STUDY DESIGN Lib Oncol. 2024;52(2-3):129-141
doi: 10.20471/L0.2024.52.02-03.19

S0&e

VERIFICATION OF THE FECAL IMMUNOCHEMICAL TEST
ON THE OC-SENSOR CERES DEVICE

ANTONIA SOIC!, SANJA LANGER!, ZVJEZDANA SPACIR PRSKALO', MIHAELA GACE!,
MILICA VRBANCIC!, INES SEVER! and LJILJANA MAYER!

'Department of Medical Biochemistry in Oncology, University Hospital for Tumors,
Sestre milosrdnice University Hospital Center, Zagreb, Croatia

Summary

Organized screening programs for the detection of colorectal cancer (CRC) in the Republic of Croatia include testing
for occult bleeding in the stool. Traditionally, the guaiac fecal occult blood test (gFOBT) has been used. Another well-estab-
lished method is the fecal immunochemical test (FIT). In the Department of Medical Biochemistry in Oncology laboratory,
at the University Hospital for Tumors, Sestre milosrdnice University Hospital Center, FIT verification was performed on the
OC-SENSOR Ceres device according to CLSI guidelines. The parameters of precision, trueness, carryover, stability, and a
comparison with gFOBT were assessed. Precision was demonstrated with the calculated expanded relative measurement
uncertainty, which was 2,54%, 1,24%, and 5,38%. Accuracy was calculated and shown as bias (2,1%, 0,8%, and 1,3%). Hemo-
globin stability in the sample was determined for up to 10 days at 2-8°C (4,95%) and even at room temperature (9,57%). The
obtained result for analyte carryover was -0,43%. A comparison of gFOBT and FIT found that gFOBT shows a higher num-
ber of false-negative results (38%). Considering all the advantages of FIT compared to gFOBT and the successful verification
of the method, it is justified to replace gFOBT with FIT.
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INTRODUCTION sis. Screening aims to identify individuals whose
medical reports suggest a particular cancer or pre-

Colorectal cancer (CRC) is the second most cancer, even before symptoms develop. If abnor-
common type of cancer in the Republic of Croatia. malities are found during screening, further test-
One in thirty-five women and one in twenty-two ing should be conducted to confirm a diagnosis,
men will develop CRC. The mortality rate from followed by a referral for treatment if cancer is
CRC in Croatia is 53 per 100,000 inhabitants, sig- present. With early diagnosis, cancer is more like-
nificantly higher than the European Union (EU) ly to respond to treatment, increasing the chances
average of 32 per 100,000, placing it among the of survival and reducing morbidity. In Croatia, a
highest rates in the EU. The incidence of colon can- national program for the early detection of CRC
cer in Croatia is comparable to that of the Nether- has been implemented every other year for over
lands, which stands at 97 per 100,000 inhabitants; 15 years, targeting individuals aged 50-74. For
however, their mortality rate is lower at 36 per early detection through organized screening to be

100,000. In 2020, life expectancy in Croatia was
nearly three years below the European average(1). — . )
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effective, it is crucial to reach an adequate percent-
age of the target population. A participation rate
of 45% is considered satisfactory, while a rate of
65% is desired(2).

Early detection of colon cancer by testing for
occult bleeding in stool (bleeding not visible to the
eye) in an asymptomatic, average-risk population
has proven to be an effective method for early de-
tection, due to its ease of application and relative-
ly low cost compared to treatment at advanced
stages of the disease. Large population-based and
controlled studies on fecal occult blood testing for
early colon cancer detection have reported a posi-
tive fecal occult blood test in 1% to 5% of subjects.
A positive result indicates the need for further di-
agnostic procedures, most often involving colo-
noscopy, proctosigmoidoscopy, or a double-con-
trast barium enema examination. The sensitivity
of the guaiac fecal occult blood test (gFOBT) for
detecting colon cancer is approximately 50%, with
a specificity of 98%. The sensitivity to detect ad-
vanced adenoma ranges from 6% to 17%(3).

The gFOBT relies on guaiac-impregnated re-
action paper and the peroxidase activity of intact
hemoglobin. Oxidation of guaiac (4-[5-(4-hydroxy-
3-methoxyphenyl)-3,4-dimethylfuran-2-yl]-2-me-
thoxyphenol) with the catalyst hydrogen peroxide
develops the characteristic blue color ((42)-2-me-
thoxy-4-[(5E)-5-(3-methoxy-4-oxocyclohexa-2,5-dien-
1-ylidene)-3,4-dimethylfuran-2-ylidene]cyclohexa-2,5-
dien-1-one). The test is specific to free hemoglobin
from lysed erythrocytes, as hemolysis in stool is
primarily caused by water and salts. However, the
guaiac reaction is also sensitive to non-human he-
moglobin (from meat and meat products) and
vegetable peroxidases. To avoid false positive (FP)
results, a restricted diet is required for several
days before sample collection. Additionally, iron
supplements should be avoided as high doses
may cause FP results, as should drugs like aspirin,
indomethacin, phenylbutazone, corticosteroids,
and reserpine, which can induce gastrointestinal
irritation or bleeding. Vitamin C intake over 1
gram per day can lead to false negative (FN) re-
sults due to the reducing properties of ascorbic
acid. Sample collection typically requires consecu-
tive stool samples over three days(4).

