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Direct comparison of 
sensitivity & specificity 
for advanced neoplasm* 

of 9 quantitative FITs
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Abbreviations used in this paper: AA, advanced adenoma; AN, advanced
neoplasm; AUC, area under the curve; CI, confidence interval; CRC,
colorectal cancer; FIT, fecal immunochemical test; FSD, fecal sampling
device; Hb, hemoglobin; ROC, receiver operating characteristic.
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BACKGROUND & AIMS: A variety of fecal immunochemical tests
(FITs) for hemoglobin (Hb) are used in colorectal cancer
screening. 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. We directly compared the sensitivity and
specificity valueswithwhich 9 quantitative (laboratory-based and
point-of-care) FITs detected advanced neoplasms (AN) in a single
colorectal cancer screening study. METHODS: Pre-colonoscopy
stool samples were obtained from participants of screening
colonoscopy in Germany from 2005 through 2010 and frozen at
–80�C until analysis. The stool samples were thawed, homoge-
nized, and used for 9 different quantitative FITs in parallel. Colo-
noscopy and histology reportswere collected fromall participants
and evaluated by 2 independent, trained research assistants who
were blinded to the test results. Comparative evaluations of
diagnostic performance for AN were made at preset man-
ufacturers0 thresholds (range, 2.0–17.0 mg Hb/g feces), at a uni-
form threshold (15 mg Hb/g feces), and at adjusted thresholds
yielding defined levels of specificity (99%, 97%, and 93%).
RESULTS: Of the 1667 participants who fulfilled the inclusion
criteria, all cases with AN (n ¼ 216) and 300 randomly selected
individuals without ANwere included in the analysis. Sensitivities
and specificities for AN varied widely when we used the preset
thresholds (21.8%–46.3% and 85.7%–97.7%, respectively) or the
uniform threshold (16.2%–34.3% and 94.0%–98.0%, respec-
tively). Adjusting thresholds to yield a specificity of 99%, 97%, or
93% resulted in almost equal sensitivities for detection of AN
(14.4%–18.5%, 21.3%–23.6%, and 30.1%–35.2%, respectively)
and almost equal positivity rates (2.8%–3.4%, 5.8%–6.1%, and
10.1%–10.9%, respectively). CONCLUSIONS: Apparent hetero-
geneity in diagnostic performance of quantitative FITs can be
overcome to a large extent by adjusting thresholds to yield defined
levels of specificity or positivity rates. Rather than simply using
thresholds recommended by the manufacturer, screening pro-
grams should choose thresholds based on intended levels of
specificity and manageable positivity rates.
Keywords: Fecal Occult Blood Test; Colon Cancer; Advanced
Adenoma; Early Detection.

olorectal cancer (CRC) is the third most common
Ccancer globally, accounting for approximately 1.4
million new cases and 700,000 deaths per year.1 Randomized
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EDITOR’S NOTES

BACKGROUND AND CONTEXT

Reported sensitivities and specificities of various fecal
immunochemical tests (FITs) have varied widely, but
there has been a lack of studies directly comparing
diagnostic performance of multiple FITs in the same
study population.

NEW FINDINGS

In a direct comparison of nine different quantitative FITs in
a German screening population, the researchers show
that apparent heterogeneity in diagnostic performance
can be overcome, to a large extent, by appropriate
cutoff adjustments.

LIMITATIONS

The study was conducted using stool samples that had
been stored at -80�C for several years.

IMPACT

With appropriate adjustment of cutoffs, good and
comparable diagnostic performance can be achieved by
multiple different quantitative FITs.
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controlled trials have shown that annual or biannual
screening with traditional, guaiac-based fecal occult blood
tests could reduce CRC mortality by up to 30%.2–4 Even
stronger mortality reduction should be possible with newer
fecal immunochemical tests (FITs) for hemoglobin (Hb),
which have been shown to have substantially higher sensi-
tivity, not only to detect CRC, but also its most important
precursor, advanced adenoma (AA).5–7 Therefore, FITs are
meanwhile widely recommended as primary CRC screening
tests8,9 and used as such in an increasing number of coun-
tries.10 With the growing market for FIT-based screening, a
large number of FITs from diverse manufacturers are
meanwhile being offered. Although diagnostic performance
of specific FIT brands has been evaluated in previous
studies,11,12 the heterogeneity of study designs, study pop-
ulations, pre-analytical sample handling, and positivity
thresholds makes a comparative evaluation of the diagnostic
performance of different FIT brands difficult if not impos-
sible. Only very few studies have evaluated more than 1 FIT
based on the same stool samples. In a previous study, we
evaluated diagnostic performance of 6 different qualitative
point-of-care FITs in a cohort of participants of screening
colonoscopy in Germany.13 A large diversity of sensitivities
and specificities was observed, with the most sensitive FITs
showing the lowest specificity and vice versa. This diversity
probably mostly reflects problems with the fixed thresholds
in qualitative FITs. More flexible analyses are possible with
quantitative FITs that allow flexible adjustment of thresholds
based on quantitative measurements of fecal Hb
concentrations.

