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/Abstract )

Background: Fecal Immunochemical Test (FIT) is a screening tool used for colorectal cancer (CRC). Research has demon-
strated that FIT detects the majority of CRC. Thus, the aim of the current study was to determine the specificity and the sensi-
tivity of FIT test in detecting colonic cancerous and precancerous lesions among the Lebanese population.

Subjects and Methods: This was a retrospective study carried out in two Lebanese Hospital, among asymptomatic patients
who had underwent both colonoscopy and FIT between January 2016 and December 2021. The following information were
collected: age, gender, lifestyle, diet, alcohol and smoking habits, physical activity, clinical symptoms, past medical history,
family history of CRC, FIT results, and colonoscopy findings. The sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) for FIT, were calculated. Results: A total of 54 patients were included in this study. A portion
of 55.6% of patients were males and 44.4% were females. Of all study participants, 20 (37.1%) patients tested positive by
FIT and 15 of these patients had positive findings on colonoscopy compared to 5 patients who had no abnormal findings. The
sensitivity of FIT in detecting CRC was 38.4% and the specificity was 66.6%. The calculated positive predictive value and
negative predictive value were 75.0% and 29.4% respectively. When studying the association of demographic and lifestyle
factors among patients with a positive FIT, we failed to find a significant association between all the studied variables and posi-
tive results of FIT (gender: p-value = 0.614, family history of CRC: p-value = 1.00, cigarette smoking: p-value = 0.66, healthy
diet: p-value = 0.053, and physical activity: p-value = 0.59). Conclusion: FIT had acceptable sensitivity and high specificity
in detecting CRC among asymptomatic patients. Additional research is still needed to improve the diagnostic performance of
FIT in detecting CRC.
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Introduction

Cancer is considered the most common cause of death after
cardiovascular disease [1]. Colorectal Cancer (CRC) is ranked in
frequency as the 4" malignant tumor in the world and it represents
the second cause of death after lung cancer. It is associated with
several factors such as alcohol, tobacco, obesity, foods, diseases
such as inflammatory bowel diseases and genetic factors [2].

Several types of treatments for CRC are valid such as sur-
gery, radiotherapy, chemotherapy and targeted therapy [3].

The United States Preventive Service Taskforce (USPSTF)
recognizes the higher colorectal cancer incidence and mortality
and strongly encourages clinicians to ensure that patients receive
recommended colorectal cancer screening, follow-up, and treat-
ment [1].

Several screening methods for CRC are valid such as:
sigmoidoscopy, colonoscopy and the Fecal Occult Blood Test
(FOBT). However, these methods have many limitations and are
therefore poorly tolerated by some patients. The goal of scientific

research is to find effective methods with a lower limitation profile
[4].

Stool-based screening requires individuals to collect sam-
ples directly from their feces which may be unpleasant for some.
However, the test is quick, noninvasive, can be done at home and
no bowel preparation is needed to perform the screening test [5].

Screening by direct visualization tests, such as colonoscopy
or sigmoidoscopy, should be performed in a clinical setting rather
than at home. When performed solely, direct visualization tests al-
low for a much longer time between screenings compared with
stool-based screening [4].

Direct evidence on the benefits of colorectal cancer screen-
ing to decrease colorectal cancer mortality are available from ran-
domized clinical trials (RCTs) on g-FOBT and flexible sigmoid-
oscopy as well as from cohort studies on Fecal Immunochemical
Test (FIT) and colonoscopy [6].

Endoscopy is not widely available for many patients in
Lebanon due to the country’s many economic challenges, and the
FOBT requires particular dietary restrictions and the stopping of
certain medications, such as anticoagulants and antiplatelets, prior
to performing the test in order to obtain an accurate result. The
FIT, on the other hand, does not impose any of these restrictions
and could be an essential component of CRC screening programs
in Lebanon. As a result, we conducted this study to establish the
sensitivity and specificity of the test as a CRC screening test in the
Lebanese community. (Figure 1)
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CRC is more common in economically developed countries. Indeed, several studies have shown that colorectal cancer in descen-
dants born in these countries presents higher risks than descendants born abroad. This difference may be due to the varying lifestyles
from one region to another, concerning factors such as diet, physical activity, obesity, tobacco and alcohol consumption [7] (Figure 2).

Several factors such as smoking, alcohol consumption and meat consumption are associated with increased risk of CRC, while
physical activity, and healthy diet are protective factors that decrease the risk of the development of CRC (abbreviation: NSAIDs=Non-
Steroidal Anti-Inflammatory Drugs) [2]. (Figure 3)
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FIT is a simple and non-invasive screening tool used for the detection of CRC, especially among patients at average risk for CRC,
in a large and increasing number of countries. FIT screening should be done at least once a year [8]. After a positive FIT result; however,
patients are then referred to colonoscopy to indicate the source of the bleeding. In cases of negative FIT, the test should be repeated
yearly (Figure 4) [9].

Positive FIT is usually followed by a colonoscopy to localize the source of bleeding. In case of normal colonoscopy, it is recom-
mended to repeat the colonoscopy in 10 years [9]. (Figure 5)
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FIT testing can be qualitative or quantitative. Quantitative
FIT tests detect the amount of occult hemoglobin, whereas quali-
tative FIT tests only detect the presence of hemoglobin in stool
studies [10]. When the quantitative test result surpasses the set
standardized threshold, which varies between manufacturing labo-
ratories, the result is considered to be positive [10].

Several studies have demonstrated that the FIT is highly ef-
fective in detecting the majority of CRC. For detecting CRC, FIT
has a high sensitivity (73% to 88%) and a high specificity (91%
to 95%) [8]. Similarly, in a meta-analysis from 2019, the sensitiv-
ity of FIT for diagnosing CRC ranged from 71% to 91%, and the
specificity ranged from 90% to 95%.

