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The importance of comparing quantitative faecal immunochemical
tests (FIT) before selecting one for a population-based colorectal

cancer screening programme
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Introduction: faecal immunochemical tests (FIT)
for haemoglobin

FIT for haemoglobin are now commonly used in many
countries as the best, currently available, non-invasive
test for colorectal cancer (CRC) in asymptomatic
population screening programmes (1). FI'T are available
in two formats, qualitative, usually based on lateral-flow
immunochromatographic test strips or cassettes, and
quantitative, most often based on immunoturbidimetry, and
performed on small benchtop analyzers. Quantitative FI'T
have a number of significant advantages over qualitative
FIT, a major one being that analyses of faecal samples
give estimates of the faecal haemoglobin concentrations
(f-Hb) (2).

Many FIT are available worldwide and, in the United
States (U.S.), as of July 11, 2017, the Federal Drug
Administration (FDA) Clinical Laboratory Improvement
Amendments of 1988 (CLIA) test categorization database
included 134 test systems for occult blood in faeces. Five
are automated FIT (although results are reported only as
qualitative tests) and 129 are waived non-automated FIT (3).
Unfortunately, large scale comparative studies of different
FIT for detection of advanced colorectal neoplasms
(AN) i.e., large polyps, or any polyp with dysplasia are
uncommon (4) and, the published comparisons of qualitative
FIT do give cause for concern. In one such study, overall
sensitivity and specificity of six FI'T varied from 66%
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and 96% to 92% and 62%, respectively (4). It has been
documented that, although about two-thirds of the FIT used
commonly in the U.S. performed acceptably on samples
spiked with human haemoglobin, the low sensitivity and
specificity of some meant that they probably should not be
used for population-based or other screening initiatives (5).

Comparison of quantitative FIT

There are a number of comparisons of quantitative FI'T and
the advantages and disadvantages of approaches that can
be applied in such studies have been examined in detail (6).
Most published comparisons of qualitative FIT have
involved assessment of only two analytical systems (7). A
recent comparison of two of the three most commonly used
automated FIT systems demonstrated that the OC-Sensor
(Eiken Chemical Co., Ltd, Tokyo, Japan) and FOB-Gold
(Sentinel Diagnostics, Milan, Italy) were equally acceptable
to a screening population although FOB-Gold was more
prone to have specimens submitted that were unsuitable for
analysis (8). Some differences were seen. The positivity rates
were different, 7.9% and 6.5% for OC-Sensor and FOB-
Gold, respectively. Interestingly, the diagnostic yield of AN
and positive predictive value (PPV) were not significantly
different when the FIT were assessed at the same positivity
rate instead of the same f-Hb cut-off. An analogous study
suggested that the acceptability and diagnostic performance
of HM-JACKarc (Kyowa-Medex Co., Ltd, Tokyo, Japan)
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and of OC-Sensor (Eiken) systems were similar in a
screening setting, but documented sound reasons for
comparing FIT systems at the same positivity rate rather
than at the same f~-Hb cut-off (7). Such comparisons do not
further investigate participants who have f-Hb less than the
cut-off applied and so Gies ez al. (9) are correct in stating
that “it is unclear to what extent differences in reported
sensitivities and specificities reflect true heterogeneity in
test performance or differences in study populations or
varying pre-analytical conditions”.

Direct comparison of diagnostic performance of
nine quantitative FIT

Gies et al. (9) addressed these issues through a direct
comparison of the sensitivity and specificity with which
nine quantitative (five laboratory-based and four point-of-
care) FIT detected (AN) in a single CRC screening study.
This is the first study to undertake such a comprehensive
simultaneous comparison of quantitative FI'T. It should be
noted, however, that many of the investigated FIT are not
widely available and that one of the FIT widely used in
Europe and Asia (HM-JACKarc) was not included. In the
U.S., the FDA has not cleared, approved, or evaluated even
one quantitative FIT and does not as yet accept results from
large studies in other countries as proof for their use in the
U.S. This means that quantitative FIT cleared by the FDA
can only be used as qualitative FIT. Importantly, many of
the FIT examined in the study use technology that does not
facilitate rapid analysis of large numbers of faecal samples,
rendering these unsuitable for large scale population-based
CRC screening.

What samples should be used for FIT
comparisons?

This study used faecal samples obtained from participants
in Germany who were enrolled in a colonoscopy-based
screening programme from 2005 through 2010 in which
samples were frozen at -80 °C until analysis. The faecal
samples were not taken (9), as in real CRC screening
application, directly from fresh faeces into the FIT
specimen collection device from un-homogenized faeces,
even though some of these do not enhance longer-term f-Hb
stability. The faecal samples were thawed, homogenized,
taken into the appropriate devices and mixed on a vortexer
and then analysed. None of this is done in routine practice
and this approach is not what is done in CRC screening
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programmes using FIT. Nevertheless; we agree that this
seems the only way to undertake a comparative study of
this magnitude and, this group found only small differences
when the diagnostic performance based on frozen faecal
samples or faecal samples collected according to the
manufacturer’s instructions were compared (10).

