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Mercè Piracés,3 Francesc Macià,3 Rafael Guayta,6 Xavier Filella,1 Rafael Molina,1

Wladimiro Jimenez,1 and Antoni Castells,2 for the PROCOLON Group

1Biochemistry and Molecular Genetics Department, Hospital Clínic, Barcelona, Spain; 2Gastroenterology Department, Hospital
Clínic, Institut d’Investigacions Biomèdiques August Pi i Sunyer, Centro de Investigación Biomédica en Red en el Área temática
de Enfermedades Hepáticas y Digestivas (CIBERehd), University of Barcelona, Barcelona, Spain; 3Epidemiology and Evaluation
Department, 4Gastroenterology Department, Hospital del Mar, Barcelona, Spain; 5Preventive Medicine and Hospital
Epidemiology Department, Hospital Clinic, University of Barcelona, Barcelona, Spain; 6Council of Colleges of Pharmacists in
Catalonia, Barcelona, Spain

BACKGROUND & AIMS: The latest generation of fecal

immunochemical tests (FIT) allows for quantitation of he-

moglobin in feces, allowing for selection of optimal cut-off

concentrations. We investigated whether individuals with

positive results from quantitative FITs, in combination with

other factors, could be identified as being at greatest risk for

advanced colorectal neoplasia. METHODS: In a retrospective

study, we analyzed data from a consecutive series of 3109

participants with positive results from FITs (�20 mg/g of

feces) included in the first round of the Barcelona colorectal

cancer screening program, from December 2009 through

February 2012. All participants underwent colonoscopy and

were assigned to groups with any advanced colorectal

neoplasia or with nonadvanced colorectal neoplasia (but with

another diagnosis or normal examination findings). RESULTS:

Median fecal hemoglobin concentrations were significantly

higher in participants with advanced colorectal neoplasia

(105 mg/g; interquartile range, 38–288 mg/g) compared with

participants with nonadvanced colorectal neoplasia (47 mg/g;

interquartile range, 23–119 mg/g) (P < .001). Positive pre-

dictive values for advanced colorectal neoplasia, determined

using arbitrary fecal hemoglobin concentrations, differed with

sex and age. Multivariate logistic regression analysis identified

sex (men: odds ratio [OR], 2.07; 95% confidence interval,

1.78–2.41), age (60–69 y: OR, 1.24; 95% confidence interval,

1.07–1.44), and fecal hemoglobin concentration (>177 mg/g:

OR, 3.80; 95% confidence interval, 3.07–4.71) as independent

predictive factors for advanced colorectal neoplasia. Com-

bining these factors, we identified 16 risk categories associated

with different probabilities of identifying advanced colorectal

neoplasia. Risk for advanced colorectal neoplasia increased

11.46-fold among individuals in the highest category compared

with the lowest category; positive predictive values ranged

from 21.3% to 75.6%. CONCLUSIONS: Fecal hemoglobin con-

centration, in addition to sex and age, in individuals with positive

results from FITs can be used to stratify probability for the

detection of advanced colorectal neoplasia. These factors should

be used to prioritize individuals for colonoscopy examination.

Keywords: Colorectal Cancer Screening; Fecal Immunochemical

Tests; Colonoscopy; Risk Stratification.

Colorectal cancer is an important health problem all

over the world. Worldwide, 1 million people each

year will develop colorectal cancer, and the incidence of this

tumor is increasing. In industrialized countries, colorectal

cancer is the third most common malignancy in men and the

second most common in women.1 Most colorectal cancer

cases are sporadic, resulting from the accumulation of so-

matic genetic alterations, and associated with a variety of

environmental risk factors. The remaining proportion of

cases involve a hereditary component.2,3

Screening for colorectal cancer can identify the disease

at an earlier stage or at a premalignant phase. Tests for

fecal blood have been developed to detect unnoticeable

bleeding from colorectal neoplasms. Different trials have

proven the effectiveness of tests for fecal blood screening,

showing a colorectal cancer–associated mortality reduction

of 15%–33%.4 Likewise,5,6 several trials have confirmed the

superiority of fecal immunochemical tests (FITs) over

guaiac-based tests for fecal blood, with respect to both

adherence and the detection rate of advanced colorectal

neoplasia.7–13 Moreover, FITs offer several additional ben-

efits, such as production of numeric results that remove the

subjectivity of interpretation, and automated processing

that allows high-throughput and precise quality-assurance

programs. Finally, the latest generation of FITs provide a

quantitative measurement of hemoglobin concentration in

feces that allows the selection of an optimal cut-off con-

centration for a specific target population and standardiza-

tion of test outcomes.8,14

In the past few years, the demand for colonoscopy has

increased greatly as a consequence of massive colorectal

cancer screening program implementations worldwide.

Because colonoscopy is a limited resource in many

countries,15–17 longer waiting times already have been

Abbreviations used in this paper: FIT, fecal immunochemical test; PPV,
positive predictive value.
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observed.18 To ameliorate any potential negative impact of

this circumstance on patients’ prognosis, prioritization of

individuals with a higher risk for developing advanced

colorectal neoplasia based on clinical and/or analytic data

could represent the most acceptable approach. For this

purpose, quantitative FITs, along with demographic char-

acteristics, may contribute to identifying these individuals.

Indeed, although the main cut-off value of this test selects

individuals who should undergo colonoscopy in a screening

setting, the use of secondary cut-off values would allow

stratification according to the probability of premalignant or

malignant lesions and, therefore, would prioritize colonos-

copy resources.

Patients and Methods

Study Population
This study analyzed 3109 consecutive FIT-positive in-

dividuals who participated in the first round of the Barcelona

Colorectal Cancer Screening Program (from December 2009 to

February 2012). This program focused on asymptomatic men

and women (N ¼ 197,839) aged 50–69 years. Permanent

exclusion criteria were as follows: personal history of colorectal

cancer, adenoma, or inflammatory bowel disease; family history

of hereditary or familial colorectal cancer (ie, �2 first-degree

relatives with colorectal cancer or 1 in whom the disease was

diagnosed before the age of 60 years)19–21; severe co-existing

illness; and previous total colectomy within the past 5 years.

Participants also temporarily were excluded if they had un-

dergone tests for fecal blood within the previous 2 years or

sigmoidoscopy or colonoscopy within the previous 5 years, or if

they had symptoms requiring additional work-up. The partici-

pants with previous screening tests would become eligible

when sufficient time had elapsed since the tests,22 and those

with symptoms became eligible if the results of the clinical

work-up were negative.