According to several studies, the accuracy of FIT in detect-
ing advanced adenoma is low [11]. For instance, imperial et al, in
their meta-analysis of 31 studies, reported a sensitivity of 29% for
advanced adenomas [12]. Other studies reported that the sensitiv-
ity of FIT decreased with age. According to a study, individuals
aged 70 years and older have decreased specificity for colorectal
cancer detection when using the FIT [13].

When compared with g-FOBT, FIT is found to be more sen-
sitive and specific for identifying CRC. FIT has the added benefit
of not requiring any dietary restrictions and only requiring a single
stool sample [8]. The rate of test positivity with FIT was found to
be 4.8 percent versus 3.7 percent with G-FOBT. The anticipated
positive readings for adenoma using the G-FOBT were 35.9% ver-
sus 50.6 percent using the FIT [14].

A FIT-DNA assay combines FIT with biomarker detection
for changed DNA. In a prospective analysis of 9,989 people aged
50 to 84 who had a screening colonoscopy, researchers discovered
that FIT-DNA was more sensitive (92 percent vs. 74 percent) but
less specific (90 percent vs. 96 percent) for detecting CRC than
FIT alone [15]. For detecting adenomatous polyps and serrated
polyps measuring 1 cm or more, FIT-DNA has a low sensitiv-
ity (42 percent). FIT-DNA screening should be done every one
to three years, however Medicare only reimburses it every three
years [15]. In Lebanon, the Ministry of Public Health (MOPH)
recommends the use of the FIT as a screening tool for the early
detection of CRC among patients at average risk [9]. However,
the screening guidelines for CRC is classified into screening for
population at “Average Risk” and screening for population at “In-
creased Risk”. To mention that FIT is not recommended among
patients at increased risk [9]. Table 1 displays the characteristics
of the population at average risk for CRC. The primary objective
of this study was to determine the specificity and the sensitivity of
FIT test in detecting colonic cancerous and precancerous lesions
among the Lebanese population.

Average Risk

Asymptomatic adults 50 years and older who DO NOT HAVE

A positive family history (excluding known inherited familial
syndromes)

A family history of known genetic disorders that predispose them to a
high lifetime risk of colorectal cancer, such as
e  Lynch syndrome
e  Familial adenomatous polyposis

A personal history of inflammatory bowel disease

A previous adenomatous polyp, or previous colorectal cancer

Patients with alarming symptoms (such as blood in stool, abdominal
pain and bowel habits changes, unexplained weight loss, and others).

Table 1: Characteristics of the population at average risk for CRC
[91.
Primary objective

The primary objective of this study was to determine the
specificity and the sensitivity of FIT test in detecting colonic can-
cerous and precancerous lesions among the Lebanese population.

Secondary objectives
The secondary objectives of our study are to:

1. Determine positive likelihood ratio (LR), and negative LR,
positive predictive value (PPV), and negative predictive value
(NPV) for FIT.

2. Determine the accuracy of FIT test, and the factors associated
with positive FIT

3. Evaluate the FIT as a possible screening test for detecting co-
lonic pre-cancerous and cancerous lesions among the Leba-
nese population.

4. Evaluate the need for further endoscopic investigation for
CRC after a negative FIT result.

Subjects and Methods Ethical Information

The study protocol was approved by the thesis committee of
the Faculty of Medicine, Lebanese University, then by the Insti-
tutional Review Board (IRB) of the ethical committee of both Al
Rassoul and Bahman hospital before beginning this research study
(Annexure 1). During analysis, patient data were kept confidential
using assigned codes.
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Study Design

This was a retrospective study conducted to assess the sen-
sitivity and the specificity of FIT in detecting CRC. We retrospec-
tively reviewed the medical records of all patients who had re-
ceived both FIT and colonoscopy in the colorectal departments of
Bahman hospital, and Al Rassoul Hospital in Lebanon over the
period spanning 5 years starting from January 2016 till December
2021.

Study Population

Number of patients: This retrospective study overall included a
total of 54 asymptomatic patients who presented to Bahman and Al
Rassoul hospitals between January 2016 and December 2021 and
who underwent both FIT and colonoscopy examination.

Inclusion and exclusion criteria

We included in this study all asymptomatic patients who are
45 years of age and older, who have undergone both an FIT and a
colonoscopy after FIT result.

Patients were excluded if they were younger than 45 years
of age, and those with alarming symptoms including rectal bleed-
ing, weight loss, severe constipation, and/or obstipation. We also
excluded patients with previous colonoscopy findings, and those
with a previous positive FIT. Patients with prior colon resection,
or other colon/rectal surgery, and those with a history of inflamma-
tory bowel disease were excluded as well.

Procedures of Data Collection and Measurement
Procedures of data collection

We reviewed the computerized medical records of patients
to identify the eligible ones using structured case report data sheet
(Annexure 2). The following information were extracted: demo-
graphic information (age, gender), lifestyle characteristics includ-
ing diet, alcohol and smoking habits, and physical activity, medi-
cal information including clinical symptoms, past medical history,
FIT results, and colonoscopy findings.

For the purpose of the study, colonoscopy findings were con-
sidered positive only in if polyps with a size > 1 ¢cm or if a tumor
was found. Findings with polyp of less than 1 cm and normal find-
ings were considered negative colonoscopy findings.

Study measurement

Sensitivity: Sensitivity is defined as the ability of FIT to correctly
diagnose patients with CRC. Sensitivity is calculated as the num-
ber of FIT-positive participants with CRC (TP) divided by the total
number of participants with CRC (TP+FN).

Specificity: Specificity is defined as the ability of a FIT to cor-
rectly classify an individual with no CRC. Specificity is calculated
as the number of FIT-negative participants without CRC (TN) di-
vided by the total number of participants without CRC (FP+TN).

