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Abstract 
AIM: To assess the fecal immunochemical test (FIT) 
accuracy for colorectal cancer (CRC) and advanced 
neoplasia (AN) detection in CRC screening.

METHODS: We performed a multicentric, prospective, 
double blind study of diagnostic tests on asymptomatic 
average-risk individuals submitted to screening colonos-
copy. Two stool samples were collected and the fecal 
hemoglobin concentration was determined in the first 
sample (FIT1) and the highest level of both samples 
(FITmax) using the OC-sensor™. Areas under the curve 
(AUC) for CRC and AN were calculated. The best FIT1 
and FITmax cut-off values for CRC were determined. At 
this threshold, number needed to scope (NNS) to de-
tect a CRC and an AN and the cost per lesion detected 
were calculated.

RESULTS: About 779 individuals were included. An AN 
was found in 97 (12.5%) individuals: a CRC in 5 (0.6%) 
and an advanced adenoma (≥ 10 mm, villous histolo-
gy or high grade dysplasia) in 92 (11.9%) subjects. For 
CRC diagnosis, FIT1 AUC was 0.96 (95%CI: 0.95-0.98) 
and FITmax AUC was 0.95 (95%CI: 0.93-0.97). For 
AN, FIT1 and FITmax AUC were similar (0.72, 95%CI: 
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0.66-0.78 vs  0.73, 95%CI: 0.68-0.79, respectively, P  
= 0.34). Depending on the number of determinations 
and the positivity threshold cut-off used sensitivity 
for AN detection ranged between 28% and 42% and 
specificity between 91% and 97%. At the best cut-off 
point for CRC detection (115 ng/mL), the NNS to de-
tect a CRC were 10.2 and 15.8; and the cost per CRC 
was 1814€ and 2985€ on FIT1 and FITmax strategies 
respectively. At this threshold the sensitivity, NNS and 
cost per AN detected were 30%, 1.76, and 306€, in 
FIT1 strategy, and 36%, 2.26€ and 426€, in FITmax 
strategy, respectively.

CONCLUSION: Performing two tests does not improve 
diagnostic accuracy, but increases cost and NNS to de-
tect a lesion.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal neoplasms; Early detection of 
cancer; Sensitivity and specificity; Adenoma; Occult 
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Core tip: Our study has determined fecal immunochem-
ical test (FIT) diagnostic accuracy, number needed to 
scope and cost per lesion detected in colorectal cancer 
(CRC) screening programs. FIT is highly sensitive for 
CRC detection, allowing a drastic reduction in the cost 
per lesion detected when compared with direct screen-
ing colonoscopy. These data are relevant to design CRC 
screening programs in this setting.

Hernandez V, Cubiella J, Gonzalez-Mao MC, Iglesias F, Rivera 
C, Iglesias MB, Cid L, Castro I, de Castro L, Vega P, Hermo JA, 
Macenlle R, Martínez-Turnes A, Martínez-Ares D, Estevez P, 
Cid E, Vidal MC, López-Martínez A, Hijona E, Herreros-Vil-
lanueva M, Bujanda L, Rodriguez-Prada JI; the COLONPREV 
study investigators. Fecal immunochemical test accuracy in 
average-risk colorectal cancer screening. World J Gastroenterol 
2014; 20(4): 1038-1047  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1038.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1038

INTRODUCTION
Colorectal cancer (CRC) is the third most common can-
cer worldwide and the second leading cause of  cancer-
related death[1]. Evidence of  effectiveness of  CRC 
screening in average-risk population is available from 
randomized controlled trials for guaiac fecal occult blood 
tests[2,3] and sigmoidoscopy[4,5], and it has been shown that 
it is cost-effective or even cost-saving[6].

Although guaiac fecal occult blood tests are effec-
tive in CRC screening, several drawbacks have been de-
scribed: low sensitivity for advanced colorrectal neoplasia 
(AN) and need of  diet and medication restriction[7]. In 

contrast, fecal immunochemical tests (FIT) are highly 
specific for detecting human blood of  colonic origin[7], 
some use an automated analysis for reading test results[7], 
and they have shown a higher sensitivity and specific-
ity for CRC and AN[8-14]. Despite the superiority of  FIT 
over guaiac based methods, its accuracy in average-risk 
population screening and the optimal number of  stool 
samples or cut-off  level has not been properly assessed. 
To our knowledge, only four studies (performed on three 
different cohorts of  patients) have assessed the FIT ac-
curacy in average-risk patients who were screened with 
colonoscopy[13-16]. 