Unlike gFOBT, which is a qualitative test
with results displayed as either positive or nega-
tive, the fecal immunochemical test (FIT) is a
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quantitative method that provides numerical
analysis values. Additionally, FIT measures he-
moglobin concentration in stool without being af-
fected by various interferences, eliminating the
need for restrictive diets before sampling.

The FIT is endorsed by leading professional
associations, including the European Society for
Medical Oncology (ESMO)(5), National Compre-
hensive Cancer Network (NCCN)(6), American
Cancer Society (ACS)(7), American Society of
Clinical Oncology (ASCO)(8), World Endoscopy
Organization (WEO)(9), United States Preventive
Services Task Force (USPSTF)(10), the American
College of Physicians (ACP)(11,12), American
College of Gastroenterology (ACG)(13). As of De-
cember 2022, the European Commission also rec-
ommends FIT as a screening method for colorectal
cancer(14).

Since 2018, following the initiation of proce-
dures to introduce the diagnostic-therapeutic pro-
cedure (DTP) for specialist council healthcare
screenings for occult bleeding through fecal im-
munotesting, FIT has also been available within
the public health system of the Republic of Croatia.

The OC-SENSOR Ceres® (Eiken Chemical,
Japan) device measures hemoglobin concentra-
tion in feces using the latex turbidimetric method.
This automated immunochemical approach is
based on a specific antigen-antibody reaction,
which occurs between an antigenic determinant of
hemoglobin A (HbA ) and the active groups of
the anti-human HbA  antibodies. The extent of
binding depends on the concentrations of both the
antigen and antibody. Antibodies are attached to
polystyrene latex particles via inactive groups,
and during the antigen-antibody reaction, agglu-
tination of latex particles occurs, resulting in a
change in the intensity of light transmitted through
the reaction mixture. A dose-response curve of the
absorbance unit vs. concentration is generated us-
ing the results obtained from the calibrators. The
concentration of hemoglobin in the patient sample
is determined from this curve(15).

Verification components in medical biochemistry
laboratory

To prove that a method serves its intended
purpose, it is necessary to conduct validation or
verification. These processes ensure accurate, re-
producible, and precise results. Validation is the
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process of thoroughly examining the characteris-
tics of a method to provide objective evidence that
a particular element is suitable for its intended
purpose. It is carried out by the manufacturers of
the test and includes a series of measurements of
various parameters, which establish acceptance
criteria. Verification is a procedure that provides
objective evidence that a method meets all the re-
quirements of its intended purpose. It requires fi-
nancial, time, and human resources, so it must be
carefully planned. The fundamental principles of
verification have been applied in medical-bio-
chemical laboratories since their inception. Since
1968, the Clinical and Laboratory Standards Insti-
tute (CLSI) has been developing and actively pro-
moting processes for global harmonization and
creating formal consensus for standardization in
laboratory diagnostics. It regularly publishes con-
tinuously improved documents, standards, and
guidelines, and conducts ongoing certification
and educational programs. Through its efforts,
CLSI ensures the essential prerequisites for the de-
velopment of clinical laboratories, improves the
comparability of test results, and encourages ex-
cellence in laboratory medicine.

Verification of the FIT was performed on the
OC-SENSOR Ceres device in the laboratory of the
Department of Medical Biochemistry in Oncology
at the University Hospital for Tumors, Sestre mi-
losrdnice University Hospital Center, Zagreb,
Croatia. The parameters evaluated included preci-
sion (which encompasses repeatability, interme-
diate precision, and reproducibility), trueness,
carryover, stability, and comparison with the
gFOBT. Linearity does not apply to this method,
as FIT is an immunochemical approach that uses
six calibrators to establish a calibration curve de-
scribed by a higher-order (non-linear) mathemati-
cal relationship. The limit of detection (LOD),
limit of quantification (LOQ), and cut-off value are
determined by the manufacturer and are used as
such in clinical practice. LOD is 6 ng/mL, LOQ is
20 ng/mL, measure range is 20 — 1000 ng/mL, cut-
off is 100 ng/mL.

Precision is a quantitative value that indicates
the degree of agreement (concordance) between
the results of a series of measurements conducted
on the same homogeneous sample under precisely
defined conditions. It reflects the ability of an ana-
lytical method to yield identical results in repeated
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measurements of the same sample. The distribu-
tion of random errors influences precision and is
not a direct measure or indicator of accuracy.

The measure of trueness is represented by
the deviation (bias), which is the difference be-
tween the mean value of the results obtained us-
ing the tested method under specific conditions
and the expected value of the reference material or
the value measured by another method or analyti-
cal system.

Carryover is a procedure that assesses the ex-
tent to which a sample with an extremely high re-
sult can cause falsely elevated values in subsequent
samples with extremely low concentrations. This
assessment is typically expressed as a percentage.