Documentation of FIT analytical performance
characteristics and units

Although the bases of the analytical methods are given
in Table 1 of Gies et al. (9), this study gives very little
information on the analytical performance characteristics
of the nine FIT. These are important factors to consider
when selecting a FI'T for use in screening. Test calibrators
and controls were said to be performed on a regular
basis according to the manufacturers’ instructions, but
no numerical data are documented. Quantitative data on
analytical performance, as documented in the FITTER
standards advocated by the Expert Working Group on
FIT for Screening (EWG), Colorectal Cancer Screening
Committee, World Endoscopy Organization (11), should
have been followed in this work.

Diagnostic performance for AN were compared at the
manufacturers’ pre-set f-Hb cut-offs (range, 2-17 pg Hb/g
faeces), at a single uniform threshold (15 pg Hb/g faeces),
and at thresholds adjusted to yield defined levels of
specificity (99%, 97%, and 93%). It is well known that
the sensitivity and specificity vary at different {-Hb (12)
and, thus, given the different f-Hb cut-offs shown, it
is hardly surprising that different clinical outcomes are
obtained using the different FI'T as recommended by the
manufacturers.

The quoted analytical ranges for the nine FIT are
very different. Could this be, in part, due to the lack of
understanding as to the metrological requirements for
determining and documenting these variables (13) and
the lack of information provided as to whether the lower
f-Hb quoted is the limit of detection (LoD) or the limit of
quantitation (LoQ), as discussed in detail in a recent review
in this journal (14)? Given the analytical imprecision of
quantitative FIT, we believe that f~-Hb should be reported
as integers only and not to many significant figures after the
decimal point as documented in Table 1 (9). We understand
that manufacturers still quote data as ng Hb/mL buffer and
guess that the authors have probably recalculated to the
EWG recommended units of pg Hb/g faeces (15) from the
quoted mass of faeces collected and the volume of buffer in
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the specimen collection device. We strongly believe that all
manufacturers, suppliers and users of FI'T should use units
of pg Hb/g faeces to aid universal comprehension.

Clinical outcomes

The results given in the study of Gies ez 4. (9) are of much
interest. Of the 1,667 participants who fulfilled the inclusion
criteria, all 216 cases with AN and 300 randomly selected
individuals without AN were included in the analysis. Not
surprisingly, the sensitivities and specificities for AN varied
widely when the pre-set f-Hb cut-offs or the uniform f-Hb
cut-off were used, Adjusting the f-Hb cut-offs to give
specificities of 99%, 97%, or 93% resulted in almost equal
sensitivities for detection of AN. The authors state that
this strategy gave almost equal positivity rates (2.8-3.4%,
5.8-6.1% and 10.1-10.9%, respectively).

We believe that the subjective statement of “almost
equal” is misleading. Many CRC screening programmes
are carried out in countries with very scarce colonoscopy
resources: for 100,000 participants, 2.8% positivity would
mean that 280 colonoscopies would be required whereas
3.4% would mean 340, an over 20% increase in requirement
and, possibly unobtainable. The authors are correct that,
in practice, determining specificity, or defining a f-Hb cut-
off according to specificity, in the context of an established
FIT-based screening programme is often difficult because
only test-positive participants typically would be referred
for colonoscopy. Although the authors state that adjusting
the f-Hb cut-off to defined positivity rates would have
resulted in very narrow ranges of specificities across tests,
these data were not shown. It would have been of value
to document these data at identical positivity rates, as
recommended in recent comparisons of FIT systems (7,8).
As the authors state, selecting a -Hb cut-off to give a pre-
defined positivity rate is relatively straightforward.

Discussion/conclusions

We applaud the authors for their study and agree with their
statement that it is the first comprehensive comparative
evaluation of diagnostic performance of a large number of
quantitative FIT in a screening setting. Their Discussion
section is excellent and their honesty regarding the study’s
weaknesses is admirable. We hope that this work stimulates
other studies on the characteristics of FIT systems. As
more come to market, evidence must be generated for
each that, in large average risk populations, the FIT
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provides acceptable performance. The work confirms that
large differences in diagnostic performance variables are
seen when using the f-Hb cut-offs recommended by the
manufacturers and, importantly, a single uniform f-Hb cut-
off does not resolve the problem. They demonstrated that
the large differences that were found nearly disappeared
when f-Hb cut-offs were adjusted in such a way that all
the FIT achieved defined specificities at which sensitivities
were also all very close. This latter point confirms the
current concepts that comparison of outcomes obtained
by FIT are best and easily done using identical positivity
rates rather than identical f-Hb cut-offs (6). The reasons
for the difference in outcomes when using one f-Hb cut-
off across all systems is probably mostly due to the fact
that the antibodies have different specificities and react not
only to intact haemoglobin, but also to different spectra of
haemoglobin degradation products.

In conclusion, studies comparing FIT performance in
large average risk populations are necessary and needed.
As the authors state, their results underline the need for
enhanced efforts for harmonization, standardization and
quality assessment of FI'T. Rather than simply using the f-Hb
cut-offs recommended by FI'T manufacturers, screening
programme organizers should choose f-Hb based on
intended levels of specificity and/or manageable positivity
rates consistent with the programme’s colonoscopy
resources.
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