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Colorectal cancer represents a major public health problem 
worldwide. According to the 2020 GLOBOCAN statistics, 

it was among the most frequently diagnosed types of cancer 

and one of the leading causes of cancer-related deaths. The 
age-standardized incidence rates of colorectal cancer in Türki-
ye were 16.2 for women and 26.2 for men per 100,000 popula-

Objectives: Immunochemical fecal occult blood test has been commonly used for community-based colorectal cancer 
screening. There is a wide variety of fecal immunochemical test (FIT) products available in the market. However, there is 
limited performance information for many brands, making it essential to assess and compare the performance of these 
FITs. Therefore, this study aims to assess the level of agreement between eight FIT products with various cut-off values 
(two quantitative, six qualitative) and to evaluate the analytical performance of FITs through repeatability, interference, 
and stability analyses.
Methods: This study was conducted using a total of 313 stool specimens of which 211 specimens were obtained from 
randomly selected patients without any dietary restrictions, and the remainder 101 specimens were spiked with hemo-
globin. The fecal occult blood results from all brands were evaluated as positive or negative. The level of agreement of 
FITs were assessed. Repeatability, stability and interference studies of FITs were also carried out.
Results: FITs were found to have fair to almost perfect agreement with kappa values ranging from 0.28 to 0.94 (all 
p<0.001) in the pairwise comparisons but statistically significant differences were found among most FITs by McNe-
mar’s test with Bonferroni correction (adjusted α=0.0018). Repeatability and interference studies showed consistent 
results, but stability performance varied among FITs.
Conclusion: This study showed that agreement and analytical performance among FITs vary, that statistically signifi-
cant differences may be observed between some test pairs, and that agreement measures alone are not sufficient when 
considering test interchangeability. Test selection should be based on a comprehensive assessment that considers ana-
lytical performance together with agreement results and the potential impact on laboratory and clinical management.
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tion (world standard population), ranking third among all can-
cers. Colorectal cancer also ranked third in terms of mortality, 
with age-standardized mortality rates of 7.8 for women and 
13.0 for men per 100,000 population (world standard popu-
lation) [1]. Therefore, its detection via screening programs in 
precancerous or early stages remains of paramount impor-
tance for prognosis and survival.
While most of the population-based screening programs use 
a fecal immunochemical test (FIT) or a guaiac-based fecal oc-
cult blood test as the screening methodology [2], Türkiye’s 
population-based screening program includes a biennial FIT 
and a colonoscopy every 10 years for individuals aged 50–70 
years [3]. FIT is the preferred approach in Türkiye for detect-
ing human hemoglobin in stool samples because i) food and 
medicines do not typically interfere with its results [4]; ii) 
it is specific to human hemoglobin [4]; and iii) it has a high 
cost-benefit ratio [3]. 
While a great number of qualitative and quantitative FIT 
brands are available on the market, this may complicate the 
selection of an appropriate test for laboratory use. Therefore, 
studies evaluating both the clinical and analytical perfor-
mance of these FITs are needed. Most published studies have 
focused on clinical performance [5–7], while fewer have exam-
ined analytical performance through comparative evaluations 
[8, 9]. However, analytical performance of FITs is essential for 
reliable test results, which directly affects patient referral and 
follow-up decisions in colorectal cancer screening. 
Although clinical performance of FITs should ideally be as-
sessed using colonoscopy as the reference method, this may 
not always be practical due to limited availability of colonos-
copy, difficulties in obtaining an appropriate patient pop-
ulation for clinical performance evaluation, and challenges 
related to clinical workload management. Therefore, clinical 
performance data for test brands may not always be avail-
able. In such cases, comparative agreement studies between 
screening tests may still provide valuable information for test 
selection and laboratory practice.
In addition, the cut-off values of FITs may vary significantly [10]. 
The variation in cut-off values used by different FIT brands for 
the same specimen may lead to different interpretations (i.e., 
positive or negative) of test results, which play an important 
role in decision-making in colorectal cancer screening and may 
also lead to variability in positivity rates. FITs with lower cut-off 
values are expected to yield more positive results, which require 
further diagnostic evaluation and thus greater effort in manag-
ing the clinical workload [11]. However, using higher cut-off val-
ues may result in missed diagnoses of the disease. Therefore, 
the potential impacts of cut-off values and available clinical 
capacity should be considered together when selecting a test.
Although several studies have been conducted, performance 
data for many brands is still insufficient, making it difficult 
for health professionals to make informed choices [12]. Ac-
cordingly, the primary aim of this study was to compare the 
agreement between seven FITs (one automated quantitative 