Sample stability refers to the ability to main-
tain consistent quantification values over a de-
fined period and at specific value levels during
storage under predetermined conditions. Stability
needs to be assessed primarily because screening
processes often involve analysis with a time delay.

Additionally, we examined the comparabili-
ty of the FIT and gFOBT methods. This compari-
son extends beyond the traditional framework of
assessing bias between two methods since they
differ in their quantitative and qualitative nature.
However, it was important to compare their diag-
nostic accuracy since these methods are meant to
be used primarily as screening tests.

MATERIALS AND METHODS

Verification of the OC-SENSOR Ceres® de-
vice (Eiken Chemical, Japan), which employs an
immunochemical method for the automated and
quantitative measurement of hemoglobin concen-
tration in stool samples was conducted from June
to October 2024.

To verify precision and trueness, manufac-
turer-supplied samples intended for internal qual-
ity control were used. These samples have de-
clared specific target values and coefficients of
variation. The procedure for determining repeat-
ability, inter-precision, intra-laboratory precision,
and trueness was conducted according to the CLSI
guidelines EP15-A3 User Verification of Precision
and Estimation of Bias. Commercial control samples
were analyzed at different times of the day and by
different laboratory personnel to capture the max-
imum variability of the analytical system. Three
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levels of control samples were run in 5 replicates
over five consecutive days (N=25). For each day,
the mean value of the measurements was calcu-
lated, along with the total mean value of all the
obtained means, the standard deviation, and the
square of the standard deviation.

Intra-laboratory precision and within-run
precision were expressed by standard deviation
and percentage of the coefficient of variation.

The Grubbs test was utilized to identify out-
lier values, where any point falling outside the ac-
ceptable range has been considered an extreme
value and was excluded from statistical process-
ing. Consequently, in such cases, the measure-
ment was repeated.

Grubbs range = mean =+ G x SD, where G
(Grubbs factor) for 25 measurements is 3,135.

One-way analysis of variance (ANOVA, Ta-
ble 1) was used for statistical data processing:

k —number of series(5)

n —number of replicates per series(5)

N - total number of measurement results in-

cluded in the analysis(25)
—mean value of all measurement results

The variances within the series (VW) and be-
tween the series (VB) were derived from the data
presented above:

VW = MS2
VB =(MS1-MS2) /n,

where n, (mean value of the number of results per
series) depends on the number of measurements
(for the basic plan of the verification procedure n,
=5).

Repeatability (in-run precision, s,), inter-pre-
cision (between-run precision, s;), and intra-labo-
ratory precision (s,,) were calculated based on
one-way analysis of variance (ANOVA) using the

following equations:
STV +V,

The results of the verification were interpret-
ed by comparing the calculated value with the
value declared by the manufacturer. Suppose the
manufacturer expressed repeatability or intra-lab-
oratory precision as a coefficient of variation. In
that case, it is necessary to calculate the standard
deviation of the mean value of all results for the
tested concentration levels:

0, =CV%, xX

where CV%r is the declared coefficient of varia-
tion for repeatability/in-laboratory precision at
the approximate tested concentration level, and X
is the mean value of all measurement results ob-
tained over five days.

Depending on the ratio of calculated repeat-
ability (s,) to declared repeatability (o,) and calcu-
lated intra-laboratory precision (s, ) to declared
intra-laboratory precision (o, ), we can determine
whether the method meets the established criteria.
Suppose the verification results do not satisfy the
primary criteria. In that case, it is necessary to ex-
amine the results about the extended criteria,
which are based on a comparison of the data with
the upper verification limit (UVL — the upper limit
of the 95th percentile of the expected estimated
values for imprecision). If the verification results
still do not meet the selected criteria, it is essential
to contact the manufacturer to identify the exact
source of the issue and explore potential solutions
(Table 2).

The upper verification limit (UVL) was calcu-
lated using the following equation:

UVL=FxoorUVL=F x %CV

where the F-factor depends on the number of test-
ed samples (a minimum of two concentration lev-
els) and the degrees of freedom (DF) related to the
total number of measurements.

Intra-laboratory precision represents the
standard measurement uncertainty (u). When ex-

Table 1.

Calculation of one-way analysis of variance (ANOVA) parameters
Source of variation SS DF Ms
Between series SS1 = 2:?:1 ni(fl - f)z DF1=k-1 MS1 = SS1/DF1
Within the series SS2=SS, - SS1 DF2 = DF,, - DF1 MS2 = SS2 / DF2
In total SS, =SS1= Z]’il n, (yl _?)2 DF, =N -1

SS — sum of squares; DF — degrees of freedom; MS — the mean value of the sum of squares
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Table 2.

Conclusion of the precision verification based on the obtained results

Possible outcomes Conclusion

S .<o.ie. S, 6 <o L
R R wL wL acceptance criteria.

The estimated repeatability is lower than the manufacturer’s declared repeatability, thus meeting the

S;.>o0.ie.S, >0,

The estimated repeatability is higher than the manufacturer’s declared repeatability. It is necessary to
calculate the upper verification limit (UVL) to determine whether this difference is statistically significant.

Sy, <UVL.ie.§, <UVL, criteria.