Likelihood ratio (LR): Likelihood ratio is defined as how much
does the FIT improve the likelihood of making a correct diagno-
sis. A positive LR (+LR) is the improvement of likelihood of cor-
rectly diagnosing the presence of CRC. A negative LR (-LR) is the
improvement of likelihood of correctly diagnosing the absence of
CRC (to rule out having CRC). It’s important to note that a high
+LR value and a low —LR provide strong diagnostic evidence to
rule in or rule out diagnoses, respectively.

Accuracy

The accuracy is defined as the ability of FIT to differentiate be-
tween patients with CRC and healthy cases.

Accuracy = (TP +TN)/(TP +TN + FP+FN).

Positive predictive value (PPV): It is the percentage of patients
with a positive FIT who actually have CRC.

PPV = (TP)/ (TP +FP)

Negative predictive value (NPV): It is the percentage of patients
with a negative FIT who do not have CRC.

NPV = (TN)/ (FN +TN).
Definitions

*  True positives (TP): Participants in whom the FIT correctly
diagnosed CRC as diagnosed by the gold standard colonos-

copy.

*  False positives (FP): Participants who have positive FIT but
do not have CRC according to the colonoscopy. In other
words, FIT has wrongly diagnosed CRC.

*  False negatives (FN): Participants who have CRC on colonos-
copy but have negative results in FIT.

*  True negative (TN): Participants who do not have CRC ac-
cording to the colonoscopy and have negative results in FIT.

Data Analysis

Data analysis was carried out using the Statistical Package
for Social Science (SPSS), version 24. Descriptive analyses in-
cluding frequencies were used for categorical variables and mean
and standard deviation were calculated for continuous variables.
To calculate the values of sensitivity, specificity, accuracy, positive
Likelihood Ratio (LR), and negative LR, Positive Predictive Value
(PPV), and Negative Predictive Value (NPV) for FIT, assuming
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the gold standard to be the results of the colonoscopy technique, we constructed a 2 x 2 table using the results of FIT and colonoscopy
(Table 2). Finally, Chi-square test was used to identify factors that are associated with a positive result of FIT. A p-value of < 0.05 was
considered significant.

Positive colonoscopy Negative colonoscopy
Positive FIT a (TP) b (FP)
Negative FIT c (FN) d (TN)

Sensitivity = TP/(TP+FN) Specificity = TN/(TN+FP)
+LR = sensitivity/(1-specificity) -LR = (1-sensitivity)/(specificity)
PPV =TP/(TP+FP) NPV = TN/(FN+TN)
Accuracy = TP+TN/(TP+FP+FN+TN)
TP: True Positive, FP: False Positive, FN: False Negative, TN: True Negative, +LR: Positive Likelihood Ratio, -LR: Negative Likelihood Ratio,
PPV: Positive Predictive Value, NPV: Negative Predictive Value.

Table 2: Calculation of sensitivity, specificity, LR, PPV, and NPV, accuracy.
Results
Patients Characteristics

During the study period, from January 2016 to January 2021, a total of 54 patients who underwent FIT followed by colonoscopy
in the colorectal departments of Bahman hospital (42 patients, 77.8%) and Al Rassoul Hospital (12 patients, 22.2%) were enrolled in this
study. The mean age of patients was 66.89 &+ 10.67 years. Fifty-five point six percent of patients were males and 44.4% were females.
Description of the study population is shown in table 3.

Demographic Characteristics

Mean Age in years (SD) 66.89 (10.67)
Hospital, N (%)
Bahman Hospital 42 (77.8)
Al Rassoul Hospital 12 (22.2)
Gender, N (%)
Male 30 (55.6)
Female 24 (44.4)
SD: Standard Deviation; CRC: Colorectal Cancer

Table 3: Demographic characteristic of patients.

In the present study, we found that abdominal pain was the main symptom reported by 23% of patients, followed by chronic diar-
rhea and constipation reported by 7% of patients each. Less common symptoms were anal incontinence (6%), anemia (2%), and bloating
(2%). However, 51% of patients reported not having any symptom (figure 6).
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Results of lifestyle characteristics are represented in figure 7. We found that 40.0% of patients were cigarette smokers. As for the
alcohol consumption, none of patients reported that they drink alcohol. Finally, the majority of our participants reported that they con-
sumed healthy food (82.5%), and 59.4% of them were physically active.
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Colonoscopy Findings

The current study included 8 patients who had positive colonoscopy results which encompassed 4 patients with tubular adenoma
measuring more than 1 cm, 3 patients with tubulovillous polyps measuring more than 1 ¢cm, and one patient with adenocarcinoma.

Negative colonoscopy findings included mild non-specific inflammation (1 patient), eosinophilic ileitis (1 patient), and polyps or
adenomas measuring less than 1 cm including inflammatory pseudopolyps (1 patient), mucosal polyps (1 patient), hyperplastic adenoma
(7 patients), tubular adenoma (4 patients), and serrated adenoma (1 patient), (figure 8). Finally, 30 patients had normal findings.

Colonoscopy and Fit Results

When looking at all 54 study patients, 8 (14.8%) patients had positive colonoscopy results and 46 (85.1%) had negative colonos-
copy results. On the other hand, 34 (62.9%) of the 54 patients tested negative by FIT and 20 (37.1%) patients tested positive by FIT.

In regards to the 34 patients with positive FIT, 5 (25%) patients had positive colonoscopy results and 15 (75%) patients had nega-
tive colonoscopy results. Of those with negative FIT, 3 of 34 (8.8%) patients had positive colonoscopy results, and 31 (91.2%) patients
had negative colonoscopy results (table 4).
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Positive colonoscopy Negative colonoscopy Total
Positive FIT 5(TP) 15 (FP) 20 (37.1%)
Negative FIT 3 (FN) 31 (TN) 34 (62.9%)
Total 8 (14.8%) 46 (85.1%) 54
FIT: Fecal Immunochemical Test; TP: True Positive; FP: False Positive; FN: False Negative; TN: True Negative

Table 4: Summary of Data that compare the presence of CRC in FIT to the presence of CRC in colonoscopy.