Definitions
Participants with a positive FIT (�20 mg/g) underwent co-

lonoscopy performed by expert endoscopists (those who had

performed >400 colonoscopies/y). Histology of all detected

lesions was evaluated by expert pathologists devoted to

gastrointestinal oncology following the European guidelines for

quality assurance in colorectal cancer screening and diagnosis.23

Serrated lesions were classified according to the European So-

ciety of Gastrointestinal Endoscopy recommendations,24 which

consider both size and the presence of dysplasia. Indeed, pa-

tients with large serrated polyps (�10 mm) or those with

dysplasia were classified as advanced adenomas, whereas pa-

tients with serrated polyps less than 10 mm with no dysplasia

were classified as nonadvanced adenomas. According to the

colonoscopy examination and the pathology results, they were

categorized into 2 groups: the first one was made up of par-

ticipants with any advanced colorectal neoplasia, and the second

group comprised the remaining participants, including in-

dividuals with a normal examination and other diagnoses (ie,

low-risk adenoma, inflammatory and hyperplastic polyps, in-

flammatory bowel disease, hemorrhoids, angiodysplasia, and

diverticulosis), henceforth referred to as the nonadvanced

colorectal neoplasia group. Advanced colorectal neoplasia was

defined as colorectal cancer or high-risk adenoma, which in turn

was defined as any advanced adenoma (lesions �10 mm in size

or with a villous component or high-grade dysplasia) or as 3 or

more nonadvanced adenomas. Tumor staging was established

according to the TNM classification system of the Union for

International Cancer Control.25 Finally, participants were clas-

sified according to the most advanced lesion.

Fecal Immunochemical Test
To standardize methods, we followed the Faecal Immuno-

chemical TesTs for Haemoglobin Evaluation Reporting guide-

lines,26 and results of FIT were reported in micrograms of

hemoglobin per gram of feces, as recommended by the Expert

Working Group on FIT for Screening, the Colorectal Cancer

Screening Committee, and the World Endoscopy Organiza-

tion.27 Each participant collected one fecal sample using a

specimen collection device (Eiken Chemical Co, Tokyo, Japan).

The device collects 10 mg feces with a serrated probe attached

to the cap into a 2.0 mL buffer. Samples were analyzed using

the fully automated analyzer OC-SENSOR DIANA (Eiken

Chemical Co), which uses the same technology as the OC-

SENSOR MICRO.28,29 Specimens were stored at 4�C and then

allowed to warm to room temperature for analysis. The method

calibration curve is linear for concentrations in the range of

6–200 mg/g. The analyzer is equipped with an automatic

dilution system that allows a wider analytic range of up to

3000 mg/g in the first dilution, and 50,000 mg/g in the second

dilution. All analyses were performed by 2 clinical laboratory

technicians; the laboratory has a total quality management

system and is certified to ISO 9001:2008 standards by the

Asociación Española de Normalización y Certificación (Spain).

The analyzer was calibrated once every 2 weeks with the cal-

ibrators provided by the manufacturer (Eiken Chemical Co).

Each analytic run was preceded by analysis of 2 quality control

materials (Eiken Chemical Co), and analyses of these quality

control materials were performed every 200 samples. The

target values of control materials used were set a priori by 20

replicate analyses and quality control limits set as the mean

plus/minus 2 standard deviations rule used for acceptance or

rejection of analytic runs. The combined weighted coefficient

of variation obtained was 4.0% at 25 mg hemoglobin/g feces

(n ¼ 594) and 4.1% at 90 mg hemoglobin/g feces (n ¼ 594).

The FIT concentrations were recorded electronically, along

with the kit number, by the analyzer, and these data were sent

electronically to the screening program information technology

application using the laboratory information system.

Statistical Analysis
A logarithmic transformation for graphic representation of

fecal hemoglobin concentration was performed. The Mann–

Whitney U test was used to compare fecal hemoglobin con-

centrations between the advanced colorectal neoplasia and

the nonadvanced colorectal neoplasia groups. In addition, the

Kruskal–Wallis test was performed to evaluate differences in

fecal hemoglobin concentrations among groups of individuals

with different colonoscopy findings.

The positive predictive value (PPV) (true positive/true

positive þ false positive) at arbitrary fecal hemoglobin con-

centrations was calculated for advanced colorectal neoplasia

(ie, colorectal cancer and high-risk adenoma).
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A logistic regression analysis was performed to determine

the independent association of multiple variables (ie, sex, age,

FIT quartiles, referral hospital, city district, and primary care

center) with the detection of advanced colorectal neoplasia,

equating the relationships between population characteristics

and occurrence of the dichotomist-dependent variable. Vari-

ables achieving a P value of less than .05 were included in

the model. To assess calibration of the model, the Hosmer–

Lemeshow test was performed; a nonsignificant result (P ¼

.312) supported the goodness-of-fit of our model.30 The

discrimination power was calculated with the area under the

receiver operating characteristic curve and the corresponding

95% confidence interval.

Continuous variables are reported as medians with inter-

quartile ranges. Statistical significance was set at a P value of

less than .05. Statistical analysis was performed using PASW

Statistics 18 version 18.0.0 (SPSS, Inc, Chicago, IL) and Graph-

Pad Prism version 4.00 (GraphPad Software, San Diego, CA).

Results
The study population comprised 3109 FIT-positive par-

ticipants undergoing colonoscopy (median age, 60 y; range,

50–69 y). Colonoscopy findings according to fecal hemo-

globin concentration are shown in Table 1. High-risk ade-

noma represented the most common lesion (1147

participants, 36.9%), whereas colorectal cancer was identi-

fied in 294 participants (9.5%), most of them at an early

stage (54.4% were intramucosal carcinoma and 27.2% were

detected at stages I and II).

Fecal Hemoglobin Concentration According to
Colonoscopy Findings

Figure 1 shows the box-and-whiskers plot for fecal he-

moglobin concentration according to colonoscopy findings.

Fecal hemoglobin concentrations were significantly higher

in individuals with advanced colorectal neoplasia than in

those with nonadvanced colorectal neoplasia (median,

105 mg/g; interquartile range, 38–288 mg/g vs median, 47

mg/g; interquartile range, 23–119 mg/g, respectively; P <

.001). As shown in Figure 2, significantly different concen-

trations (P < .001) were found among all groups, except for

the comparison between individuals with low-risk adenoma

and the normal group (P ¼ .52) and between the group with

high-risk adenoma and other non-neoplastic lesions

(P ¼ .26). The highest concentrations were detected in

participants with colorectal cancer (median, 160 mg/g;

interquartile range, 64–442 mg/g). Participants with

advanced stages (stages III–IV) had significantly higher fecal

hemoglobin concentrations when compared with partici-

pants with early stages (stages I–II) (P ¼ .008) or intra-

mucosal carcinoma (P ¼ .004) (Table 1).

Positive Predictive Value for Advanced Colorectal
Neoplasia

The PPVs for advanced colorectal neoplasia, both in the

whole series and in each sex- and age-specific subset of

individuals, are shown in Figure 3. As shown, although the

PPV for advanced colorectal neoplasia reached a plateau

after a fecal hemoglobin concentration of 200 mg/g, the

corresponding figure for colorectal cancer continued to in-

crease up to higher concentrations (Figure 3A). This pattern

was maintained in all sex- and age-specific subgroups

(Figure 3B–E), with higher PPVs for advanced colorectal

neoplasia in men than in women, and in individuals aged

60–69 years than in those aged 50–59 years. Interestingly,

however, the PPV for colorectal cancer in women aged

60–69 years was higher than in men of the same age

(Figure 3C and E).

