secondly, the currently used criteria for accepting reagent and calibrator lots 
are arbitrary based on expert opinion instead of acceptable impact on predictive value.6 The 
expert opinion was dictated as a minimal requirement for the reagent supplier in the tender 
procedure preceding the implementation of the screening programme and was inherited as 
an acceptance criterion for laboratory professionals in verifying lot-to-lot variability. However 
lot-to-lot variability within the acceptance criterion could still result in substantial variation 
in key screening performance indicators which could not be taken into account when setting 
the criterion. Thirdly, in its current form the analytical FIT performance specifications within 
the screening laboratories, which were defined before the start of the Dutch programme in 
2014, are not based on their impact on clinical endpoints within the Dutch population-based 
CRC screening programme.

We therefore examined consistency of FIT over time on clinical endpoints within a national 
FIT-based CRC screening programme.

METHODS

Screening programme and population

The Dutch national CRC screening programme was initiated in January 2014, with biennial 
FIT screening for men and women aged 55 to 75 years.7 The programme has been gradually 
implemented by birth cohort. Individuals receive an invitation letter and information 
leaflet with one single FIT specimen collection device (Appendix I). After faecal sampling, 
FIT samples were sent by postal mail to an assembly point and randomly assigned to one 
of three central laboratories, where all assessable FITs were analysed. In this study the 
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laboratories were de-identified by labelling them with a unique letter (LabA, LabB, LabC). 
If sample return time exceeded 6 days or the FIT specimen collection device was used after 
the expiration date, individuals with a negative test result were sent a new FIT specimen 
collection device with the request to resample. All participants with a positive test result 
were invited for a pre-colonoscopy intake interview and, if no contraindications, referred 
for colonoscopy. The national screening organisation is responsible for the logistics of the 
programme and ordering of new FIT specimen collection devices and new reagent lots for 
the three laboratories.

Faecal immunochemical test
The FOB-Gold (Sentinel Diagnostics SpA, Milan, Italy), an automated quantitative FIT, 
was used. In this reagent, polyclonal anti-human haemoglobin (Hb) antibodies coated on 
polystyrene beads, bind human haemoglobin thereby triggering an agglutination reaction 
that can be quantified by turbidity. Samples were pre-analytically processed using an Impeco 
track. Turbidity analysis was performed by a track connected JCA-BM6010 Biomajesty clinical 
chemistry analyser (Jeol). The FIT specimen collection devices contain a buffer solution 
(1.7 mL) and a green screw-cap with faecal collector. All specimen collection devices were 
labelled with a unique bar code. Different batches with FIT collection devices, all FOB-Gold 
(Sentinel Diagnostics SpA) were labelled with a three letter code; these are the first three 
letters of the unique bar code on the FIT specimen collection device (AAA, AAC, AAD, AAE). 
During the pilot phase at the end of 2013, preceding the start of the national programme, 
specimen collection device AAB was used. This data was not included in the study. The FIT 
manufacturer claims Hb stability in the FIT specimen collection device for 14 days at 2-8 °C 
or 7 days at 15-30 °C. A sample taken from the FIT specimen collection device is mixed with 
latex reagent. An immunological latex reagent is used for the determination of haemoglobin, 
added and mixed with the buffer solution in the FIT specimen collection device. Different 
reagent lots were also labelled with a unique lot number (1-6). The cut-off for a positive test 
result was initially set at 15 µg Hb/g faeces. As the programme performed differently than 
the predefined programme indicators, the cut-off was increased to 47 µg Hb/g faeces in July 
2014.7

Quality control in the Dutch programme

Pre-analytical aspects and analytical performance of the FIT analysis are described in the 
FITTER checklist (Appendix II). Daily controls in the participating laboratories, supervised by 
the Dutch Foundation for Quality Assessment in Medical Laboratories (SKML) consist of three 
groups of controls: 1) Synthetic controls provided by the IVD manufacturer, 2) Commutable 
faeces based controls with addition of known amounts of human haemoglobin provided by 
EQAS organiser SKML, 3) The percentage of patients above and below certain predefined 
values in the participating laboratories. Laboratories determine analytical performance by 
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judging their own control performance on a daily basis and by judging the comparison of 
the three laboratories on weekly basis supported by SKML. SKML also provides commutable 
faeces based external quality assessment with known amounts of haemoglobin that are 
blinded to the laboratories. These samples are provided in 6 rounds of 15 samples each with 
values across the measurement range. Laboratories measure external quality assessment 
on a weekly basis and receive reports every two months. Prior to reagent acceptance for 
measurement by the participants, all reagent and calibrator lot combinations are compared 
to the previous reagent and calibrator of the same product using internal control of Sentinel, 
that of SKML, and 40 participants’ samples. Acceptance criteria state that all results must 
be within ±7.5% of the overall-all-lot mean. This approach aims to prevent a worst-case 
difference between lot differences of larger than 15%. During the pilot phase at the end of 
2013, preceding the start of the national programme, only one reagent lot was not accepted 
because it did not meet these criteria. The results in this study were only measured with 
accepted reagent lots.