The aim of this study was to evaluate and directly
compare diagnostic performance of 9 different quantitative,
commercially available and clinically used FITs, including
both laboratory-based FITs as well as point-of-care FITs,
based on the same stool samples collected from our large
cohort of participants of screening colonoscopy.
Materials and Methods
This article is following the STARD (Standards for Reporting

of Diagnostic Accuracy) statement14 and the FITTER (Fecal
Immunochemical TesTs for Hemoglobin Evaluation Reporting)
checklist.15

Study Design and Study Population
This project is based on the BliTz (Begleitende Evaluierung

Innovativer Testverfahren zur Darmkrebsfrüherkennung)
study, an ongoing prospective study among participants of
screening colonoscopy. The BliTz study is conducted in coop-
eration with 20 gastroenterology practices in Southern Ger-
many, with the aim to collect blood and stool samples for the
evaluation of novel CRC screening tests. Participants of the
German screening colonoscopy program are informed and
recruited at a preparatory visit in the practice, typically 1 week
before colonoscopy. Because of the low number of CRC cases in
a true screening setting, an additional separate group of CRC
cases was included for ancillary analyses who were recruited in
the DACHSplus satellite sub-study of the DACHS (DArmkrebs:
CHancen der Verhütung durch Screening) study, a case-control
study with a focus on the role of colonoscopy in CRC preven-
tion. In the DACHSplus sub-study cancer patients were referred
by general practitioners or gastroenterologists for surgery to 1
of 4 collaborating hospitals, where the patients were informed
about the study and recruited before initiation of any therapy.

Further information on both BliTz and DACHSplus has been
provided elsewhere.7,13,16,17 Both studies were approved by the
Ethics committee of the University of Heidelberg and by the
State Chambers of Physicians of Baden-Wuerttemberg, Rhine-
land-Palatinate and Hesse.

Between 2005 and 2010, participants from BliTz and
DACHSplus received a study kit that included a stool collection
container (60 mL). These individuals were considered for this
project.

Figure 1 shows the exclusion criteria and flow diagrams of
the study participants. Briefly, 566 samples were analyzed in
total. From the main study, conducted in the screening setting
(BliTz study), all eligible advanced neoplasm (AN) cases (n ¼
216) were included (ie, cases with CRC or AA, defined as ade-
noma with at least 1 of the following features: � 1 cm in size,
tubulovillous or villous components, or high-grade dysplasia).
The 300 participants without AN (including participants with
non-AAs, hyperplastic polyps, and no neoplasms) were
randomly selected from all eligible participants (n ¼ 1437) in
this group. Because of the low number of CRC cases, which is
typical of true screening settings, 50 CRC cases from the
DACHSplus study (clinical setting) were additionally included
for ancillary analyses.

Sample and Data Collection
After giving written informed consent, participants were

asked to collect 1 stool sample from a single bowel movement,
without any specific recommendations for dietary or medicinal
restrictions, before bowel preparation for colonoscopy (screening
setting) or surgery (clinical setting). Additionally, participants
were asked to keep the stool-filled container in a freezer or, if not
possible, in a refrigerator at home until their colonoscopy
appointment (screening setting) or hospital admission (clinical
setting). Upon receipt, the stool-filled containers were



Figure 1. Flow diagram for selection of study population: (A) main study (screening setting); (B) Ancillary study (clinical setting).
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immediately frozen at –20�C in the practice (screening setting) or
in the hospital (clinical setting), then shipped on dry ice to a
central laboratory and finally stored at –80�C at the German
Cancer Research Center (DKFZ) study center.

In addition, participantswere asked to fill out a questionnaire
focusing on CRC risk factors. Colonoscopy and histology reports
were collected from all participants of the screening colonoscopy.
Colonoscopists were blinded for test results. After surgery,
medical reports on the clinical patients were collected from the
hospital. Relevant information was extracted by 2 independent,
trained research assistants who were blinded to the test results.
Specimen Collection and Handling
For the purpose of this evaluation, which was conducted

in fall 2016, the stool samples were thawed overnight in a
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refrigerator at the study center and homogenized with
a sterile plastic stick. A defined stool amount was extracted in
a randomized order using each company’s brand-specific fecal
sampling device (FSD). Each FSD was a small vial, containing
a defined volume of Hb-stabilizing buffer, with a lid that was
attached to a serrated plastic stick for stool collection. After
stabbing the collection stick into 3 different parts of the stool
sample, we checked if all serrations on the stick were filled
completely. Then we inserted the stick with the collected
stool back into the vial. The vials have a tight membrane at
their entrance that removes most of the stool, leaving only a
specified quantitative amount of stool in the serrations, even
though this may not be consistently successful in practice.
The only exception was the ImmoCare-C vial, where a sup-
plied custom-fitted scraper was used to remove excess stool
material from the collection stick. All FSDs were subsequently
mixed on a vortexer so that the stool could move out of the
serrations into the buffer. Stool-filled FSDs were stored
overnight at a median temperature of 21.5�C (range,
20.0�C–24.0�C).

On the following day, all laboratory analyses were conducted
in parallel by laboratory-experienced staff that was blinded to
the colonoscopy results. Test calibrators and test controls were
performed on a regular basis according to the manufacturers0

instructions. Because of limited laboratory space and resources,
5 quantitative FITs had to be evaluated externally. After vor-
texing, the stool-filled FSDs were immediately packed and
Table 1.Overview of the 9 Quantitative FITs

Quantitative
FIT brand Manufacturer

FSD (fecal mass
volume)

Laboratory-based
CAREprime Hb Alfresa Pharma, Osaka,

Japan
Specimen collection

A (10 mg/1.9 mL
Hb ELISA Immundiagnostik,

Bensheim, Germany
IDK extract (15 mg/1

OC Sensor Eiken Chemical, Tokyo,
Japan

OC auto-sampling b
(10 mg/2.0 mL)

RIDASCREEN Hb R-Biopharm,
Darmstadt,
Germany

RIDA TUBE Hb
(10 mg/2.5 mL)