Diagnostic Performance of Fit

In the present study, the sensitivity, and specificity of FIT in detecting CRC were 62% and 67% respectively, yielding a +LR of
1.87, and —LR of 0.57. The calculated PPV and NPV were 25% and 91%, respectively. The overall accuracy of FIT was 66% (table 5).

Positive colonoscopy

Negative colonoscopy

Positive FIT

5 (TP)

15 (FP)

Negative FIT

3 (FN)

31 (TN)

Sensitivity = TP/(TP+FN)
Sensitivity = 5/(5+3)
Sensitivity = 0.62 or 62%

Specificity = TN/(TN+FP)
Specificity = 31/(31+15)
Specificity = 0.67 or 67%

+LR = sensitivity/(1-specificity)
+LR = 0.62/(1-0.67)
+LR =1.87

-LR = (1-sensitivity)/(specificity)
-LR = (1-0.62)/0.66
-LR =0.57

NPV =TN/(FN+TN)
NPV =31/(3+31)
NPV =0.91 or 91%

PPV = TP/(TP+FP)
PPV = 5/(5+15)
PPV = 0.25 or 25%

Accuracy = TP+TN/(TP+FP+FN+TN)
Accuracy = 5+31/(5+15+3+31)
Accuracy = 0.66 or 66%

FIT: Fecal Immunochemical Test, TP: True Positive, FP: False Positive, FN: False Negative, TN: True Negative, +LR: Positive Likelihood Ratio,
-LR: Negative Likelihood Ratio, PPV: Positive Predictive Value, NPV: Negative Predictive Value

Table 5: Specificity, Sensitivity, +LR, -LR, PPV, NPV, and accuracy of FIT in predicting CRC.

Factors Associated with Positive Fit

When studying the association of demographic and lifestyle factors with a positive FIT, we found that 40% of male patients had
positive FIT while 33.3% of female patients tested positive by FIT. Positive FIT was higher among patients who smoked (31.3%) com-
pared to non-smokers (25.0%). Regarding eating habits, 63.6% of those who eat healthy food had positive FIT. Finally, of those who
were physically active, 31.6% tested positive by FIT.

However, none of these variables (age, gender, cigarette smoking, and physical activity) had a significant association with a posi-
tive result of FIT (p-value = 0.614, p-value = 0.66, p-value = 0.053, p-value = 0.59 respectively) (table 6).
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Negative FIT  Positive FIT P-value®
N (%) N (%)
Gender, N (%)
Male 18 (52.9) 12 (60.0) 0.614
Female 16 (47.1) 8 (40.3)
Cigarette smoking
No 18 (75.0) 6 (25.0) 0.66
Yes 11 (68.8) 5(31.3)
Healthy diet
No 3(10.3) 4 (36.4) 0.053
Yes 26 (89.7) 7 (63.6)
Physical activity
No 10 (76.9) 3(23.1) 0.599
Yes 13 (68.4) 6(31.6)
*: p-value was calculated using chi square test. CRC: colorectal
cancer.

Table 6: Association between demographic and lifestyle factors
and the results of FIT.

Discussion

CRC is the third most common cancer worldwide and the
fourth leading cause of cancer mortality with 769,000 deaths in
2020 and is responsible for 8.3% of all cancer deaths [30]. Evi-
dence from several studies has shown that screening for CRC
could be effective in reducing the incidence and mortality of CRC
[31]. FIT is one of several screening modalities for CRC that have
been shown to be effective in detecting CRC among asymptomatic
patients [32]. To investigate the accuracy of FIT in detecting CRC,
we analyzed data from 54 asymptomatic patients who had under-
went both FIT and colonoscopy in Lebanon.

Our study suggests that the sensitivity of FIT in detecting
CRC was 62%, which is consistent with the values of 25% - 100%
reported in the literature [33]. In the meta- analysis of Lee JK et
al. the sensitivity of FIT for CRC detection was 79% [33]. Simi-
larly, In the study by Oono Y et al., the sensitivity of FIT in detect-
ing CRC was 74.7% [34]. Research suggests that the number of
FIT samples may affect the diagnostic performance of FIT. For
instance, H. Nakama et al. conducted a study to evaluate the effect
of FIT sample number on the diagnostic accuracy of FIT among
asymptomatic patients and found that the pooled sensitivity of FIT
increased from 56% with single FIT samples, to 83% with 2 FIT
samples [35]. In our study, we reported the sensitivity of single
FIT. This consequently might reduce the sensitivity of FIT in de-
tecting CRC.

The estimated specificity of FIT in detecting CRC report-
ed in the literature, ranged from 85%-96% [26]. In the study of

Lee JK et al., the specificity of FIT for diagnosing CRC was 94%
[33]. Another study that evaluated the accuracy of FIT for CRC
among symptomatic patients showed a 86.4% specificity [34]. In
our study, we found lower FIT’s specificity (67%). These findings
might be related to the age of the study population. Several stud-
ies have demonstrated that older age may contribute to a reduced
specificity [36,37]. For instance, a large CRC screening study from
Germany, that aimed to assess factors that are associated with
false-positive FIT results, found that older age (age > 65 years)
might be a strong predictor for false-positive FIT [37]. However,
our study included older patients with a mean age of 66.89 + 10.67
years.