Risk Stratification for Advanced Colorectal
Neoplasia

A logistic regression analysis was performed to deter-

mine the independent association of each factor with

Table 1.Colonoscopy Findings, Fecal Hemoglobin Concentrations, and Time Elapsed From the FIT to Colonoscopy

Colonoscopy findings n Percentage Women 50–59 y

Fecal hemoglobin

concentration,

mg/g, median (IQR)

Days elapsed from

the FIT to colonoscopy,

median (IQR)

Advanced colorectal neoplasiaa 1441 46.3 32.7% 42.4% 105 (38–288) 45 (33–75)

Colorectal cancer 294 9.5 37.4% 38.1% 160 (64–442) 46 (31–69)

Intramucosal carcinoma 160 5.1 37.3% 34.7% 119 (57–371) 49 (34–77)

Stages I– II 80 2.6 40.7% 47.5% 146 (56–310) 42 (28–68)

Stages III– IV 54 1.7 35.0% 27.5% 307 (126–1352) 54 (34–82)

Adenoma 1695 54.5 34.1% 43.1% 67 (27–93) 45 (33–75)

High-risk adenomab 1147 36.9 31.5% 43.5% 92 (26–268) 45 (34–76)

Low-risk adenoma 548 17.6 39.6% 42.3% 42 (27–93) 45 (33–75)

Other non-neoplastic lesionsc 273 8.8 40.3% 49.5% 66 (34–172) 42 (32–67)

Normal examinationd 847 27.2 63.3% 50.5% 45 (28–119) 47 (34–78)

IQR, interquartile range.
aIncludes colorectal cancer and high-risk adenoma.
bIncludes any advanced adenoma (ie, lesions "10 mm in size or with a villous component or high-grade dysplasia) or 3 or more
nonadvanced adenomas.
cIncludes individuals with inflammatory and hyperplastic polyps, inflammatory bowel disease, and angiodysplasia.
dIncludes individuals with minor findings (ie, hemorrhoids and diverticulosis).
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advanced colorectal neoplasia. The results of the multivar-

iate logistic regression analysis (Table 2) showed that sex,

age, and fecal hemoglobin concentration (quartiles) were

associated independently with advanced colorectal

neoplasia.

Combining these 3 independent factors, it was possible

to delineate 16 risk categories, with an 11.46-fold (95%

confidence interval, 7.25–18.10) increased probability of

identifying an advanced colorectal neoplasia when the

highest category (ie, men aged 60–69 years and with a fecal

hemoglobin concentration greater than the third quartile

[>177 mg/g]) was compared with the lowest category (ie,

women aged 50–59 years with a fecal hemoglobin concen-

tration in the first quartile [20–32 mg/g]) (Table 3).

Risk categories defined in the earlier-mentioned logistic

regression model were associated with different PPVs for

advanced colorectal neoplasia, which ranged from 21.3% to

75.6% (Table 4). As shown, these categories were classified

arbitrarily into 3 risk levels according to their correspond-

ing PPV: up to 30% (low risk); between 31% and 50%

(average risk); and higher than 50% (high risk). By using

this stratification, 734 participants (23.6%) were classified

in the low-risk group, 1150 participants (37%) were clas-

sified in the average-risk group, and 1225 participants

(39.4%) were classified in the high-risk group.

Discussion
Results of this study show that fecal hemoglobin con-

centration depends on colorectal lesions, with greater con-

centration in participants with high-risk adenoma or

colorectal cancer than in those with low-risk adenomas,

non-neoplastic findings, or a normal examination. More

importantly, a combination of this variable with de-

mographic characteristics (ie, sex and age) allows stratifi-

cation of FIT-positive individuals into 3 risk categories with

different probabilities of presenting with an advanced

colorectal neoplasia.

The quantitative nature of FITs represents a big step

forward in colorectal cancer prevention31 and probably will

require an adjustment of the current approach to the

screening policy. FIT is a recognized screening strategy

based on its capacity to discriminate between individuals

with colorectal neoplasms and those without such

lesions.28,29,32–35 Results of this study show that malignant

lesions, including intramucosal carcinoma and high-risk

adenoma, bleed more than other colorectal lesions, thus

allowing differentiation of advanced colorectal neoplasia

from other colonoscopy findings not relevant for screening

purposes. The different bleeding profiles among colorectal

lesions indicate that fecal hemoglobin concentration de-

pends on their severity. In this sense, it is important to point

out that previous studies focused on assessing sensitivity,

specificity, and predictive values of FITs usually evaluated

results in a qualitative manner and generally using cut-off

concentrations of less than 40–50 mg/g,36–39 with only a

few analyses including the dynamic information offered by

the quantitative FITs.7,14,28,37,40–42 Our results also suggest

that some non-neoplastic lesions, such as inflammatory and

hyperplastic polyps and inflammatory bowel disease, may

have a similar bleeding profile to high-risk adenoma, making

it difficult to discriminate among them with only the aid of

fecal hemoglobin concentration.

This study analyzed the impact of combining dynamic

fecal hemoglobin concentrations and common demographic

characteristics for the prediction of presenting with

Figure 2. Box-and-whiskers plot for fecal hemoglobin con-
centrations according to colonoscopy findings. Other non-
neoplastic lesions include inflammatory and hyperplastic
polyps, inflammatory bowel disease, and angiodysplasia. The
normal examination group includes individuals with hemor-
rhoids and diverticulosis. *P < .001. CRC, colorectal cancer;
HRA, high-risk adenoma; LRA, low-risk adenoma.

Figure 1. Box-and-whiskers plot for fecal hemoglobin con-
centrations in individuals with and without any advanced
colorectal neoplasm. *P < .001. ACRN, advanced colorectal
neoplasia; NACRN, nonadvanced colorectal neoplasia.
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advanced colorectal neoplasia in FIT-positive participants.

Indeed, integration of characteristics of the studied popu-

lation (ie, sex and age) and fecal hemoglobin concentration

allows prediction of the probability of detecting colorectal

cancer and/or high-risk adenoma during the colonoscopy.