The estimated repeatability is lower than the verification value, indicating that it meets the acceptance

Sz > UVL;ie. S, >UVL,, acceptance criteria.

The estimated repeatability is higher than the verification value, indicating that it does not meet the

S

R
precision; UVL — upper verification limit

pressed as a coefficient of variation, intra-labora-
tory precision reflects the relative standard uncer-
tainty of measurement (u_). To calculate the ex-
panded relative measurement uncertainty at a
confidence level of 95%, it is necessary to include a
coverage factor of k =2.

The expanded relative measurement uncer-
tainty (U ) was calculated based on the formula:

Urel = urel X 2

The calculated expanded relative measure-
ment uncertainty was compared with the selected
acceptance criterion, and a conclusion was drawn
based on the results obtained where Urel below
the acceptance criterion was satisfactory and
above was considered unacceptable.

In cases where commercial control materials
with a known target value (TV) are used for bias
testing, and it is impossible to determine the stan-
dard error, it can be considered equal to 0. Conse-
quently, the verification interval in this case be-
comes narrower, increasing the probability that
the mean value of all measurement results (X) falls
outside the verification interval.

The mean value and standard deviation (s )
of the results for each concentration level were cal-
culated using the following formulas:

2. /Z?“ —X)?
iz i s = 1:1(X1 X)
n * n-1

The standard error of all measurement re-
sults was calculated using the following equation:

(nRep - 1] ) }
nRep

se_= 1 s
x nRun| "™
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— calculated repeatability; o, — declared repeatability; s, — calculated intralaboratory precision; o, — declared intra-laboratory

sR — precision in series
sWL —intralaboratory precision,
nRun - number of series of measurements

nRep -—number of measurement replicates

The verification interval (95% CI) was calcu-
lated using the following expression:

TVt

0,975,nRun—1 X Se?

If the mean value of all measurements falls
within the verification interval, the bias is consid-
ered statistically insignificant. A determination
can be made regarding clinical acceptability by
comparing the calculated bias results with the ac-
ceptance criteria. The established acceptance crite-
rion was 10% or 12% for low values, as specified
by external quality control (Labquality, Finland).

The stability of the analyte in the sample was
assessed according to the guidelines outlined in A
protocol for testing the stability of biochemical analyt-
es. Technical document(16). A refrigerator (Gorenje,
Croatia) served to store the samples at a tempera-
ture of 2-8°C, while a sterilizer (Instrumentaria
ST-01/02, Croatia) was used for samples stored at
+35°C. To demonstrate a wide range of hemoglo-
bin concentrations hemolyzed serum was spiked
into the original manufactured sample tubes. The
initial hemoglobin concentration was determined
in 14 samples for each series. Samples with an ini-
tial concentration below the limit of quantification
(20 ng/mL) were excluded from further process-
ing. One batch was stored at room temperature,
the second at 2-8°C, and the third at +35°C. Hemo-
globin concentrations were measured again after
24 hours, 72 hours, 7 days, and 10 days. The per-
centage deviation (PD) at different time intervals
from the initial concentration was calculated for
each sample according to the following formula:
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_ result at time x —initial result

PD x100

initial result

Next, the mean value of the absolute devia-
tion of the samples in each series was calculated
after each time interval (24 hours, 72 hours, 7 days,
and 10 days). The acceptable coefficient of varia-
tion, based on the external quality control
(Labquality, Finland) criterion was 10% or 12% for
low-value samples (up to 100 ng Hb/mL).

The assessment of analyte carryover in the
samples was conducted following CLSI guideline
H26-A2 Validation, Verification, and Quality Assur-
ance of Automated Hematology Analyzers; Approved
Standard — Second Edition. Immediately after run-
ning high-concentration samples in triplicate (H1,
H2, H3), a low-concentration sample was mea-
sured in triplicate as well (L1, L2, L3). The percent-
age of carryover was calculated using the follow-
ing formula:

-L3
—x
H3-L3

According to the manufacturer’s specifica-
tions, the acceptance criterion for carryover was
set at 1.5%.

HemoGnost® (BioGnost, Croatia) cards were
used for the comparison of FIT with the gFOBT
method using 56 adapted samples (homogenized
oat porridge spiked with hemolyzed serum). A
cut-off of 100 ng/L (as declared by the manufac-
turer) was used for the qualitative classification of
results for FIT and used as a reference measure-
ment in assessing the diagnostic accuracy of
gFOBT in comparison. Measures of diagnostic ac-
curacy -sensitivity, specificity, positive (PPV) and
negative (NPV) predictive value were calculated
as follows:

carry over = 100

_ TP 100
TP

Sensitivity = N
+

PPV x100

TP+ P

Specificity = x100

_IN
FP+TN
TN

NPV = ————
FN+TN

x100
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RESULTS

Precision and trueness

Data for precision and trueness evaluation
for all three control samples are shown in Table 3.
The total average of all measurements for samples
1,2, and 3 were 148,7 ng/mL (SD = 1,86 ng/mL; CV
= 1,25%), 449,5 ng/mL (SD = 2,62 ng/mL; CV =
0,58%), 74,8 ng/mL (SD =1,97 ng/mL; CV =2,64%),
respectively.