Data collection

This study included all participants invited in 2014 and 2015. For the purpose of these 
analyses, only data of participants with an assessable faecal sample were analysed. Data 
were obtained from the national CRC screening database (ScreenIT). Individuals who 
objected to exchange of data were not included in the analyses. ScreenIT includes date 
of invitation, date of faecal sampling, date of analysis, concentration µg Hb/g faeces and 
colonoscopy and pathology reports. Data were collected until April 24, 2017. Data on reagent 
and time to expiry date of collection devices were collected through the regional screening 
organisations. Data on the ambient temperature were collected from the Royal Netherlands 
Meteorological Institute (KNMI).

Measures and definitions

The outcomes of interest were FIT positivity rate, detection rate of advanced neoplasia (AN), 
and PPV. ANs are considered relevant findings within the Dutch CRC screening programme 
and consist of CRCs and advanced adenomas (AAs). An AA is defined as any adenoma with 
histology showing >=25% villous component or adenoma with high-grade dysplasia or with 
size >=10 mm. FIT positivity rate was calculated as the number of individuals with a test 
result at or above the cut-off divided by number of participants with an assessable FIT. For 
the purpose of these analyses, all FITs were only considered positive at a cut-off of 47 µg 
Hb/g faeces, regardless of the 15 or 47 µg Hb/g cut-off applied within the national screening 
programme. The same applies to colonoscopy results; these outcomes were also only 
included in the analyses if the FIT result was above a cut-off of 47 µg Hb/g faeces. Detection 
rate was considered as the number of individuals with AN detected during colonoscopy 
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divided by the number of screened individuals. PPV was defined as the number of individuals 
with AN among individuals with a positive FIT who underwent a diagnostic colonoscopy.

Outcome variables were FIT specimen collection devices, reagent lots, laboratories, sex, 
age, ambient temperature, sample return time and time to expiry date of the test. Age 
was determined at the self-sampling date. Ambient temperature was assessed at the date 
of analysis of the faeces sample minus one day, based on the assumption that the faecal 
sample was outdoors during the transportation phase. As a reference place for the average 
ambient temperature we used a geographically central location in the Netherlands (De Bilt). 
Sample return time was defined as the interval in weekdays between self-sampling date and 
analysis date. Negative values of sample return time were coded as missing, as these were 
data entry errors. As only data of samples with a sample return time ≤6 days with a positive 
test result were analysed and not those with a negative test result, for the purpose of this 
analysis individuals with values >6 days (positive and negative) were removed. The time to 
expiry date of the test was the interval between the date of analysis and the expiry date 
indicated on the FIT specimen collection device. Individuals with negative values were coded 
as missing and samples exceeding the expiry date were removed from the analysis.

Statistical analysis

Descriptive analysis were conducted to determine means and proportions of baseline 
characteristics. The Pearson chi-square test was used for the comparison of dichotomous 
or categorical variables and the t-test was used for the comparison of continuous variables. 
Multivariable logistic regression analyses were performed to estimate the odds ratios (OR) 
for FIT specimen collection device, reagent lots and laboratories, for a positive test result, 
detection of AN and PPV. Outcomes were adjusted for sex, age, ambient temperature, 
sample return time, and time to expiry date of test. Continuous variables were modelled 
with splines, using 3 knots, except for sample return time. This variable had one spike 
(majority having same value of 1 day), which was therefore added as a categorical variable. 
Overall significance was tested with ANOVA.

Two uncertainty analyses were performed. The first analysis assessed whether the results 
of the multivariable logistic regression analyses changed when adding a combined variable 
of FIT specimen collection device and reagent lots in the multivariable logistic regression 
model. The second analysis was carried out to assess whether results changed when the 
multivariable logistic regression analyses were stratified by age. Because the programme 
was gradually implemented by year of birth, age was highly correlated with collection 
devices and reagent. The age groups 63 and 67 years were chosen for evaluation of the age 
effect as these age groups comprised the largest number of individuals in each subgroup 
of categorical variables. All statistical tests were two-tailed and P <0.05 was considered 
statistically significant. Statistical analyses were performed with the R statistical package 
version 3.2.3.
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RESULTS

Study population characteristics

A total of 1,372,020 first-round participants had an assessable FIT. In 851 (0.1%) individuals 
the sample return time exceeded 6 days. They were excluded from the analysis, leaving 
1,371,169 participants for analyses. Of these 663,884 (48.4%) were men. The majority of 
participants, 1,313,052 (96.3%) returned their faecal sample within two days after sampling. 
Of all participants with an assessable FIT, 87,519 (6.4%) tested positive, 71,931 (82.2%) of 
these individuals underwent colonoscopy. Results of colonoscopy and/or pathology were 
available for 71,753 (99.8%) individuals. Of those, 6,636 (9.2%) were diagnosed with CRC 
and 34,803 (48.5%) with AA, with a PPV for AN of 57.8%. All baseline characteristics of 
participants differed between FIT positives and FIT negatives, except time to expiry of the 
test (Table 1).

