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Abstract
Colorectal cancer (CRC) is a major cause of cancer-related death of worldwide with high incidence and mortality rate, 
accessible to a screening program in France, first with guaiac- based fecal occult blood test (g-FOBT) then with fecal immu-
nochemical tests (FIT), since 2015, because of better accuracy. The aim of our study was to compare the characteristics 
of screen-detected lesions in two successive CRC screening campaigns, using two different tests (Hemoccult II® and OC 
Sensor®) in the department of Maine-et-Loire, and to precise the performance of these tests [participation rate, detection rates 
(DR), positive predictive value (PPV)]. Participants, invited by CAP SANTE 49, with polyps or cancer at the colonoscopy 
after a positive screening test between 01/01/2013 and 31/12/2016 were included. A guaiac-based fecal occult blood test 
(g-FOBT) was used from January 2013 to December 2014 and a FIT was used from June 2015 to December 2016). 2575 
participants, 642 in g-FOBT group and 1933 in FIT group had lesions. Participation rate was not different between tests 
(p = 0.104), whereas DR and PPV were statistically higher in FIT for all lesions (2.61, 95% CI [2.50–2.70] vs 0.93, 95% CI 
[0.90–1.00], p < 0.0001 and 64.84, 95% CI [63.10–66.60], 50.00, 95% CI [47.30–52.70], p < 0.0001 respectively). FIT detects 
more precancerous lesions (adenomas, p < 0.001, and advanced adenomas, p < 0.001) than g-FOBT but g-FOBT detects 
more serrated polyps (p = 0.025). AAs were more in right colon in FIT than g-FOBT (p = 0.035). No different participation 
rate was detected between FIT and g-FOBT but DR and PPV of all lesions was higher with FIT.
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Introduction

Colorectal cancer (CRC) is the 3rd most common can-
cer in France with a projection by the French Institute for 
Public Health Surveillance of 44,000 new patients in 2017 
and the 2nd cause of mortality with more 17,000 deaths 
to this date [1]. The European 5-year relative survival 

rate was 57% for the colon and 56% for the rectum in 
the EUROCARE-5 study [2]. All stages combined, the 
survival rate at 5 years is about 60% in France [3]. Given 
its considerable impact on population, CRC is a major 
cause of cancer-related death of worldwide. The mortality 
is higher in advanced stage of tumor and its discover at an 
early stage led to cure in 90%. It is possible to prevent the 
development of CRC by the earlier detection and removal 
of precursors lesions by colonoscopy. Colonoscopy is the 
most sensitive test for detection of CRC or adenoma but it 
is an expensive, invasive procedure and requires hospital 
attendance and administration of a bowel preparation that 
is often inconvenient and unpleasant for the patient. Three 
randomized trials in the 1990’s from the USA, UK and 
Denmark showing that screening with guaiac-based fecal 
occult blood tests (g-FOBT) prevents death from CRC 
in average risk persons. Several studies have proved that 
g-FOBT can reduce mortality related to CRC up to 20% 
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[4–8]. Screening aims to detect cancerous or precancerous 
lesions before symptoms appear and when they are more 
likely to be curable. Established in France in 2002, in 23 
pilot areas, the organized screening program for colorectal 
cancer was widespread throughout the country in Decem-
ber 2008. The test was proposed to the asymptomatic 
50–74 years old people with any risk factors (medium risk 
population). The test consists of detecting every 2 years 
blood in the stool with fecal occult blood tests (FOBT) and 
to propose a colonoscopy if the test was positive, to search 
a lesion (polyp or cancer). They include guaiac based test 
and immunochemical tests.

Guaiac-based fecal occult blood tests (g-FOBT) were 
the first approach to CRC screening based on the pseudo 
peroxidase activity of the haem, which facilitates oxidation 
of guaiac when hydrogen peroxide is added [9]. The test 
consists of applying two fecal samples of three separate 
stools with a separate applicator stick in three separate 
cards. Test gives a qualitative result and at least one posi-
tive sample out of six collected samples defines an over-
all positive test. G-FOBT has a good clinical specificity 
but a low clinical sensitivity with a relatively high false 
negative rate for detecting CRC and adenomas. It is not 
specific for human blood and it is susceptible to interfere 
with some foods involving dietary restriction during fecal 
sample collection.