The COLONPREV study (ClinicalTrials.gov, 
NCT00906997), designed to compare the efficacy of  one-
time colonoscopy and biennial FIT for reducing CRC-
related mortality at 10 years in asymptomatic, average-risk 
individuals, offered an ideal framework to develop diag-
nostic tests studies, as a group of  individuals were ran-
domly assigned to colonoscopy screening[17]. So, we per-
formed a prospective, nested study on individuals invited 
to the COLONPREV study to assess the accuracy of  FIT 
to detect CRC and AN, as well as to establish the optimal 
number of  FIT, the best cut-off  value for CRC detection, 
and the resource consumption per lesion detected. 

MATERIALS AND METHODS
Study design
A multicentre, prospective, blinded, cohort study of  di-
agnostic test was performed in three tertiary hospitals in 
Spain between 1st January 2010 and 30th June 2011, aiming 
to assess the accuracy of  FIT for AN and CRC detection 
in average-risk population.

Study population
Asymptomatic men and women aged 50 to 69 years, 
included in the COLONPREV study in Galicia and 
Euskadi were invited to participate in this diagnostic 
test study if  they were offered a colonoscopy during the 
inclusion period. Exclusion criteria have been described 
elsewhere[17] and included personal history of  CRC, ad-
enoma or inflammatory bowel disease, family history of  
hereditary or familial CRC (i.e., > 2 first-degree relatives 
with CRC or one diagnosed before the age of  60 years), 
severe comorbidity, previous colectomy, FIT screening 
in the past 2 years, sigmoidoscopy or colonoscopy within 
the past 5 years, or symptoms requiring additional work-
up. Individuals were also excluded if  they did not accept 
the study or refused to undergo the colonoscopy.

Study interventions
All participants collected 2 stool samples from 2 consecu-
tive days the week before the colonoscopy was scheduled. 
FIT was assessed using the automated OC-sensor™ 
(Eiken Chemical Co, Tokyo, Japan), without diet or medi-
cation restrictions. Samples were processed as previously 
described[18]. In each patient fecal hemoglobin (ng/mL of  
buffer), in the first sample (FIT1) and the highest level of  
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the two samples (FITmax) was determined. Laboratory 
staff  were blinded for the colonoscopy result, and endo-
scopists performing the colonoscopy were blinded for 
the FIT result. 

Bowel cleansing, sedation and colonoscopy procedure 
was performed according to the Spanish Guidelines on 
Quality of  Colonoscopy in CRC Screening[19]. Polyps 
were categorized as non-neoplastic or neoplastic (ad-
enomas). Adenomas of  10 mm or more in size, or with 
villous architecture (> 25%), or with high-grade dysplasia 
or intramucosal carcinoma were classified as advanced 
adenomas. Invasive cancer was considered when malig-
nant cells were observed beyond the muscularis mucosa. 
Advanced colorectal neoplasia was defined as advanced 
adenoma or invasive cancer. Tumor staging was per-
formed according to the AJCC classification[20]. Patients 
were classified according to the most advanced lesion.

Sample size calculation
Reported FIT sensitivity and specificity for AN in asymp-
tomatic individuals was, respectively, 27.1% and 96.1%[21], 
while in patients undergoing a colonoscopy for any rea-
son, these figures were 50.9%-67% and 88%-91.4%[22,23]. 
The prevalence of  AN in average-risk, asymptomatic 
individuals ranges from 6.3% to 10.5%[24-27]. Taking these 
parameters into account, a sample size ranging from 724 
to 1350 individuals would provide a 10% accuracy at a 5% 
bilateral significance level.