and six qualitative) and the automated quantitative FIT an-
alyzer currently used in our laboratory and previously eval-
uated in various studies [13–15], as well as the agreement 
among the seven FITs, using overall percent agreement, kap-
pa statistics, and McNemar analyses. The secondary aim of 
this study was to evaluate the analytical performance of the 
FITs through interference testing, repeatability assessment, 
and stability analyses.

Materials and Methods
The study was approved by the Ankara Numune Training and 
Research Hospital Ethics Committee (No: 178/2014, Date: 
07/05/2014).
This study was conducted using a total of 313 stool specimens 
in accordance with the principles of the Declaration of Helsin-
ki. Of the 313 specimens, 211 were randomly collected from 
patients without dietary restrictions, while the remaining 102 
were spiked to achieve a hemoglobin concentration of 50±10 
ng/mL by mixing negative fecal occult blood (FOB) samples 
with hemolysate, as most of the FITs evaluated in the study 
had a cut-off value of 50 ng/mL. The FOB results of the mix-
tures were determined based on the values measured by the 
NS-Plus C15 analyzer (Alfresa Pharma Corporation, Japan) cur-
rently used in our laboratory.
Hemolysate was prepared by osmotic (hypotonic) lysis of 
erythrocytes using distilled water, supported by mechani-
cal mixing. For this purpose, blood samples collected from 
healthy volunteers into K2 EDTA blood collection tubes were 
used. The tubes were first centrifuged, and the supernatant 
was removed. The remaining pellet was washed with isotonic 
saline and subsequently resuspended in distilled water at a 1:1 
ratio. After mechanical mixing, the mixture was centrifuged, 
and the supernatant (hemolysate) was separated for later use.
Quality control of the quantitative analyzers was performed 
daily, and all FITs were carried out in accordance with the us-
ers’ instructions. The stool samples used in the tests were col-
lected from the same or nearby regions of stool specimens. 
All samples collected from three different parts of the stool 
specimens were first analyzed using the NS-Plus C15 analyzer 
that works on the basis of a colloidal gold agglutination im-
munoassay method with a cut-off value of 100 ng/mL. The 
same samples were then tested by using i-Chroma (Boditech 
Med, Korea, cut-off 50 ng/mL), a quantitative FIT brand that 
works on the basis of a fluorescence immunoassay method, 
and the following six qualitative FIT brands that work on the 
basis of a lateral flow immunoassay method: Certest (Biotec 
S.L., Spain, cut-off 16 ng/mL), True Line (Biocare Diagnostics 
Ltd., China, cut-off 50 ng/mL), SD (Standard Diagnostics Inc., 
Korea, cut-off 10 ng/mL), Rapidan Tester (Türklab Tıbbi Malz. 
San. Tic. A.Ş., Türkiye, cut-off 50 ng/mL), Laboquick (Köroğlu 
Tıbbi Malz. San. ve Tic. Ltd. Şti., Türkiye, cut-off 50 ng/mL) and 
Innovacon (Innovacon Inc., USA, cut-off 50 ng/mL). 
During the study, differences were observed within the same 
test brands in the buffer volume among sample collection 
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tubes and in the amount of stool collected by different sam-
pling sticks. In addition, NS-Plus C15, SD, and Certest sample 
collection tubes were equipped with a filter system to remove 
excess stool.
The FOB results from all brands were evaluated as positive or 
negative. In qualitative tests, the presence of faint test lines 
was considered a positive result. Results from all brands 
were compared with each other. Further, the same compari-
son was conducted with the NS-Plus C15 analyzer by setting 
the cut-off value to 50 ng/mL, consistent with that of most 
FITs evaluated in this study. Then the compatibility of the 
tests was evaluated.

Interference study
In order to examine whether FIT tests would cross-react with 
hemoglobins other than human hemoglobin, hemolysate 
prepared from blood samples collected from sheep, goats, 
and cattle using the same hemolysis procedure described 
above was mixed with stool samples with negative FOB re-
sults. The samples were run across all FIT brands, and the re-
sults were recorded.