The estimated repeatability for samples 1
and 2 (CV =1,1% and CV = 0,3%) is equal to or
lower than the manufacturer’'s declared repeat-
ability (CV =1,1% and CV = 0,8 %), thus meeting
the acceptance criteria. The estimated repeatabili-
ty for sample 3 (CV =2,3%) is higher than the man-
ufacturer’s declared repeatability (CV =1,2%). Itis
calculated The verification value (V, = 1,6%) to
determine whether this difference is statistically
significant. The estimated repeatability is higher
than the verification value, indicating that it does
not meet the acceptance criteria. The estimated in-
tralaboratory precision for all three samples (CV =
1,3%, CV = 0,6%, CV = 2,7%) is lower than the
manufacturer’s declared intralaboratory precision
(CV =1,7%, CV =1,5%, CV = 2,3%), thus meeting
the acceptance criteria. The calculated expanded
relative measurement uncertainty (Urel) for all
three samples (2,54%, 1,24%, 5,38%) was com-
pared with the selected acceptance criterion (10%,
10%, 12%), and a conclusionwas drawn based on
the results obtained where Urel below the accep-
tance criterion is satisfactory.

A determination of trueness is made by com-
paring the calculated bias results with the accep-
tance criteria. The established acceptance criterion
was 10% or 12% for low values and inaccuracy
(%bias) of consecutive measurements of three
samples were 2,1%, 0,8%, and 1,3%.

Stability

The stability of samples is shown in Figure 1
for three different storage conditions (at room
temperature, at 2-8 °C, and at 35 °C) measured at
four different time stops (after 24 h, 72 h, 7 days,
and 10 days). After 24 hours, hemoglobin concen-
tration deviated by 5,17% at room temperature,
4,40% at 2-8°C and 6,67% at +35°C. After 72 hours,
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Table 3.

Results for precision and trueness estimation of three commercially available control samples

SAMPLE 1 SAMPLE 2 SAMPLE 3

Pattern Name OC-FIT Control LV1 OC-FIT Control LV2 OC-FIT Control LV3
N 25 25 25
Target value (ng/mL) 1457 453 73,9
X 148,720 449,480 74,840
SD 1,8601 2,6160 1,9723
CV (%) 1,25 0,58 2,64
Declared repeatability (%CV) 1,1 0,8 1,2
Declared intralaboratory precision (%CV) 1,7 1,5 23
Acceptance criterion for MN (%) 10 10 12
Estimated repeatability (%CV) 1,1 0,3 2,3
Estimated intralaboratory precision (%CV) 1,3 0,6 2,7
Expanded relative measurement uncertainty (%Urel) 2,54 1,24 5,38
Allowed bias (abs.) 14,57 45,30 8,87
Estimated bias (abs.) 3,02 3,52 0,94
Estimated bias (%) 2,1 0,8 1,3
Acceptable %bias 10 10 12

N — total number of measurements; SD — standard deviation; CV — coefficient of variation; MN — measurement uncertainty

PD over time

25

20

15
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24h 72h 7 days
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—e— Room temperature ~—@— 2-8°C 35C

Figure 1. Graphic representation of the mean percentage devia-
tion (PD) of the hemoglobin concentration from the initial value
based on the storage time and temperature.

the deviation increased to 7,13% at room tempera-
ture, 5,10% at 2-8°C and 10,54% at +35°C. After 7
days, the deviations were recorded as 7.85% at
room temperature, 6.47% at 2-8°C and 14.39% at
+35°C. After 10 days, the deviations peaked at
9.57% at room temperature, 4.95% at 2-8°C and
21.83% at +35°C.

Carryover

The determined hemoglobin concentrations
for replicate high and low samples are as follows:

697 ng/mL, 700 ng/mL, 710 ng/mL, 8 ng/mL, 9 ng/
mL and 11 ng/mL.

The obtained result for the analyte carryover
was -0.43%.

Comparison of quantitative (FIT) and qualitative
(gFOBT) methods of fecal occult blood detection

The FIT method yielded negative results for
hemoglobin concentrations below 100 ng/mL in
13 samples, indicating that 23% of the samples
analyzed by the gFOBT method were true nega-
tive (TN). In 21 samples, the FIT method mea-
sured hemoglobin concentrations above 100 ng/
mL, classifying them as positive, while the
gFOBT method produced negative results. This
resulted in 38% of false negative (FN) results
with the gFOBT method. Both methods produced
positive results in 22 samples, leading to a 39%
rate of true positive (TP) results with the gFOBT
method (Table 4).