Analysis of resources and cost-benefit analysis
For each positivity threshold and strategy, the number 
of  subjects needed to scope (NNS) to detect an AN or a 
CRC and the direct cost per lesion detected were deter-
mined. The analysis costs were calculated on the basis of  
the published colonoscopy costs in Spain (colonoscopy, 
70€; colonoscopy with biopsy, 140€)[28] and FIT determi-
nation cost (3.2€). 

Other aspects
The study was approved by the Galician Clinical Research 
Ethics Committee, under resolution dated 28th May 2009 
(Code 2009/153). Patients’ clinical histories were accessed 
for study purposes in accordance with the research pro-
tocols laid down by clinical documentation departments. 
All patients provided written informed consent.

Finally, to design the study and to write this original 
article the QADAS quality assessment tool for diagnostic 
tests, the STARD checklist and the STROBE checklist 
for cohort study were used[29-31].

Statistical analysis
The data were included in a specifically designed data-
base (www.coloncruzer.es). Continuous variables were 
described using means and standard deviation, and cat-
egorical variables by the absolute number and percent-
age. Comparisons to identify differences in fecal hemo-
globin concentrations between groups were performed 

using non-parametric tests (Mann-Whitney or Krukal-
Wallis tests) in quantitative variables. To compare overall 
diagnostic accuracy for AN and CRC in both FIT1 and 
FITmax strategies the receiver operating characteristics 
(ROC) curve were drawn, and the χ 2 test for homogene-
ity of  the corresponding area under the curve (AUC) 
was used. The best cut-off  value of  FIT1 and FITmax 
for CRC detection was determined with the Youden in-
dex. For each FIT testing strategy, sensitivity, specificity, 
positive and negative predictive value (PPV, NPV), as 
well as positive and negative likelihood ratio for the best 
cut-off  and for prestablished positivity thresholds (50, 
75, 100, 150 and 200 ng/mL) were calculated. Sensitivity 
and specificity for AN at the best CRC detection cut-off  
point was compared with the rest of  thresholds using 
McNemar test[32]. 

The EPIDAT 3.1 software (Dirección Xeral de Inno-
vación e Xestión da Saúde Pública, Santiago de Compos-
tela, Spain) was used to perform sample size calculation, 
ROC curves drawings and comparisons. Statistical ana-
lyzes were performed using the SPSS statistical software, 
version 15.0 (SPSS Inc., Chicago, IL, United States). A P 
value < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics
Overall, 851 subjects enrolled in the COLONPREV 
study were included in this FIT accuracy study. Fifty-four 
individuals did not complete the colonoscopy and 18 did 
not returned the FIT kit, so the evaluable population was 
779 individuals: 386 male/393 female, mean age 57.55 ± 
4.55 years. Hemoglobin concentration was 58.3 ± 278.4 
ng/mL of  buffer in the first determination and 57.3 ± 
308.5 ng/mL in the second determination.

Invasive carcinoma was detected in 5 (0.6%) indi-
viduals (3 TNM Ⅰ; 1 TNM Ⅱ, 1 TNM Ⅲ), advanced 
adenomas in 92 (11.7%), and non advanced adenomas 
in 202 (25.9%). Therefore, AN was found in 97 (12.5%) 
patients. In 480 cases (61.6%) no neoplastic lesion was 
found; among them 124 had hiperplastic polyps, 6 had an 
inflammatory polyp, diverticula were found in 92 cases 
and an ulcerative colitis was detected in one patient. 

Diagnostic accuracy of FIT
In patients with invasive CRC, FIT1 and FITmax (998 ± 
1075.44, 1257.4 ± 1531.8) were significantly higher than 
in patients with advanced adenomas (233.14 ± 543.1 vs 
325.3 ± 747.7, P = 0.05), non-advanced adenomas (42.4 
± 224.6 vs 76.7 ± 303.5, P < 0.001) or no neoplastic le-
sions (21.8 ± 150 vs 41.7 ± 216.5, P < 0.001). FIT1 and 
FITmax were similar in patients with non advanced ad-
enomas and no neoplasms. Patients with CRC or AN had 
significantly higher FIT1 and FITmax than patients with-
out these lesions (Figure 1).

Accuracy of  FIT1 and FITmax was analyzed us-
ing ROC curves (Figure 2). For CRC diagnosis, the 
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FITmax strategy.