SENTiFIT-FOB Gold Sentinel Diagnostics,
Milan, Italy

SENTiFIT pierceTub
(10 mg/1.7 mL)

Point of care
Eurolyser FOB test Eurolyser Diagnostica,

Salzburg, Austria
Eurolyser FOB samp

collector (19.9 m
ImmoCARE-C CARE Diagnostica,

Voerde, Germany
Sample collection tu

(20 mg/2.5 mL)
QuantOn Hem Immundiagnostik,

Bensheim, Germany
QuantOn Hem TUBE

(15 mg/1.5 mL)
QuikRead go iFOBT Orion Diagnostica,

Espoo, Finland
QuikRead FOB samp

(10 mg/2.0 mL)

App, mobile application software; FIT, fecal immunochemical te
operating system.
aiPhone 6s was used for this study.

Expected positivity rate ¼ ðSensitivity� 23
directly shipped, without any cooling, to the cooperating com-
panies providing the respective tests (CARE diagnostica, Voerde,
Germany [CAREprime Hb and ImmoCARE-C], Immundiagnostik,
Bensheim, Germany [Hb ELISA and QuantOn Hem], and
R-Biopharm, Darmstadt, Germany [RIDASCREEN Hb]) for eval-
uation. The mean outdoor temperature in the study center area,
extracted from the German Meteorological Service, was 7.7�C
(range, –6.7�C–18.7�C).18 Detailed information about all 9
quantitative FITs is shown in Table 1. Our analysis included 5
laboratory-based FITs and 4 point-of-care FITs; one of the latter
(QuantOn Hem) would not even require a local analytical in-
strument, but could be run with remote testing using a smart-
phone with an App for optical analysis of the test cassette.
Statistical Analyses
Sensitivities were calculated for CRC, AA, and their combi-

nation, AN, with their corresponding 95% confidence interval
(CI) at preset manufacturers0 thresholds and at adjusted
thresholds, using colonoscopy results as the reference stan-
dard. Specificities were calculated for the absence of any AN.
The Clopper-Pearson method was used to calculate 95% CIs.
The expected positivity rate of the tests in a true screening
setting was calculated by applying the observed sensitivity and
specificity to all eligible participants with and without ANs from
the screening setting (n ¼ 230 and n ¼ 1437, respectively),
using the following formula:
/buffer Analytical
instrument

Analytical
range (mg
Hb/g feces)

Preset
threshold (mg
Hb/g feces)

container
)

CAREprime 0.76–228.0 6.30

.5 mL) Dynex System X 0.086–50.0 2.00

ottle 3 OC Sensor io 10–200 10.00

Dynex System X 0.65–50.0 8.00

e SENTiFIT 270 analyzer 1.70–129.88 17.00

le
g/1.6 mL)

Eurolyser CUBE 2.01–80.4 8.04

be CAREcube 3.75–250.0 6.25

Smartphonea with
App/iOS

0.30–100.0 3.70

ling set QuikRead go 15–200 15.00

st; FSD, fecal sampling device; Hb, hemoglobin; iOS, iPhone

0þ ð1� SpecificityÞ � 1437Þ=ð230þ 1437Þ:



Table 2.Study Population According to Screening and
Clinical Setting

Characteristic

Participants of
screening

colonoscopy
(main study)

CRC patients
recruited in

clinical setting
(ancillary study)

Total [N] 516 50
Sex
Men, [N (%)] 287 (55.6) 30 (60.0)
Age [y]
Range 50–79 51–78
Mean (standard deviation) 63.2 (6.4) 65.8 (7.9)
Most advanced findings [N]
Advanced neoplasm 216 50

- CRC 16 50
- AA 200 0

No AN 300 0
- Non-AA 63 0
- Hyperplastic polyp 33 0
- None of above 204 0

CRC stagea [N]
0/I 8 15
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To evaluate the diagnostic performance of the tests across
different thresholds, receiver operating characteristic (ROC)
curves were constructed and the areas under the curves (AUCs)
were determined. Because of the low number of CRC cases in
the screening setting, and the similarity of sensitivities for CRC
cases in the screening and the clinical setting, the ROC plot for
CRC was constructed combining both groups of cases. The ROC
analysis for AN, on the other hand, is purely based on the
screening setting.

In addition to analyses for both sexes combined, sex-specific
analyses were performed. For CRC cases, stage-specific sensi-
tivities were evaluated in addition to overall sensitivities.
Stages were categorized according to the Union for Interna-
tional Cancer Control (UICC) classification (7th edition), and
sensitivity was determined for early (0/I/II) stages vs late (III/
IV) stages. Because of the small number of CRC cases in the
screening setting and very similar sensitivity results for CRC
patients recruited in the screening setting and clinical setting,
stage-specific analyses were performed for both groups
combined.

All statistical analyses were conducted using SAS Enterprise
Guide, version 6.1 (SAS Institute, Cary, NC).
II 1 15
III 7 15
IV 0 4
Missing 0 1

AA, advanced adenoma; AN, advanced neoplasm; CRC,
colorectal cancer.
aAccording to the Union for International Cancer Control
(UICC) classification (7th edition).
Results
Study Population

A total of 2042 participants of the BliTz study who were
recruited between 2005 and 2010 provided stool samples in
60 mL collection containers (screening setting) (Figure 1A).
Three hundred seventy-five participants were excluded
because they were not between 50 and 79 years of age (n ¼
52), had inflammatory bowel disease (n ¼ 10), had a per-
sonal history of CRC, adenoma, or polyps (n ¼ 39), had a
previous colonoscopy in the last 5 years (n¼ 114), provided
their stool sample not before colonoscopy (n ¼ 75), had an
incomplete colonoscopy (n ¼ 8), or performed an inade-
quate bowel preparation (n ¼ 77). Of the 1667 eligible in-
dividuals, 230 were AN cases, of whom 14 had to be
excluded because of insufficient stool amount, leaving 216
AN cases (16 cases with CRC, 200 cases with AA) for the
analyses. With 300 randomly selected individuals without
AN, a total of 516 participants from the screening setting
were included in the main study.