Fecal Immunochemical tests (FIT) have been used as 
screening test since the 2000’s. The OC Sensor® test con-
sisted of a single sampling tube, filled with stabilizing buffer, 
used with a fecal probe. OC Sensor® test is using mono-
clonal or polyclonal antibodies against blood protein (more 
often human globin). Reading system is automatic and gives 
quantitative result. Four population-based randomized con-
trolled trials and a meta-analysis comparing FIT to g-FOBT 
have found an absolute increase in participation ranging 
from 5.4 to 16.2% [7, 8, 10, 11]. A recent meta-analysis of 
19 studies reported the sensitivity and specificity of FIT for 
the detection of CRC in average-risk asymptomatic popula-
tions with an overall pooled sensitivity and specificity of 
FIT for CRC were 79% (95% CI 69–86%) and 94% (95% CI 
92–95%), with an overall accuracy of 95% (95% CI 93–97%) 
[12]. This test could decrease in CRC mortality [10, 11]. As 
shown in a French study in 2007, FIT increase 1.5–2 times 
the number of cancers detected and 3–4 times the number of 
adenomas found and decrease the number of false positive 
results 1.5-fold [13]. Since June 2015, FIT have been gener-
alized in France and OC Sensor® test (FIT) replaced Hemoc-
cult II® test (g-FOBT) in French screening campaigns [14].

The aim of our study was to compare the screen-detected 
lesions in two successive screening colorectal cancer cam-
paigns in the department of Main-et-Loire in France, using 
the two different tests (Hemoccult II® and OC Sensor®) from 
2013 to 2016 and compare the performance of these tests.

Patients and methods

All participants to colorectal cancer screening campaign 
invited by CAP SANTE 49, the departmental analy-
sis center that organizes CRC screening in Maine-et-
Loire who have a positive test between 01/01/2013 and 
31/12/2016 were screened. Only participants with removed 
polyp or cancer at the colonoscopy after a positive screen-
ing test were included in our study.

We also get data from CAP SANTE 49 database about 
all individuals invited to participate in CRC- screening 
between 01/01/2013 and 31/12/2016.

Participants with a positive test from CAP SANTE 49 
database, who have refused or have a contraindication to 
colonoscopy were excluded from the analysis.

Hemoccult II® was used from 01/01/2013 to 31/12/2014 
in the first campaign in our study and OC Sensor® test 
was used in the second campaign from 01/06/2015 to 
31/12/2016. No invitation was sent from 01/11/2014 to 
01/06/2015. Hemoccult II® was realized from three stool 
samples and the result was positive from one sample posi-
tive and OC Sensor® was realized from one stool sam-
ple and the result was positive if the rate was higher than 
150 ng Hemoglobin/ml buffer.

Gastroenterologists and pathologists have sent a copy of 
results of colonoscopy and histopathological results of the 
samples to CAP SANTE 49. Thanks to their registry, infor-
mations about participants were collected about their age 
(birthday), gender and date of positive test. Data from the 
colonoscopy were collected as date of colonoscopy, qual-
ity of preparation (insufficient, average, good), if the exam 
was complete or not, localization (rectum, left, transversal 
and right colon) and size of lesions. Lesions were consid-
ered as distal when lesion was localized in rectum, sigmoid 
or descending colon or a left colectomy, rectal resection or 
sigmoidectomy were realized. And they were categorized 
at proximal when lesion was in transverse or right colon. 
Polyp size was recording by endoscopists and not by pathol-
ogists although in several studies macroscopic evaluation by 
endoscopist was neither reproducible nor reliable in com-
parison with pathologist evaluation [15].

Histological data were collected from CAP SANTE 49 
or histopathological departments of Maine-et-Loire in Cen-
tre de Pathologie de l’Ouest or Angers University Hospital. 
Only data about the 3 most pejoratives lesions per colonos-
copy were analyzed. Histological analysis of the type of 
polyp (tubular adenoma, tubulovillous or villous adenoma, 
serrated adenoma, hyperplastic polyp and others), dysplasia 
(low or high-grade) and the presence of carcinoma were col-
lected. All lesions were counted separately (i.e., one subject 
can be counted as more as adenomas or advanced adenomas 
or invasive cancers was detected).
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If a cancer was diagnosed, other data were collected: date 
of resection, differentiation (low—moderately—well-differ-
entiated), staging tumoral according to the AJCC classifica-
tion [16], anterior participation to screening CRC campaign 
and date of the last screening test result. The criterion for 
diagnosing cancer, in accordance with the international clas-
sification, was an invasion of malignant cells beyond the 
muscularis mucosa. Intramucosal carcinoma and carcinoma 
in situ were classified as adenoma with high grade dysplasia 
[17].