Performance characteristics of FIT1 and FITmax
Table 1 describes sensitivity, specificity, PPV, NPV, LLR 
+ and - to detect a CRC at different FIT1 and FITmax 
positivity thresholds. As shown, both strategies show a 
high sensitivity and specificity for CRC, although FIT-
max decreases specificity and PPV, without increasing 

AUC of  FIT1 was 0.97 (95%CI: 0.94-0.99) and that of  
FITmax was 0.95 (95%CI: 0.92-0.99). The best cut-off  
value for CRC diagnosis was 115 ng/mL for both FIT1 
and FITmax. For AN diagnosis the AUC of  FIT1 was 
similar to that of  FITmax (0.72, 95%CI: 0.66-0.77 vs 
0.73, 95%CI: 0.67-0.79, respectively; homogeneity area 
test P = 0.27). The best cut-off  value for AN diagnosis 
was 8 ng/mL in the FIT1 strategy and 20 ng/mL in the 
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Figure 1  Fecal hemoglobin (ng/mL) according to the most advanced lesion. Values expressed as mean ± SD. Mann-Withney test. FIT: Fecal immunochemical 
test; FIT1: Fecal hemoglogin concentration in the first stool sample; FITmax: Highest fecal hemoglobin concentration of two stool samples. 
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under the curve. 1P = 0.034 with respect to FITmax in the homogeneity area test.
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the sensitivity or NPV. Table 2 describes sensitivity, 
specificity, PPV, NPV, LLR positive and negative to de-
tect an AN at different FIT1 and FITmax cut-off  points. 
Depending on the number of  determinations and the 
positivity threshold cut-off  used sensitivity for AN de-
tection ranged between 28% and 42% and specificity be-
tween 91% and 97%. In only one determination strategy, 
statistically significant differences in specificity between 
115 ng/mL, 50 ng/mL (P = 0.001) and 75 ng/mL (P 
= 0.01) were detected. In FITmax strategy, statistically 
significant differences in specificity were found between 
115 ng/mL, 50 ng/mL (P < 0.001), 75 ng/mL (P = 0.03) 
and 200 ng/mL (P < 0.001). Finally, in FITmax strategy, 
we found statistically significant differences in sensitivity 
between 115 ng/mL, 50 ng/mL (P = 0.03) and 200 ng/
mL (P = 0.008).

Cost-benefit analysis
When direct colonoscopy screening was analyzed, the 
NNS to detect a CRC and an AN were 155.8 and 8.2, re-
spectively. The NNS to detect a CRC or an AN decreased 
from the lowest positivity threshold to the best cut-off  
value, and then rose again. At 115 ng/mL, in the FIT1 
strategy, the NNS to detect a CRC and an AN were 10.2 
and 1.76. At the same cut-off  point, in FITmax strategy, 
the NNS to detect a CRC and an AN increased to 15.8 
and 2.26 respectively, as shown in Table 3.

Cost-benefit analysis is displayed in Table 3. The cost 
per CRC and AN detected in the direct colonoscopy 
screening strategy was 16898€ and 889€. In contrast in 
the optimal cut-off  point, cost per CRC detected was 
reduced between 89.2% and 82.3% and cost per AN de-
tected was reduced between 65.6% and 52.1%, depend-

  Hemoglobin 
  concentration (ng/mL)

FIT strategy Individuals 
with a positive 

result1

Sensitivity2 Specificity2 Positive 
predictive 

value2

Negative 
predictive 

value2

Positive likelihood 
ratio2

Negative 
likelihood 

ratio2

  50 FIT13 67 (8.6) 100 (90-100)      92 (90-94)   7 (0-15) 100 (100-100)    12.48 (9.83-15.85) -
FITmax4 101 (13.0) 100 (90-100) 88.60 (85-90)   5 (0-10) 100 (100-100)    8.06 (6.69-9.72) -

  75 FIT13 61 (7.8) 100 (90-100)      93 (91-95)   8 (0-16) 100 (100-100) 13.82 (10.74-17) -
FITmax4   89 (11.4) 100 (90-100)      89 (87-91)   6 (0-11) 100 (100-100)      9.21 (7.53-11.28) -