From the DACHSplus study (clinical setting) (Figure 1B),
a total of 184 CRC cases provided stool-filled containers.
After exclusion of participants with neoadjuvant therapy
before stool sampling (n ¼ 51), age <50 or �80 years (n ¼
30), inflammatory bowel disease (n ¼ 3), or personal his-
tory of CRC (n ¼ 6), 94 individuals with CRC were eligible
for this study. All patients diagnosed through a screening
colonoscopy and supplying a sufficient stool amount (n ¼
27) were included. From the 65 patients whose CRC was
detected otherwise (ie, not by screening colonoscopy), 23
individuals were randomly selected for this study. Finally,
50 clinical CRC cases were included for the ancillary
analyses.

An overview on basic characteristics of the study par-
ticipants is provided in Table 2. A slight majority of partic-
ipants in both the main study (screening setting) and the
ancillary study (clinical setting) were males, mean ages
were 63.2 and 65.8 years, respectively. The majority of CRC
cases from both the screening setting (9 of 16) and the
clinical setting (30 of 50) were diagnosed at an early stage
(0/I/II).
Comparison of Test Characteristics
Tables 3 and 4 display sensitivities and specificities of

the 9 quantitative FITs at preset manufacturers0 thresholds,
at a uniform threshold, and at adjusted thresholds. The re-
sults of both tables are sorted by the sensitivities for AN.

At preset thresholds, the sensitivities (95% CI) for AN
ranged from 21.8% (16%–28%) to 46.3% (40%–53%), with
corresponding specificities (95% CI) between 97.7% (95%–
99%) and 85.7% (81%–89%) (upper part of Table 3). This
apparent strong variation in sensitivity and specificity
seemed to be determined to a large extent by the variation
of preset thresholds, with sensitivity strongly decreasing
and specificity increasing with increasing thresholds. The
sensitivities for AN were mostly determined by the sensi-
tivities for AA, which make up the vast majority of AN in
screening settings. Sensitivities for AA ranged from 18.0%
to 43.5%, whereas much higher sensitivities, ranging from
62.5% to 81.3%, were observed for CRC. Using the thresh-
olds preset by the manufacturers also yielded strongly
varying expected positivity rates, ranging from 5.7% to
18.7%, when applying the tests in a true screening setting.



Table 3.Comparison of Sensitivity and Specificity of Quantitative FITs at Preset Thresholds and at a Uniform Threshold

Quantitative FIT brand
Threshold

(mg Hb/g feces)

Participants of screening colonoscopy (main study) Clinical setting (ancillary study)

Sensitivity [%] (95% CI) Specificity [%] (95% CI) Expected
positivity
rate (%)

Sensitivity [%] (95% CI)

CRC (n ¼ 16) AA (n ¼ 200) AN (n ¼ 216) No AN (n ¼ 300) CRC (n ¼ 50)

Thresholds preset by the manufacturers
Hb ELISA 2.00 81.3 (54–96) 43.5 (37–51) 46.3 (40–53) 85.7 (81–89) 18.7 84.0 (71–83)
QuantOn Hem 3.70 81.3 (54–96) 41.5 (35–49) 44.4 (38–51) 85.7 (81–89) 18.5 84.0 (71–83)
ImmoCARE-Ca 6.25 81.3 (54–96) 35.2 (29–42) 38.6 (32–45) 90.0 (86–93) 13.9 76.0 (62–87)
CAREprime Hb 6.30 81.3 (54–96) 31.0 (25–38) 34.7 (28–41) 91.3 (88–94) 12.3 74.0 (60–85)
RIDASCREEN Hb 8.00 81.3 (54–96) 36.0 (29–43) 33.3 (27–40) 90.7 (87–94) 13.5 74.0 (60–85)

8.04 62.5 (35–85) 19.5 (14–26) 22.7 (17–29) 97.0 (94–97) 5.7 66.0 (51–79)
10.00 68.8 (41–89) 18.0 (13–24) 21.8 (16–28) 97.7 (95–99) 6.8 68.0 (53–80)
15.00 62.5 (35–85) 18.5 (13–25) 21.8 (16–28) 96.7 (94–98) 5.9 64.0 (49–77)

Eurolyser FOB test 
OC Sensor 
QuikRead go iFOBT 
SENTiFIT-FOB Gold 17.00 68.8 (41–89) 18.0 (13–24) 21.8 (16–28) 96.3 (94–98) 6.2 70.0 (55–82)