Advanced adenoma (AA) was defined by size ≥ 10 mm, 
tubulovillous or villous adenoma, or high grade dysplasia 
(including In Situ Carcinomas). [17].

Advanced neoplasia (AN) was an advanced adenoma or 
a colorectal cancer.

Collection data was retrospectively performed to 
1/05/2017.

Data analysis

The participation rate was calculated as the ratio of num-
ber of persons returning the screening test to the number 
of individuals invited during the corresponding screening 
campaign. Detection rate was calculated as the number of 
persons with a lesion at colonoscopy relative to the number 
of participants in CRC screening. The positive predictive 
value (PPV) was the proportion of true positives (persons 
with a lesion at colonoscopy) relative to the total number of 
patients who were screened positive and underwent colo-
noscopy. Detection rate and PPV are expressed as percent-
ages with 95% confidence intervals (95% CI) for PPV. In our 
study, colonoscopy was only performed to subjects with a 
positive test. So, sensitivity and specificity of each test could 
not be directly estimated.

Characteristics of subjects were expressed as 
mean ± standard deviation or frequency (%). Continuous 
variables were compared between groups (FIT vs g-FOBT) 
using the Student t test. Categorical variables were com-
pared between groups using the Chi square test or the Fish-
er’s exact test where appropriate.

All statistical analyses were performed using IBM SPSS 
version 24 for Windows.

Results

In overall 391 932 individuals were invited to participate 
in CRC screening campaigns between 01/01/2013 and 
31/12/2016; 188 815 received an invitation for g-FOBT-
based CRC screening (2013–2014) and 203 117 for a FIT-
based CRC screening (2015–2016). 143 408 individuals 
performed a screening test, 69 326 did a Hemoccult® test 

(g-FOBT) and 74 082 an OC Sensor® test (FIT). Main char-
acteristics are presented in the Flow chart (Fig. 1).

4565 participants had a positive screening test: 1346 
g-FOBT (1.9%) and 3219 FIT (4.3%) (p < 0.0001).

Among participants who were screened positive, 93.5% 
(4266 of 4565) patients underwent a colonoscopy. Colo-
noscopy rate was 95.5% for g-FOBT-based campaign with 
1285 colonoscopy realized and 92.6% for FIT-based cam-
paign with 2981 colonoscopy realized (p = 0.51). There was 
2.3-fold supplementary realized colonoscopy after a posi-
tive FIT. 10 patients in g-FOBT group and 23 in FIT group 
refused or had contraindication for colonoscopy. Further-
more, 51 patients in g-FOBT group and 215 in FIT group 
did not undergo further exploration after positive test; these 
patients were excluded of the study (61 and 238 respec-
tively). Among them 55 had an incomplete colonoscopy, 7 
(1.1%) in the g-FOBT group and 48 (2.4%) in the FIT group.

2575 subjects had screen-detected colorectal lesion: 642 
in g-FOBT group (47.7% of patients who had been screened 
positive) and 1933 in FIT group (60.0% of patients who had 
been screened positive) (p < 0.0001). Mean age of patients 
at test was 62.1 ± 7.1 for g-FOBT group and 62.7 ± 6.9 for 
FIT group, p = 0.061. For each screening campaign, there 
was a higher proportion of men than women among patients 
with screen-detected lesions: 60.7% (390) versus 39.3% 
(252) in the g-FOBT group and 63.2% (1221) versus 36.8% 
(712) in the FIT group but no difference between campaign 
(p = 0.273). 138 subjects have already participated to screen-
ing colorectal campaign before in g-FOBT group and 442 
in FIT (p = 0.471).

In these subjects, colonoscopy was performed within 
90.5 ± 3 days after the test reading in g-FOBT group and 
within 100.8 ± 1.3 days in FIT group with a significantly 
longer time in FIT group (p < 0.001).