The association of these lesions with sex and age was well

recognized before,43,44 but the additive effect of fecal

hemoglobin concentration was unknown.45 In our humble

opinion, these results may be relevant in colorectal cancer

screening programs and their corresponding endoscopy

units from a pragmatic point of view. First, using easily

accessible information may help to stratify FIT-positive in-

dividuals into different risk categories, thus allowing clini-

cians to inform them about the probability of detecting

Figure 3. Positive predic-
tive value for advanced
colorectal neoplasia ac-
cording to fecal hemoglo-
bin concentrations (A) in
the whole series and (B–E)
in each sex- and age-
specific subset of in-
dividuals. CRC, colorectal
cancer; HRA, high-risk
adenoma.
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advanced colorectal neoplasia more precisely and, impor-

tantly, to prioritize examinations in those participants with

the greatest probability of having such lesions. This latter

aspect is especially relevant in endoscopy units with long

waiting lists, in which objective criteria may help to orga-

nize and rationalize working schedules and agendas. Sec-

ond, it is well known that screening colonoscopies derived

from a positive FIT have a diagnostic yield of neoplastic

findings, especially high-risk adenoma, higher than those

performed without this previous test,46 and endoscopic

removal of these lesions is associated with an increased rate

of complications (ie, bleeding and perforation).47 Accurate

risk stratification may contribute to increased awareness

during colonoscopy. Finally, it is important to mention that

our findings encourage evaluation of the effect of FIT con-

centration in prediction models that include other variables,

such as smoking habit, nutritional practice, and estrogen

status, in line with recently published studies.48–50

Another contribution of this study is the different pat-

terns of PPV for neoplastic lesions observed among the

screened population with respect to sex and age. In fact,

although the PPV for advanced colorectal neoplasia reached

a plateau after a fecal hemoglobin concentration of 200 mg/

g, the corresponding figure for colorectal cancer continued

to increase up to greater concentrations. This pattern was

maintained in all sex- and age-specific subgroups, with

higher PPVs for advanced colorectal neoplasia in men than

in women and in individuals aged 60–69 years than in those

aged 50–59 years, as expected. Interestingly, however, the

PPV for colorectal cancer in women aged 60–69 years was

higher than in men of the same age. These results are

consistent with other studies,45,51 thus pinpointing the

possibility of personalizing screening strategies according to

demographic characteristics.52 In this sense, it is important

to point out that the age range used in the Barcelona

Colorectal Cancer Screening Program (ie, 50–69 y) may

differ from that used in other programs and, accordingly, it

may be necessary to adjust the cut-off concentrations to the

target population.

Strengths of this study included the large number of

individuals evaluated, all of them derived from an orga-

nized, population-based screening program, systematically

and uniformly evaluated in a single center, as well as the

simplicity of the model we are proposing. However, we are

aware of some limitations, such as the exclusion criteria

before invitation, the age range used in the Barcelona pro-

gram, and the fact that the vast majority of participants

were Caucasian, which may limit the universalization of this

model. Finally, the lack of some variables (ie, body mass

index, toxic habits, and diet) has precluded further refine-

ment of the risk-stratification approach.

In summary, the results of this study indicate that fecal

hemoglobin concentration is related to colorectal lesions,

and that this figure is an independent predictor for

Table 2.Logistic Regression Analysis of Variables Associated With the Detection of Advanced Colorectal Neoplasia

Variables Odds ratio 95% Confidence interval P value

Sex

Women 1a

Men 2.07 1.78–2.41 <.001

Age, y
50–59 1a

60–69 1.24 1.07–1.44 .005

Fecal hemoglobin concentration, mg/g
20–32 1a

33–64 1.23 1.00–1.52 .05

65–177 2.00 1.61–2.44 <.001

>177 3.80 3.07–4.71 <.001

NOTE. Calibration of model: Hosmer–Lemeshow test, P ¼ .312. Discrimination power of model: area under the receiver
operating characteristic curve, 0.676; 95% confidence interval, 0.657–0.695.
aReference category.

Table 3.Risk of Detecting Advanced Colorectal Neoplasm According to Sex, Age, and Fecal Hemoglobin Concentration

Women Men

50–59 y 60–69 y 50–59 y 60–69 y

1st quartile, 20–32 mg/g 1.15 (0.70–1.90), P ¼ .58 1.05 (0.63–1.72), P ¼ .86 2.51 (1.57–4.01), P < .001 2.70 (1.57–4.01), P < .001

2nd quartile, 33–64 mg/g 1a 1.60 (0.99–2.58), P ¼ .06 2.96 (1.83–4.76), P < .001 3.64 (2.33–5.67), P < .001

3rd quartile, 65–177 mg/g 2.35 (1.42–3.90), P ¼ .001 3.30 (2.07–5.24), P < .001 3.84 (2.43–6.05), P < .001 4.69 (2.99–7.35), P < .001

4th quartile, >177 mg/g 4.51 (2.70–7.56), P < .001 4.47 (2.74–7.29), P < .001 7.60 (4.78–12.04), P < .001 11.46 (7.25–18.10), P < .001

NOTE. Results are expressed as odds ratios (95% confidence intervals).
aReference category.
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advanced colorectal neoplasia. Quantitative FIT may be an

effective device not only for screening purposes but also for

stratifying positive individuals according to their risk for

colorectal cancer and high-risk adenoma.

Supplementary Material
Note: To access the supplementary material accompanying

this article, visit the online version of Gastroenterology at

www.gastrojournal.org, and at http://dx.doi.org/10.1053/j.

gastro.2014.06.008.
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Abstract

Background: The utility of faecal immunochemical tests 

(FIT) in assessment of symptomatic patients with lower 

gastrointestinal symptoms has not been well explored. 

The aims of this study were to evaluate the diagnostic yield 

for advanced colorectal neoplasia (ACRN) in symptomatic 

patients using the first of two FIT samples (FIT/1) and the 

higher concentration of two FIT samples (FIT/max).

Methods: Samples from two consecutive bowel motions 

from 208 symptomatic patients who required colonoscopy 

were analysed using the HM-JACKarc analyser (Kyowa 

Medex Co., Ltd., Tokyo, Japan). Patients were categorised 

into two groups: patients with any ACRN and individuals 

with other diagnoses or normal colonoscopy.

Results: Colonoscopy detected ACRN in 29 patients. In these 

patients, FIT/1 and FIT/max were significantly higher than 

in patients with low-risk adenoma (p = 0.006 and p = 0.024), 

other findings (p = 0.002 and p = 0.002) and normal colon-

oscopy (p < 0.001 and p < 0.001). The areas under the curves 

(AUC) of FIT/1 and FIT/max were 0.71 and 0.69, respec-

tively. Undetectable FIT/1 rules out 96.6% of ACRN and the 

specificity was 10.6%. Increasing the FIT/1 cut-off to 10 µg 

Hb/g faeces, sensitivity and specificity were 34.5% and 

87.2%, respectively. Similar results were obtained using 

FIT/max with 20 µg Hb/g faeces cut-off, providing a sensi-

tivity and specificity of 34.5% and 85.6%, respectively.

Conclusions: Undetectable FIT is a good strategy to rule-

out ACRN in symptomatic patients. The diagnostic yield 

of collecting two samples for FIT can be achieved with one 

sample, but a lower faecal haemoglobin concentrations 

(f-Hb) cut-off is required.

Keywords: advanced colorectal neoplasia; colorectal 

cancer; diagnostic yield; faecal haemoglobin; faecal 

immunochemical test; symptomatic patients.