The ability of FITs to detect CRC at early stages is of par-
ticular interest, because when CRC is found at an early stage, the
chances of cure of CRC increase when compared with when di-
agnosed at later stages [36]. Research suggested that FIT might
be performed better in late-stages CRC. In a recent meta-analysis
from 2020, that evaluated the stage specific sensitivity of FIT for
CRC detection, the FIT sensitivity for stage 1 cancers was signifi-
cantly lower, by approximately 10% points than the sensitivity for
stages II and IV CRC [36]. Another meta-analysis found that FIT
sensitivity for stage 1 cancers was significantly lower than sen-
sitivity for stages II and III. Similarly, Giais A et al. conducted a
study to investigate the sensitivity of FIT according to tumor stage
among patients undergoing colonoscopy and newly diagnosed
with CRC. In the aforementioned study, a strong association was
found between advanced tumor stages and higher sensitivity [38].
The results of these studies indicate the need for further improve-
ment of FIT in the detection of CRC in its early stages.

While the majority of colon cancers start as polyps, only
5-10% of all polyps will become cancerous. The size of a polyp
typically does make a difference. The larger the polyp becomes,
the bigger the risk of it developing into colon cancer. That risk
increases significantly if the polyp is greater than 10 mm (1 cm)
[39]. Research has shown the larger a colon polyp becomes, the
more rapidly it grows [39, 40]. In our study, Patients with polyps
> 1 cm represented 14.8% (8 patients) of the total population of
whom 4 patients had dysplasia, 3 patients had tubulovillous ad-
enoma, and 1 patient had adenocarcinoma, and this proportion
was slightly lower than that reported in the study of Leiberman et
al. [40] conducted among 13,992 asymptomatic patients who had
screening with colonoscopy (7.3%). In this study, 7.4% of patients
with polyp > 1 cm had either cancer or adenoma with high-grade
dysplasia. 23.2% had adenoma with villous histology or serrated
adenoma and 51.4% had tubular adenomas [40].

Several studies have tried to evaluate which characteristics
of adenomas are associated with a positive FIT result [39, 41, 42].
Number and size of adenomas, location, and pedunculated mor-
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phology seem to be related to a positive result [39, 41, 42]. It has
been shown that the sensitivity of fecal occult is significantly high-
er for adenomas with advanced histology, larger size, and pedun-
culated shape [43]. A systematic literature review has tried to de-
termine the sensitivity of FIT for proximal neoplasia on the basis
of previously published articles [42]. Most of the studies showed a
higher sensitivity of fecal occult blood test for advanced neoplasia
in the left colon versus right colon [42]. [42] Cubeilla et al,. [43]
conducted a study to determine the individual characteristics of
adenomas independently associated with a positive test, and found
a difference in FIT sensitivity for right-sided versus left-sided ad-
vanced adenomas, with lower sensitivity for right sided adenoma.
According to the author, lower sensitivity for right sided adenomas
could be related to a longer bowel passage and to a different stool
consistency [43].

Various studies comparing FIT to other screening methods
used to detect the presence of CRC have shown it to be superior to
the other screening modalities. In our study, the overall accuracy
of FIT for detection of CRC was 66% and this results was lower
than that reported in a recent systematic review and meta-analy-
sis including 19 studies and showed an overall accuracy of FIT
of 95% [34]. Additionally, clinical trials have shown that FIT is
more sensitive at detecting both CRC and adenomas than FOBTs
[44]. A Canadian study organized among average-risk individuals
found that the rate of positivity with FIT was 4.8%, compared to
3.7% with g-FOBT. Moreover, the protective effect of FIT had
been demonstrated in several screening programs. For instance, an
organized single FIT screening program in Florence where 6961
participants were screened with an average follow-up period of 11
years have shown a 22% decrease in the incidence of CRC [45].
However, several studies have demonstrated that the sensitivity of
FIT for detecting colon poly is low [46].

A false negative was defined as an individual with a nega-
tive FIT result in whom CRC were detected during colonoscopy.
Whereas, a false positive test was defined as an individual with a
positive FIT result and no CRC detected during colonoscopy [47].
In our study, we found a false positive rate of 9% which is consis-
tent with the false-positive FIT rates of 4.3%—15.7% reported in
the prior studies [37]. However, our study reported a high rate of
false-negative results (44.4%). Recent studies suggested that some
subgroups had higher risk of inaccurate FIT results [37, 48]. For
example, it was found that the possibility of having false positive
results is higher among male patients, while smokers and patients
with advanced age had higher rates for false negative results [37,
48, 49]. As mentioned previously, this study included older pa-
tients, with 40% of the study group being smokers. This might ex-
plain the high rates of false-negative results reported in our study.

Finally, few previous studies have assessed the effect of
socio-demographic and lifestyle characteristics in the diagnostic

performance of FIT. For instance, in a large cohort screening study
conducted to assess the variation of diagnostic accuracy of FIT
by gender and age among 3,211 patients aged between 50 and 79
years in Germany, the diagnostic performance of FIT was similar
for both sexes and age groups [50]. Similarly, in our present study,
we did not find a significant variation in the ability of FIT to detect
CRC by gender or lifestyle characteristics.

Study Limitations and Strengths

This study, to the best of our knowledge, is the first to report
accuracy of FIT in detecting CRC among Lebanese asymptomatic
patients. It is important because starting with such a small sample
size could anticipate the results that will be obtained from future
studies that could be conducted over larger sample sizes to finally
give a definitive proof of FIT effectiveness.

In terms of limitations, first, this study was retrospective,
and accordingly some patients’ data were missing or incomplete.
Second, because the locations of the polyps were not specified in
the medical record, we were unable to determine on which side of
the colon the polyps developed. Third, the study included a small
number of patients, and accordingly, these numbers limit the pos-
sibility to detect risk factors associated with positive FIT. Finally,
lifestyle habits were based on patients’ self-reports which might
add data collection bias.