Multivariable logistic analyses

Multivariable logistic regression analysis showed that participants tested with FIT specimen 
collection device AAE are less likely to test positive than collection device AAA (OR:0.82, 
95%CI: 0.73-0.92; Table 2). There were also differences in the probability of testing positive 
between individuals analysed with different reagent lots (OR ranging from 1.11 to 1.31, p 
<0.001; Table 2). Individuals that had their FIT analysed in laboratory B and laboratory C 
tested positive more often (p 0.004; Table 2), however the effect size was very small (LabB 
OR:1.03, 95%CI: 1.01-1.05; LabC OR:1.02, 95%CI: 1.01-1.04).

The detection rate of AN showed a similar pattern as the positivity rate with respect to 
FIT specimen collection device and reagents lots (device p <0.001; reagent lots p 0.004; 
Table 3). Detection rate of AN was especially lower for participants tested with device AAE 
(OR:0.77, 95%CI: 0.65-0.91) and higher for participants tested with reagent lot 6 (OR:1.23, 
95%CI: 1.07-1.41). No difference was observed between the three laboratories in having a 
diagnosis with AN (p 0.37).

PPV for AN did not significantly differ for any of the variables of interest (device p 0.70, 
reagent lot p 0.96, laboratory p 0.23; Table 4).

Uncertainty Analyses

When adding a combined variable of batch FIT specimen collection devices and reagent 
lot into the multivariable logistic regression analysis for testing positive, an association 
between this combined variable and testing positive remained. Remarkable was that a batch 
in combination with the latest added reagent lot (highest number) resulted more often in a 
positive FIT test result: AAA3, AAC5 and AAD6 (Appendix III). Largest deviating positivity rates 
were observed in the combination AAA3 (OR:1.31, 95%CI: 1.02-1.69) and AAC5 (OR:1.51, 
95%CI: 1.05-2.18); however the population tested with these two combinations was very 
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Table 1: Baseline characteristics of participants with an assessable faeces sample
FIT negatives FIT positives* Total p value

Total (n, %) 1.283.650 (93.6) 87.519 (6.4) 1.371.169 (100) <0.001

Sex (n, %)

Men 611,125 (92.1) 52,759 (7.9) 663,884 (100) <0.001

Women 672,525 (95.1) 34,760 (4.9) 707,285 (100)

Age (mean, sd)

Year 66.9 (4.3) 67.7 (4.6) 67.0 (4.4) <0.001

Device (n, %)

AAA 304,754 (93.3) 22,018 (6.7) 326,772 (100) <0.001

AAC 308,413 (93.8) 20,292 (6.2) 328,705 (100)

AAD 575,421 (93.7) 38,811 (6.3) 614,232 (100)

AAE 95,062 (93.7) 6,398 (6.3) 101,460 (100)

Reagent lot (n, %)

1 249,787 (93.3) 17,937 (6.7) 267,724 (100) <0.001

2 232,445 (93.7) 15,557 (6.3) 248,002 (100)

3 235,090 (93.7) 15,770 (6.3) 250,860 (100)

4 233,284 (93.9) 15,224 (6.1) 248,508 (100)

5 158,091 (93.8) 10,523 (6.2) 168,614 (100)

6 174,953 (93.3) 12,508 (6.7) 187,461 (100)

Laboratory (n, %)

LabA 414,232 (93.5) 28,651 (6.5) 442,883 (100) <0.001

LabB 423,476 (93.5) 29,300 (6.5) 452,776 (100)

LabC 445,942 (93.8) 29,568 (6.2) 475,510 (100)

Ambient temperature (mean, sd)

degrees Celsius 10.8 (5.3) 10.7 (5.3) 10.8 (5.3) 0.02

Sample return time (n, %)

1 day 1,042,322 (94.1) 65,167 (5.9) 1,107,489 (100) <0.001

2 days 192,919 (93.8) 12,644 (6.2) 205,563 (100)

3 days 30,823 (93.7) 2,077 (6.3) 32,900 (100)

4 days 10,202 (93.6) 700 (6.4) 10,902 (100)

5 days 3,852 (93.7) 258 (6.3) 4,110 (100)

6 days 2,776 (93.8) 182 (6.2) 2,958 (100)

Time to expiry of device (mean, sd)

Days 293.4 (83.0) 293.3 (84.1) 293.4 (83.0) 0.69

Abbreviations: FIT (faecal immunochemical test for haemoglobin).
*FITs were considered positive at a cut-off of 47 µg Hb/g faeces.
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small (0.1%). Additionally, the combination of AAD6 and AAA1 resulted in deviating positivity 
rates, however the effect size was smaller (OR:1.14, 95%CI: 1.08-1.20 and OR:0.92, 95%CI: 
0.88-0.95, respectively). Although these combinations showed smaller ORs, they affected 
a larger group of individuals (24.8%). The remaining combinations were not significantly 
different.