Screen detected lesions

1863 participants had adenomas: 1416 in FIT group and 447 
in g-FOBT group of which 219 with advanced adenomas 
(AA) in g-FOBT and 924 in FIT, 506 had hyperplasics pol-
yps: 319 in FIT versus 187 in g-FOBT, 23 had other polyps: 
21 in FIT and 2 in g-FOBT, 121 had serrated polyps: 82 in 
FIT and 39 in g-FOBT, 45 had in situ carcinomas: 33 in FIT 
and 12 in g-FOBT and 285 had colorectal cancer: 222 in FIT 
and 63 in g-FOBT.

The detection rate for any type of colorectal lesions 
was significantly higher in FIT group than in g-FOBT 
(2.61%, 95% CI [2.50–2.70] in FIT vs 0.93%, 95% CI 
[0.928–0.932] in g-FOBT, p < 0.0001) (Table 1). Positive 
predicative value (PPV) was significantly higher in FIT 
(64.84, 95% CI [63.10–66.60]) versus in g-FOBT (50.00%, 
95% CI [47.30–52.70], p < 0.0001), significant differences 
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in favor of FIT were also found for advanced lesions (AA, 
CRC and AN) (Table 1).

5193 lesions were detected: 1283 with g-FOBT and 
3910 with FIT. We had collected data from 4532 lesions 
(only data about the 3 most pejoratives lesions per colo-
noscopy were analyzed).

There was a significant difference in the type of lesions 
(p < 0.001) between the two campaigns with more hyper-
plasic polyps (p < 0.0001), more adenomas (p < 0.0001), 
more advanced adenomas (p < 0.001) and less serrated 
polyps (p = 0.025) in FIT group as compared to g-FOBT 
group.

There was a difference of localization of lesions 
(p = 0.003) with more lesions in rectum in g-FOBT (17.9% 
and 13.9% in FIT, p < 0.001) and left colon in FIT (53.6% 

and 49.1% in g-FOBT, p = 0.010). There was no difference in 
right colon (33.0% in g-FOBT and 32.4% in FIT, p = 0.73).

Hyperplasic polyps

877 polyps were detected: 329 in g-FOBT and 548 in 
FIT. FIT detected more hyperplasic polyps than g-FOBT 
(p < 0.0001). No difference of sex with 58.3% men in FOBT 
and 60.2% in FIT (p = 0.674) and age (61.05 ± 7.01 in FOBT 
and 62.00 ± 6.73 in FIT, p = 0.382) of participants. Hyper-
plasic polyps were significantly more in rectum in g-FOBT 
group (39.9% and 31.9% in FIT, p = 0.035) and in left colon 
in FIT group (52.0% and 43.1% in g-FOBT, p = 0.025). 
There was no difference in size of polyps (4.25 ± 1.70 in 
g-FOBT and 4.35 ± 2.49 in FIT, p = 0.706).

Fig. 1   Flow chart of the study
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Tubular and/or villous adenomas

3035 adenomas were detected: 685 in g-FOBT and 2350 in 
FIT. FIT detected more tubulovillous and villous adenomas 
than g-FOBT (p < 0.0001). No difference of sex (p = 0.451) 
was found in participants but participants in FIT were 
older (p = 0.048). Sizes were available for 466 adenomas 
in g-FOBT and for 1921 adenomas in FIT. There was a sig-
nificantly difference (p = 0.015) with bigger polyps in FIT 
group (10.11 mm ± 7.57 vs 9.16 mm ± 7.44). No difference 

of localization (p = 0.487) and no difference in dysplasia 
(p = 0.088) (Table 2). 

Advanced adenomas and in situ carcinomas

1443 advanced adenomas were detected: 264 in g-FOBT 
and 1193 in FIT.

There was significantly more AA diagnosed by FIT ver-
sus g-FOBT (p < 0.0001), with more AA at right in FIT 

Table 1   Test performance of 
g-FOBT (Hemoccult II®) versus 
FIT (OC Sensor®)

AA advanced adenomas, CRC​ ColoRectal Cancer, PPV positive predictive value, CI 95% confidence inter-
val at 95%
a Detection rate: percentage of individuals with lesions relative to the total number of participants in CRC 
screening campaigns
b Positive predictive value: percentage of individuals with lesions relative to the number of participants who 
screened positive and underwent colonoscopy or CTC​

g-FOBT FIT p values

n % n %

Participation rate 69,326 36.72 74,082 36.47 0.105
 FOBT positive patient 1346 1.94 3219 4.35 < 0.0001
 Completed screening 1285 95.84 2981 92.98 0.0003