Thresholds adjusted to 15 mg Hb/g feces
RIDASCREEN Hb 15.00 81.3 (54–96) 30.5 (24–37) 34.3 (28–41) 94.0 (91–96) 9.9 72.0 (58–84)
ImmoCARE-Ca 15.00 75.0 (48–93) 23.1 (17–30) 27.0 (21–33) 96.0 (93–98) 7.2 70.0 (55–82)
QuantOn Hem 15.00 75.0 (48–93) 22.5 (17–29) 26.4 (21–33) 95.0 (92–97) 8.0 76.0 (62–87)
SENTiFIT-FOB Gold 15.00 68.8 (41–89) 19.0 (14–25) 22.7 (17–29) 96.0 (93–98) 6.6 70.0 (55–82)
CAREprime Hb 15.00 68.8 (41–89) 18.0 (13–24) 21.8 (16–28) 97.0 (94–99) 5.6 68.0 (53–80)
QuikRead go iFOBT 15.00 62.5 (35–85) 18.5 (13–25) 21.8 (16–28) 96.7 (94–98) 5.9 64.0 (49–77)
Hb ELISA 15.00 68.8 (41–89) 17.5 (13–23) 21.3 (16–27) 96.3 (94–98) 8.0 72.0 (58–84)
Eurolyser FOB test 15.00 56.3 (30–80) 13.5 (9–19) 16.7 (12–22) 98.0 (96–99) 4.0 56.0 (41-70)
OC Sensor 15.00 56.3 (30–80) 13.0 (9–18) 16.2 (12–22) 97.0 (94–99) 3.4 68.0 (53–80)

AA, advanced adenoma; AN, advanced neoplasm; CI, confidence interval; CRC, colorectal cancer; FIT, fecal immunochemical test; Hb, hemoglobin.
aCalculation is based on 199 AA and 215 AN.
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Table 4.Comparison of Sensitivity and Specificity of Quantitative FITs at Adjusted Thresholds Yielding Defined Levels of Specificity

Quantitative FIT brand
Threshold

(mg Hb/g feces)

Participants of screening colonoscopy (main study) Clinical setting (ancillary study)

Sensitivity [%] (95% CI) Specificity [%] (95% CI)
Expected positivity

rate (%)

Sensitivity [%] (95% CI)

CRC (n ¼ 16) AA (n ¼ 200) AN (n ¼ 216) No AN (n ¼ 300) CRC (n ¼ 50)

Thresholds adjusted to 99.0% specificity
QuikRead go iFOBT 23.00 56.3 (30–80) 15.5 (11–21) 18.5 (14–24) 99.0 (97–100) 3.4 60.0 (45–74)
ImmoCARE-Ca 36.80 56.3 (30–80) 13.1 (9–19) 16.3 (12–22) 99.0 (97–100) 3.1 62.0 (47–75)
OC Sensor 18.20 56.3 (30–80) 13.0 (9–18) 16.2 (12–22) 99.0 (97–100) 3.1 66.0 (51–79)
CAREprime Hb 26.22 56.3 (30–80) 13.0 (9–18) 16.2 (12–22) 99.0 (97–100) 3.1 62.0 (47–75)
Hb ELISA 29.16 62.5 (35–85) 12.0 (8–17) 15.7 (11–21) 99.0 (97–100) 3.0 62.0 (47–75)
QuantOn Hem 29.81 62.5 (35–85) 11.0 (7–16) 14.8 (10–20) 99.0 (97–100) 2.9 62.0 (47–75)
SENTiFIT-FOB Gold 53.38 56.3 (30–80) 11.0 (7–16) 14.4 (10–20) 99.0 (97–100) 2.8 56.0 (41–70)
Eurolyser FOB test 21.15 56.3 (30–80) 11.0 (7–16) 14.4 (10–20) 99.0 (97–100) 2.8 50.0 (36–64)
RIDASCREEN Hb Not possible to adjust the threshold above 50 mg Hb/g feces

Thresholds adjusted to 96.7% specificity
Eurolyser FOB test 6.11 68.8 (41–89) 20.0 (15–26) 23.6 (18–30) 96.7 (94–98) 6.1 70.0 (55–82)
OC Sensor 6.60 68.8 (41–89) 20.0 (15–26) 23.6 (18–30) 96.7 (94–98) 6.1 68.0 (53–80)
CAREprime Hb 12.35 68.8 (41–89) 20.0 (15–26) 23.6 (18–30) 96.7 (94–98) 6.1 68.0 (53–80)
ImmoCARE-Ca 17.30 62.5 (35–85) 20.1 (15–26) 23.3 (18–29) 96.7 (94–98) 6.1 68.0 (53–80)
QuantOn Hem 17.73 75.0 (48–93) 18.5 (13–25) 22.7 (17–29) 96.7 (94–98) 6.0 74.0 (60–85)
RIDASCREEN Hb 29.54 62.5 (35–85) 19.0 (14–25) 22.2 (17–28) 96.7 (94–98) 5.9 66.0 (51–79)
QuikRead go iFOBT 15.00 62.5 (35–85) 18.5 (13–25) 21.8 (16–28) 96.7 (94–98) 5.9 64.0 (49–77)
SENTiFIT-FOB Gold 17.68 68.8 (41–89) 18.0 (13–24) 21.8 (16–28) 96.7 (94–98) 5.9 70.0 (55–82)
Hb ELISA 15.32 68.8 (41–89) 17.5 (13–23) 21.3 (16–27) 96.7 (94–98) 5.8 70.0 (55–82)