The sensitivity of gFOBT compared to FIT
was 51%, with a specificity of 100%. The positive
predictive value (PPV) was 100%, while the nega-
tive predictive value (NPV) was 38%.
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Table 4.
Presentation of the individual results of hemoglobin detection in samples using FIT and gFOBT methods (N = 56)

FIT (ng/mL) gFOBT FIT (ng/mL) gFOBT FIT (ng/mL) gFOBT
0 negative 100 negative 416 positive
4 negative 136 negative 438 positive
8 negative 142 negative 450 positive
18 negative 172 negative 455 positive
20 negative 178 negative 457 positive
26 negative 223 negative 465 positive
30 negative 233 negative 511 positive
37 negative 233 negative 516 positive
38 negative 249 negative 541 positive
40 negative 258 negative 567 positive
47 negative 272 negative 650 positive
66 negative 275 negative 707 positive
73 negative 287 negative 751 positive
303 negative 779 positive
310 negative 791 positive
347 negative 846 positive
350 negative 862 positive
369 negative 865 positive
398 negative 873 positive
407 negative 874 positive
409 negative 912 positive
943 positive

TN 23% FN 38% TP 39%

DISCUSSION blood tests, only Croatia, Latvia, and Greece con-

The national strategic framework of the Re-
public of Croatia against cancer until 2030 aims to
ensure the effectiveness of the screening program,
targeting a response rate of at least 45% of indi-
viduals examined for occult blood in the stool,
with a desired response rate of 65%. The goal is to
reduce mortality by at least 15% five years after
the program’s initiation and to achieve a coverage
rate of 60% through screening. Additionally, the
framework aims to detect cancer in its earliest
stages, when the disease is more accessible to
treat, thereby improving the patient’s quality of
life and survival rates. It also seeks to provide ap-
propriate diagnosis and treatment for individuals
with a positive test for occult bleeding in the stool
and to enhance awareness of the early signs and
symptoms of the disease(17).

Among European countries with organized
CRC screening programs utilizing fecal occult
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tinue to employ gFOBT as of 2024. Countries that
initially established screening programs adopted
gFOBT but have since transitioned to the more ad-
vanced FIT. In contrast, countries that began their
screening initiatives more recently opted for FIT
from the outset, recognizing its superior sensitivi-
ty and specificity for detecting occult blood(18).
Eurostat is the statistical office of the Europe-
an Union that collects, aggregates, and visualizes
data related to various topics, including responses
to colorectal cancer screening (Figure 2). Recent Eu-
rostat data indicate significant disparities in screen-
ing responses among EU countries. The Nether-
lands and Sweden exceed 65%, Finland approaches
80%, while Croatia’s response is only around 25%.
One of the repercussions of low response rates and
late detection is an adverse financial impact. The
disease is often diagnosed at an advanced stage
when treatment is more uncertain, prolonged, and
more expensive. This may explain why, in recent
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Colorectal cancer screening rate, people aged 50 to 74 years,
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Note: programme-based data. The rate shown is the proportion of people aged 50 to 74 years who have been

screened for colorectal cancer within the previous 2 years (or according to the specific screening frequency
recommended in each country). This is shown as a proportion of people eligible for an organised screening
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Figure 2. Graphic representation of the turnout for CRC screening by European countries(19).

years, a significant number of research studies have
addressed the causes of non-uniformity in cancer
screening across EU member states. Identifying the
predominant individual reasons for these dispari-
ties is considered the only effective way to improve
the current situation. Due to Croatia’s high mortal-
ity rate from late-stage CRC, any intervention lead-
ing to an increased response to screening could also
enhance chances for an earlier diagnosis and better
patient outcomes.

Significant differences in screening turnout
were observed based on the degree of urbaniza-
tion. In urban areas of the Republic of Croatia, ap-
proximately 55% of the population aged 50 to 74
reported that they had never been screened for
colorectal cancer, whereas in rural areas, this per-
centage increases to over 70%. Furthermore, a dis-
parity in turnout was noted depending on the ed-
ucational status of the population. Nearly 60% of
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individuals aged 50 to 74 with a lower level of
education have never participated in screening. In
comparison, the percentage of non-attendance
drops below 50% for those with a higher level of
education. Additionally, the male mortality rate
from colorectal cancer is more than twice that of
females(20).

Published studies suggest that the implemen-
tation of FIT could lead to higher turnout, increased
detection of patients in the early stages (thereby im-
proving survival rates), and financial savings. In
2008, Dutch researchers published the first ran-
domized comparison between gFOBT and FIT in
an average-risk population. The turnout rate for
gFOBT was 47%, while for FIT it was 60%. The de-
tection of advanced adenomas and carcinomas was
significantly higher in the group tested with FIT,
with 2.5 times more advanced adenomas and carci-
nomas and 2.2 times more carcinomas detected
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compared to gFOBT(21). In a five-year pilot study
conducted from 2009 to 2014, they confirmed a 20%
higher turnout with FIT compared to gFOBT. Ad-
ditionally, after one round of FIT screening, they
found that a hypothetical individual would gain an
average of 0.003 life years and save the health sys-
tem €27 compared to gFOBT, and 0.003 life years
and €72 compared to no screening(22). Since the
start of screening in 2014 in the Netherlands, there
has been an increase in the detection of stage I
colorectal cancer, rising from 18% to over 30%(23).
A 2015 Italian study reported that FIT-based screen-
ing programs were associated with a significant re-
duction in colorectal cancer mortality (by 22%) and
that this effect occurred much earlier than with
gFOBT-based programs(24).