Introduction

In asymptomatic population-based screening programmes 

for colorectal cancer (CRC), tests for haemoglobin in faeces 

have been designed to identify occult bleeding from neoplas-

tic lesions before any signs and symptoms become apparent 

There is considerable evidence from such CRC screening 

programmes that faecal immunochemical tests (FIT) for 

haemoglobin have superior analytical and clinical perfor-

mance characteristics to traditional guaiac-based faecal 

occult blood tests (gFOBT) [1, 2]. FIT are now well recognised 

as the non-invasive tests of choice to identify screened indi-

viduals for referral to colonoscopy to detect existing neopla-

sia and pre-malignant colorectal lesions [3–6].

FIT are available in two analytical system formats, 

qualitative and quantitative. The introduction of quantita-

tive FIT allows different cut-off faecal haemoglobin con-

centrations (f-Hb) to be selected that, when added to other 

aspects, such as the frequency of testing, the age range of 

individuals screened and the number of samples collected 

for analysis by each individual, facilitates a spectrum of 

different possible approaches in relation to the screening 

Brought to you by | Universitat de Barcelona

Authenticated

Download Date | 3/10/17 3:49 PM
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strategy [7–9]. As it is dogma that not all lesions will be 

detected using one sample, because of the heterogeneous 

nature of the faecal sample matrix and the likely intermit-

tent bleeding patterns of significant lesions, the diagnostic 

yield of FIT might be improved by the collection of more 

than one sample, taken from different bowel motions. 

However, some studies have concluded that, in using FIT 

for screening, two or more samples do not improve the diag-

nostic yield compared to one sample [7–10]. The majority of 

the studies previously reported have been performed with 

analytical systems from a single FIT manufacturer, but it 

has recently been suggested that diagnostic performance 

may differ between manufacturers [11, 12]. However, this 

aspect has not been widely studied and it is unknown if, 

for example the mass of faecal sample collected and buffer 

volume in the different sample collection devices available 

also affect diagnostic yield [13]. Other factors than the test 

characteristics can affect to the variability in FIT positivity 

and therefore to the diagnostic yield. Some studies suggest 

the possibility of degradation of haemoglobin in faeces 

with delayed sample return [14, 15] and ambient tempera-

ture also can affect positivity [16, 17].

It is important to note that most of the previous work 

on analytical and clinical aspects of FIT has been done in 

the context of CRC screening. Although combinations of 

symptom and results of FITs were alleged to show good 

diagnostic performance for CRC, evidence from primary 

care has said to be lacking [18]. Most primary care provid-

ers deal with many patients presenting with lower abdomi-

nal symptoms, but the prevalence of significant colorectal 

disease is low and a tool to aid in triage for colonoscopy 

would be of considerable value for individuals and for 

health services. It has been suggested that FIT could provide 

a very useful investigation in this clinical setting [13, 19, 20]. 

However, many unexplored variables still exist. Which of 

the one or two FIT samples is the better investigational 

approach has never been studied in symptomatic patients 

and there is controversy over whether FIT should be used 

as a rule-in or rule-out examination. Thus, the aims of this 

study were to evaluate the diagnostic yield for advanced 

colorectal neoplasia (ACRN) in symptomatic patients using 

one or two FIT samples, to assess differences with respect 

to the population characteristics and to identify appropri-

ate strategies for use of FIT in this clinical context.

Materials and methods

Study design

We performed a prospective study to assess the diagnostic accuracy 

of FIT to detect ACRN, comprising CRC and advanced adenoma, 

comparing the use of one or two FIT samples, and to establish strat-

egies for detection, or exclusion, of ACRN in patients with lower 

abdominal symptoms.

Study population

The study analysed 208 consecutive patients who attended Hospital 

Clinic (Barcelona) from December 2013 to March 2014 and required 

colonoscopy for the investigation of lower abdominal symptoms or 

colonic polyp surveillance. Patients undergoing CRC screening or with 

a history of gastrointestinal bleeding, active rectal bleeding, menstrua-

tion, haematuria, or known ulcerative colitis were excluded. Patients 

were asked to begin faecal sampling 5  days before colonoscopy to 

ensure that two samples were collected before bowel cleansing prepara-

tion was initiated. No dietary restriction was undertaken. Medications, 

such as aspirin and non-steroidal anti-ineammatory drugs (NSAID), 

were withdrawn 1 week before preparation for colonoscopy. The study 

was approved by the Hospital Clinic Ethics Committee (2013/8432) and 

all patients provided written informed consent. All patients received 

an oral or telephone explanation of the study and were sent written 

instructions on collecting and storing the faecal sample for FIT with the 

sample collection devices. In order to assure stability of the haemoglo-

bin in the samples, participants were informed to store the samples at 

4 °C before delivery to the laboratory within the following 5 days.

Samples and analysis

Patients were asked to collect samples from two consecutive bowel 

motions using the sample collection devices provided (Kyowa-Medex 

Co., Ltd., Tokyo, Japan). The sample collection device collects 2 mg 

faeces through glling of two small dimples at the end of a round 

probe attached to the device cap: the probe is then reinserted into 

the device which contains 2.0  mL buher. Samples were analysed 

using the fully automated analyser HM-JACKarc (Kyowa-Medex Co., 

Ltd.), which employs a latex immunoturbidimetry technology with 

detection by integrated sphere turbidimetry. The performance char-

acteristics of this recently introduced analytical system have been 

documented in considerable detail elsewhere [21]. Devices returned 

were stored at 4 °C and then allowed to warm to room temperature 

prior to analysis within the next 24 h. f-Hb found were reported as 

µg Hb/g faeces, as recommended by the Expert Working Group on 

FIT for Screening, Colorectal Cancer Screening Committee, World 

Endoscopy Organisation [22]. The method calibration curve is linear 

for concentrations in the range 7–400 µg Hb/g faeces with a lower 

analytical detection limit of 0.6 µg Hb/g faeces [21]. Samples  > 400 µg 

Hb/g faeces were diluted with buher from an unused sample col-

lection device. All analysis were carried out by one laboratory 

technician; the laboratory has a total quality management system 

and is certiged to ISO 9001:2008 standards by AENOR, Asociación 

 Española de Normalización y Certigcación (Spain). The analyser was 

calibrated once every 2 weeks with the calibrators provided (Kyowa-

Medex Co., Ltd.). Each analytical run was preceded by analysis of two 

quality control materials (Kyowa-Medex Co., Ltd.).

Endoscopy

Colonoscopy was carried out to the caecum or up to an obstructing 

carcinoma if present, without knowledge of f-Hb results. All lesions 
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were categorised and, if colorectal polyps were detected, the polyp 

site was recorded and polypectomy performed whenever possible. 