Stratifying the multivariable models for two age groups for testing positive resulted in 
similar effects sizes as the full model, although some differences were no longer statistically 
significant because of the longer sample size.

Table 2: FIT* test results by specimen collection device, reagent, laboratory and multivariable logistic 
analysis**

Positivity rate (95% CI) OR (95% CI) p value

Device

AAA 6.7 (6.7-6.8) REF <0.001

AAC 6.2 (6.1-6.3) 0.98 (0.94-1.03)

AAD 6.3 (6.3-6.4) 0.94 (0.87-1.02)

AAE 6.3 (6.2-6.5) 0.82 (0.73-0.92)

Reagent lot

1 6.7 (6.6-6.8) REF

2 6.3 (6.2-6.4) 1.11 (1.06-1.16) <0.001

3 6.3 (6.2-6.4) 1.14 (1.08-1.21)

4 6.1 (6.0-6.2) 1.14 (1.06-1.22)

5 6.2 (6.1-6.4) 1.13 (1.04-1.24)

6 6.7 (6.6-6.8) 1.31 (1.19-1.44)

Laboratory

LabA 6.5 (6.4-6.5) REF 0.004

LabB 6.5 (6.4-6.5) 1.03 (1.01-1.05)

LabC 6.2 (6.2-6.3) 1.02 (1.01-1.04)

Abbreviations: FIT (faecal immunochemical test for haemoglobin), OR (Odds ratio), CI (confidence interval).
*FITs were considered positive at a cut-off of 47 µg Hb/g faeces.
** Multivariable OR were corrected for sex, age, ambient temperature, sample return time and time to expiry 
of collection device
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DISCUSSION

In a well-organised FIT-based screening programme with strong focus on quality assurance, 
FIT positivity rates varied by FIT specimen collection devices, reagent lot, and laboratories 
as well as detection of AN for FIT specimen collection devices and reagent lot. These effects 
remained after multivariable correction for sex, age, ambient temperature, sample return 
time and time to expiry of collection device. The PPV for AN were not found to differ between 
FIT specimen collection devices, reagent lots and laboratories. The small difference between 
the three laboratories responsible for the analyses in the national Dutch CRC screening 
programme is considered clinically irrelevant.

The observed differences in this study were surprising and unexpected, as we currently 
have a thorough quality assessment programme in the Netherlands. With every reagent lot 
change quality assessments are in place and quality assessments are regularly carried out 
in the laboratories. On the other hand, the results are not that surprising, considering the 

Table 3: Detection rates of advanced neoplasia* by specimen collection device, reagent, laboratory and 
multivariable logistic analysis **

Number of 
participants

Number of individuals with 
advanced neoplasia  

(detection rate (95% CI)) OR (95% CI) p value

Device

AAA 326,772 10,624 (3.3 (3.2-3.3)) REF <0.001

AAC 328,705 9,529 (2.9 (2.8-3.0)) 0.96 (0.90-1.02)

AAD 614,232 18,500 (3.0 (3.0-3.1)) 0.92 (0.82-1.02)

AAE 101,460 2,786 (2.7 (2.6-2.8)) 0.77 (0.65-0.91)

Reagent lot

1 267,724 8,644 (3.2 (3.2-3.3)) REF 0.004

2 248,002 7,392 (3.0 (2.9-3.0)) 1.07 (1.01-1.14)

3 250,860 7,403 (3.0 (2.9-3.0)) 1.10 (1.01-1.19)

4 248,508 7,310 (2.9 (2.9-3.0)) 1.10 (1.00-1.22)

5 168,614 5,074 (3.0 (2.9-3.1)) 1.11 (0.98-1.25)

6 187,461 5,616 (3.0 (2.9-3.1)) 1.23 (1.07-1.41)

Laboratory

LabA 442,883 13,530 (3.1 (3.0-3.1)) REF 0.37

LabB 452,776 13,801 (3.0 (3.0-3.1)) 0.99 (0.97-1.02)

LabC 475,510 14,108 (3.0 (2.9-3.0)) 0.98 (0.96-1.01)

