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Abstract

Objectives: Faecal immunochemical tests for haemoglobin
(FIT) are used in colorectal cancer screening programs
around the world and increasingly for triage of symptom-
atic patients. FIT results are currently not traceable to a
common reference standard and results obtained on
various FIT systems may not be equivalent. The size of the
bias between the systems is difficult to quantify due to the
complex pre-analytical aspects of FIT.

Methods: This study aimed to quantify the bias and the
correlation between four FIT systems by measuring a panel
of 38 faecal samples while limiting the effect of the pre-
analytical aspects. In addition, the commutability of seven
candidate reference materials (RM) was assessed.

Results: Pairwise method comparisons based on faecal
samples demonstrated Pearson correlation coefficients
ranging between 0.944 and 0.970 and an average propor-
tional bias of —30 to —35 % for one FIT system compared to
the other three. The relative standard deviation among
biases of the individual samples was around 20 %. Due to
these sample specific differences, no decisive conclusions
could be drawn in the commutability study. However,
two candidate RMs, prepared in the FIT system-specific
storage/extraction buffers, had a better commutable profile
than the other five.
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Conclusions: The use of a common threshold for all FIT
systems is currently not possible due to the presence of a
proportional bias. We have identified potential commutable
RMs to take to further studies on the production of a com-
mon calibrator, with the aim being to reduce the analytical
bias observed on different FIT systems.
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Introduction

Colorectal cancer (CRC) is an important health problem in
the Western World. In 2020, more than half a million new
cases were diagnosed in Europe and about 245,000 patients
died due to CRC [1]. It is the second cause of cancer death
despite the expert consensus view that CRC is one of the most
preventable cancers [2]. Early detection and treatment of
colorectal carcinomas and precancerous lesions, like
advanced adenomas, can decrease CRC-specific mortality.
Population CRC screening programs are available in
many countries worldwide and faecal immunochemical
tests (FIT) are often used as they are non-invasive and
inexpensive [2-4]. Individuals with a positive FIT result
should proceed to further invasive imaging investigations
such as colonoscopy. FIT are based on the binding of anti-
bodies specific for human haemoglobin (Hb) and they are
available in qualitative or quantitative formats. For the
quantitative FIT, different thresholds can be used to define
a positive result. In screening programs the threshold is
usually set in the range of 15-150 pg Hb/g faeces (also
expressed as f-Hb=15-150 pg/g) with the aim to achieve an
optimal balance between sensitivity and selectivity and
taking into account the available colonoscopy capacity [4].
FIT are also used outside the scope of population
screening programs. In some countries, like the UK, FIT are
applied to triage patients with lower gastrointestinal
symptoms for further investigation [5]. In addition, a large
amount of evidence has been produced in the recent years
on the use of FIT for the surveillance of high-risk patients
after adenoma resection [6]. For these additional purposes,
the threshold is usually set lower than in screening
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programs (e.g. f-Hb=10 ug/g) as a higher sensitivity is
desirable [6, 7].

A number of different quantitative FIT systems are
available on the market both for laboratory use and at the
point of care. These FIT systems are not calibrated to a
common reference point as reference measurement pro-
cedures and/or reference materials (RM) are currently
lacking. Studies have reported differences in the diagnostic
performance of the various FIT systems when the same
threshold is used [8, 9]. Quantification of the size of bias
between the f-Hb measurements caused by differences in
calibration is difficult due to the complexity of the pre-
analytical and selectivity aspects of FIT. The sample
collection method of FIT is prone to a lot of pre-analytical
variability caused by, for example, heterogeneous distri-
bution and instability of the f-Hb in the sample and varia-
tions in sampling technique [10]. In addition, differences in
the non-selectivity for the measurand can also contribute to
the variability. FIT systems use different monoclonal or
polyclonal antibodies highly specific for human Hb, but the
affinity for Hb variants and significant degradation prod-
ucts can be different [11].

