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A B S T R A C T

Immunochemical assays for faecal haemoglobin (FIT) are used in colorectal cancer (CRC) screening programmes and for patients with symptoms suggestive of CRC. 
External quality assessment schemes (EQAS) for FIT have been established, however although there are ISO standards for EQAS with the ideal aim of establishing 
Category 1 schemes, there are no criteria to guide schemes for FIT. The aim of this study was to gather information by survey from EQAS FIT programmes, to find out 
the current similarities and differences, and to work towards establishing what ideal FIT EQAS look like to assist EQA schemes to make improvements.

24 schemes were identified worldwide; 16 responded to the survey. Programmes cover different testing environments and different patient groups. The number of 
sample distributions per year ranged from 1-12; most schemes did not provide faecal-based samples (69%), and for those that do, they mostly did not indicate if 
samples were provided in the assay manufacturers’ sample buffer (88%). 69% of respondents provided information on reporting units and 31% use the recommended 
reporting units (μg Hb/g faeces); several methods were described for assigning target values, performance criteria and reporting performance.

This survey indicates that large differences exist between the current FIT EQA schemes.

1. Background

Immunochemical assays for faecal haemoglobin (FIT) have been 
used to triage patients for further lower gastrointestinal/colorectal in
vestigations in colorectal cancer (CRC) screening programmes for many 
years [1–3] and more recently if presenting with symptoms suggestive of 
CRC [4,5]. CRC is the third most common cancer and the second highest 
cause of cancer deaths worldwide [6].

External quality assessment schemes (EQAS) enable clinical labora
tories to monitor performance of tests compared to other laboratories 
measuring the same analyte, using both the same and different methods. 
Results are also ideally compared to a reference method procedure 
(RMP) and/or against certified reference materials (CRM). Equivalence 
of result interpretation by test-requesting clinicians requires equiva
lence of results in the same sample measured in different methods and 

laboratories. EQAS provide information on the degree of (un)equiva
lence for non-harmonised measurement procedures, like FIT, as well as 
on the success of harmonisation for harmonised and standardized 
measurands (analyte quantification) with regard to equivalence of 
interpretation. EQAS provide material containing the analyte at relevant 
concentrations across the pathological range at scheduled time intervals 
to laboratories. Laboratories test the material, without knowing the 
concentration, as they would with a patient sample, and return results to 
the organiser for compilation into a performance report which is 
distributed to users of the scheme. The report includes a statistical 
comparison between the participants results and that of others with 
identical and different methods, including RMPs where available.

EQAS for FIT have been established worldwide [7], however there 
are some challenges to setting up schemes to measure faecal biomarkers 
as compared to, for example, blood-based markers. For FIT, faecal 
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samples are collected by patients or laboratory staff into manufacturer- 
specific buffers that preserve faecal haemoglobin (f-Hb), and there are 
many sample collection bottle designs with different faecal mass and 
different buffer volumes and constituents. As a result, it is challenging to 
establish an EQAS that adequately resembles the FIT procedure and 
there is no consensus of criteria to specifically guide schemes for this test 
though ISO standards [8] are available to guide best practice for EQAS. 
Most countries have detailed quality assurance guidelines for CRC 
screening programmes; in the EU the European Guidelines for Quality 
Assurance in Colorectal Cancer Screening and Diagnosis is in place [9]. 
EQA for FIT is mentioned in some recommendations [9], without 
detailed conditions for its quality. Ensuring the quality of EQA could 
increase the reliability of FIT for CRC screening. Category 1 EQA, the 
most desirable, ensures commutable EQAs covering the analytical range 
of interest, traceability to the highest order reference method and/or 
reference material and analytical performance statistics that allow sep
aration of bias from inaccuracy [10]. Categories 2–6 become less 
desirable: Category 2, lack of replicate samples within the survey cycle 
(within-laboratory reproducibility cannot be evaluated); Categories 3 
and 4, target values not established by a reference system (evaluation is 
limited to the uniformity among results); Categories 5 and 6, likely to 
use non-commutable samples (evaluation limited to peer-group com
parisons and lack of data on bias between different measurement pro
cedures). According to ISO 17511 only a Category 1 EQA scheme can 
check the performance status of methods and the ability of laboratories 
to use such methods in line with their potential [11].