Thresholds adjusted to 93.0% specificity
Hb ELISA 4.80 81.3 (54–96) 31.5 (25–38) 35.2 (29–42) 93.0 (90–96) 10.9 76.0 (62–87)
RIDASCREEN Hb 12.27 81.3 (54–96) 31.0 (25–38) 34.7 (28–41) 93.0 (90–96) 10.8 72.0 (58–84)
Eurolyser FOB test 2.01 75.0 (48–93) 31.0 (25–38) 34.3 (28–41) 93.0 (90–96) 10.8 74.0 (60–85)
ImmoCARE-Ca 9.20 81.3 (54–96) 29.7 (23–37) 33.5 (27–40) 93.0 (90–96) 10.6 72.0 (58–84)
CAREprime Hb 6.65 81.3 (54–96) 29.5 (23–36) 33.3 (27–40) 93.0 (90–96) 10.6 74.0 (60–85)
SENTiFIT-FOB Gold 1.70 68.8 (41–89) 28.5 (22–35) 31.5 (25–38) 93.3 (90–96)b 10.1 74.0 (60–85)
QuantOn Hem 9.59 75.0 (48–93) 28.0 (22–35) 31.5 (25–38) 93.0 (90–96) 10.4 80.0 (66–90)
OC Sensor 3.60 75.0 (48–93) 26.5 (21–33) 30.1 (24–36) 93.0 (90–96) 10.2 72.0 (58–84)
QuikRead go iFOBT Not possible to adjust the threshold below 15mg Hb/g feces

AA, advanced adenoma; AN, advanced neoplasm; CI, confidence interval; CRC, colorectal cancer; FIT, fecal immunochemical test; Hb, hemoglobin.
aCalculation is based on 199 AA and 215 AN.
bNot possible to adjust the threshold below 1.70 mg Hb/g feces.
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By adjusting the thresholds to yield the same levels of
specificity for all tests, the heterogeneity in the sensitivities
and the expected positivity rates were substantially reduced
or disappeared almost entirely (Table 4). With thresholds
yielding a specificity of 99.0%, sensitivities (95% CI) for AN
ranged from 14.4% (10%–20%) to 18.5% (14%–24%), and
expected positivity rates ranged from 2.8% to 3.4%. For 1
test (RIDASCREEN Hb), the threshold could not be increased
above the upper analytical range (50 mg Hb/g feces) to yield
a specificity of 99%. With thresholds yielding a specificity of
96.7%, sensitivities (95% CI) for AN ranged from 21.3%
(16%–27%) to 23.6% (18%–30%), and expected positivity
rates ranged from 5.8% to 6.1%. With thresholds yielding a
specificity of 93.0%, the sensitivities (95% CI) for AN
ranged from 30.1% (24%–36%) to 35.2% (29%–42%), and
the expected positivity rates ranged from 10.1% to 10.9%.
For 1 test (QuikRead go iFOBT), the threshold could not be
lowered to yield a specificity of 93% because of the limited
analytical range (lower limit 15 mg Hb/g feces). For 1 other
test (SENTiFIT-FOB Gold), the specificity of 93.3% was
achieved at the lower end of its analytical range.

However, identical levels of specificities and very similar
levels of sensitivities and expected positivity rates were
achieved at apparently very different thresholds. Thresholds
(mg Hb/g feces) that yielded specificities of 99.0%, 96.7%,
and 93.0% ranged from 18.20 to 53.38, from 6.11 to 29.54,
and from 1.70 to 12.27, respectively. Vice versa, using a
uniform threshold (here: 15 mg Hb/g feces, the lower end of
Table 5.Sensitivities According to Early and Late CRC Stages

Quantitative FIT brand
Threshold

(mg Hb/ g feces)

S

Early stages (0/I/II)

Thresholds preset by the manufacturers
Hb ELISA 2.00 76.9 (61–89
QuantOn Hem 3.70 76.9 (61–89
RIDASCREEN Hb 8.00 69.2 (52–83
CAREprime Hb 6.30 71.8 (55–85
OC Sensor 10.00 64.1 (47–79
Eurolyser FOB test 8.04 61.5 (45–77
ImmoCARE-C 6.25 74.4 (58–87
SENTiFIT-FOB Gold 17.00 66.7 (50–81
QuikRead go iFOBT 15.00 64.1 (47–79

Thresholds adjusted to 96.7% specificity
Hb ELISA 15.32 64.1 (47–79
QuantOn Hem 17.73 69.2 (52–83
ImmoCARE-C 17.30 61.5 (45–77
OC Sensor 6.60 64.1 (47–79
CAREprime Hb 12.35 64.1 (47–79
RIDASCREEN Hb 29.54 61.5 (45–77
Eurolyser FOB test 6.11 66.7 (50–81
SENTiFIT-FOB Gold 17.68 66.7 (50–81
QuikRead go iFOBT 15.00 64.1 (47–79

CRC, colorectal cancer; FIT, fecal immunochemical test; Hb, he
aOne CRC patient with a missing stage classification was exclu
the analytical range of 1 of the tests) resulted in strongly
varying sensitivities (range of sensitivities for AN: 16.2% to
34.3%) and expected positivity rates (3.4% to 9.9%) (lower
part of Table 3).

Overall, the sensitivities for CRC cases recruited in the
screening setting and for CRC cases recruited in the clinical
setting were very similar, but CIs were much narrower for
the latter because of the substantially larger case number.
When investigating the sensitivities according to CRC stage,
sensitivities were higher for late (III/IV) stages vs early (0/
I/II) stages for 8 of the 9 tests, with a median difference of 9
percent units (Table 5).