Abbreviations: OR (Odds ratio), CI (confidence interval).
*Advanced neoplasia was defined as CRCs and advanced adenomas (AA). AA is defined as any adenoma with 
histology showing ≥25% villous component or high-grade dysplasia or adenoma with size ≥ 10 mm.
** Multivariable OR were corrected for sex, age, ambient temperature, sample return time and time to expiry 
of collection device
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many uncontrolled factors that can influence the quality of FIT specimen collection devices 
and reagent: variations in composition of the tube material, buffer, brush, stick, antibodies 
and so on. Remarkable was that the largest observed differences were predominantly 
observed in FIT specimen collection devices that were analysed with a newer reagent lot, as 
shown in the uncertainty analysis. These differences were seen in individuals that were sent 
a FIT during a certain reagent, but who waited a considerable time before returning their FIT 
during which a new reagent lot was introduced. This difference may be the result of selection 
bias, if individuals that wait longer to return their FIT are a selected group of individuals 
with more CRC or AA but also more comorbidities. An alternative explanation might be that 
the manufacturer calibrates a new reagent lot on the buffer of new specimen collection 
devices, and not on the old devices. Fortunately, the clinical impact of the difference in 

Table 4: PPV for advanced neoplasia* at colonoscopy (PPV) by specimen collection device, reagent, laboratory 
and multivariable logistic analysis **

Number 
of positive 

FITs

Number of individuals with 
colonoscopy

(participation rate (95% CI))

Number of individuals 
with advanced neoplasia 

(PPV (95% CI))*** OR (95% CI)

p value

Device

AAA 22,018 17,959 (81.6 (81.0-82.1) 10,624 (59.4 (58.6-60.1)) REF 0.70

AAC 20,292 16,658 (82.1 (81.6-82.6)) 9,529 (57.3 (56.5-58.0)) 0.99 (0.89-1.09)

AAD 38,811 32,132 (82.8 (82.4-83.2)) 18,500 (57.7 (57.2-58.3)) 0.97 (0.82-1.14)

AAE 6,398 5,182 (81.0 (80.0-81.9)) 2,786 (53.9 (52.5-55.2)) 0.90 (0.69-1.16)

Reagent lot

1 17,937 14,648 (81.7 (81.1-82.2)) 8,644 (59.2 (58.4-60.0)) REF 0.96

2 15,557 12,754 (82.0 (81.4-82.6)) 7,392 (58.0 (57.2-58.9)) 0.97 (0.89-1.06)

3 15,770 12,997 (82.4 (81.8-83.0)) 7,403 (57.1 (56.2-57.9)) 0.96 (0.85-1.09)

4 15,224 12,702 (83.7 (83.1-84.2)) 7,310 (57.5 (56.7-58.4)) 0.95 (0.81-1.11)

5 10,523 8,688 (82.7 (82.0-83.4)) 5,074 (58.4 (57.4-59.4)) 0.97 (0.80-1.17)

6 12,508 10,065 (80.7 (80.0-81.4)) 5,616 (55.8 (54.8-56.8)) 0.95 (0.77-1.17)

Laboratory

LabA 28,651 23,607 (82.4 (81.9-82.8)) 13,530 (57.5 (56.8-58.1)) REF 0.23

LabB 29,300 24,028 (82.0 (81.6-82.4)) 13,801 (57.6 (56.9-58.2)) 1.00 (0.96-1.04)

LabC 29,568 24,296 (82.2 (81.7-82.6)) 14,108 (58.2 (57.6-58.8)) 1.03 (0.99-1.07)

Abbreviations: OR (Odds ratio), CI (confidence interval), PPV (Positive Predictive Value), FIT (faecal 
immunochemical test for haemoglobin).
*Advanced neoplasia was defined as CRCs and advanced adenomas (AA). AA is defined as any adenoma with 
histology showing ≥25% villous component or high-grade dysplasia or adenoma with size ≥ 10 mm.
** Multivariable ORs were corrected for sex, age, ambient temperature, sample return time and time to 
expiry of collection device.
***In total, 71,931 (82.2%) individuals underwent colonoscopy. Results of colonoscopy and/or pathology 
were missing for 178 (0.2%) individuals. Those individuals were not included in the calculation of the PPV.
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positivity rate on population level is very small, as only 0.1% of the population tested had 
these significantly higher odds ratios of 1.3 or higher.