Histology of all detected lesions was evaluated by expert patholo-

gists devoted to gastrointestinal oncology, following the European 

Guidelines for Quality Assurance in Colorectal Cancer Screening 

and Diagnosis [23]. According to the pathology and histology results, 

patients were categorised into two groups: grstly, those with any 

ACRN and, second, individuals with other diagnoses (i.e. ineamma-

tory and hyperplastic polyps, ineammatory bowel disease, haemor-

rhoids, angiodysplasia and diverticulosis) or a normal examination 

(hereaner referred to as the non-advanced colorectal neoplasia 

[NACRN] group). ACRN was degned as CRC or high-risk adenoma, 

which in turn was degned as any advanced adenoma (lesions  ≥ 1 cm 

in size or with a villous component or high-grade dysplasia) or  ≥ 3 

non-advanced adenomas. Tumour staging was established according 

to the TNM classigcation system of the UICC [24]. Finally, patients 

were classiged according to the most advanced lesion present.

Statistical analysis

A logarithmic transformation for graphic representation of f-Hb 

was performed. The Mann-Whitney U-test was used to assess dif-

ferences between the f-Hb of the two groups, ACRN and NACRN. 

Receiver operating characteristic (ROC) curves for f-Hb were cre-

ated as aids to determine clinical performance characteristics and 

examine f-Hb cut-oh ranging 10–40 µg Hb/g faeces. The sensitivity 

(true positives/[true positives+false negatives]), the specigcity (true 

negatives/[true negatives+false positives]) and the positive (true posi-

tives/[true positives+false positives]) and negative (true negatives/

[true negatives+false negatives]) predictive values for ACRN at dif-

ferent f-Hb were calculated. ROC curves for the grst f-Hb found by 

FIT (FIT/1) and the higher f-Hb of the two samples (FIT/max) were 

compared using the Delong method [25] and diherences in sensitivity 

and specigcity using FIT/1 or FIT/max at a range of identical f-Hb cut-

oh were calculated. Statistical analysis was performed using PASW 

 Statistics, Release Version 18.0.0 (SPSS, Inc., Chicago, IL, USA) and 

 GraphPad Prism version 4.00 (GraphPad Sonware, San Diego, CA, 

USA). p < 0.05 was regarded as a statistically signigcant diherence 

between two data sets.

Results

Colonoscopy findings

Of 208 patients (92 men, 116 women), with a median age 

of 63 years (range 22–86 years), ACRN detected by colon-

oscopy in 29 patients (14.0%). These included two CRC at 

stages II and III (1.0%) and 27 high-risk adenoma (13.0%). 

Low-risk adenoma were also found in 41 patients (19.7%): 

other less serious colorectal lesions, including inflamma-

tory and hyperplastic polyps, inflammatory bowel disease, 

haemorrhoids, angiodysplasia, diverticulosis and minor 

irrelevant abnormalities, were found in 91 additional 
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Figure 1: Distributions of faecal haemoglobin concentrations in 

first sample (FIT/1) and the higher of two samples (FIT/max) in all 

patients.

*p < 0.05.

patients (43.8%). In 47 patients (22.6%), no unusual find-

ings were detected and the colonoscopy was reported as 

normal. The prevalence of ACRN in men and women was 

18.5% and 10.3%, respectively (p = 0.088).

f-Hb

Figure 1 shows the distributions of f-Hb for FIT/1 and FIT/

max. The median f-Hb of FIT/1 and FIT/max and inter-

quartile ranges (IQR) were 0.8 (0.3–2.9) µg Hb/g faeces 

and 0.9 (0.6–7.4) µg Hb/g faeces, respectively. The FIT/max 

result was not concordant with the FIT/1 result on 39.2% 

of occasions. As expected, significantly lower f-Hb con-

centration in FIT/1 as to compared FIT/max was observed 

(p < 0.001). The positivity rate at f-Hb cut-offs of 10, 20 and 

30 µg Hb/g faeces were 15.8%, 10.5%, 10.0%, for FIT/1 and 

23.4%, 17.2% and 16.7% for FIT/max.

The f-Hb partitioned by sex, colonoscopy and pathol-

ogy diagnosis are documented in Table 1. In patients with 

ACRN, FIT/1 and FIT/max were significantly higher than in 

patients with low-risk adenoma (p = 0.006 and p = 0.024), 

other findings (p = 0.002 and p = 0.002) and normal colon-

oscopy (p < 0.001 and p < 0.001). FIT/1 was undetectable in 

one patient (3.4%) with ACRN and FIT/max was detect-

able (a numerical result  > 0 µg Hb/g faeces in all patients 

with ACRN. In men and women with ACRN, no statisti-

cally significant differences were observed between FIT/1 

and FIT/max (p = 0.760 and p = 0.378); in contrast, FIT/1 
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Table 1: Faecal haemoglobin concentrations according to sex, colonoscopy and pathology/histology findings for FIT/1 and FIT/max. 

Variable   No.  

 

Faecal haemoglobin concentration, µg Hb/g faeces

FIT/1 Median (IQR)   FIT/max Median (IQR)   p-Value

All patients   208  0.8 (0.3–2.9)   0.9 (0.6–7.4)   0.002

 Men   92  0.8 (0.3–3.7)   1.2 (0.6–14.4)   0.050

 Women   116  0.7 (0.2–2.2)   0.9 (0.6–3.6)   0.013

Advanced colorectal neoplasia  29  3.1 (0.8–43.4)   3.6 (0.9–75.6)   0.423

 Men   17  9.2 (0.8–70.3)   9.2 (0.9–80.8)   0.760

 Women   12  2.5 (0.8–4.6)   3.0 (1.4–35.1)   0.378

Remaining findings   179  0.7 (0.2–1.7)   0.9 (0.6–3.6)   0.001

 Men   75  0.7 (0.3–2.1)   0.9 (0.6–8.0)   0.032

 Women   104  0.6 (0.2–1.5)   0.9 (0.5–3.2)   0.016

Low-risk adenomaa   41  0.6 (0.3–2.4)   0.8 (0.5–14.0)   0.078

 Men   25  0.5 (0.2–2.1)   0.8 (0.4–14.4)   0.080

 Women   16  0.7 (0.4–2.0)   0.9 (0.6–7.6)   0.474

Other findings (see text)a   91  0.7 (0.3–2.0)   0.9 (0.6–3.7)   0.031

 Men   37  0.7 (0.4–2.0)   0.9 (0.6–3.5)   0.330

 Women   54  0.6 (0.2–1.8)   1.1 (0.6–5.6)   0.050

Normal colonoscopya   47  0.7 (0.2–1.2)   0.9 (0.4–1.6)   0.117

 Men   13  0.8 (0.6–1.2)   1.2 (0.8–13.7)   0.223

 Women   34  0.6 (0.1–1.1)   0.7 (0.3–1.2)   0.203

aIncluded in remaining findings.
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Figure 2: Box and whisker plots showing median and interquartile ranges for faecal haemoglobin concentration (µg Hb/g faeces) in rela-

tion to sex and colonoscopy findings for FIT/1 and FIT/max in two groups, advanced colorectal neoplasia (ACRN, colorectal cancer plus 

 high-risk adenoma) and all other findings (others).

*p < 0.05.

was significantly lower in men and women with NACRN 

(p = 0.032 and p = 0.016) as shown in Figure 2.