Detection ratea

 Any lesion 642 0.93 1933 2.61 < 0.0001
 AA 219 0.32 924 1.25 < 0.0001
 CRC​ 63 0.09 222 0.30 < 0.0001
 AA or CRC​ 282 0.41 1146 1.55 < 0.0001

PPV + CI 95%b

 Any lesion 642 50.0 [47.0–53.0] 1933 64.84 [63.0–66.0] < 0.0001
 AA 219 17.0 [15.0–19.0] 924 31.0 [29.0–33.0] < 0.0001
 CRC​ 63 4.90 [4.0–6.0] 222 7.45 [7.0–8.0] 0.002
 AA or CRC​ 282 21.9 [20.0–24.0] 1146 38.44 [37.0–40.0] < 0.0001

Table 2   Characteristics of 
adenomas in g-FOBT and FIT 
groups

g-FOBT FIT p value

Adenomas 58.8% (n = 685) 69.8%(n = 2350) < 0.0001
Age 62.29 ± 7.18 63.04 ± 6.90 0.048
Gender
 Male 63.1% (n = 282) 65.0% (n = 921) 0.451
 Female 36.9% (n = 165) 35.0% (n = 495)

Localization of adenomas 0.487
 Rectum 10.2% (n = 70) 9.6% (n = 226)
 Left colon 52.7% (n = 361) 54.8% (n = 1287)
 Transverse and right colon 36.8% (n = 252) 34.4% (n = 808)
 Unknown 0.3% (n = 2) 1.2% (n = 29)

Dysplasia 0.088
 No 89.8% (n = 615) 87.3% (n = 2052)
 High grade 10.1% (n = 69) 12.5% (n = 293)
 Unknown 0.1% (n = 1) 0.2% (n = 5)

Size 9.16 ± 7.44 10.11 ± 7.57 0.015
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(p = 0.035). No sex difference was found (p = 0.546) and 
participants in FIT with AA were older (p = 0.028) (Table 3).

45 in situ carcinomas were detected: 12 in g-FOBT and 
33 in FIT.

Nevertheless, there was no significantly difference of 
in situ carcinoma between the groups (p = 0.759). The sex 
of individuals with in situ carcinoma was significantly dif-
ferent between FOBT and FIT (p = 0.009) with 83.3% men 
in g-FOBT and 39.4% men in FIT. No difference of age 
(p = 0.880). No difference of localization (p = 0.882).

144 serrated polyps were detected: 47 in FOBT and 
97 in FIT. There were statistically less serrated polyps in 
FIT group than in g-FOBT (p = 0.025). There was no dif-
ference of the sex (48.7% men in g-FOBT and 54.9% men 
in FIT, p = 0.526), age of subjects (63.03 ± 6.21 years in 
g-FOBT and 61.43 ± 6.88 in FIT, p = 0.220), adenomas size 
(data available for 66% (n = 31) polyps in g-FOBT meas-
uring 7.42 ± 4.70 mm and 67% (n = 65) in FIT measuring 
8.38 ± 4.62 mm, p = 0.343), localization (76.6% in right 
colon, 21.3% in left colon and 2.1% in rectum in g-FOBT 
and 71.1% in right colon, 23.7% in left colon and 3.1% in 

rectum in FIT, p = 0.933). Only one polyp was in high grade 
of dysplasia in FIT (p = 1).

Invasive cancers

288 invasive cancers were diagnosed: 64 in g-FOBT and 224 
in FIT. The detection rate for CRC was significantly higher 
in FIT group (0.30%) versus g-FOBT (0.09%) (p < 0.0001). 
There were 64 invasive cancer diagnosed after a g-FOBT: 
62 adenocarcinomas, 1 lymphoma and 1 neuro-endocrine 
carcinoma, and 224 after a FIT: 222 adenocarcinomas and 2 
neuroendocrine carcinomas, no difference between the cam-
paign (p = 0.215). Sex repartition was not different between 
the groups (40 and 145 cancers in men; 23 and 77 cancers 
in women respectively for g-FOBT and FIT) (p = 0.789). 
No difference in the age of participants (p = 0.972). CRC 
localization (p = 0.610), differentiation (p = 0.615) and stage 
(p = 0.117) of cancer were not statistically different between 
the two screening campaigns (Table 4).