To our knowledge, no previous studies have examined the performance of the FIT test, 
using different FIT specimen collection devices, reagent lots and laboratories. Our findings 
for the confounding factors were consistent with literature (data not shown).8,9 Therefore we 
expect that the findings of our study are not unique for FOB-Gold or the Netherlands, but 
are generally applicable for FIT-based screening programmes throughout the world. Other 
studies have shown instability of the positivity rate of FIT-based screening programmes, which 
even resulted in temporary suspension of some programmes.10,11 The variation reported 
here is not of the same magnitude and requires other measures such as the development 
of a regular monitoring system. This emphasises an important caveat when publishing 
data on FIT screening, as continuous improvements to FIT systems by manufacturers affect 
the relevance of the results over time. Although results cannot directly be used by other 
programmes, these results highlight the importance of careful and continuous monitoring 
of the FIT results.

A key strength of the present study is that it is the first to report on consistency in 
performance of FIT at population level. Another important strength is the large population-
based design, which made it possible to examine the performance of FIT and analytical 
performance on a large scale. There are also some noteworthy limitations. First, there might 
be a correlation between specimen collection devices and reagent, as both were gradually 
introduced consecutively. However, we tested this correlation with the sensitivity analysis 
by looking at a combined variable, and obtained similar results to the main analysis. A 
correlation is also possible between specimen collection device, reagent and season, but 
we tried to diminish the impact by correcting for ambient temperature and using data of 
two screening years. Another limitation is the use of positivity rate as performance indicator 
instead of distribution of faecal haemoglobin concentration.12 However, in this study we 
focused on the real programme performance, which was reflected by the positivity rate. The 
largest shortcoming is intrinsic to the concept of screening; we could not assess the negative 
predictive value, as individuals with negative FIT results were not assessed by endoscopy.

Although we hypothesised the cause of the observed difference to be related to a 
specific group of individuals or combination of reagent and buffer, we also found odds 
ratios significantly different from 1 for a different and larger group of individuals: 15% 
higher odds for the combination of device AAD and reagent lot 6 and 8% lower odds for 
the first combination used, device AAA with reagent lot 1. These effect sizes are much 
smaller and therefore the clinical impact will be less important. They do, however, affect 
a considerably larger number of individuals (almost 25% of the tested population). These 
results therefore emphasise the importance of the need for standardisation of quality 
control of FIT performance. Currently no standard exists for acceptable range of variation on 
the outcomes of a FIT-based CRC screening programme. Although SKML EQA samples have 
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target values assigned by weighed in addition of human haemoglobin and therefore could 
be used for trueness verification, this is not the current practice due to debate on the value 
assignment as a lack of international standardisation of the method for value assignment in 
FIT testing and agreement of performance specifications. Although manufacturers assess 
the quality of the FIT, they use small sample sizes and data is not publicly available. Again, 
this highlights the necessity of standardising quality assessment. To define this standard, 
the International Federation of Clinical Chemistry and Laboratory Medicine has set up a 
Faecal Immunochemical Testing working group (WG-FIT).13 Additionally, more information is 
needed on the long-term impact of this observed variation of FIT. Therefore we are currently 
performing a decision analysis to define a range in which variation is acceptable without 
affecting long-term effect of screening (by means of mortality reduction and life years 
gained). Furthermore, evaluation of the effect of analytical performance on clinical outcomes 
is planned following the approach of the European Federation of Clinical Chemistry and 
Laboratory Medicine.13 In addition to standardising quality assessment, a three-step plan 
must be set up: 1) controls in the laboratory itself, 2) regular monitoring of FIT performance, 
and 3) evaluation of FIT performance at population level. All steps are currently followed in 
the Netherlands, but the lack of international standardisation of methods, value assignment 
and acceptance criteria hamper correlating analytical performance and screening efficiency. 
Another possible approach to reduce the observed differences could be synchronisation of 
specimen collection device and reagent lot changeover, however this is logistically difficult 
to implement in the national screening programme.

Conclusions

Test positivity of FIT and detection rates of AN differed between FIT specimen collection 
devices and reagent lots, however no variation in PPV was observed. Clinically the programme 
is performing well, but there is room for improvement. Acceptable ranges of variation are 
lacking. These results can be used as input for the international initiative for standardising 
FIT quality assessment and for improving a regular monitoring system to reduce the impact 
of test variation on detection of AN.
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APPENDIx II

Table 1: FOB-Gold Standard for Faecal Immunochemical Tests for Hemoglobin (FITTER) Checklist21,22

Topic Item Documentation

Specimen 
collection and 
handling

Name of specimen collection device and sup-
plier (address)

Name collection device: FOB-Gold
Supplier: FOB-Gold, Sentinel Diagnostics, Via 
Robert Koch, 2-20152 Milan, Italy

Description of specimen collection device (vial 
with probe/stick, card, other)

Round tube with collection stick immerged in 
a preservative solution

Description of specimens used if an in vivo 
study (single or pooled feces, artificial matrix 
with added blood, etc)

Single human faeces sample

Details of faecal collection method (sampling 
technique and number of samples)

Ribbed section of the sampling stick is dipped 
in 4 different parts of the stool