  100 FIT13 55 (7.1) 100 (90-100)      94 (92-95)   9 (1-18) 100 (100-100)      15.48 (11.84-20.24) -
FITmax4   82 (10.5) 100 (90-100)      90 (88-92)   6 (0-12) 100 (100-100)    10.05 (8.13-12.43) -

  115 FIT13 51 (6.5) 100 (90-100)      94 (92-96) 10 (1-19) 100 (100-100)    16.83 (12.71-22.7) -
FITmax4   79 (10.1) 100 (90-100)      90 (88-93)   6 (0-12) 100 (100-100)    10.46 (8.42-12.99) -

  150 FIT13 48 (6.2)   80 (35-100)      94 (93-96)   8 (0-17) 100 (100-100)    14.07 (8.33-23.76) 0.21 (0.04-1.22)
FITmax4 70 (9.0)   80 (35-100)      91 (89-94)   6 (0-12) 100 (100-100)      9.38 (5.72-15.40) 0.22 (0.04-1.26)

  200 FIT13 45 (5.8)   80 (35-100)      95 (93-96)   9 (0-18) 100 (100-100)    15.10 (8.89-25.66) 0.21 (0.04-1.22)
FITmax4 59 (7.6)   80 (35-100)      93 (91-95)   7 (0-14) 100 (100-100)    11.26 (6.78-18.69) 0.22 (0.04-1.24)

Table 1  Performance characteristics of fecal immunochemical test-1 and -max for colorectal cancer detection at different positive 
thresholds  n  (%)

1Values are expressed as absolute numbers and percentage; 2Values are expressed as percentage and its 95%CI; 3Fecal hemoglobin concentration in the first 
sample; 4Higher fecal hemoglobin concentration of the two samples. FIT: Fecal immunochemical test.

  Hemoglobin 
  concentration 
  (ng/mL)

FIT 
strategy

Individuals 
with a 

positive 
result2

Sensitivity3 P 4 Specificity3 P 5 Positive 
predictive 

value3

Negative 
predictive 

value3

Positive likelihood 
ratio3

Negative 
likelihood ratio3

  50 FIT16 67 (8.6) 35 (25-45)      0.06 95 (93-97)    0.001 51 (38-63) 91 (89-93)   7.24 (4.72-11.13) 0.68 (0.59-0.79)
FITmax7 101 (13.0) 42 (32-53)      0.03 91 (89-93) < 0.001 41 (31-51) 92 (90-94) 4.98 (3.44-6.72) 0.63 (0.53-0.75)

  75 FIT16 61 (7.8) 33 (23-43)    0.2 96 (94-97)   0.01 52 (39-66) 91 (89-93)   7.76 (4.92-12.23) 0.70 (0.61-081)
FITmax7   89 (11.4) 40 (30-51)    0.1 93 (91-95)   0.03 44 (33-55) 92 (89-94) 5.48 (3.82-7.87) 0.65 (0.55-0.76)

  100 FIT16 55 (7.1) 32 (22-42)    0.5 96 (95-98) 0.5 56 (42-70) 91 (89-93)   9.08 (5.57-14.80) 0.71 (0.61-0.81)
FITmax7   82 (10.5) 37 (27-47) 1 93 (91-95) 0.5 44 (33-55) 91 (89-93) 5.50 (3.76-8.05) 0.67 (0.58-0.79)

  115 FIT16 51 (6.5) 30 (20-40) 97 (95-98) 57 (42-71) 91 (88-93)   9.27 (5.56-15.46) 0.72 (0.64-0.83)
FITmax7   79 (10.1) 36 (26-46) 94 (92-95) 44 (33-56) 91 (89-93) 5.59 (3.79-8.26) 0.68 (0.59-0.79)

  150 FIT16 48 (6.2) 28 (18-37)    0.5 97 (96-98)      1 56 (41-71) 90 (88-93)   9.04 (5.33-15.34) 0.74 (0.66-0.84)
FITmax7 70 (9.0) 32 (22-42)    0.1 94 (92-96)   0.06 44 (32-57) 91 (88-93) 5.59 (3.67-8.51) 0.72 (0.63-0.83)