Among the 222 individuals with CRC diagnosed after 
a positive FIT, 120 (54.1%) individuals with 121 CRC 

Table 3   Characteristics of Advanced adenomas and In  Situ Carci-
noma in g-FOBT and FIT groups

AA advanced adenoma, ISC in situ carcinoma
AA size ≥ 10 mm, villous component or high-grade dysplasia
Serrated polyps
a Percentage of all polyps diagnosed

g-FOBT FIT p value

Advanced adenomas 
(AA)a

22.7% (n = 264) 35.4% (n = 1193) < 0.0001

Age 62.02 ± 7.17 63.16 ± 6.81 0.028
Gender
 Male 66.7% (n = 146) 64.5% (n = 596) 0.546
 Female 33.3% (n = 73) 35.5% (n = 328)

Localization of AA 0.104
 Rectum 13.3% (n = 35) 12.2% (n = 144) 0.594
 Left colon 68.6% (n = 181) 64.2% (n = 758) 0.123
 Transverse and right 

colon
17.4% (n = 46) 23.6% (n = 279) 0.035

 Unknown 0.7% (n = 2) 1.0% (n = 12)
In situ carcinomas 

(ISC)a
1.6% (n = 12) 1.3% (n = 33) 0.759

Age 63.08 ± 6.00 63.45 ± 7.62 0.880
Gender 0.09
 Male 83.3% (n = 10) 39.4% (n = 13)
 Female 16.7% (n = 2) 60.6% (n = 20)

Localization of ISC 0.882
 Rectum 16.7% (n = 2) 18.2% (n = 6)
 Left colon 66.6% (n = 8) 69.7% (n = 23)
 Transverse and right 

colon
16.7% (n = 2) 12.1% (n = 4)

Table 4   Characteristics of Invasive cancers in g-FOBT and FIT 
groups

NA non applicable, ADK adenocarcinoma

g-FOBT FIT p value

Invasive cancer 9.7% (n = 64) 11.6% (n = 224) 0.315
Age at diagnosis 64.59 ± 6.66 64.55 ± 6.36 0.972
Gender 0.789
 Male 63.5% (n = 40) 65.3% (n = 145)
 Female 36.5% (n = 23) 34.7% (n = 77)

Localization 0.610
 Rectum 25.0% (n = 16) 28.1% (n = 63)
 Left colon 45.3% (n = 29) 48.2% (n = 108)
 Transverse and right 

colon
29.7% (n = 19) 23.7% (n = 53)

Subdivision of cancers 0.215
 Adenocarcinoma 96.9% (n = 62) 99.1% (n = 222)
 Lymphoma 1.6% (n = 1) 0.0% (n = 0)
 Neuroendocrine carci-

nomas
1.6% (n = 1) 0.9% (n = 2)

Differentiation for ADK 0.615
 Well 38.1% (n = 24) 37.1% (n = 83)
 Intermediate 55.6% (n = 35) 53.6% (n = 120)
 Low 3.2% (n = 2) 2.7% (n = 6)
 Unknown 2 15

Subdivision in stages 0.117
 0–1 39.1% (n = 25) 39.3% (n = 88)
 2 21.9% (n = 14) 23.7% (n = 53)
 3 26.6% (n = 17) 26.3% (n = 59)
 4 9.4% (n = 6) 8.5% (n = 19)
 Unknown 2 5
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had participated to previous campaign and had realized a 
g-FOBT test 2 years before. There was no statistical differ-
ence of their sex (65.8% men in g-FOBT and 64.7% in FIT, 
p = 0.860) and their age (64.18 ± 11.32 years in g-FOBT and 
62.84 ± 13.10 in FIT, p = 0.414). There was no difference in 
localization of cancer (24.0% in rectum, 49.6% in left colon 
and 26.4% in right colon in g-FOBT and 33.0% in rectum, 
46.6% in left colon and 20.4% in right colon, p = 0.275), in 
the stage (p = 0.527) and in differenciation (p = 0.866) of 
CRC at screening between these groups.

Among the 63 individuals with CRC diagnosed by 
g-FOBT, 40 (64.1%), with 41 CRC, had participated at the 
last campaign with 23 men and 17 women, without signifi-
cant difference (p = 0.193). There was no difference in dif-
ferenciation (p = 0.899), localization (p = 0.269) or stage of 
tumors (p = 0.101).