The IFCC FIT Working Group (WG) paper ‘FIT analytical challenges 
and potential solutions’ highlighted that EQAS programmes vary in 
sample type, frequency and number of samples provided [12]. One of 
the terms of reference of the FIT WG was to find out what types of EQAS 
had been established for FIT. The aim is to answer the question ‘What 
does an ideal FIT EQAS look like?’ to subsequently be able to guide EQA 
schemes to make improvements in order to provide an ideal fit for 
purpose EQA programme, for the purpose of assessing and improving 
reliability and accuracy of FIT tests, and ideally attain a Category 1 EQA 
scheme. This would allow laboratories to verify that 1) results obtained 
in a single analysis of patients' samples are accurate, 2) the analytical 
method used is standardized and traceable to RMP or CRM, and 3) the 
potential bias of their measurements is acceptable.

To attain this goal a global survey of FIT EQAS was carried out in 
2023 to find out the similarities and differences that exist currently in 
the different EQA programmes.

2. Method

A survey was designed including 15 questions to determine the 
scheme purpose, user-testing environment, distribution frequency, the 
presentation of samples to the users, the way the results are analysed, 
and performance criteria.

SurveyMonkey® software was used to create the survey and collect 
responses. Relevant answers to each question were included as options 
and a free text option was available for respondents to add further in
formation if required. Respondents were able to select more than one 
answer to each question. The survey link was distributed to members of 
the European EQA Organisers in Laboratory Medicine (EQALM). An 
internet search (Google) of EQAS was also conducted, and EQAS (non- 
EQALM) that offered FIT schemes worldwide were contacted and 
asked if they would complete the survey. Response to the survey was 
voluntary and responders had the option of their results remaining 
anonymous.

The survey was live from 06/11/2023 until 15/12/2023. Results 
were compiled and distributed to an IFCC FIT WG EQA subgroup for 
discussion. A summary was also presented to the main IFCC FIT WG and 
comments invited.

3. Results

24 schemes worldwide were identified that were providing a FIT 
EQA programme (13 EQALM members, 11 non-EQALM members). 
These schemes were identified from Google searches and inspection of 
EQAS websites. Assay information was not easily available on all web
sites so there were potentially more. There were 16 responses to the 
survey.

Nine schemes agreed to share their details: Labquality (Finland), 
Wales External Quality Assessment Scheme (Weqas, UK), Centro di 
Ricerca Biomedica per la Qualità in Medicina di Laboratorio (CRB, 
Italy), Centre Toulousain pour le Contrôle de qualité en Biologie Clin
ique (CTCB, France), Foundation for Quality Assessment in Medical 
Laboratories (SKML, Netherlands), Quality Control Center Switzerland 
(CSCQ, Switzerland), European Society for External Quality Assessment 
(ESfEQA, Germany), SEKK (Czechia), CRRVEQ (Italy). Seven schemes 
opted to remain anonymous.

The results of the survey are summarised in Tables 1–3 and Fig. 1.
In Table 1 answers on the scheme purpose, testing environment and 

distribution frequency are summarised. It demonstrates that different 
schemes exist for CRC screening programmes and symptomatic testing, 
for qualitative and quantitative testing, in laboratories and point-of- 
care-testing (POCT). There were 1–12 sample distributions per year. 
In Table 2 on sample type and reporting units, 69% of schemes did not 
provide faecal-based samples and 88% did not provide samples in the 
bottles that patients use. For schemes providing faecal-based samples, 
63% used a generic buffer. Most respondents (88%) did not indicate how 
the sample was presented, though one was a liquid sample in a preser
vative, and one was faeces spiked with EDTA blood in manufacturer's 
specific buffer and then lyophilised. Results were reported in a variety of 
units including ng/mL, μg/L, μg/g and ng/g.

As shown from Fig. 1, concentration ranges also vary among 
schemes. The concentration ranges of the samples used showed that the 
majority of schemes reported that they covered the lower end of the 
range from 0 ng/mL or μg/g. For the upper end of the ranges covered by 
the schemes, those reporting in ng/mL (n = 6) cover up to at least 300 

Table 1 
Scheme purpose, testing environment and distribution frequency.

Question Responses No. of 
results

% of 
responses

1a. What is the purpose of the FIT 
EQA programme?