  200 FIT16 45 (5.8) 28 (18-37)    0.5 97 (96-99) 0.1 60 (44-75) 90 (88-93) 10.55 (6.04-18.41) 0.74 (0.65-0.84)
FITmax7 59 (7.6) 28 (18-37)      0.08 95 (94-97) < 0.001 46 (32-59) 90 (88-93) 5.93 (3.72-9.45) 0.76 (0.67-0.86)

Table 2  Performance characteristics of fecal immunochemical test-1 and -max for advanced neoplasia1 detection at different 
thresholds

1Advanced neoplasia: advanced adenomas (adenoma > 1 cm in size, with high-grade dysplasia, or with villous component > 25) or colorectal cancer; 
2Values are expressed as absolute numbers and percentage; 3Values are expressed as percentage and its 95%CI; 4Significance of the sensitivity differences 
when compared with the optimal cut-off point in McNemar test. Differences with P < 0.05 are considered statistically significant; 5Significance of the 
specificity differences when compared with the optimal cut-off point in McNemar test. Differences with P < 0.05 are considered statistically significant; 
6Fecal hemoglobin concentration in the first sample; 7Higher fecal hemoglobin concentration of the two samples. FIT: Fecal immunochemical test.
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ing on the number of  FIT determinations. Finally, using 
two FIT determinations increased cost per CRC detected 
between 48.58 and 64.55%, and cost per AN detected 
between 32.37% and 46.62% when compared with only 
one FIT determination. 

DISCUSSION
In this diagnostic tests study we have assessed the ac-
curacy of  FIT to detect AN and CRC in an average-risk 
cohort, and have compared the performance character-
istics, endoscopic resources needed and cost-benefit of  
two FIT testing strategies (one-day vs two-day sampling). 
FIT only detected 30%-36% of  AN, although its accu-
racy to detect CRC was very high (100% sensitivity and 
90%-94% specificity). Furthermore, two-day sampling 
strategy did not enhance FIT accuracy and increased re-
source consumption compared to one-day sampling.

Our study has several strengths. First, it was per-
formed on average-risk individuals participating in a 
pragmatic, population-based CRC screening study[17], 
with all participants undergoing a colonoscopy. Second, 
it includes an estimation of  direct costs, allowing us to 
perform a cost-benefit analysis.

Studies addressed to assess FIT accuracy by per-
forming FIT and colonoscopy to all the participants 
are scant[13-16,21-23,33-37]; some were performed on patients 
scheduled for colonoscopy because of  symptoms or in-
creased risk of  CRC[22,23,33,34], others were performed on 
asymptomatic patients but included subjects with family 
risk or younger than 50 years[21,35-37]. To our knowledge 
only four studies (performed on three different co-
horts)[13-16] have assessed the accuracy of  FIT in average-
risk individuals who were offered colonoscopy as CRC 
screening strategy. A Korean study[13] and two German 

studies[14,15] were carried out in the setting of  oportunis-
tic screening. Recently, a Dutch study has assessed FIT 
accuracy in a cohort of  individuals participating in a 
population-based screening study[16]. Our study was also 
carried out on asymptomatic average-risk individuals, par-
ticipating in a population-based screening study[17], which 
would allow us to obtain relevant information for CRC 
screening programs. At the best cut-off  value, with one-
day FIT, we found that diagnostic accuracy for AN detec-
tion is similar to that found in the studies performed on 
average-risk individuals with a quantitative FIT[13-16]. With 
respect to CRC, we found a higher sensitivity when com-
pared to previous studies[13,16], but this could be explained 
by the low number of  CRC detected in our cohort.