Repeatability study
A total of three samples with negative (14 ng/mL), positive 
(371 ng/mL), and a concentration of 50±10 ng/mL (53 ng/mL) 
were analyzed 10 times in all FITs.
The coefficient of variation (CV) was calculated for quanti-
tative tests, and the results were evaluated according to the 
total allowable error defined by the analytical performance 
specifications of the Royal College of Pathologists of Australa-
sia (RCPA) Quality Assurance Program. 

Stability study
The users’ manual of all FITs (except for Laboquick and Certest 
brands) we used in this study indicated that the samples taken 
into the sample collection tubes should remain stable at room 
temperature for three days. In order to assess the stability pe-
riod indicated above, 20 stool specimens with different FOB 
concentrations, including 10 FOB_negative and 10 FOB_posi-
tive samples, were selected. 

A sample of each stool specimen was collected into a sample 
collection tube of each FIT brand, and the FOB result for the first 
day was recorded. Over the following three days, FOB was an-
alyzed daily using samples from sample collection tubes kept 
at room temperature (20–24°C), and the results were recorded.

Statistical analysis
In the comparison of the tests, agreements (e.g., overall per-
cent agreement; OPA, positive percent agreement; PPA and 
negative percent agreement; NPA) were determined at a 95% 
confidence interval according to the User Protocol for Evalu-
ation of Qualitative Test Performance; Approved Guideline 
(EP12-A2) [16]. 

In addition, agreements were also evaluated using kappa statis-
tics. For this purpose, SPSS V23 (SPSS Inc., Chicago, Illinois, USA) 
statistical software was used. Due to the inherent nature of the 
kappa statistic being influenced by the potential bias between 
tests, Cochran’s Q and McNemar’s tests were used in addition 
to the kappa statistic to determine whether the tests produced 
statistically different results. Statistical significance for McNe-
mar’s test was defined using a Bonferroni-adjusted α level (ad-
justed α=0.0018). The kappa coefficients (κ) values were evalu-
ated according to Landis and Koch’s classification [17].

Results

Fecal occult blood study
The agreement among all FITs included in this study ranged 
from fair to almost perfect based on their kappa values. 
Cochran’s Q test, used to compare the FITs with each other, 
showed statistically significant differences (p<0.001). There-
fore, pairwise comparisons among all FITs were performed 
using McNemar’s test with Bonferroni correction (adjusted 
α=0.0018). 

The results from the statistical analyses demonstrating the 
agreement between the NS-Plus C15 analyzer and other FITs 
for two cut-off values of the NS-Plus C15 analyzer were summa-
rized in Table 1 (cut-off value 100 ng/mL) and Table 2 (cut-off 
value 50 ng/mL). The agreement between the NS-Plus C15 (cut-

Table 1. Agreement values between NS-Plus C15 analyzer (cut-off 100 ng/mL) and different fecal immunochemical tests

Tests	 Positivity	 OPA (95% CI)	 PPA (95% CI)	 NPA (95% CI)	 κ (95% CI) 
	 rate (%)

i-Chroma	 45	 79.9 (75.1–83.9)	 95.3 (88.6–98.2)	 74.0 (67.9–79.3)	 0.58 (0.49–0.67)*
Certest	 42	 77.6 (72.7–82.9)	 86.0 (77.2–91.8)	 74.4 (68.4–79.7)	 0.52 (0.42–0.61)*
SD	 64	 61.7 (56.2–66.9)	 97.7 (91.9–99.4)	 48.0 (41.6–54.0)	 0.32 (0.25–0.39)*
Rapidan tester	 57	 67.1 (61.7–72.1)	 94.2 (87.1–97.5)	 56.8 (50.3–63.1)	 0.38 (0.30–0.46)*
Laboquick	 67	 58.5 (52.9–63.8)	 97.7 (91.9–99.4)	 43.6 (37.3–50.1)	 0.28 (0.22–0,35)*
Innovacon	 59	 66.1 (60.7–71.2)	 95.3 (88.6–98.2)	 55.1 (48.6–61.4)	 0.37 (0.29–0.45)*
True line	 65	 60.4 (54.9–65.7)	 97.7 (91.9–99.4)	 46.3 (39.9–52.8)	 0.31 (0.24–0.38)*