Study Perspectives

Considering the limited research on the accuracy of FIT in
evaluating patients with CRC, further prospective studies should
be conducted over a larger group of patients to evaluate the effec-
tiveness of this screening modality and to explore the predictive
factors of positive diagnosis with FIT in asymptomatic patients.
We also recommend further research to evaluate the stage-specif-
ic sensitivity of FIT for CRC detection. Finally, we recommend
future research to investigate risk factors associated with having
false-negative and false positive FIT.

Conclusion

FIT has become an important screening tool for the detection
of CRC. Its use is increasing all over the world and several stud-
ies have demonstrated its ability to detect the majority of CRCs
[36]. In Lebanon, The Lebanese Ministry of Health adopted FIT
as a screening test for early detection of CRC among average risk
groups [23]. Accordingly, and to investigate the accuracy of FIT in
detecting CRC, we conducted this retrospective study that aimed
to determine the values of specificity and sensitivity of FIT among
asymptomatic patients who had received both FIT and colonos-
copy in Lebanon.

In summary, we found that the FIT test is 66% accurate at
predicting if a patient had CRC. It had a moderately high sensitiv-
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ity (62%) and specificity (67%) in detecting CRC among asymp-
tomatic patients.

To conclude, screening plays an increasing role in the early

diagnosis of patients at average risk for CRC, and therefore in re-
ducing CRC mortality [31]. However, future research should focus
on including diagnostic markers, that can be combined with FIT in
order to improve the ability of FIT to early detect CRC.

References

1.

10.

1.

12.

13.

14.

Siegel RL, Miller KD, Jemal A (2020) Cancer statistics, 2020. CA
Cancer J Clin 70: 7-30.

Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB (2019)
Colorectal cancer. Lancet 394: 1467-1480.

Shaukat A, Kahi CJ, Burke CA, Rabeneck L, Sauer BG, et al. (2021)
ACG Clinical Guidelines: Colorectal Cancer Screening 2021. Am J
Gastroenterol 116: 458-479.

Zapka J, Klabunde CN, Taplin S, Yuan G, Ransohoff D, et al. (2012)
Screening colonoscopy in the US: attitudes and practices of primary
care physicians. J Gen Intern Med 27: 1150-1158.

Wolf AMD, Fontham ETH, Church TR, Flowers CR, Guerra CE, et
al. (2018) Colorectal cancer screening for average-risk adults: 2018
guideline update from the American Cancer Society. CA Cancer J Clin
68: 250-281.

Collins JF, Lieberman DA, Durbin TE, Weiss DG (2005) Accuracy of
screening for fecal occult blood on a single stool sample obtained by
digital rectal examination: a comparison with recommended sampling
practice. Ann Intern Med 142: 81-5.

Jemal A, Center MM, DeSantis C, Ward EM (2010) Global patterns
of cancer incidence and mortality rates and trends. Cancer Epidemiol
Biomarkers Prev 19: 1893-1907.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, et al. (2018)
Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin
68: 394-424.

Arafa MA, Farhat K (2015) Colorectal Cancer in the Arab World--
Screening Practices and Future Prospects. Asian Pac J Cancer Prev
16: 7425-7430.

Marley AR, Nan H (2016) Epidemiology of colorectal cancer. Int J Mol
Epidemiol Genet 7: 105-114.

Lakkis NA, EI-Kibbi O, Osman MH (2021) Colorectal Cancer in
Lebanon: Incidence, Temporal Trends, and Comparison to Regional
and Western Countries. Cancer Control 28: 1073274821996869.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, et
al. (2021) Global Cancer Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers in 185 Countries.
CA Cancer J Clin 71: 209-249.

Wilkins T, McMechan D, Talukder A (2018) Colorectal Cancer
Screening and Prevention. Am Fam Physician 97: 658-665.

Ibafez-Sanz G, Mila N, Vives N, Vidal C, Binefa G, et al. (2022)
Diagnostic Performance of a Fecal Immunochemical Test-Based
Colorectal Cancer Screening Program According to Ambient

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

Temperature and Humidity. Cancers (Basel) 14: 1153.

Davidson KW, Barry MJ, Mangione CM, Cabana M, Caughey AB, et al.
(2021) Screening for Colorectal Cancer: US Preventive Services Task
Force Recommendation Statement. JAMA 325: 1965-1977.

Ferrari A, Neefs |, Hoeck S, Peeters M, Van Hal G (2021) Towards
Novel Non-Invasive Colorectal Cancer Screening Methods: A
Comprehensive Review. Cancers 13: 1820.

American Gastroenterological Association (2021) Colorectal cancer
screening options.

Holme O, Lgberg M, Kalager M, Bretthauer M, Hernan MA, et al.
(2014) Effect of flexible sigmoidoscopy screening on colorectal cancer
incidence and mortality: a randomized clinical trial. JAMA 312: 606-
615.

Niedermaier T, Balavarca Y, Brenner H (2019) Stage-Specific
Sensitivity of Fecal Immunochemical Tests for Detecting Colorectal
Cancer: Systematic Review and Meta-Analysis. Am J Gastroenterol
115: 56-69.

Mousavinezhad M, Majdzadeh R, Sari AA, Delavari A, Mohtasham
F (2016) The effectiveness of FOBT vs. FIT: A meta-analysis on
colorectal cancer screening test. Med J Islam Repub Iran 30: 366.

Dhaliwal A, Vlachostergios PJ, Oikonomou KG, Moshenyat Y (2015)
Fecal DNA testing for colorectal cancer screening: Molecular targets
and perspectives. World J Gastrointest Oncol 7: 178-183.

Giardiello FM, Allen JI, Axilbund JE, Boland CR, Burke CA, et al.
(2014) Guidelines on genetic evaluation and management of Lynch
syndrome: a consensus statement by the US Multi-Society Task Force
on colorectal cancer. Dis Colon Rectum 57: 1025-1048.

Lebanon Ministry of Public Health (MOPH) (2022) National Guidelines
for Colorectal Cancer, Early Detection.