Screening using FIT requires stool sampling
for a maximum of two consecutive days. A 2013
Dutch study demonstrated that screening intensi-
fication with a single-sample FIT yielded equal or
higher survival rates at lower costs compared to
the two-sample FIT. Consequently, the research-
ers suggested conducting more rounds of screen-
ing with one FIT sample instead of screening ev-
ery two years with two FIT samples(25). In 2020,
Brazilian scientists examined the diagnostic accu-
racy of tests using one or two samples collected on
consecutive days. They concluded that collecting
two samples improves the detection rate of ad-
vanced adenomas, which are preneoplastic condi-
tions that can lead to CRC(26). It is logical to ad-
here to the recommendations of manufacturers
who suggest using multiple testing methods (2-3
days), primarily for statistical reasons. Since
bleeding is often intermittent, analyzing more
than one sample reduces the likelihood of failing
to detect patients with a positive finding of occult
blood in their stool. Additionally, due to the sig-
nificant variation in fecal hemoglobin concentra-
tion observed between samples, many advanced
adenomas were missed when only one stool sam-
ple was tested, mainly when a higher cutoff for
test positivity was applied. Findings from an Aus-
tralian study indicated that a one-sample test was
not necessarily associated with a lower burden of
a colonoscopy if a two-sample test had an inde-
pendently set cutoff that provided comparable
sensitivity. If the detection of advanced adenomas
is a critical goal of the screening program, and if a
colonoscopy burden of over 5% is feasible, the
two-specimen test requires fewer colonoscopies
for equivalent sensitivity(27).
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Every year a significant number of colorectal
cancer cases (one-third of the total cases in Croa-
tia) are diagnosed and treated at the University
Hospital for Tumors, Sestre milosrdnice Universi-
ty Hospital Center (Zagreb, Croatia) which under-
scores the justified need for a screening method
for occult bleeding. The optimal method for this
purpose is FIT, as it allows automated and quanti-
tative measurement of analytes, resulting in fast
and reliable laboratory test results. The purpose of
thorough verification is to ensure that test results
reliably reflect the patient’s condition. It confirms
that any changes in parameters across a series of
measurements accurately represent the patient’s
condition, rather than being due to instrument
bias or imprecision. Verification also ensures that
patients do not move between diagnostic groups
due to bias and that changes observed in a series
of measurements can be clearly distinguished
from natural biological variability.

By verifying FIT, we found that the method is
precise and has an acceptable bias. However, even
though the repeatability at level 3 of the control
sample (target value 73.9 ng/mL) was not analyti-
cally satisfied, it is not clinically significant consid-
ering that these values (ranging from 72 to 78 ng/
mL) are below the cut-off value of 100 ng/mL.
Young et al. investigated the effect of varying the
number of samples (one sample (1-FIT) vs. two
samples (2-FIT)) and cut-off values on test sensi-
tivity and colonoscopy workload. For cut-offs
ranging from 50 to 400 ng/mL, the sensitivity of
2-FIT for colorectal cancer decreased from 81% to
62%, with an even steeper decline for advanced
adenomas, which dropped from 59% to 16%. The
rates for 1-FIT declined in parallel. The rate of in-
crease in sensitivity slowed for both 1-FIT and
2-FIT with cut-offs of 100 ng/mL and below. In
contrast, at cut-offs of 100 ng/mL and lower, the
colonoscopy workload continued to increase even
more rapidly, indicating a loss of efficiency in de-
tecting lesions(28).

When a sample with an extremely high con-
centration precedes an extremely low concentra-
tion of the same analyte, it is reasonable to doubt
whether the concentration in the low-analyte sam-
ple will be falsely increased due to carryover from
the high-analyte sample. By calculating the carry-
over, we demonstrated that the transfer of analyt-
es from the previous sample is negligible.
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The results of the Canadian study show that
FIT samples exhibit a reduced hemoglobin con-
centration compared to the baseline value when
stored at room temperature. In contrast, storage at
refrigerator temperature improved the stability of
the FIT samples, although it did not completely
prevent the decrease in hemoglobin concentra-
tion(29). Our findings demonstrate that hemoglo-
bin degradation was most significant at elevated
temperatures (+35°C), with the highest deviation
observed after 10 days. Samples stored at 2-8°C
exhibited the least variation, suggesting this as the
optimal storage condition for preserving hemo-
globin stability over time. Taking the acceptance
criterion of 10% into account, the samples ana-
lyzed in our laboratory demonstrated stability for
up to 10 days when stored at room temperature
and at a temperature of 2-8°C. However, samples
stored at +35°C exceeded the 10% deviation from
the initial value after just 72 hours. Marginal he-
moglobin concentrations around the cut-off value
(122 ng/mL in the room temperature storage
group; 109 ng/mL at 2-8°C; and 111 ng/mL at
+35°C) exhibited 100% positivity even after 10
days of storage.