All analyses were based on 313 samples; the positivity rate of NS-Plus C15 was 27. *: Statistically significant after Bonferroni correction (McNemar’s test; adjusted α = 0.0018). 
OPA: Overall percent agreement; PPA: Positive percent agreement; NPA: Negative percent agreement; κ: Kappa coefficient; CI: Confidence interval.
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off 100 ng/mL, positivity rate 27%) analyzer and the other FITs 
ranged from fair to moderate with κ values of 0.28 to 0.58 across 
pairwise comparisons (all p<0.001), and statistically significant 
differences were observed in all comparisons by McNemar’s 
test with Bonferroni correction (adjusted α=0.0018). For the 
cut-off value of 50 ng/mL (positivity rate 50%), the agreements 
were moderate, with κ values ranging from 0.51 to 0.56 across 
pairwise comparisons (all p<0.001). Using McNemar’s test with 
Bonferroni correction (adjusted α=0.0018), only three test pairs, 
NS-Plus C15 vs. SD, NS-Plus C15 vs. Laboquick, and NS-Plus C15 
vs. True Line, showed statistically significant differences. 
The statistical results of the pairwise comparisons among the 
remaining FITs were summarized in Table 3. According to these 
results, there was moderate to almost perfect agreement be-
tween the tests, with κ values ranging from 0.52 to 0.94 across 
pairwise comparisons (all p<0.001). Using McNemar’s test with 
Bonferroni correction (adjusted α=0.0018), statistically signifi-
cant differences were observed in most test pairs, except for the 
i-Chroma vs. Certest, Innovacon vs. Rapidan Tester, True Line vs. 
SD, SD vs. Laboquick, and True Line vs. Laboquick test brands.

Interference study
Fecal occult blood tests using stool samples spiked with 
sheep, goat, and cattle blood yielded negative results in all 
FITs, indicating no cross-reactivity.

Repeatability study
In the repeatability study of qualitative tests performed with 
negative stool specimens, only the Innovacon test yielded 
positive results in one of the ten replicates. For all other stool 
specimens used in repeatability testing, all tests yielded posi-
tive results in all replicates.
Among the quantitative analyzers, the CV% values of NS-Plus 
C15 were 15.8%, 9.8%, and 23.8% for negative, 53 ng/mL hemo-
globin concentration, and positive samples, respectively, while 
these values for i-Chroma were found to be 10.2%, 10.3%, and 
18.9%, respectively. For the positive sample, the CV values of 
NS-Plus C15 and i-Chroma were higher than the total allowable 
error, which is defined as ±15 ng/mL or 15% if the concentration 
of hemoglobin in the stool sample is higher than 100 ng/mL.

Stability study
The evaluation of the stability analysis, based on the propor-
tion of samples that remained stable on each measurement 
day, is summarized in Table 4.
In the stability analysis of negative samples, positive results 
were observed in five samples with the i-Chroma test and in 
one sample each with the Certest, True Line, and Innovacon 
tests. Of the five samples that became positive in the i-Chroma 
test, one yielded a positive result on Day 1 but reverted to 
negative on Days 2 and 3. Among the remaining four samples, 
two became positive on Day 1, one on Day 2, and one on Day 
3. In the Certest and True Line tests, the sample that became 
positive on Day 1 reverted to negative on Days 2 and 3. In the 
Innovacon test, the sample that became positive on Day 1 
remained positive on Days 2 and 3. The remaining negative 
samples maintained their stability across all test brands.
In the stability analysis of positive samples, negative results 
were observed in three samples with the Certest test, two 
samples each with the Innovacon, True Line, and Laboquick 
tests, and one sample each with the i-Chroma, NS-Plus C15, 
Rapidan Tester, and SD tests. The remaining positive samples 
maintained their stability across all brands.

Discussion
In this study, the NS-Plus C15 analyzer, with a cut-off value 
of 100 ng/mL, produced different results compared with the 
other quantitative and qualitative tests used for comparison, 
both in terms of agreement levels and the statistical signifi-
cance of differences (Table 1). The evaluation at a cut-off value 
of 50 ng/mL (Table 2) showed that the NS-Plus C15 analyzer 
had better agreement with several tests. As also discussed by 
Brenner et al. [18] in their comparative study, differences in 
cut-off values between tests appeared to have influenced the 
level of agreement observed among them. 
However, despite a higher but still moderate level of agree-
ment, statistically significant differences were still observed 
between the NS-Plus C15 analyzer and some of the other test 
brands. Therefore, careful evaluation is required when consid-
ering the interchangeability of the tests. 