Figure 2 shows ROC curves and AUCs for the detection of
CRC (Figure 2A; cases from screening and clinical setting
combined) and AN (Figure 2B; screening setting only). The
AUCs (95% CI) for CRC ranged from 79% (73%–85%) to
89% (84%–94%). For the detection of AN, the AUCs (95%
CI) ranged from 59% (57%–62%) to 72% (68%–77%).
Most of the apparent differences in ROC curves and AUCs
resulted from the varying limits of the tests’ analytical
range, with ROC curves going either straight to the upper-
right or to the lower-left corner for thresholds below or
above the analytical range, respectively. Therefore, no sta-
tistical tests for differences between the AUCs were per-
formed. Segments of the ROC curves not affected by the
limits of the analytical range were generally very close.

In sex-specific analyses, sensitivity was consistently
higher and specificity was consistently lower among men
Sensitivity [%] (95% CI)

creening and clinical CRC cases (n ¼ 65)a

(n ¼ 39) Late stages (III/IV) (n ¼ 26) Difference (% units)

) 92.3 (75–99) 15.4
) 92.3 (75–99) 15.4
) 84.6 (65–96) 15.4
) 80.8 (61–93) 9.0
) 73.1 (52–88) 9.0M

) 69.2 (48–86) 7.7
) 80.8 (61–93) 6.4
) 73.1 (52–88) 6.4
) 61.5 (41–80) -2.6

) 76.9 (56–91) 12.8
) 80.8 (61–93) 11.6
) 73.1 (52–88) 11.6
) 73.1 (52–88) 9.0
) 73.1 (52–88) 9.0M

) 69.2 (48–86) 7.7
) 73.1 (52–88) 6.4
) 73.1 (52–88) 6.4
) 61.5 (41–80) -2.6

moglobin; M, median difference.
ded.



Figure 2. Comparison of ROC curves and AUCs among test brands: (A) for screening and clinical CRC cases and (B) for
screening AN cases (results are based on screening setting cases only). *ImmoCare-C results are based on 1 less AA case.

January 2018 Stool Tests for Colorectal Cancer Screening 101

CL
IN
IC
AL

AT
than among women at the same thresholds, but ROC curves 
and AUCs were essentially identical.
Discussion
To our knowledge, this is the first comprehensive 

comparative evaluation of diagnostic performance of a large 
number of quantitative FITs in a screening setting. Apparent 
large differences in diagnostic performance parameters 
were seen when using either preset thresholds recom-
mended by the manufacturers or a uniform threshold. 
However, these apparent large differences almost entirely 
disappeared when thresholds were adjusted in such a way 

that all tests achieved defined levels of specificity (here: 
99.0%, 96.7%, and 93.0%), at which sensitivities were also 
all very close. Along the same lines, ROC curves and AUCs 

were all very similar except for some variation because of 
differences in the lower or upper end of the analytical range. 

In a previous study from our group, similarly large 
apparent differences in diagnostic performance had been 
found for 6 different qualitative FITs.13 Like in the present 
study, qualitative FITs with higher sensitivities showed lower 
specificities and vice versa, pointing to differences in the 
threshold definition. However, because of the qualitative 
nature of the tests, no further exploration of the impact of 
shifting thresholds had been possible. Quantitative tests offer 
the advantage of flexible definition of thresholds. Such flexi-
bility can be very useful to enable the best balance between 
sensitivity and specificity or to adapt positivity rates (which 
are close to 1 minus specificity in screening settings in which 
prevalence of AN is low) to colonoscopy capacities available 
for the screening population. Further advantages include the
possibility of automated, objective measurements under
quality-controlled laboratory conditions.

Although a large number of studies have meanwhile
evaluated the diagnostic performance of single quantitative
FITs,11,12,16,19–22 and results even have been combined in
meta-analyses,11 only very few studies have evaluated more
than 1 quantitative FIT in the same study population. It was
therefore essentially unknown to what extent the reported
partly very large differences in sensitivity and specificity
might have resulted from true differences in diagnostic
performance of the tests, or from differences in the pop-
ulations studied or other specific study characteristics, such
as collection and pre-analytical handling of fecal samples. To
our knowledge, only 2 studies from our group directly
compared the diagnostic performance of 2 quantitative FITs
(OC Sensor and RIDASCREEN Hb) among participants of
screening colonoscopy, evaluating identical stool sam-
ples.7,17 Similar diagnostic performance of the 2 quantitative
FITs was observed when the thresholds were adjusted to
yield the same overall positivity rate (5%)7 or the same
specificity levels (90% and 95%).17

In a study from Taiwan, Chiang et al23 compared the CRC
detection rate and the positive predictive value of 2 different
quantitative FITs (OC Sensor and HM-Jack) at the same
threshold (20 mg Hb/g feces). In agreement with our findings,
Chiang et al23 found major differences between tests despite
identical thresholds. However, because colonoscopy was
done in FIT-positive participants only, direct estimates of
sensitivity and specificity were not available. The same also
applies to a randomized trial from the Netherlands, which
found different positivity rates between OC Sensor and FOB
Gold (2 of the laboratory-based quantitative FITs included in
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our comparative analysis), despite the use of an identical
threshold (10 mg Hb/g feces).24

The design of our study essentially precluded any dif-
ferences in study populations or sample handling as a cause
of differences in observed diagnostic performance: All tests
were evaluated in exactly the same study participants who
were recruited in a true screening setting among participants
of screening colonoscopy. Stool samples were collected in
exactly the same manner, and additional homogenization of
stool samples after thawing and before stool extraction for
the single tests should have further eliminated the variation
of Hb concentrations within a single bowel movement. Under
these precautions, all 9 tests included were shown to perform
essentially equally well overall, with the remaining, apparent
heterogeneity being almost exclusively threshold-related.
However, in agreement with the findings from Chiang
et al,23 our results illustrate that the threshold-related het-
erogeneity cannot simply be overcome by using the same
threshold across different quantitative FIT brands. The most
plausible reason for that seems to be variation in the
“translation” of tests results into Hb concentrations given by
the manufacturers for the various tests. While the reasons for
such variation cannot be disclosed by our study, our results
underline the need of enhanced efforts for standardization
and quality control. Interestingly, setting the thresholds to
ensure defined levels of specificity (which is independent of
such “translation”) ensured levels of sensitivity to be quite
similar as well.