Diagnostic yield for ACRN

Figure 3 displays the ROC curves for ACRN detection 

obtained with FIT/1 and FIT/max. The areas under the 

curves (AUC) were 0.71 (95% CI 0.59–0.82) and 0.69 (95% 

CI 0.59–0.80), respectively. No statistical differences were 

observed between these. However, at specificities ranging 

from 60% to 85%, sensitivity was higher with FIT/1 as 

compared to FIT/max. The sensitivity, specificity and 

positive and negative predictive values for ACRN in rela-

tion to sex at different f-Hb cut-off are shown in Table 2. 

Higher sensitivities at similar specificities were observed 
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Figure 3: ROC curve for faecal haemoglobin in advanced colorec-

tal neoplasia using first sample (FIT/1) and higher of the two FIT 

samples (FIT/max).

AUC for FIT/1 = 0.71 (95% CI 0.59–0.82): AUC for FIT/max = 0.69 (95% 

CI 0.59–0.80). Not statistically significant (NSS).

Table 2: Sensitivity, specificity and positive and negative predictive values for advanced colorectal neoplasia of FIT/1 and FIT/max at differ-

ent cut-off faecal haemoglobin concentrations in relation to sex. 

Cut-off f-Hb, µg 

Hb/g faeces

  Sensitivity (95% CI)   Specificity (95% CI)   PPV (95% CI)   NPV (95% CI)

Men

 FIT/1>0   100% (81.6%–100%)   8.0% (3.7%–16.4%)   19.8% (12.7%–29.4%)   100% (60.9%–100%)

 FIT/max>0   100% (81.6%–100%)   2.7% (0.7%–9.2%)   18.9% (12.1%–28.2)   100% (34.2%–100%)

 FIT/110   47.1% (26.2%–69.0%)   86.7% (77.2%–92.6%)   44.4% (24.6%–66.3%)   87.8% (78.5%–93.5%)

 FIT/max10   47.1% (26.2%–69.0%)   76.0% (65.2%–84.3%)   30.8% (16.5%–50.0%)   86.4% (76.1%–92.7%)

 FIT/120   41.2% (21.6%–64.0%)   92.0% (83.6%–96.3%)   53.8% (29.1%–76.8%)   87.3% (78.2%–93.0%)

 FIT/max20   41.2% (21.6%–64.0%)   82.7% (72.6%–89.6%)   35.0% (18.1%–56.7%)   86.1% (76.3%–92.3%)

 FIT/130   41.2% (21.6%–64.0%)   92.0% (83.6%–96.3%)   53.8% (29.1%–76.8%)   87.3% (78.2%–93.0%)

 FIT/max30   41.2% (21.6%–64.0%)   82.7% (72.6%–89.6%)   35.0% (18.1%–56.7%)   86.1% (76.3%–92.3%)

 FIT/140   41.2% (21.6%–64.0%)   92.0% (83.6%–96.3%)   53.8% (29.1%–76.8%)   87.3% (78.2%–93.0%)

 FIT/max40   41.2% (21.6%–64.0%)   84.0% (74.1%–94.6%)   36.8% (19.2%–59.0%)   86.3% (76.6%–92.4%)

Women

 FIT/1>0   91.7% (64.6%–98.5%)   12.4% (7.4%–20.0%)   10.7% (6.1%–18.1%)   92.9% (68.5%–98.7%)

 FIT/max>0   100% (75.5%–100%)   3.8% (1.5%–9.4%)   10.6% (6.2%–17.7%)   100% (51.0%–100%)

 FIT/110   16.7% (4.7%–44.8%)   87.6% (79.8%–92.6%)   13.3% (3.7%–37.9%)   90.2% (82.7%–94.5%)

 FIT/max10   33.3% (13.8%–60.9%)   81.9% (73.2%–88.0%)   17.4% (7.0%–37.1%)   91.5% (83.9%–95.6%)

 FIT/120   16.7% (4.7%–44.8%)   93.3% (86.8%–96.7%)   22.2% (6.3%–54.7%)   90.7% (83.6%–94.8%)

 FIT/max20   25.0% (8.9%–53.2%)   87.6% (79.8%–92.6%)   18.8% (6.6%–43.0%)   91.1% (83.8%–95.2%)

 FIT/130   16.7% (4.7%–44.8%)   94.3% (88.0%–97.3%)   25.0% (7.2%–59.1%)   90.8% (83.8%–94.9%)

 FIT/max30   25.0% (8.9%–53.2%)   88.6% (80.9%–93.3%)   20.0% (7.1%–45.2%)   91.2% (83.9%–95.2%)

 FIT/140   8.3% (1.5%–35.4%)   95.2% (89.3%–97.9%)   16.7% (3.0%–56.3%)   90.1% (83.1%–94.4%)

 FIT/max40   25.0% (8.9%–53.2%)   91.4% (84.5%–95.4%)   25.0% (8.9%–53.2%)   91.4% (84.5%–95.4%)

95% CI, 95% confidence interval; f-Hb, faecal haemoglobin concentration with cut-off shown as superscript; NPV, negative predictive value; 

PPV, positive predictive value.

in men compared to women. Positive predictive values 

were higher in men, whereas negative predictive values 

were higher in women. The diagnostic yield for the entire 

group was calculated at a range of f-Hb cut-offs from 10 to 

40 µg Hb/g faeces (Table 3).

Discussion

We have provided here a detailed evaluation of the utility of 

one vs. two samples for f-Hb measurement using a new auto-

mated FIT analytical system in the detection or exclusion of 

ACRN among symptomatic men and women. It is widely 

recognised that f-Hb are higher in men than women, and 

also increase as age increases [12, 26, 27]: these are impor-

tant considerations to take into account, not only when an 

analytical system is evaluated, but also in the use of FIT in 

screening, surveillance and diagnosis. We have confirmed 

that higher f-Hb are found in men with lower abdominal 

symptoms compared with women, consistent with other 

studies [26, 27]. Similarly, a higher clinical sensitivity for 

detecting ACRN was observed in men than in women, as 
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previously suggested by others [26, 28]. The positive predic-

tive value was higher and the negative predictive value was 

lower in men when compared with women, again in agree-

ment with previous studies [11, 12, 26, 27]. It is interesting 

to note that, unsurprisingly, higher sensitivity is found in 

women, when FIT/max is used. This aspect may be due to 

differences between men and women, such as colonic transit 

time and differences in colorectal lesions among men and 

women [14, 29–31], but may also be associated with certain 

analytical characteristics of systems from different manu-

facturers, such as faecal mass collected, buffer volume and, 

possibly most importantly, the specificity of the antibod-

ies against human haemoglobin and its early degradation 

products that is employed. We support, at least in part, a 

suggestion that a design in the collection device standardi-

sation is needed [13], although there are drawbacks in that 

this concept might inhibit flair and imagination in design of 

sample collection devices for FIT at this comparatively early 

stage of the evolution of this technology.