The lack of result comparability among the various FIT
systems limits the transfer of a threshold recommended by
an expert group or clinical research studies to screening
programmes or to symptomatic services as the established
threshold is only valid for a specific FIT system. This is
especially important when new FIT systems are introduced
into clinical programmes. Enhancement of the result
comparability would facilitate the use of common thresh-
olds, reduce health-care costs, improve clinical management
and lower the risk of clinical error [10]. In 2017, the Inter-
national Federation of Clinical Chemistry Working Group on
FIT (IFCC WG FIT) was formed with a primary aim being to
standardise or harmonise FIT systems [10].

In clinical chemistry, equivalent results among
different in vitro diagnostic medical devices (IVD-MDs)
targeting the same measurand can be achieved by applying
the principles of metrological traceability as described in
ISO 17511 [12]. A calibration hierarchy needs to be built, in
which the assigned values of the calibrators used in the
IVD-MDs are linked to higher order measurement stan-
dards via an unbroken chain of calibrations. Commutable
and certified RM play a key role as they can be used as a
common calibrator for the IVD-MDs.

Limitations in achieving comparable results can occur
when various IVD-MDs have a different non-selectivity of
the measurand or when the RM used as common higher
order calibrator lacks commutability [12, 13]. The differ-
ences in non-selectivity can be evaluated from the level of
correlation obtained by measuring a panel of clinical
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samples with the IVD-MDs in a split-sample set-up. In the
same study, the commutability of a RM can be assessed by
comparing the mathematical relationships between the
measurement results obtained with various IVD-MDs for
the RM and for the clinical samples [14].

As a first step in the process of improving the compa-
rability of the various FIT systems a method comparison
study was performed in which four globally used FIT sys-
tems with acceptable analytical performance characteristics
[15] were compared by measuring 38 faecal samples and at
the same time seven candidate RMs were assessed for
commutability.

Materials and methods

The preparations of the faecal samples, the dilutions and the re-
constitutions of the candidate RM and the FIT measurements were
performed by the same laboratory (NHS Bowel Cancer Screening Pro-
gramme South of England Hub research laboratory, Royal Surrey
Foundation Trust, Guildford UK).

Materials

Natural Hb-positive faecal samples (NHF): Fourteen NHF were
collected from anonymised residual faecal samples submitted for
routine calprotectin measurements with medium to firm consistency.
They were shown to be f-Hb positive (>10 pg/g) using the OC-SENSOR
PLEDIA (Eiken Chemical Company, Tokyo, Japan). On the day of
collection, each sample was sieved through a plastic sieve (1 mm mesh
size), homogenised for 5min using a spatula and immediately loaded
into the FIT sampling devices as described below.

Spiked Hb-positive faecal samples (SHF): Twenty-four SHF were pre-
pared from the same sample type as used for the NHF. These samples
were shown to be negative for f-Hb (<10 pg/g) with the OC-SENSOR
PLEDIA. The selected samples were kept refrigerated for maximum
three days or frozen on the day of collection and kept at —20 °C for
maximum 16 months. On the day of the preparation, two to five faecal
samples were pooled to prepare one SHF and the samples were sieved
and homogenised in the same way as the NHF.

For the spiking, four Hb lysates were prepared from anonymised
EDTA blood samples with an Hb concentration within the reference
range. The Hb concentration in the lysates was measured with the
Siemens Advia 2120. The lysates were divided into single-use aliquots
and frozen directly after preparation. The spiking was done by adding a
calculated volume of the lysate to the faecal sample and homogenising
the sample for 5 min using a spatula. Afterwards, the sample was loaded
immediately into the FIT sampling devices as described below. The SHF
were prepared to reach the predefined target concentrations of f-Hb
ensuring coverage of a large part of the measurement range of the FIT
systems.