Table 2.  Agreement values between NS-Plus C15 analyzer (cut-off 50 ng/mL) and different fecal immunochemical tests

Tests	 Positivity	 OPA (95% CI)	 PPA (95% CI)	 NPA (95% CI)	 κ (95% CI) 
	 rate (%)	

i-Chroma	 45	 76.9 (72.2–81.1)	 71.9 (68.8–74.1)	 82.1 (73.1–89.5)	 0.54 (0.45–0.63)
Certest	 42	 75.4 (70.5–79.7)	 67.5 (63.0–71.2)	 83.3 (74.4–90.7)	 0.51 (0.41–0.60)
SD	 64	 77.3 (71.6–82.3)	 91.7 (88.6–92.8)	 62.8 (53.2–71.8)	 0.55 (0.46–0.63)*
Rapidan tester	 57	 76.9 (71.5–81.8)	 84.1 (80.4–86.2)	 69.9 (60.2–78.6)	 0.54 (0.45–0.63)
Laboquick	 67	 76.0 (70.3–81.1)	 93.6 (90.5–94.7)	 58.3 (48.9–67.4)	 0.52 (0.43–0.61)*
Innovacon	 59	 77.9 (72.4–82.8)	 86.6 (83.1–88.4)	 69.2 (59.5–78.0)	 0.56 (0.47–0.65)
True line	 65	 76.0 (70.3–81.1)	 91.7 (88.6–92.8)	 60.3 (50.7–69.3)	 0.52 (0.43–0.61)*

All analyses were based on 313 samples; the positivity rate of NS-Plus C15 was 50%. *: Statistically significant after Bonferroni correction (McNemar’s test; adjusted α=0.0018). 
OPA: Overall percent agreement; PPA: Positive percent agreement; NPA: Negative percent agreement; κ: Kappa coefficient; CI: Confidence interval.
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Although kappa statistics and McNemar analysis provide in-
formation on agreement and statistical differences or bias be-
tween tests, they do not directly reflect the clinical impact of 
discordant results. Therefore, when choosing between tests, 
it is important to consider not only agreement measures but 
also analytical performance of the tests, positivity rates and 
their possible effects on laboratory and clinical management.
The comparisons among the tests shown in Table 3 revealed 
heterogeneous results in terms of agreement levels and sta-
tistical differences. Some test pairs showed high agreement 
and non-significant McNemar results, suggesting that these 

tests may be used interchangeably in routine laboratory 
practice. However, significant McNemar results in other com-
parisons, despite moderate or high agreement, indicated 
the need for more cautious interpretation regarding inter-
changeability. Therefore, for screening purposes, agreement 
results should be interpreted together with analytical perfor-
mance, positivity rates, and laboratory and clinical consider-
ations, as mentioned above.
However, despite the moderate to almost perfect agreement 
found from pairwise comparisons of the seven tests (one 
quantitative, six qualitative) with same or different cut-off 

Table 3. Inter-test agreement of paired fecal immunochemical tests

	 i-Chroma	 Certest	 SD	 Rapidan tester	 Laboquick	 Innovacon	 True line

i-Chroma	 OPA	 81	 81	 83	 77	 82	 79
	 κ	 0.62	 0.62*	 0.66*	 0.56*	 0.66*	 0.59*
	 (95%CI)	 (0.53–0.71)	 (0.54–0.70)	 (0.58–0.74)	 (0.48–0.64)	 (0.57–0.74)	 (0.50–0.67)
Certest		  OPA	 78	 81	 74	 83	 76
		  κ	 0.57*	 0.63*	 0.52*	 0.66*	 0.55*
		  (95%CI)	 (0.49–0.65)	 (0.55–0.71)	 (0.44–0.60)	 (0.59–0.74)	 (0.47–0.63)
SD			   OPA	 91	 96	 92	 96
			   κ	 0.81*	 0.92	 0.84*	 0.92
			   (95%CI)	 (0.74–0.87)	 (0.87–0.96)	 (0.78–0.90)	 (0.87–0.96)
Rapidan tester				    OPA          	 88	 93	 89
				    κ	 0.75*	 0.85	 0.77*
				    (95%CI)	 (0.68–0.82)	 (0.79–0.91)	 (0.69–0.84)
Laboquick					     OPA	 91	 97
					     κ	 0.81*	 0.94
					     (95%CI)	 (0.74–0.88)	 (0.90–0.98)
Innovacon						      OPA	 92
						      κ	 0.82*
						      (95%CI)	 (0.76–0.89)
True line							     