Advanced neoplasias

1745 advanced neoplasias (advanced adenomas and inva-
sive colorectal cancers) were diagnosed: 328 in 282 indi-
viduals in g-FOBT and 1417 in 1146 individuals in FIT 
group. There was no difference between the groups of the 
sex of participants (66.0% men in g-FOBT and 64.7% in 
FIT, p = 0.682), the age (62.59 ± 7.13 years in g-FOBT and 
63.43 ± 6.75 years in FIT, p = 0.066) localization of lesions 
(15.5% in rectum, 64.0% in left colon and 19.8% in right 
colon in g-FOBT and 14.6% in rectum, 61.1% in left colon 
and 23.4% in right colon, p = 0.359).

Discussion and conclusion

Screening by FOBTs has been shown in randomized tri-
als to reduce colorectal cancer (CRC) incidence and mor-
tality [5–8]. Two meta-analysis have evaluated sensitivity 
and specificity of g-FOBT [18, 19]. First meta-analysis 
from Rosman and Korsten found a pooled sensitivity of 
g-FOBT for CRC of 36% (CI 95%, 25–47%) and a pooled 
specificity of 96% (CI 95%, 94–97%) without verification 
bias [18]. In the second one, the sensitivity was 47% (CI 
95%, 37–58%) and specificity was 93% (CI 95%, 91–95%) 
[19]. More recently, FITs have been developed and have a 
higher specificity 94% (CI 95%, 92–95%) for human blood 
than g-FOBTs, hence removing any need for dietary restric-
tion and have a higher sensitivity (79%, CI 95%, 69–86%) 
[12]. However, the effectiveness of any screening program 
depends not only on the diagnostic performance of the 
screening but also on the compliance and general accept-
ance of the test by the public. The participation rate with 
g-FOBT in France is low and has never exceeded 30%, far 
away from the 45% acceptable, even further from the 65% 
recommended by European standards [20]. In our study, 

sensitivity and specificity of each test could not be directly 
estimated but the participation rate was calculated.

The participation rate remains low with FIT (36.5%) and 
no difference has been highlighted versus g-FOBT (36.7%) 
in our study. In according to French Public Health, the par-
ticipation rate in Maine-et-Loire was 38% with g-FOBT in 
2013–2014 and 41.3% with FIT in 2015–2016 as in Holland 
and Italy that have found higher participation rate with FIT 
[21, 22]. Moreover, these data are superior in comparison 
with national average rate at 29.4% in the national registries 
data of the 2015–2016 campaign [20]. This low participation 
rate with FIT could explain by two mainly reasons. Invita-
tions to participate at CRC screening with FIT test began 
belatedly (01/06/2015), so a part of the population had been 
invited late, and had probably not yet performed the test at 
the end of 2016, decreasing the participation rate in FIT 
group. It can also be explained by the fact that the FIT tests 
were not delivered with the second dunning letters contrary 
to g-FOBT. However, this action would allow an increase of 
the participation rate of 10%. It has been shown that when 
the FIT is mailed after the medical free-offer phase to non-
participants at this phase, the participation rate increased 
from 28 to 45% [23] to achieve the 45% recommended by 
European Union experts [23]. Interestingly, these results 
were comparable regardless of the age group studied [23].

Colonoscopy rate was higher after a positive test in 
g-FOBT group (92.6% in FIT vs 95.5% in g-FOBT), but 
individuals invited late in FIT group may not have realized 
their colonoscopy at the collection data date. Other screen-
ing studies have shown an equal number of colonoscopy 
realized between the two tests [21, 24] and when comparing 
FIT and g-FOBT at similar colonoscopy referral rates, it 
should get quite clear that FIT outperforms g-FOBT in every 
regard. Moreover the FIT positivity rate was more than twice 
as high compared to the g-FOBT (respectively 4.35% and 
1.94%) responsible for an increase of up to 2.3 fold in colo-
noscopy in our study, nevertheless PPV was significantly 
higher in FIT compared to g-FOBT. In consequence, the 
delay between test and colonoscopy was significantly higher 
in FIT. If colonoscopy follow up was performed before 
10 months after the test, colorectal cancer risk and advanced 
stage disease will not increase [25]. Although the number of 
colonoscopies was higher with FIT, this potential drawback 
could easily be solved by elevating the FIT cutoff a bit.