Symptomatic 
testing

2 13

​ Screening 
Centres

3 19

​ Both 11 69
1b. Do you cover both POCT and lab 

based instruments and devices?
POCT 1 6

​ Laboratories 6 38
​ Both 9 56
1c. What type of results can be 

submitted?
Quantitative 4 25

​ Qualitative 2 13
​ Both 10 63
1d. Frequency of distributions/ 

year?
12 2 13

​ 6 2 13
​ 4 8 50
​ 3 1 6
​ 2 2 13
​ 1 1 6
​ Other 1 6
1e. Number of samples provided per 

distribution/round/cycle?
1 2 13

​ 2 8 50
​ 3 2 13
​ 4 0 0
​ 6 3 19
​ More 1 6
​ No response 2 13
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ng/mL, with three between 350 and 600 ng/mL and one up to 1000 ng/ 
mL. The schemes reporting in μg/g (n = 5) cover up to at least 300 μg/g, 
with three between 400 and 500 μg/g and one up to 3000 μg/g.

From Table 3 which summarises target values and reports, it can be 

seen that for the source of target values, 63% of the schemes used the 
method group consensus and 6% (one responded) the amount of Hb that 
was spiked. For the performance criteria 50% of respondents used 
analytical goals/state-of-the-art, meaning that performance is judged by 
what is analytically feasible. Furthermore, 13% used clinical outcomes 
and 6% used biological variation, 44% did not answer this question. For 
reporting performance there were a range of different methods used, 
with 44% using the difference from the target/sample, 31% using the Z- 
score from the target samples, and 44% did not answer the question. 
Most schemes did not ask for the reagent lot numbers (88%).

4. Discussion

From the results of the survey, we found that at least 24 EQA schemes 
have been set up for f-Hb testing. Sixteen schemes (67%) responded to 
the survey. Nine of the respondents agreed to share their details in this 
publication.

Some questions were not answered by all the participants. Although 
the reasons for this were unknown, it is possible that the individual 
respondent did not know the information at the time. Also further 
analysis of some answers was impeded by the option to participate 
anonymously, a practice we recommend not to allow in future surveys, 
although it might reduce the amount of responses and hence usability of 
the results as well.

The majority of schemes covered the lower end of the range from 0 
ng/mL or μg/g. FIT methods do not accurately measure f-Hb from 0 ng/ 
mL or 0 μg/g, so the EQAS should use the method limit of detection 
(LoD) or quantitation (LoQ). The LOD for four FIT assays used in a 
previous evaluation of 10 external quality assessment schemes [7] is in 
the range of 2–4 μg/g and the LOQ 3–10 μg/g, however a limitation of 
this study is that we did not collect information on whether samples 
were provided at these concentrations. The conversion between the 
different units is not fixed, as it depends on the stated sample mass 
collected by each manufacturers' sample collection bottle and the vol
ume of buffer in the bottle, which can be different for each manufac
turer. Also it is difficult to comment on the upper end of the range due to 
the lack of harmonisation of methods, with assays from different man
ufacturers having different analytical ranges, and differences in clinical 
decision limits between users. The part of the measurement range be
tween the LoD and the current clinical decision point is of particular 
interest, as studies suggest a relationship between the amount of f-Hb in 
samples below the decision point and the chance of crossing that deci
sion point in a subsequent screening round, or even to present in 
symptomatic testing. If individuals with higher results below the clinical 
decision point for referral to colonoscopy are more likely to develop 
advanced neoplasia, it suggests that using the quantitative result below 
this threshold could be used in a personalised screening approach [13]. 
This personalised approach for CRC screening requires accurate FIT 
measurements over the analytical range. Therefore, each user would 
need to establish whether the range of concentrations offered by each 
scheme meets their own needs.

Faecal-based samples would be the ideal sample type, to be closest to 
the patient sample matrix and thus ensure commutability between the 
different methods, which is essential to assess comparability of tests. 
However, 69% of schemes provided samples that were not faeces based. 
Of the 31% that were faeces based, 88% did not provide the sample in 
instrument specific collection devices. The majority of schemes (63%) 
used the same buffer for all methods, with 31% using method-specific 
buffers. A previous study suggests that the specific extraction/storage 
buffer of the FIT device may have an impact on the measured result [14].