All analyses were based on 313 samples; values in parentheses indicate 95% confidence intervals for κ. *: Statistically significant after Bonferroni correction (McNemar’s test; 
adjusted α=0.0018). OPA: Overall percent agreement; κ: Kappa coefficient.

Table 4. Stability assessment for fecal immunochemical tests 

Tests	 Day 1 (%)	b,c	 Day 2 (%)b,c	 Day 3 (%)b,c

	 Negativea	 Positivea	 Negativea	 Positivea	 Negativea	 Positivea 
	 samples	 samples	 samples	 samples	 samples	 samples

NS-Plus C15	 100	 100	 100	 90	 100	 90
i-Chroma	 70	 90	 70	 90	 60	 90
Certest	 90	 90	 100	 70	 100	 70
SD	 100	 100	 100	 90	 100	 90
Rapidan tester	 100	 100	 100	 90	 100	 90
Laboquick	 100	 100	 100	 100	 100	 80
Innovacon	 90	 100	 90	 90	 90	 80
True line	 90	 90	 100	 80	 100	 80

a: Analyses were based on 20 samples, including 10 negative and 10 positive samples; b: The percentages in the table show the proportion of samples that remained stable on each 
measurement day; c: Day 0 was defined as the initial measurement day; Day 1–3 refer to measurements performed 1–3 days after Day 0.
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values and with same or different measurement methods, 
the systematic differences found in all tests in the current 
study, except for five pairwise tests (i.e., i-Chroma vs. Certest, 
SD vs. True Line, Laboquick vs. True Line, SD vs. Laboquick, 
Rapidan Tester vs. Innovacon) is an indication to interpret 
the agreement with caution, and to consider the impact of 
preanalytical and analytical processes.
In terms of the preanalytical processes, differences in the 
amount of buffer observed among different tubes of the 
same test brand during the study may lead to different FOB 
test results, indicating the need to ensure a standard buffer 
volume across all tubes. Similarly, the test results may have 
been impacted by other preanalytical factors, including, but 
not limited to, the characteristics of the buffer solution that 
differed among different tests [19]. In addition, differences ob-
served in the amount of stool collected by the sampling stick 
within the same test brands may also lead to different FOB test 
results. Among the tests used for comparison, the filter sys-
tem in the sample collection tubes of the NS-Plus C15, SD, and 
Certest brands may have a beneficial effect in standardizing 
the amount of stool collected.
In addition to the preanalytical factors, analytical factors may 
also be influencing these results. For example, similar positiv-
ity rates and the substantial agreement observed in the test 
pair of Certest and i-Chroma (McNemar’s test, p=0.298) with 
different cut-off values and measurement methods, or the 
systematic differences observed in the test pair Innovacon 
and True Line (McNemar’s test, p<0.001) with almost perfect 
agreement and the same cut-off values and measurement 
methods, demonstrated that different analytical processes 
may be involved. This interpretation appears to be aligned 
with the reasoning of Chiang et al. [20], who compared two 
FITs with the same cut-off value and reported differences in 
positive predictive values despite similar positivity rates.
The analytical factors leading to different results may origi-
nate from differences in the antibodies used in antigen–an-
tibody binding, for example, antibodies produced from dif-
ferent animal species, targeting different epitopes, or being 
monoclonal or polyclonal [8, 21]. While the use of monoclo-
nal mouse antibodies to bind hemoglobin in all tests except 
for NS-Plus C15, Innovacon, and True Line, and the polyclon-
al antibodies in the NS-Plus C15 analyzer may not be inter-
preted as the direct factor influencing the different results 
in tests with the same cut-off values, it still cannot be ruled 
out. In addition, the form of hemoglobin in the feces plays an 
important role in antigen-antibody binding. In this respect, 
the breakdown products of hemoglobin may have interfered 
with the analytical processes [8, 20].
The repeatability results of this study showed that although 
the CV values obtained from quantitative analyzers for pos-
itive samples appear to be high according to the RCPA, the 
results resembled the CV values published in repeatability 
studies using stool samples [8, 22, 23]. In these studies, the 
CV values calculated from stool samples at various hemoglo-