Candidate RM: The characteristics of the seven candidate RM included
in this study are summarized in Table 1. The candidate RM A, B and C
were prepared in-house from the starting material JCCRM 912-3M
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(ReCCS, Yokohama, Japan) which is a certified RM for total Hb in human
whole blood with an assigned value of 136.4 g/L. This RM was diluted in
the system-specific storage/extraction buffers of the four FIT systems to
obtain three different Hb levels. The final Hb concentration in the buffer
(ng/mL) was adapted for each FIT system to obtain comparable results in
ug/g by taking into account the differences in loading volumes and
buffer volumes in the sampling devices. Preliminary studies on dilutions
of JCCRM 912 in the storage/extraction buffers showed a good stability
for 4 weeks at 3-6 °C (Supplementary data part S1). Due to the COVID-19
crisis, the measurements in this study were spread over a longer period
and three sets of candidate RM A-C were prepared.

The candidate RM D and E were FIT EQA samples prepared by the
Dutch Foundation for Quality Assessment in Medical Laboratories
(SKML, Nijmegen, The Netherlands). These materials consist of lyophi-
lized Hb-spiked faecal extract and two different levels were included in
this study. According to the manufacturer of the material, the extraction
buffer was chosen as best fit to accommodate usage on the present
instruments. These materials were reconstituted in water according to
the instructions and measured within 7 h. For each measurement batch,
a new vial from the same lot was used.

The candidate RM F and G were FIT EQA samples prepared by
Qualimedlab (Genova, Italy). These materials consist of a liquid refrig-
erated Hb solution but no additional information about the buffer was
available. Two different levels were included in this study and the
materials were used according to the manufacturer’s instructions.

As the candidate RM D-G were EQA samples dedicated for FIT,
their buffers and concentrations were considered to be suitable for the
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four FIT systems without further dilution in the FIT systems specific
storage/extraction buffers. Normalisation factors were used for the
conversion of the obtained measurement results in ng/mL to ug/g values,
taking into account the differences in loading volumes and buffer vol-
umes in the sampling devices.

FIT systems and measurements

FIT systems: The four FIT systems are summarized in Table 2.

Loading of the sampling devices: Each NHF and SHF was loaded into
five sampling devices for each FIT system (i.e. 20 devices in total) by
experienced laboratory staff. Unpublished results from previous
in-house studies showed that Hb degradation can occur during the
loading of the devices and the level of degradation is variable between
samples. Therefore, the total loading time of the 20 sampling devices
was limited as much as possible and recorded: for the NHF time ranged
from 9 to 19 min (mean 12 min) and for the SHF time ranged from 7
to 15 min (mean 10 min). In addition, the sampling devices were loaded
in a predefined order eliminating a correlation between the loading
time and the specific FIT system. A potential degradation could
therefore be differentiated from a bias between the FIT systems
(Supplementary data part S2).

After loading, the sampling devices were inverted five times and
stored at room temperature in the dark (17-20 °C) for 22-28 h. After-
wards, the devices were inverted five times again and moved to the

Table 1: Specification of the seven candidate reference materials used in this study.