Young GP, Symonds EL, Allison JE, Cole SR, Fraser CG, et al. (2015)
Advances in Fecal Occult Blood Tests: the FIT revolution. Dig Dis Sci
60: 609-622.

Ibafez-Sanz G, Sanz-Pamplona R, Garcia M (2021) Future Prospects
of Colorectal Cancer Screening: Characterizing Interval Cancers.
Cancers (Basel) 13: 1328.

Imperiale TF, Gruber RN, Stump TE, Emmett TW, Monahan PO (2019)
Performance Characteristics of Fecal Immunochemical Tests for
Colorectal Cancer and Advanced Adenomatous Polyps: A Systematic
Review and Meta-analysis. Ann Intern Med 170: 319-329.

Davidson KW, Barry MJ, Mangione CM, Cabana M, Caughey
AB, Davis EM, et al. (2021) Screening for Colorectal Cancer: US
Preventive Services Task Force Recommendation Statement. JAMA
325: 1965-1977.

Schoen RE, Pinsky PF, Weissfeld JL, Yokochi LA, Church T, et al.
(2012) Colorectal-cancer incidence and mortality with screening
flexible sigmoidoscopy. N Engl J Med 366: 2345-2357.

Lin JS, Piper MA, Perdue LA, Rutter CM, Webber EM, et al. (2016)
Screening for Colorectal Cancer: Updated Evidence Report and
Systematic Review for the US Preventive Services Task Force. JAMA
315: 2576-2594.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, et
al. (2021) Global Cancer Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers in 185 Countries.

13

J Dig Dis Hepatol, an open access journal
ISSN: 2574-3511

Volume 8; Issue 01


https://pubmed.ncbi.nlm.nih.gov/31912902/
https://pubmed.ncbi.nlm.nih.gov/31912902/
https://pubmed.ncbi.nlm.nih.gov/31631858/
https://pubmed.ncbi.nlm.nih.gov/31631858/
https://pubmed.ncbi.nlm.nih.gov/33657038/
https://pubmed.ncbi.nlm.nih.gov/33657038/
https://pubmed.ncbi.nlm.nih.gov/33657038/
https://pubmed.ncbi.nlm.nih.gov/22539065/
https://pubmed.ncbi.nlm.nih.gov/22539065/
https://pubmed.ncbi.nlm.nih.gov/22539065/
https://pubmed.ncbi.nlm.nih.gov/29846947/
https://pubmed.ncbi.nlm.nih.gov/29846947/
https://pubmed.ncbi.nlm.nih.gov/29846947/
https://pubmed.ncbi.nlm.nih.gov/29846947/
https://pubmed.ncbi.nlm.nih.gov/15657155/
https://pubmed.ncbi.nlm.nih.gov/15657155/
https://pubmed.ncbi.nlm.nih.gov/15657155/
https://pubmed.ncbi.nlm.nih.gov/15657155/
https://pubmed.ncbi.nlm.nih.gov/20647400/
https://pubmed.ncbi.nlm.nih.gov/20647400/
https://pubmed.ncbi.nlm.nih.gov/20647400/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/26625738/
https://pubmed.ncbi.nlm.nih.gov/26625738/
https://pubmed.ncbi.nlm.nih.gov/26625738/
https://pubmed.ncbi.nlm.nih.gov/27766137/
https://pubmed.ncbi.nlm.nih.gov/27766137/
https://pubmed.ncbi.nlm.nih.gov/33618551/
https://pubmed.ncbi.nlm.nih.gov/33618551/
https://pubmed.ncbi.nlm.nih.gov/33618551/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/29763272/
https://pubmed.ncbi.nlm.nih.gov/29763272/
https://pubmed.ncbi.nlm.nih.gov/35267461/
https://pubmed.ncbi.nlm.nih.gov/35267461/
https://pubmed.ncbi.nlm.nih.gov/35267461/
https://pubmed.ncbi.nlm.nih.gov/35267461/
https://pubmed.ncbi.nlm.nih.gov/34003218/
https://pubmed.ncbi.nlm.nih.gov/34003218/
https://pubmed.ncbi.nlm.nih.gov/34003218/
https://pubmed.ncbi.nlm.nih.gov/33920293/
https://pubmed.ncbi.nlm.nih.gov/33920293/
https://pubmed.ncbi.nlm.nih.gov/33920293/
https://patient.gastro.org/colorectal-cancer-crc/
https://patient.gastro.org/colorectal-cancer-crc/
https://pubmed.ncbi.nlm.nih.gov/25117129/
https://pubmed.ncbi.nlm.nih.gov/25117129/
https://pubmed.ncbi.nlm.nih.gov/25117129/
https://pubmed.ncbi.nlm.nih.gov/25117129/
https://pubmed.ncbi.nlm.nih.gov/31850933/
https://pubmed.ncbi.nlm.nih.gov/31850933/
https://pubmed.ncbi.nlm.nih.gov/31850933/
https://pubmed.ncbi.nlm.nih.gov/31850933/
https://pubmed.ncbi.nlm.nih.gov/27493910/
https://pubmed.ncbi.nlm.nih.gov/27493910/
https://pubmed.ncbi.nlm.nih.gov/27493910/
https://pubmed.ncbi.nlm.nih.gov/26483873/
https://pubmed.ncbi.nlm.nih.gov/26483873/
https://pubmed.ncbi.nlm.nih.gov/26483873/
https://pubmed.ncbi.nlm.nih.gov/25003300/
https://pubmed.ncbi.nlm.nih.gov/25003300/
https://pubmed.ncbi.nlm.nih.gov/25003300/
https://pubmed.ncbi.nlm.nih.gov/25003300/
https://www.moph.gov.lb/DynamicPages/download_file/4158
https://www.moph.gov.lb/DynamicPages/download_file/4158
https://pubmed.ncbi.nlm.nih.gov/25492500/
https://pubmed.ncbi.nlm.nih.gov/25492500/
https://pubmed.ncbi.nlm.nih.gov/25492500/
https://pubmed.ncbi.nlm.nih.gov/33809520/
https://pubmed.ncbi.nlm.nih.gov/33809520/
https://pubmed.ncbi.nlm.nih.gov/33809520/
https://pubmed.ncbi.nlm.nih.gov/30802902/
https://pubmed.ncbi.nlm.nih.gov/30802902/
https://pubmed.ncbi.nlm.nih.gov/30802902/
https://pubmed.ncbi.nlm.nih.gov/30802902/
https://pubmed.ncbi.nlm.nih.gov/34003218/
https://pubmed.ncbi.nlm.nih.gov/34003218/
https://pubmed.ncbi.nlm.nih.gov/34003218/
https://pubmed.ncbi.nlm.nih.gov/34003218/
https://pubmed.ncbi.nlm.nih.gov/22612596/
https://pubmed.ncbi.nlm.nih.gov/22612596/
https://pubmed.ncbi.nlm.nih.gov/22612596/
https://pubmed.ncbi.nlm.nih.gov/34003220/
https://pubmed.ncbi.nlm.nih.gov/34003220/
https://pubmed.ncbi.nlm.nih.gov/34003220/
https://pubmed.ncbi.nlm.nih.gov/34003220/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/