Whatever the lesion (polyp, advanced adenoma or inva-
sive cancer), detection rates and predictive positive values 
were significantly higher with FIT, as reported in several 
studies [13, 26–28]. Compared to g-FOBT, and based 
on our data, FIT can detect more AA and more invasive 
cancer than g-FOBT. This increase of detection rate was 
not explained by a most important first participation in 
FIT group, contrary to 2 studies that reported an increase 
detection rate of lesions in population who had never been 
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screened before, creating a bias [13, 24]. In our study, only 
22.9% of the subjects in FIT group participated for the first 
time in screening campaign. So it is a very important find-
ing and FIT could decrease incidence of colorectal cancer 
in the future by removing advanced adenomas before their 
transformation in carcinoma.

Colorectal cancer detection rate was statistically higher 
in FIT group compared to g-FOBT group (0.09 and 0.30; 
p < 0.05). Majority of studies reported no difference in 
localization or stage of cancers diagnosed after FIT or 
g-FOBT in the literature [21, 29–33]. One study, in French 
screening conditions, has compared g-FOBT (Hemoccult 
II®) and another FIT (MAGSTREAM®) for detection of 
colonic lesions according to lesion type and localization. 
The authors found a gain in sensitivity restricted in rectal 
cancer in early stage (there were no difference depend-
ing on localization in advanced adenomas) [13]. In other 
meta-analysis, FIT and g-FOBT have a higher sensitivity 
to detect CRC in distal than proximal colon [34, 35].In our 
study, we have not found better accuracy for the diagnostic 
of rectal, distal or proximal colon cancer or for diagno-
sis of CRC at early stage by FIT compared to g-FOBT. 
Nevertheless FIT has a higher detection rate and PPV for 
colorectal cancer than g-FOBT.

More adenomas were diagnosed by FIT than g-FOBT, 
and adenomas with a higher risk on malignant transforma-
tion (more villous and tubulovillous lesions). G-FOBT had 
poor sensitivity to screen advanced neoplasia (advanced 
adenomas and CRC) [36, 37]. FIT permitted to screen 
4 times more advanced neoplasias. In our study, FIT 
detected more lesions (polyps, AA, invasive cancer) in rec-
tum or left colon than g-FOBT in particularly hyperplasics 
polyps. Interestingly, we have found that there were more 
advanced adenomas in right colon in FIT. As FIT detects 
more AA at right and invasive CRC, interval cancers could 
be decreased in future, as reported by Portillo et al. [38], 
because proximal localization or right-sided colon seem 
to be a risk factor when developing an interval cancer 
(OR 0.28, 95% CI 0.20–0.40, p < 0.0001). Moreover FIT 
are better at detecting the immediate precursors to CRC 
(advanced adenomas) suggesting that, unlike g-FOBT they 
may have an impact on CRC incidence.

Serrated polyps can represent 9% of all ones after 
50 years [39]. We now know that serrated polyps had 
potential for dysplasia and malignant transformation, and 
can represent 15% up to 30% of all CRC [40, 41], because 
of a specific epigenetic malignant pathway [42], particu-
larly in interval cancer. In our study, more serrated polyps 
were found with g-FOBT (4.03%) than FIT (2.88%) but the 
most of them were not degenerated, except 1 polyp in FIT 
group in high-grade dysplasia. Our results are in line with 
different studies that did not find association between FIT 

and detection of serrated adenomas because of proximal 
localization and non-hemorrhagic nature [43–45].

Our study compares for the first time two tests used in 
colorectal cancer screening in real life in a French depart-
ment. Many participants were included and many datas have 
been collected, so our analysis was realized about high num-
ber of lesions. This study had also several drawbacks. This 
is a retrospective study, monocenter (one department).There 
was a lot of missing information regarding the lesion’s size. 
661 lesions were not collected after colonoscopy for anato-
mopathological analysis and could create a bias in polyp 
analysis but lesions more pejorative were a priori analyzed.

In our study, distribution of the FIT by the general prac-
titioner during the medical-offer phase does not allow to 
increase participation rates if the mailing of the tests is 
deleted during reminders. Recently, the mailing phase of 
the screening test has been partially restored in France for 
subjects who had already participated in a CRC screening 
campaign in the previous 6 years. Given the results of our 
study it is likely that this measure is insufficient. However, 
the detection rate of polyps, advanced adenomas or cancers 
was higher than g-FOBT and advanced adenomas were more 
often found in right colon with FIT. This could decrease 
interval cancer in the future as suggested by Wieten et al. 
[46].
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