Candidate Content Expected Hb concentration Corresponding f-Hb Form Manufacturer Lot no
RM in buffer concentration in faecal product code
samples
A JCCRM 912-3M For HMJ: 15 ng/mL For HMJ: 15 pg/g Liquid In house N.A.
(Human whole blood) For NSP/OC: 75 ng/mL For NSP/OC: 15 pg/g refrigerated for
diluted into relevant  For SF: 63.7 ng/mL (assigned For SF: 10.8 pg/g max 4 weeks
FIT buffers value and in-house dilution steps)
B JCCRM 912-3M For HMJ: 50 ng/mL For HMJ: 50 pg/g Liquid In house N.A.
(Human whole blood) For NSP/OC: 250 ng/mL For NSP/OC: 50 pg/g refrigerated for
diluted into relevant  For SF: 212.5 ng/mL (assigned For SF: 36.1 pg/g max 4 weeks
FIT buffers value and in-house dilution steps)
C JCCRM 912-3M For HMJ: 150 ng/mL For HMJ: 150 ug/g Liquid In house N.A.
(Human whole blood) For NSP/OC: 750 ng/mL For NSP/OC: 150 ug/g refrigerated for
diluted into relevant  For SF: 637.5 ng/mL (assigned For SF: 108.4 pg/g max 4 weeks
FIT buffers value and in-house dilution steps)
D Extract from Hb 80 ng/mL (information provided  For HMJ: 16° ug/g Lyophilized SKML 2020.0661
spiked faecal sample by manufacturer) For NSP/OC: 16 pg/g Low
For SF: 16° pa/g
E Extract from Hb 188 ng/mL (information provided For HM): 37.6° ug/g Lyophilized SKML 2020.0662
spiked a faecal by manufacturer) For NSP/OC: 37.6 pg/g High
sample For SF: 37.6° ug/g
F Hb in buffer® ~125-130 ng/mL For HM]: 25-26° ug/g Liquid Qualimedlab FB_8 20
(in-house measurements with For NSP/OC: 25-26 pg/g refrigerated QML2a
Sentifit 270) For SF: 25-26° Ha/g
G Hb in buffer® ~250-260 ng/mL For HMJ: 50-52° ug/g Liquid Qualimedlab FB_8 20
(in-house measurements with For NSP/OC: 50-52 pg/g refrigerated QML2b

Sentifit 270)

For SF: 50-52° ug/g

No additional information was disclosed by the material provider. °These values were normalized to correct for difference in faecal sample volume and
buffer volume between the different FIT systems. N.A., not applicable as prepared in house.
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Table 2: The four FIT systems used in this study for the measurement of the faecal samples and the candidate reference materials.

Systemcode Manufacturer Sampling device Analyser f-Hb measurement range in
faecal samples, pg/g
HMJ Minaris Medical Co. Ltd. (Tokyo, Japan) EXTEL HEMO AUTO-MC Collection HM-JACKarc 7-400
Picker
NSP Alfresa Pharma Corp (Osaka, Japan)  Specimen Collection NS-Prime 10-240
Container A
ocC Eiken Chemical Co. Ltd (Tokio, Japan) OC-Auto Sampling Bottle 3 OC-SENSOR PLEDIA 10-200
SF Sentinel Diagnostics (Milan, Italy) SENTIFIT pierceTube SENTIFIT 270 3-170
(FOB Gold Wide Method)

refrigerator (3-6°C) for 20-212h. The total incubation time ranged
from 44 to 236 h, which is within the stability period stated by the
manufacturers (shortest period: 28 days). The Hb stability in the stor-
age/extraction buffer present in the sampling devices was confirmed by
in-house experiments before the start of this study (Supplementary data
part S1) and published data [16-18].

FIT analysis: The analyses were spread over eight different days and
within one measurement day one group of faecal samples (range: 3-8
samples) were analysed with the four different FIT systems. The sam-
pling devices were brought to room temperature and mixed by inver-
sion at least 1h before analysis. In each measurement batch the seven
candidate RM were measured in four replicates at the beginning and the
end.

For some SHF the measured f-Hb result was above the analytical
range of a FIT system (n=1 for NSP and OC and n=2 for SF) and the auto-
dilution functions of the analysers were used.

Data analysis

The data analysis was performed using Microsoft Excel and the add-in
software Analyse-it.

First, the variation among the replicate measurement results
were evaluated for both the faecal samples and the candidate RM. For
the faecal samples, a regression analysis was performed between the
obtained result and the loading sequence of the sampling devices to
check for Hb degradation. The variation between eight measurement
batches was also checked using the results of candidate RM D-G, which
were measured in four replicates at the beginning and end of each
batch.