In comparing FIT with gFOBT, meta-analy-
ses have shown that FIT demonstrates improved
sensitivity in detecting colorectal cancer and ad-
vanced neoplasia while maintaining the same
specificity(30). A higher sensitivity for colorectal
cancer can be achieved with FIT than with gFOBT.
A single test with a positivity threshold of 100 ng/
mL has been reported to have a sensitivity for
colorectal cancer of 87.1%-92.3%, compared to
30.8%—-74.2% for traditional gFOBT(31). Our com-
parison of FIT and gFOBT established a signifi-
cantly higher sensitivity for FIT; in 38% of the ex-
amined samples, gFOBT yielded a negative result
while the hemoglobin concentration measured by
the FIT method was above 100 ng/mL. Addition-
ally, scientists from the United Kingdom found
the sensitivity of FIT to be 92% in a five-year re-
view involving 450 patients diagnosed with
colorectal cancer, with 36 results being negative
(using a 50 ng/mL cut-off value)(32). Thailand me-
ta-analysis showed sensitivity of OC SENSOR
72,54% (95%CI: 65,82 — 79,25) and specificity of
OC SENSOR 89,59% (95%CI: 87,23 — 91,95). The
results demonstrated a significant log-linear rela-
tionship between FIT concentration and the posi-
tive predictive value for predicting colorectal tu-

139

mors (R?>0.95, p <0.001). These findings suggest
that higher FIT concentrations are associated with
more advanced histological grades. Risk predic-
tion for colorectal neoplasia based on individual
FIT concentrations is noteworthy and could en-
hance the effectiveness of screening programs(33).

The limitations of this study are that stool
samples could not be used in certain components
of verification. Instead of stool samples with
blood, oatmeal was homogenized with hemo-
lyzed serum to obtain a wide range of hemoglobin
concentrations in the samples. In the comparison
study between FIT and gFOBT, it would have
been useful to include colonoscopy findings. Nev-
ertheless, these limitations provide an idea for the
next research on the diagnostic sensitivity and
specificity of FIT with the patient data.

CONCLUSION

FIT is a non-invasive test that helps detect se-
rious bowel diseases in asymptomatic patients.
Due to limited resources in endoscopy and access
to healthcare facilities, FIT is a valuable marker for
informed decision-making in clinical manage-
ment. It enables the rapid identification of patients
at the highest risk, thereby reducing the number
of unnecessary colonoscopies. FIT is a well-estab-
lished method with fully defined prerequisites for
pre-analytical, analytical, and post-analytical ac-
creditation. A consensus has been reached regard-
ing the standardization of the technique, includ-
ing the units for expressing results, reporting
models, hemoglobin stability, and internal and
external analytical quality controls.

Additionally, reputable external quality con-
trol providers provide a system of independent
external quality assessment. Considering the rec-
ommendations of the EU Council that mandate
the use of FIT, along with the interruption of
gFOBT supplies in the market, there is no choice
but to implement FIT as a screening method for
colorectal cancer. We plan to assess the impact of
FIT implementation on CRC incidence in future
studies. Based on the experiences of other coun-
tries, we can anticipate better turnout, which is
crucial in our country to reduce the mortality rate.
It is reasonable to assume that this, combined with
time, will favor outcomes in a desirable direction
for the Republic of Croatia.
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Sazetak

VERIFIKACIJA FEKALNOG IMUNOKEMIJSKOG TESTA NA OC-SENSOR CERES UREDAJU
A. Soié, S. Langer, Z. Spacir Prskalo, M.Gaée, M.Vrbancic, 1.Sever, Lj.Mayer

Organizirani programi probira za otkrivanje kolorektalnog karcinoma u Republici Hrvatskoj ukljucuju testiranje na
okultno krvarenje u stolici. Tradicionalno se koristi gvajak metoda (gFOBT, od engl. guaiac fecal occult blood test). Jos jedna
dobro uspostavljena metoda je fekalni imunokemijski test (FIT, od engl. fecal immunochemical test). U laboratoriju Odjela za
medicinsku biokemiju u onkologiji Klinike za tumore KBC Sestre Milosrdnice provedena je verifikacija FIT-a na OC-SEN-
SOR Ceres analizatoru prema CLSI smjernicama. Provjereni su parametri preciznosti, istinitosti, prijenosa analita, stabilno-
sti analita u uzorku i usporedba s gFOBT-om. Preciznost je prikazana izracunatom prosirenom relativnom mjerom nesigur-
nosti i iznosila je 2,54%, 1,24%, 5,38%. Toc¢nost je izracunata i prikazana kao odstupanje (2,1%, 0,8% i 1,3%). Utvrdena je
stabilnost hemoglobina u uzorku do 10 dana na 2 - 8°C (4,95%) te ¢ak i na sobnoj temperaturi (9,57%). Dobiveni rezultat za
prijenos analita iznosio je -0,43%. Usporedba gFOBT-a i FIT-a pokazala je da gFOBT ima ve¢i broj lazno negativnih rezulta-
ta (38%). S obzirom na sve prednosti FIT-a u odnosu na gFOBT i uspjesnu verifikaciju metode, opravdano je zamijeniti
gFOBT FIT-om.

KLJUCNE RUECT: fekalni imunokemijski test (FIT); verifikacija; probir na kolorektalni karcinom; stabilnost; guajak test na okultno
krvarenje u stolici (QFOBT)
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