Results for only 31% were presented in μg Hb/g faeces, which are the 
recommended units for reporting f-Hb [15], so most schemes do not 
currently report using these units. From the design of the survey ques
tions it was not possible to distinguish whether schemes presenting 
faecal samples report results in μg Hb/g or ng/mL, so we do not know if 
the relevant units are used for the material, i.e. aqueous or faecal matrix. 

Table 2 
Sample type and reporting units.

Question Responses No. of 
results

% of 
responses

2a. Are samples faeces 
based?

Yes 5 31

​ No 11 69
2b. If faeces based is the 

material provided in 
instrument specific 
collection devices?

Yes 2 13

​ No 14 88
2c. If faeces based, but not in 

collection devices, how is 
the sample presented?

Liquid sample with 
preservative

1 6

​ Faeces spiked with blood 
in manufacturers buffer, 
lyophilised

1 6

​ No response 14 88
2d. What type of buffer is 

used?
Every method own buffer 5 31

​ Same buffer for all 
methods

10 63

​ No response 1 6
2e. Units used to report the 

results
ng/mL 6 31

​ μg/g 5 31
​ μg/L 3 19
​ No response 5 31

Table 3 
Target values, performance criteria and reporting performance.

Question Responses No. of 
results

% of 
responses

3a. Source of target values Amount of Hb 1 6
​ Consensus 2 13
​ Method group 

consensus
10 63

​ Other 1 6
​ No response 4 25
3b. Details of the performance 

criteria applied for all FIT 
programmes provided

Analytical goals – 
clinical outcomes

2 13

​ Analytical goals - 
biological variation

1 6

​ Analytical goals – state 
of the art

8 50

​ No response 7 44
3c. Provide information on 

how you report performance
Z score from target/ 
sample

5 31

​ % difference from 
target/sample

7 44

​ Deviation of regression 
line of multiple samples 
from y=x

2 13

​ Dispersion of 
individual results 
around regression line

2 13

​ Other 1 6
​ No response 7 44
3d. Do you ask participants to 

mention the lot no. of 
reagent, calibrator or 
collection devices with 
buffer

Reagent 0 0

​ Calibrator 1 6
​ Collection devices with 

sampling buffer
1 6

​ Participants not asked 14 88
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As the numeric result of the unit ng/mL is dependent on the volume of 
the buffer used in the assay, intra-method comparison of results is more 
complex than using μg Hb/g faeces.

For the source of target values, 63% of schemes used the method 
group consensus, 13% overall consensus, 6% the amount of Hb spiked. 
Currently the FIT assays for f-Hb are not yet traceable to a higher order 
measurement procedure or reference material [14], which means that 
when using the same sample different numeric results can be obtained 
with different methods. ISO 15189:2023 [16] and 17,511:2020 [11]
state that EQA can only be used for trueness verification if commutable 
material and RMP/CRM based target values are used, and that the use of 
EQA without commutable materials is limited to within-method be
tween-laboratory comparison.

For the performance criteria 50% of respondents used analytical 
goals/state-of-the-art, 13% used clinical outcomes and 6% used bio
logical variation. A shortcoming of our study is the lack of definition of 
state-of-the-art as used as a performance measure. However, given the 
lack of current harmonisation of both definition and calculation of state- 
of-the-art, it still can be used as a ‘current performance-based’ measure, 
which is different from either outcome-based or biological variation- 
based specifications. Given the fact that different schemes aim to 
assess the performance of FIT testing for different and in some cases 
multiple intended uses (i.e. asymptomatic screening versus symptomatic 
testing), it is not surprising to see a wide variety in performance goals. 
Outcome-based goal requirements, in terms of aiming to reach certain 
predefined allowable uncertainty in clinical classification, will be 
different for distinct classification scenarios and will differ to each other 
in both pre-test risk (prevalence in test population) and FIT cut-off [17]. 
Biological variation is not reported as a source for the performance goals 
which is correct since this source is only recommended for analytes with 
a steady state concentration, which is not the case for f-Hb [17].

All members of EQALM were asked to respond to the survey and 
although the majority are European-based, EQALM does have some non- 
European members. Other schemes are likely to have non-European 
customers. We were unable to find similar EQAS associations for other 
parts of the world though internet searches were made, and any non- 
EQALM schemes that showed FIT on their websites were contacted 
and sent the link to the survey. 56% of the respondents who gave their 
scheme name were from Europe, so it is likely there is some bias towards 
information from Europe.