The mathematical relationships between the different FIT systems
were evaluated for the NHF and the SHF separately to confirm that
both samples types showed equivalent relationships. This evaluation
was based on a Deming regression analysis on the In-transformed
measurement results obtained for the NHF only. The mathematical
relationships obtained with the SHF were considered equivalent if
their data points were within the 95 % prediction interval around the
Deming regression line. For the pairwise system comparisons, the non-
parametric method of Passing and Bablok was used on the measure-
ments results of both NHF and SHF to obtain the best fitting linear
regression and the associated confidence interval (CI). In addition, the
Pearson correlation coefficient was calculated. The presence of sample-
specific differences was evaluated using the statistical analysis

described in the recommendations from the IFCC WG on Commutability
in Metrological Traceability [19] (Supplementary data part S3). The
standard deviation caused by sample-specific differences only (i.e. Sssq)
was calculated based on the In-transformed data.

The statistical analysis of the commutability of the seven candidate
RMs was based on the difference in bias approach [19] with In-
transformed concentrations to obtain a constant bias over the whole
measurement range. The commutability criterion was set at 25 %, which
means that the maximum allowable difference between the bias of the
RM and the average bias of the faecal samples is 25 %. This commut-
ability criterion corresponds to ~2 times the largest expanded uncer-
tainty associated with the difference in bias in this study.

Results

Initial evaluation of results: Hb degradation,
repeatability and run-to-run variations

Some NHF had results below the measurement range of a
specific FIT system (HM] and SF n=3, NSP and OC n=1) and
these results were excluded from further evaluations. For
the faecal samples, the correlation between the obtained
result and the loading order on the sampling devices was
evaluated (Supplementary data part S4). Based on the results
it was decided to remove the results of the last sampled FIT
device of each system from further evaluations. The results
of the remaining sampling devices (4 for each system, 16 in
total) showed only a small significant decline in measured
f-Hb concentrations of the SHF which was similar for all
systems (slope ranging from -0.035 to —0.049). For the NHF,
there was only significant decline for the OC system
(slope —0.047). The effect of this degradation on the outcome
of the study was considered to be minor. The repeatability
among the measured f-Hb concentrations in the four
sampling devices of the same FIT system ranged from 7.2 to
14.7% while the average repeatability among the four
consecutive measurements of the liquid candidate RM
ranged from 1.8 to 7.6 % (Supplementary data Table S3).
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Figure 1: Pairwise correlation plots between the four FIT systems. The measurement results obtained for 35-37 faecal samples (natural Hb-positive
faecal samples [NHF] and spiked Hb-positive faecal samples [SHF] combined). The non-parametric method of Passing and Bablok was used to calculate
the best fitting linear regression and the Pearson correlation coefficient r to evaluate the correlation.
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The variation between the eight measurement batches
was also checked and corrected for using a correction
factor (range: 0.91-1.12) based on the results obtained for
the RM D-G.

Pairwise comparison of the FIT systems

The evaluation of the mathematical relationships between
the different FIT systems for the NHF and the SHF sepa-
rately confirmed that both samples types showed equiva-
lent relationships (Supplementary data part S5). Therefore,
the measurement results of both NHF and SHF were com-
bined for the method comparison using the Passing Bablok
regression analysis (Figure 1). The analysis showed that
for the four pair wise comparisons among the systems
HM]J, NSP and OC the slopes of the regression lines were
not significantly different from 1 and the intercepts were
not significantly different from 0 (Table 3). For the three
pair wise comparisons including the SF system the obtained
Passing Bablok regression lines had a slope below 1
(CI 95%) indicating the presence of a proportional bias.
The intercepts were also negative. The bias plots based
on the In-transformed results confirmed a negative bias
with the average bias ranging between -0.36 and -0.43
(Table 4) which corresponds to relative bias of —30 to —35 %
on the non-transformed concentrations.