The performance characteristics of  FIT can be 
adapted to screening variables (prevalence of  CRC, 
participation rates, endoscopic resources), by modify-
ing positivity threshold or by analyzing several stool 
samples[13,15,33-37]. However, only three studies[13,15,16] have 
assessed the accuracy of  FIT at several cut-off  points 
in an average-risk screening study. Moreover, the study 
by Park et al[13] is the one that also analyzed more than 
one stool sample per patient. As previously reported, 
we found that sensitivity was higher at the lower positiv-
ity threshold and, conversely, specificity increased when 
increasing the positivity threshold. With respect to the 
number of  FIT performed, we decided to analyze only 
two stool samples per patient, as the ongoing regional 
screening programs in our country test for one or two 
stool samples[38]. When comparing 1-d FIT with 2- or 
3-d FIT, no clear benefit of  several-day sampling has 
been described, except in a Japanese study in which a 
qualitative FIT was used[35]. Two studies conducted on 
referral cohorts (with symptomatic or high risk patients), 
in which FIT and colonoscopy was performed in all 
the participants, did not find superiority of  2- or 3-d 
sampling over single sampling[33,34]. Studies performed in 
screened average-risk population (that underwent colo-
noscopy only if  FIT was positive), have shown that 2-d 
sampling could be superior to 1-sampling in different 
characteristics (depending on the criteria to consider a 
result as positive) at a particular cut-off  level, but they 
also found that 1-d testing could perform as well as 2-d 
strategy by changing the threshold of  positivity[39-43]. In 
the study by Park et al[13], AUC for CRC was better with 
three or two test than with only the first day FIT. In our 
cohort, however, the AUC for CRC was similar for FIT1 
and FITmax, and this could be explained by the fact that 
all CRC in our cohort were detected with the FIT1 best 
cut-off.

Modifying the positivity threshold or the number 
of  stool samples to be analyzed not only affect the FIT 
accuracy, but it also has a great impact on the colonos-
copy workload and on the efficiency of  the screening, 
as it influences the rate of  patients with a positive test 
and the PPV. In our study we found that the positiv-
ity rate was higher (13%) with the FITmax strategy at 
the lowest positivity threshold. The same results are 

  Lesion Positivity 
threshold 
(ng/mL)

No. need to 
scope

Cost per lesion 
detected (€)

Cost 
increment 

(€)FIT1 FITmax FIT1 FITmax
  CRC     0 155.80 16898

  50 13.40 20.20 2206 3489 58.16
  75 12.20 17.80 2038 3223 58.15
100 11.00 16.40 1912 3055 59.78
115 10.20 15.80 1814 2985 64.55
150 12.00 17.50 2163 3451 59.55
200 11.25 14.75 2075 3083 48.58

  Advanced
  neoplasia1

    0 8.20 889
  50   1.97   2.46   317   425 34.07
  75   1.91   2.28   312   413 32.37
100   1.77   2.28   302   424 40.40
115   1.76   2.26   306   426 39.22
150   1.78   2.26   312   445 42.63
200   1.67   2.19   311   456 46.62

Table 3  Number of colonoscopies needed to detect one 
lesion and cost per lesion (€) according to positivity threshold 
and fecal immunochemical test testing strategy

1Advanced neoplasia: advanced adenomas (adenoma > 1 cm in size with 
high-grade dysplasia or with villous component > 25) or colorectal cancer. 
FIT: Fecal immunochemical test; CRC: Colorectal cancer.
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found in studies that compared one-day FIT with 2 or 
3-d FITmax strategy[33,34,39-41,43]. Finally, as the colonos-
copy workload accounts for about 40% to 50% of  total 
screening costs[44,45] modifying the positivity rate and the 
PPV has relevant consequences. Several studies have as-
sessed this issue with controversial results. We decided 
to assess the cost benefit analysis by calculating the cost 
per detected lesion, and as in previous studies[37,46], inter-
mediate thresholds were the most cost-effective for one-
day and two-day sampling, being the most cost-effective 
strategy one-day sampling with a positivity threshold of  
115 ng/mL. Our study does not pretend to compare 
cost-effectiveness among different screening strategies. 
In fact, we have only made a cost-benefit analysis inside 
a diagnostic test study. In fact, when cost-effectiveness 
is assessed by simulation models[47-49], in which screen-
ing and treatment costs are related to life-years gained, 
the most cost-effective strategies are those that allow to 
detect the greatest number of  lesions (lowest positivity 
threshold and 2-d sampling), provided there is unlimited 
colonoscopy capacity[47].