In practice, determining test specificity or defining a
threshold according to specificity in the context of an estab-
lished FIT-based screening program is often difficult because
typically only FIT-positive participants would undergo colo-
noscopy. However, choosing a threshold to ensure a defined
positivity rate is straightforward. With AN as the major
outcome, which typically has a prevalence of <10% in
screening populations, the positivity rate is closely related to
specificity (it is typically a few percentage points higher than 1
minus specificity). For example, thresholds yielding specific-
ities of 99.0%, 96.7%, and 93.0% in our study resulted in very
narrow ranges of positivity rates from 2.8% to 3.4%, from
5.8% to 6.1%, and from 10.1% to 10.9%, respectively. Vice
versa, adjusting the threshold to defined levels of the positivity
rate would have resulted in very narrow ranges of specificities
across tests (data not shown). An additional advantage of
choosing thresholds according to a defined positivity rate
would be that the latter directly reflects the colonoscopy
workload associated with the FIT-based screening program,
which is a limiting factor in many countries.

Given that diagnostic performance of the various tests
evaluated in our study was very similar after threshold
adjustments, additional factors might determine advantages
and disadvantages of the different tests. One obvious factor
directly evident from our analyses is the width of the
analytical range that delineates possibilities of threshold
adjustment. Other factors to be considered that are beyond
the scope of our study, might be, for example, costs of tests,
convenience of sample collection, sample stability under
routine environmental conditions, laboratory requirements,
and ease of laboratory analysis. Interestingly, apart from the
high lower end of the analytical range of 1 of the point of
care tests, no consistent differences in diagnostic perfor-
mance were seen between laboratory-based and point-of-
care tests, and equivalent diagnostic performance was
even achieved with a smartphone-based test that could be
conducted by the participants at their home without the
need of any sample shipment, suggesting interesting per-
spectives for novel telemedicine applications. Nevertheless,
the possibility should be kept in mind that diagnostic per-
formance of point-of-care tests might be somewhat lower
when these tests are applied in routine medical practice.

Specific strengths of our study include the first time par-
allel evaluation of a large number of quantitative FITs in a
screening setting, with screening colonoscopy results as
reference in all participants. However, our study also has a
number of limitations that require careful discussion. First,
stool samples were originally collected in small containers,
rather than FSDs provided by the manufacturers, and stored
frozen at –80�C over several years before analysis. This was
probably the onlyway to realize a comparative study like this;
it is difficult to imagine that study participants would be
willing to collect 9 fecal samples with 9 different FSDs, each
with different sample collection instructions. Nevertheless,
the original FSDs provided by the manufacturers were used
when extracting the fecal samples from the thawed stool, and
prior homogenization of the thawed stool ruled out variation
of Hb concentration within the same bowel movement as an
additional source of variation of results between tests (even
though this might lead to somewhat better diagnostic per-
formance compared with routine practice, where such ho-
mogenization is not performed). In a previous examination
based on 1 of the tests included in the current study (SEN-
TiFIT-FOB Gold), we furthermore found only small differ-
ences in comparative analyses of the diagnostic performance
based on frozen fecal samples or fecal samples collected ac-
cording to the manufacturer’s instructions.16 Similarly, 2 of
the tests (OC Sensor and RIDASCREEN Hb) that had been
evaluated in an overlapping selection of the same fecal sam-
ples (with 1 less freeze-thaw cycle, and without prior ho-
mogenization) several years earlier,7,17 showed very similar
results in the overlapping segments of the study populations
(data not shown). Second, despite the overall large size of the
study, with targeted selection of samples (including those
from all CRC cases) from more than 1600 participants of
screening colonoscopy, the number of CRC cases from the
screening setting was still rather low (n ¼ 16), leading to
broad CIs for the sensitivity estimates for CRC. More precise
estimates were possible, however, by additionally consid-
ering CRC cases from our ancillary study from the clinical
setting (ofwhomapproximately half also had screen-detected
CRC). Given the similarity of sensitivity estimates for CRC
cases recruited in the screening setting and in the clinical
setting for all of the 9 tests evaluated, combining the analyses
for both groups of CRC patients seems justified.

Despite its limitations, our study provides important
information regarding the diagnostic performance and its
comparability for a large number of quantitative FITs
including quantitative FITs that are now widely used in
screening practice, such as SENTiFIT-FOB Gold, the test
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used in the nationwide screening program in the
Netherlands. With appropriate threshold adjustments all of
the tests included in our evaluation seemed to perform
almost equally well. Therefore, additional criteria such as
costs, convenience of sample collection and analysis, or
stability of results over prolonged sample storing or ship-
ping times to be evaluated in further, similarly highly
standardized comparative investigations, as well as the
analytical range, may be relevant when selecting 1 or more
quantitative FIT brands for specific screening programs.
Furthermore, rather than simply using thresholds recom-
mended by the manufacturer, screening programs should
choose thresholds based on intended levels of specificity
and manageable positivity rates.
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