The correlation among the systems was assessed by
calculation of the Pearson r and the values ranged between
0.937 and 0.970 (Figure 1). The sample specific differences
were evaluated by calculating the standard deviation Sgq
on the In-transformed concentrations (Table 4). For each
system comparison, Sssq was significant (p<0.01) and
ranged between 0.19 and 0.28 corresponding to relative
standard deviation of 17-25% on the non-transformed
concentrations.

DE GRUYTER

Table 4: Evaluation of the bias and the samples specific differences
among the FIT systems using bias plots based on the In-transformed
results obtained for 35-37 faecal samples (natural Hb-positive faecal
samples [NHF] and spiked Hb-positive faecal samples [SHF] combined).

Average bias on FIT system
In-transformed
results + expanded
uncertainty’
Standard NSP oc SF
deviation due to
sample specific
differences (Sssq)°
FIT system HMJ 0.08 £ 0.08 0.00 + 0.08 —-0.36 £ 0.10
0.19 0.27 0.28
NSP —0.06 + 0.08 -0.43 + 0.1
0.20 0.28
ocC -0.36 + 0.10
0.25

*The expanded uncertainty on the average bias is calculated as the standard
deviations of de biases divided by the square root of the number on faecal
samples. "The s, is the standard deviation among the faecal samples
which is caused be samples specific effects alone, excluding the variations
caused by the repeatability of the measurements. The equations used to
calculate this sesq are described in the Supplementary data part S3.

Commutability assessment of the candidate
RM

Commutability assessment was based on bias plots on the
In-transformed concentrations of the faecal samples and the
candidate RMs (Figure 2). The results of the commutability
assessment of each candidate RM are summarized in
Figure 3. The candidate RM A, D, E, F and G are non-
commutable for some combinations for FIT systems. RM A,
RM F and RM G are not commutable for two or three pair-
wise combinations including the HM]. The RM D and E show
non-commutability for two combinations including the

Table 3: Slope and intercepts of the Passing and Bablok regression lines obtained for the pair wise comparison of the FIT systems based on the
measurement results of 35-37 faecal samples (natural Hb-positive faecal samples [NHF] and spiked Hb-positive faecal samples [SHF] combined).

Slope (95 % CI) FIT system
Intercept (95 % CI) NSP ocC SF
FIT system HM) 1.05 (0.91; 1.26) 1.03 (0.90; 1.12) 0.80 (0.69; 0.95)
1.71(-6.72; 12.74) -0.12 (-5.64; 6.26) -5.61(-14.51; 0.25)
NSP 0.94 (0.83;1.03) 0.78 (0.68; 0.88)
1.05 (-6.73; 5.92) -6.79 (-16.43; -1.27)
0oC 0.78 (0.71; 0.91)
)

-5.28 (-12.19; 0.67

(I, confidence interval.
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Figure 2: Commutability assessment of seven candidate reference materials for FIT according to a difference in bias approach. This assessment was
based on the results of 35-37 faecal samples (natural Hb-positive faecal samples [NHF] and spiked Hb-positive faecal samples [SHF] combined) and seven
candidate RM. The relative bias was calculated as the difference between the In-transformed mean concentration measured with the one FIT system and
the In-transformed mean concentration measured with the other FIT system. The error bars on the bias of individual candidate RM represent the
expanded uncertainty associated with the estimated difference in bias.
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NSP ocC SF NSP oc SF NSP ocC SF
HMJ ? HMJ ? HMJ
FITsystem | NSP ? q FITsystem | NSP ? q FITsystem | NSP ? ?
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RM G
FIT system
NSP oC SF
HMJ ?
FIT system NSP ?
oC ?

Figure 3: Outcome of the commutability assessment of seven candidate reference materials for FIT according to a difference in bias approach.
Commutability of candidate RM was assessed according to the difference in bias analysis (as described in [19]) between the FIT systems. Commutability

letter code, C, commutable; N, non-commutable; ?, inconclusive.

NSP. For the candidate RM B and C the outcome of the
commutability study is commutable or inconclusive with the
data point within the range of the commutability criterion
for all six combinations.