As commented previously, FIT sensitivity for AN 
ranges between 28% and 42% according to the number 
of  determinations and the cut-off  point used. Although 
this is a limitation in the context of  a diagnostic test we 
must be aware of  two conditions that favours FIT as a 
screening test for CRC. First, this effect is diminished 
by the lower participation rate in the colonoscopy group 
than in the FIT group. Moreover, in a recently rand-
omized controlled study, the first round of  FIT screening 
detected about half  the number of  advanced adenomas 
that were detected by colonoscopy in the first round[17]. 
Besides, the recurrent nature of  FIT screening may 
reduce the apparent advantage of  colonoscopy. In a re-
cently published studies after 4 rounds of  CRC screening 
with FIT, the positive predictive value of  the FIT for AN 
was 40% at the first round, and approximately 33% in the 
subsequent rounds[50].

Our study has several limitations. First, our sample 
size was near the lowest range to assess the true accuracy 
of  FIT with a 10% accuracy. However, the prevalence 
of  AN in our series was higher than previously reported, 
and with that prevalence, our sample size and the previ-
ously reported sensitivity and specificity[21], the accuracy 
achieved in this study was estimated in 8.82%. Second, 
the number of  invasive cancer was low and all of  them 
were detected by FIT1, and this could bias our results. 
Despite this, the accuracy for AN is similar to that re-
ported previously in average-risk screening[13,15], which 
makes us consider our results reliable in this setting.

In conclusion, our study shows a low sensitivity of  
FIT to detect AN, but a high specificity. Its accuracy for 
CRC detection is high in the setting of  average-risk CRC 
population. With respect to the number of  samples, 2-d 
sampling does not improve the accuracy for CRC, but 
increases the sensitivity for AN detection, at the expense 
of  increasing the direct costs per lesion detected. 
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COMMENTS
Background
Colorectal cancer (CRC) is the third most common cancer worldwide and the 
second leading cause of cancer-related death. Evidence of effectiveness of 
CRC screening in average-risk population is available from randomized con-
trolled trials for guaiac fecal occult blood tests and sigmoidoscopy, and it has 
been shown that it is cost-effective or even cost-saving.
Research frontiers
Despite the superiority of fecal immunochemical tests (FIT) over guaiac based 
methods, its accuracy in average-risk population screening and the optimal 
number of stool samples or cut-off level and the resource consumption per le-
sion detected has not been properly assessed. 
Innovations and breakthroughs
In this diagnostic tests study authors have assessed the accuracy of FIT to 
detect advanced colorectal neoplasia and CRC in an average-risk cohort, and 
have compared the performance characteristics, endoscopic resources needed 
and cost-benefit of two FIT testing strategies (one-day vs two-day sampling). 
FIT only detected 30%-36% of advanced neoplasia (AN), although its accu-
racy to detect CRC was very high (100% sensitivity and 90%-94% specificity). 
Furthermore, two-day sampling strategy did not enhance FIT accuracy and 
increased resource consumption compared to one-day sampling. 
Applications
Authors analyzed in this population different FIT strategies: 1 or 2 tests and 
different positive thresholds; not only to evaluate diagnostic accuracy but also 
endoscopic resources required and cost per lesion detected. Thus, analyzing 
two samples does not improve diagnostic accuracy and, instead, increases the 
costs by augmenting the number of colonoscopies needed to detect a CRC or 
an AN. Their cost-benefit analysis may allow health authorities to define the 
recommended strategy according to endoscopic resources.
Terminology
Average-risk population: Asymptomatic individuals aged 50-69 years with no 
familial history of CRC. Fecal immunochemical tests are based on the reaction 
of monoclonal or polyclonal antibodies specific for human hemoglobin, albumin 
or other fecal blood components.
Peer review
This is a multicentric study aimed at assessing accuracy of FIT in the detec-
tion of CRC and AN in patients undergoing CRC screening. The authors have 
compared specificity and sensitivity of two measures, one in the first sample 
and the other on the highest level of both samples. The authors showed a low 
sensitivity of FIT to detect AN, but a high specificity, which reach the highest 
level in the setting of average-risk CRC population. Two days sampling does 
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not improve the accuracy for CRC, but increases the sensitivity for AN detection 
even though is more expensive. The study is well designed and well written and 
the results are interesting.
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