bin concentrations range from 7.2% to 49.5% and were higher 
than the CV values (0.6% – 8.5%) obtained from repeatability 
studies using quality control solutions and hemoglobin solu-
tions prepared in buffer solution [13, 22–26]. The higher CVs 
observed in fecal samples may be attributed to incomplete 
homogenization and particle sedimentation, which may oc-
cur through interactions with components of the fecal matrix 
in the buffer [27, 28]. In addition, the obvious CV differences 
between the two quantitative analyzers in this study, which 
used samples prepared from the same stool specimens, sug-
gested the potential influence of differences in buffer, sam-
pling, and sample collection tubes [22, 29].

The evaluation of the stability results of the study suggested 
that the unexpected positivity observed in some negative 
stool samples may potentially be attributable to changes in 
the buffer or to substances extracted from the stool into the 
buffer over time, which may have interfered with test perfor-
mance [29, 30]. It is also suggested that the increasingly high 
positive results (>1000 ng/mL) observed in a sample mea-
sured by the i-Chroma analyzer from Day 1 onward may indi-
cate a prozone effect [22, 26]. 

Even though manufacturers reported varying stability pe-
riods for hemoglobin in stool samples suspended in buffer, 
generally not less than three days, this study observed neg-
ative results in some previously positive samples from Day 1 
onward. Furthermore, studies by van Rossum LG et al. [31], 
van Roon AH et al. [32], Gies et al. [33], and Guittet et al. [34] 
have shown that while hemoglobin levels tend to decrease 
over time, test results may either remain stable or become 
negative. These findings show the importance of performing 
a FOB test with fresh stool samples and immediately after 
taking the specimen for reliable results. 

While this study reports important findings from evaluated 
FITs, it also has some limitations: the specimens prepared 
in a concentration of 50±10 ng/mL in laboratory conditions 
were not natural fecal samples and may have unforeseeable 
effects in depicting the actual performance. In addition, 
since most of the tests used in the comparison were qual-
itative, ROC-based normalization could not be performed. 
Therefore, the variability of the cut-off values might have af-
fected the study outcomes. In addition, kappa statistics are 
sensitive to the distribution of positive and negative results, 
and their interpretation may differ according to the out-
come distribution. In this study, agreement was evaluated 
across tests with different positivity rates. Therefore, kappa 
results should be interpreted in the context of the observed 
result distribution. Furthermore, the absence of sufficient 
colonoscopy data did not allow for evaluating the FITs for 
diagnostic sensitivity and specificity. As a result, it was not 
possible to provide further clarification on the systematic 
differences observed between test pairs in pairwise com-
parisons, for example, whether one test yielded more accu-
rate results or produced disproportionately more positive or 
negative outcomes than the other.
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Conclusion
This study showed that agreement and analytical perfor-
mance among FITs vary, that statistically significant differenc-
es may be observed between some test pairs, and that agree-
ment measures alone are not sufficient when considering test 
interchangeability. 

Although the FITs were not compared with a reference meth-
od, the use of multiple complementary agreement measures 
(kappa, McNemar’s test, overall percentage agreement, and 
positivity rates) supports a more reliable comparison of test 
performance. 

Beyond agreement measures, analytical characteristics that 
play an important role in the evaluation and selection of 
FITs, such as consistency, stability, and positivity rates, may 
influence procurement decisions, routine laboratory prac-
tice, and the implementation of population-based screening 
programs. Analytical variability in a test may compromise 
the reliability of results and increase laboratory costs and 
workload by requiring procedures such as repeat testing and 
calibration checks. It may also lead to errors in patient fol-
low-up and referral processes during the implementation of 
the screening program, thereby affecting clinical workload, 
confidence in the screening program, and resource alloca-
tion. Therefore, test selection should be based on a compre-
hensive assessment that considers analytical performance 
together with agreement results and the potential impact 
on laboratory and clinical management. 

However, further studies assessing the analytical and clinical 
performance of commercially available test brands are war-
ranted to better determine the reliability and overall perfor-
mance of the test.
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