Discussion

Setting up a robust comparison/commutability study for
FIT systems is very challenging. A large number of pre-
examination variables can affect the FIT result, including the
sampling technique, the consistency of the faecal sample, the
uneven distribution of f-Hb in the faecal sample, and
the stability of f-Hb [10]. The design of this study was focused
on limiting the effects of the pre-examination variables as
much as possible. The repeatability among the four replicate
analyses (including the sampling and the f-Hb measure-
ment) of the faecal samples ranged between 7.2 and 14.7 %
for the four FIT systems. This repeatability is lower than
the repeatability reported for artificial faecal-like EQA
materials [20].

The study shows that for the four FIT systems evalu-
ated, the SF showed a proportional bias of —-30 to —35 %
compared with the other three FIT systems. As there is
currently no reference point available for f-Hb, it is not
possible to evaluate the real bias of each FIT system. The
bias can have an impact on the diagnostic sensitivity
in situations where a predefined general threshold is
applied for example the triage of patients with lower
gastrointestinal symptoms in the UK (f-Hb=10 pg/g). The
results of a previous study, in which 233 patients sampled

the same bowel movement with four FIT systems, also
indicated a lower referral rate for this specific FIT system at
a threshold of 10 pg/g [9].

The pair-wise comparisons of the four FIT systems
showed correlation coefficients ranged between 0.944 and
0.970. In clinical chemistry, a correlation coefficient >0.975 is
often considered as an acceptable correlation between
IVD-MDs [21]. The correlation between FIT systems obtained
in this study is therefore suboptimal and quite large sample
specific effects have been identified. The relative standard
deviation related to the sample specific effects alone
(excluding the effect of the repeatability) is estimated to be
around 20 %. These sample specific effects could be linked to
non-selectivity differences due to the use of different anti-
bodies. The antibodies can be derived from different species
(e.g., goat, mouse, chicken), and raised against different
epitopes in the target protein. Therefore, these antibodies
might react differently against degraded forms of Hb and/or
interfering substances present in the faecal samples. The
faecal matrix background could also contribute to the sam-
ple specific effects as the composition and pH is much more
variable for faecal samples than for blood or serum samples.
The observed sample-specific effects had a negative effect on
the commutability study by increasing the uncertainties
associated with the commutability assessments.

The seven different candidate RM tested in this study
can be grouped into three different types. RM A—C consists of
human Hb spiked in the specific storage/extraction buffers
of each FIT system. RM D-E are lyophilized extracts from
human faecal samples spiked with human Hb and the same
extraction buffer was used for all FIT systems. RM F-G are
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liquid solutions of human Hb in a buffer that was also
identical for all FIT systems. The candidate RM D, E, F and G
are non-commutable for some combinations for FIT systems.
The commutability profile of candidate RM B and C is better,
however, the outcome is also inconclusive for some system
combinations. RM A, which is produced in the same way as
RM B and RM C but at a lower concentration, shows non-
commutability in two pair-wise system combinations. This
could be due to the lower concentration level of RM A which
is close to the lower end of the measurement range of the FIT
systems and the bias could be different in this region. This
study is only a preliminary commutability study but the
results suggest that the specific storage/extraction buffer of
the FIT systems can have an impact on the measurement
result and that should be taken into account during the
future studies on the development of a commutable common
calibrator for FIT systems.

In conclusion, the results of the study show that there is
a significant proportional bias among the four FIT systems
evaluated. The availability of a commutable certified RM
could help to reduce this bias. The future RM could be used as
common calibrator to recalculate the measurement results
of the different FIT systems and to obtain more harmonized
results compared to what is currently available. Further
work should continue to assess the possibility of producing
this commutable RM. The large sample specific differences
seen in this study could also be investigated further as they
can remain as unpredictable biased results on the individual
samples after re-calibration. This might have a negative
impact on the analytical performance goals that can be
achieved for the FIT systems.
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