The survey results have raised some interesting points. Firstly, for the 
schemes with infrequent distributions or few samples/distribution, it is 
likely there would not be enough samples to test performance over the 
full analytical range in a useful period, probably due to specific interest 
in the clinical decision points being used. Secondly, a question is raised 
about whether it is possible to compare results from different methods 
when the same buffer is used and the individual patient sample collec
tion buffers are not used? Thirdly, what would an ideal FIT EQAS look 
like, and how would this be established?

Where the outcome of the survey provides insight on the differences 
between the EQA schemes organised by different EQA organisations, it 
also provides input for harmonisation towards an ideal EQA scheme for 
FIT analysis. Guidance towards such an ideal EQA scheme is within the 
terms of reference of the IFCC FIT WG. The current major aim of the 
working group is to achieve harmonisation of FIT assays by developing a 
material which can be used as a commutable reference material by all 
major FIT assay manufacturers in line with ISO 17511:2020 [11]. After 
implementation of this approach, a mechanism is needed to check the 
success of such harmonisation. The outcome of this survey allows the 
IFCC FIT WG to identify in which aspects guidance can be given to fulfil 
requirements to offer an ideal EQA for FIT. According to ISO 17511 only 
a Category 1 EQA scheme is able to check for the performance status of 

Fig. 1. FIT concentration ranges covered by programmes that report in ng/mL (panel A) and μg Hb/g (panel B) faeces respectively*. *1 scheme is qualitative, 2 
reported different units, 1 scheme has 2 ranges for screening and non-screening programmes, 4 no response and therefore were excluded from this figure.
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methods and the ability of laboratories to use such methods in line with 
their potential [11]. To achieve not only accreditation under ISO 
17043:2023 [8] but also Category 1 classification, an EQA scheme needs 
to meet requirements on defined elements. First, with regard to the 
material: it needs to be homogeneous, stable and commutable for all 
methods studied and should contain a concentration range that covers 
the complete area of interest. Although the verification of the com
mutability of an EQA material is not easy and needs to be established for 
every separate method, the probability of commutability will be larger if 
the matrix of the EQA sample is as close to that of clinical samples as 
possible [18]. In the case of FIT that means that samples need to be 
faecal-based and reconstituted in the sample buffer of every particular 
assay. Although it is not known from this survey whether this combi
nation of characteristics is currently in use, the survey suggests that both 
the use of faecal-based samples, as well as reconstitution in brand spe
cific buffer is possible, as both are applied. Although this does not 
guarantee commutability, and commutability ideally needs to be eval
uated, it makes it at least more likely that the samples used are 
commutable.

Second, the target values of the measurand should be traceable to the 
highest order CRM and/or RMP. This aspect will await the current work 
of the IFCC FIT WG to establish a reference material which then not only 
can be used by all manufacturers for the value assignment of their as
says, but also by EQA organisers for the value assignment of their EQA 
samples. This will require these samples to be commutable.

Finally, report statistics should be based on multi-sample evaluation, 
including imprecision analysis to allow for the separation of bias from 
inaccuracy. Tolerance goals should be based on clinical requirements 
where possible. Since such requirements differ between different clinical 
applications of a test, outcome-based performance goals should only be 
used when different schemes, or at least different goals, are offered for 
different clinical applications. A scheme which tries to serve all goals 
will either limit itself to state-of-the-art performance goals or will end up 
as ‘one size fits none’. Also with regard to this aspect this surveys shows 
that the ideal world is feasible as some organisers do provide different 
schemes for different applications. The outcome of the current survey 
indicates large differences between the current FIT EQA on all these 
aspects. None of these schemes already fulfil all these elements, but if 
harmonisation of the FIT assays is achieved, together they show that it 
will be feasible for all requirements to be covered. In addition, future 
EQAS are encouraged to use measurement uncertainty (MU) as the 
metric for error expression, although total allowable error (TEa) has 
great merit for end users and could also still be used as a EQA metric 
along with MU, as EQA aims to detect possible unacceptable bias, which 
should be part of MU calculations [19].
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