Irrespective of the previously documented sex differ-

ences, when FIT/1 and FIT/max were compared at identical 

f-Hb cut-off, an increase in certain diagnostic yield variables 

was observed in FIT/max (higher sensitivity and higher 

detection rate for ACRN and a decrease in the number of 

individuals needed to screen to detect an advanced neoplas-

tic lesion); in contrast, other variables become less advanta-

geous (increase in positivity rate – and therefore colonoscopy 

demand, the number of individuals needed to scope to 

detect an advanced neoplastic lesion and lower specificity). 

These results are consistent with previous studies [10,  32] 

and suggest that the diagnostic yield of collecting two 

samples for FIT can be achieved with a one sample strategy, 

but using a lower f-Hb cut-off. Such considerations have not 

as yet been incorporated into the routine use of FIT in either 

screening or assessment of the symptomatic.

The strengths of this study are the availability of high 

quality colonoscopy and histology results in all patients, 

and the opportunity to evaluate the HM-JACKarc analyser 

(Kyowa-Medex Co., Ltd.), an automated FIT analytical 

system that has only recently become available in a labo-

ratory accredited to internationally accepted standards. 

To our knowledge, this is the first study that has assessed 

the diagnostic yield performance in a symptomatic popu-

lation using this analyser. Some limitations are also clear, 

such as the small number of patients and the low number 

of CRC detected. However, this study was undertaken as 

a pilot for future more extensive investigations using this 

particular FIT system.

In conclusion, we strongly advocate that better strate-

gies are needed in the use of f-Hb, Different f-Hb cut-off in 

relation to sex may confer benefit to women. Moreover, the 
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diagnostic yield of collecting two samples for FIT (using a 

fHb cut-off of 20 µg Hb/g faeces) can be achieved with one 

sample, albeit using a lower f-Hb cut-off (10 µg Hb/g faeces). 

We have studied the diagnostic yield and in this study have 

concentrated on the use of FIT as a diagnostic rule-in test 

for ACRN. However, irrespective of the f-Hb cut-off and the 

number of samples analysed, the clinical sensitivity is low, 

as is the positive predictive value and the AUC. This implies 

that this investigation is far less than ideal at detecting sig-

nificant colorectal disease, with many false positives being 

found: all positives are referred for colonoscopy and so 

much of the workload will be directed to those who may 

not truly warrant this expensive, time-consuming and not 

without risk invasive investigation. In contrast, the speci-

ficity is high at all f-Hb cut-offs and, with both one and 

two samples, there are few false negative test results. In 

addition, the negative predictive values are similarly high 

throughout and do not depend on the f-Hb cut-off. This sug-

gests that those with an undetectable f-Hb will be unlikely 

to have significant colorectal disease, although a few cases 

would be missed. In our opinion, FIT users must consider 

choosing the cut-off based on the clinical needs and in rela-

tion to different clinical and demographic aspects. It has 

been advocated that FIT should be used as a rule-out test 

in the symptomatic [20], although some have also exam-

ined FIT as a rule-in test [19]. Clearly, there are merits and 

disadvantages to both approaches and we believe that this 

requires considerable further research, including whether 

adding age and sex into the interpretation, as we have done 

in asymptomatic population screening [33], would have sig-

nificant benefits for individual patient care.
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Aquesta Tesi Doctoral no és tan sols la conseqüència de l’esforç compartit dels darrers 

tres o quatre anys, és també el resultat d’experiències i vivències viscudes amb 

moltíssims companys i companyes que s’escampen en el temps. 

 

Sense la dedicació, els consells, les revisions i la paciència des meus directors res 

hagués estat possible. Moltes gràcies Toni per estar sempre allà, per la teva confiança i 

haver-nos pogut asseure durant hores per donar forma a tot això. Gràcies Molina, per 

tot el que he après de tu, per la motivació, i haver-me guiat durant tots aquests anys. 

Al Dr. Wladimiro Jiménez, li agraeixo la seva insistència i haver-me posat en el lloc 

adequat en el moment apropiat.  

Na Maria Pellisé, en Jaume Grau i en Xavi Bessa han estat essencials per fer brollar i 

fluir aquest projecte. Les discussions compartides han estat sempre molt útils, moltes 

gràcies a tots tres. Xavi, gràcies també per aconseguir a través del Faust Riu la imatge 

del pòlip de la portada. Gràcies a tots dos. Agrair també a Callum George Fraser el seu 

suport i haver-me deixat amarar de la seva experiència.  

 

A Esperança Baltasar i a Diana Vargas els hi agraeixo haver facilitat el que semblava 

complicat, per agilitzar gestions i indicar-me a qui dirigir-me en cada moment.  

Agrair també a totes les companyes i companys del Servei de Bioquímica i Genètica 

Molecular involucrats en aquest projecte. Sempre han estat al peu del canó. Agrair 

també a tot el personal  de la Unitat d'Endoscòpia Digestiva del Servei de 

Gastroenterologia, i en especial a Cristina Rodríguez per haver organitzar de forma 

diligent els estudis que entre tots hem anat fent.  



Agraïments   

 
 
106 
 

Gràcies a tots els que hem treballat junts en els diferents Comitès i Comissions del 

PDPCCR de Barcelona, als companys del Grup de treball sobre cribratge de càncer de 

còlon i recte de la Comissió Assessora de Cribratge de Càncer del Pla Director 

d’Oncologia. Gràcies a tots els que m’heu fet confiança. 

 

Al Xavier Filella, al Gregori Casals i al Manuel Morales, companys de viatge amb els que 

comparteixo el dia a dia. Moltes gràcies a tots. A totes les companyes i companys del 

Centre de Diagnòstic Biomèdic i en especial als del Servei de Bioquímica i Genètica 

Molecular que fa tants anys que ens coneixem i en especial a l’Ernest Mas amb tu he 

après molt més que Bioquímica Clínica. Gràcies. Vull agrair als residents que em van 

precedir i que em van acollir i als residents que s’han anat incorporant en els darrers 

anys, contínuament aprenc de vosaltres i m’esperoneu en el dia a dia. Als companys 

del Grup d’Oncologia gastrointestinal i pancreàtica del IDIBAPS, en especial al Sergi 

Castellví.  

 

A Albert Bové, que durant la meva època universitària no només em va iniciar en la 

propedèutica clínica, la semiologia, l’anamnesi, l’exploració, la interpretació dels 

electrocardiogrames, sinó que em va ajudar a seguir endavant en un moment difícil. Al 

Jordi To, antic professor i ara company, per compartir sobretot moments de distensió, 

de ciència en fem poca perquè discutim altres passions. Moltes gràcies a tots dos. 
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Agrair també als qui la vida, per una o altra circumstàncies, ens ha fet coincidir però 

hem acabat prenent camins diferents. De vosaltres també he après.  

 

Agrair als meus pares haver-me ajudat tant a arribar on a cada moment he arribat. 

A ells els hi dedico aquesta Tesi. 

 

Moltíssimes gràcies, 

 

 

 

Josep Maria Augé Fradera 

Mataró, 5 de març de 2017 
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