Who collected the specimens from the samples 
(patient, technician, etc)

Participant

Number of faecal specimens used in the study 
(single, pooled, individual patient feces)

Single sample of individual patient feces

Mean mass of faeces collecteda 10 mg

Volume of buffer into which specimen is taken 
by probe, applicator stick, or carda

1.7 mL

Time and storage conditions of faecal specimen 
from “passing” to sampling, including time and 
temperature (median and range)

Analysis took place at same day of arrival (<24 
h) of the FIT in the laboratory and the FIT was 
kept by ambient air temperature

Time and storage of collection devices from 
specimen collection to analysis, including time 
and temperature (median and range). A concise 
description of process from collection to analy-
sis is recommended.

Participants were asked to post the faeces 
samples within 24 h after collection and keep 
the sample in the refrigerator. The date of 
sample collection is noted. FIT was transport-
ed and analysed by ambient air temperature.

Analysis Name of analyzer, model, supplier (address), 
number of systems if more than 1 used.

Bio Majesty JCA-BM6010/C, serial number CA 
1401000690069. Supplier: Sysmex Nederland 
BV Ecustraat 11 4879NP Etten Leur

Number of times each sample was analysed. Single or twice. If first analysis resulted in “no 
results” analysis was repeated.

Analytical working rangea and whether samples 
outside this range were diluted (factor) and re-
assayed.

0.4–797.2 ng/mL. Client samples outside this 
linearity range were not diluted.

Source of calibrator(s) (supplier with address), 
number of calibrator(s), how concentrations 
were assigneda and details of calibration pro-
cess including frequency.

Calibrator supplier: Sentinel Diagnostics, Via 
Robert Koch, 2-20152 Milan, Italy
Calibrator levels: 6
Standard calibration is performed with every 
reagent and calibrator lot number change.
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Table 1: FOB-Gold Standard for Faecal Immunochemical Tests for Hemoglobin (FITTER) Checklist21,22 (continued)

Topic Item Documentation

Analytical imprecision,a ideally with number of 
samples analysed, concentrations, and mean, 
SD and CV.

Before the go-live a CLSI EP5A2 protocol was 
performed on all 3 Sentinel controls (low, mid, 
high) to verify the imprecision specifications 
conform tender requirements of the Dutch 
colorectal cancer screening programme.

CLSI EP5A2 results:
Sentinel low: 50 ng/mL
Lot number control: 30004/A0546
SD with-in (calculated) = 4.04
SD with-in (claim) = 5.00 (10% of 50 ng/mL)
(User variance/claim variance) degrees of 
freedom = 26.13
Critical χ2 value = 55.76
Claim accepted? Yes
SD total (calculated) = 5.12
SD total (claim) = 7.50 (15% of 50 ng/mL)
(User variance/claim variance) df = 25.63
Critical χ2 value = 73.03
Claim accepted? Yes
Sentinel mid: 71 ng/mL
Lot number control: 30004/A0551
SD with-in (calculated) = 3.69
SD with-in (claim) = 7.10 (10% of 71 ng/mL)
(User variance/claim variance) df = 10.82
Critical χ2 value = 55.76
Claim accepted? Yes
SD total (calculated) = 5.49
SD total (claim) = 10.60 (15% of 71 ng/mL)
(User variance/claim variance) df = 11.98
Critical χ2 value = 61.66
Claim accepted? Yes
Sentinel high: 312 ng/mL
Lot number control: 30004/A0552
SD with-in (calculated) = 4.81
SD with-in (claim) = 31.20 (10% of 312 ng/mL)
(User variance/claim variance) df = 0.95
Critical χ2 value = 55.76
Claim accepted? Yes
SD total (calculated) = 7.41
SD total (claim) = 46.80 (15% of 312 ng/mL)
(User variance/claim variance) df = 1.08
Critical χ2 value = 59.30
Claim accepted? Yes
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Table 1: FOB-Gold Standard for Faecal Immunochemical Tests for Hemoglobin (FITTER) Checklist21,22 (continued)

Topic Item Documentation

Quality 
management

Source (address) or description of internal qual-
ity control materials, number of controls, as-
signed target concentrations and ranges, how 
target concentrations were assigned, rules used 
for acceptance and rejection of analytical runs.

3 rounds of control before running daily analy-
ses were done and 3 rounds after, conform 
Sentinel’s quality rules. If 2 of 3 controls are 
within the range, analytical runs are accepted.
Apart from the Sentinel controls, a mid-daily 
run of control conform SKML (SKML CFB, Mer-
cator 1, Toernooiveld 214, NL-6525 EC, Nijme-
gen, The Netherlands) is performed, every 
other day a high run or low run:
SKML low: 212 ng/mL →5.05%
SKML high: 510 ng/mL →3.10%
If the control is not right, controls are being 
repeated, if not right after multiple control 
rounds, the clinical chemist is consulted.

Participation in external quality assessment 
schemes: (name and address of scheme), fre-
quency of challenges, performance attained.

Participation in external quality assessments 
of SKML (foundation of quality control of 
medical laboratory diagnostics) following a 
fixed schedule. Assessment results are moni-
tored by the national functionary FIT

Accreditation held by the analytical facility (ad-
dress).

Accreditation by CCKL, Mariaplaats 21-D, 3511 
LK Utrecht

The number, training and expertise of the per-
sons performing the analyses and recording the 
results

7 trained technician’s

Result handling Mode of collection of data; manual recording or 
via automatic download to IT system, single or 
double reading

Results are automatically uploaded to Scree-
nIT, after authorisation by the laboratory ana-
lyst the results are uploaded to the screening 
IT system ScreenIT.

Units used, with conversions to μg Hb/g faeces 
if ng Hb/mL used.

In analyzing and reporting results ng Hb/mL 
was used. For reporting in publications this is 
converted to μg Hb/g faeces.

Cutoff concentration(s) if used and explanation 
of how assigned locally or by manufacturer

Positive: ≥275 ng Hb/mL (47 µg Hb/g faeces). 
This was locally assigned by researchers and 
approved by the Ministry of Health.

Were the analysts blinded (masked) to the re-
sults of the reference investigation and other 
clinical information?

Yes
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APPENDIx III: UNCERTAINTy ANALySES

Uncertainty Analysis I

Table 1: Multivariable logistic analysis of persons with positive FIT* test result by combined batch-reagent lot 
and laboratory
Device and reagent lot Population tested FIT positives

n (%)
OR 

(95% CI) p value

AAD3 113,283 7,085 (6.3) REF <0.001

AAA1 253,600 17,022 (6.7) 0.92 (0.88-0.95)

AAA2 72,158 4,915 (6.8) 1.05 (0.99-1.12)

AAA3 1,014 81 (8.0) 1.31 (1.02-1.69)

AAC1 14,124 915 (6.5) 0.99 (0.91-1.06)

AAC2 175,844 10,642 (6.1) 0.98 (0.94-1.03)

AAC3 136,563 8,604 (6.3) 1.02 (0.96-1.07)

AAC4 1,738 95 (5.5) 0.95 (0.76-1.18)

AAC5 436 36 (8.3) 1.51 (1.05-2.18)

AAD4 246,770 15,129 (6.1) 0.98 (0.94-1.02)

AAD5 168,162 10,486 (6.2) 0.97 (0.92-1.02)

AAD6 86,017 6,111 (7.1) 1.14 (1.08-1.20)

AAE56 101,460 6,398 (6.3) 1.00 (0.96-1.04)

Laboratory

LabA 442,883 28,651 (6.5) REF 0.004

LabB 452,776 29,300 (6.5) 1.03 (1.01-1.05)

LabC 475,510 29,568 (6.2) 1.02 (1.01-1.04)

Abbreviations: FIT (faecal immunochemical test for haemoglobin).
* FITs were considered positive at a cut-off concentration of 47 µg Hb/g faeces.
**Multivariable OR were corrected for sex, ambient temperature, sample return time and time to expiry of 
collection devices.
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Uncertainty analysis II

Table 2: Multivariable logistic analysis of persons with positive FIT* test result by specimen collection device, 
reagent lot and laboratory by two age groups

Device

Age 63 Age 67

OR (95% CI) p value OR (95% CI) p value

AAA REF 0.23 REF 0.004

AAC 0.92 (0.77-1.10) 0.86 (0.76-0.97)

AAD 0.89 (0.68-1.16) 0.74 (0.60-0.92)

AAE 0.74 (0.48-1.14) 0.55 (0.39-0.78)

Reagent lot

1 REF 0.005 REF <0.001

2 1.08 (0.95-1.23) 1.19 (1.09-1.29)

3 1.13 (0.95-1.33) 1.33 (1.17-1.52)

4 1.21 (0.98-1.50) 1.39 (1.15-1.67)

5 1.13 (0.86-1.47) 1.46 (1.16-1.83)

6 1.38 (1.01-1.88) 1.79 (1.39-2.29)

Laboratory

LabA REF 0.69 REF 0.38

LabB 0.98 (0.94-1.03) 1.03 (0.98-1.07)

LabC 0.99 (0.95-1.04) 1.03 (0.98-1.07)

Abbreviations: FIT (faecal immunochemical test for haemoglobin).* FITs were considered positive at a cut-off 
concentration of 47 µg Hb/g faeces.
**Multivariable OR were corrected for sex, age, ambient temperature, sample return time and time to expiry 
of collection devices.
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