Citation: Hussien T, Zeinab EZ, Sara H, Marwa H, Haji AS,J Soukayna,M rami et al. (2023) The Sensitivity and the Specificity of the Fecal Immunochemical Testing in
Detecting Colonic Cancerous and Precancerous Lesions among the Lebanese Population. J Dig Dis Hepatol 8: 191. DOI: 10.29011/2574-3511.100091

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

CA Cancer J Clin 71: 209-249.

Bevan R, Rutter MD (2018) Colorectal Cancer Screening-Who, How,
and When? Clin Endosc 51: 37-49.

Doubeni CA (2014) The impact of colorectal cancer screening on the
US population: is it time to celebrate? Cancer 120: 2810-2813.

Lee JK, Liles EG, Bent S, Levin TR, Corley DA (2014) Accuracy of
fecal immunochemical tests for colorectal cancer: systematic review
and meta-analysis. Ann Intern Med 160: 171.

OonoY, IriguchiY, Doi Y, Tomino Y, Kishi D, et al. (2010) A retrospective
study of immunochemical fecal occult blood testing for colorectal
cancer detection. Clin Chim Acta 411: 802-805.

Nakama H, Yamamoto M, Kamijo N, Li T, Wei N, et al. (1999)
Colonoscopic evaluation of immunochemical fecal occult blood test
for detection of colorectal neoplasia. Hepatogastroenterology 46: 228-
231.

Niedermaier T, Balavarca Y, Brenner H (2020) Stage-Specific
Sensitivity of Fecal Immunochemical Tests for Detecting Colorectal
Cancer: Systematic Review and Meta-Analysis. Am J Gastroenterol
115: 56-69.

Amitay EL, Cuk K, Niedermaier T, Weigl K, Brenner H (2019) Factors
associated with false-positive fecal immunochemical tests in a large
German colorectal cancer screening study. Int J Cancer 144: 2419-
2427.

Gies A, Niedermaier T, Gruner LF, Heisser T, Schrotz-King P, et al.
(2021) Fecal Immunochemical Tests Detect Screening Participants
with Multiple Advanced Adenomas Better than T1 Colorectal Cancers.
Cancers (Basel) 13: 644.

Rozen P, Levi Z, Hazazi R, Waked A, Vilkin A, et al. (2009) Identification
of colorectal adenomas by a quantitative immunochemical faecal
occult blood screening test depends on adenoma characteristics,
development threshold used and number of tests performed. Aliment
Pharmacol Ther 29: 906-17.

Lieberman D, Moravec M, Holub J, Michaels L, Eisen G (2008) Polyp
size and advanced histology in patients undergoing colonoscopy
screening: implications for CT colonography. Gastroenterology 135:
1100-5.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Haug U, Kuntz KM, Knudsen AB, Hundt S, Brenner H (2011) Sensitivity
of immunochemical faecal occult blood testing for detecting left- vs
right-sided colorectal neoplasia. Br J Cancer 104: 1779-85.

Haug U, Knudsen AB, Brenner H, Kuntz KM (2011) Is fecal occult blood
testing more sensitive for left- versus right-sided colorectal neoplasia?
A systematic literature review. Expert Rev Mol Diagn 11: 605-16.

Cubiella J, Castro I, Hernandez V, Gonzalez-Mao C, Rivera C,
et al. (2014) Characteristics of Adenomas Detected by Fecal
Immunochemical Test in Colorectal Cancer Screening. Cancer
Epidemiology, Biomarkers & Prevention 23: 1884-92.

Rabeneck L, Rumble RB, Thompson F, Mills M, Oleschuk Cet al.
(2012) Fecal immunochemical tests compared with guaiac fecal occult
blood tests for population-based colorectal cancer screening. Can J
Gastroenterol 26: 131-147.

Ventura L, Mantellini P, Grazzini G, Castiglione G, Buzzoni C, et al.
(2014) The impact of immunochemical faecal occult blood testing on
colorectal cancer incidence. Dig Liver Dis 46: 82-6.

Issa IA, Noureddine M (2017) Colorectal cancer screening: An updated
review of the available options. World J Gastroenterol 23: 5086-5096.

Parikh R, Mathai A, Parikh S, Chandra Sekhar G, Thomas R (2008)
Understanding and using sensitivity, specificity and predictive values.
Indian J Ophthalmol 56: 45-50.

Stegeman |, de Wijkerslooth TR, Stoop EM, van Leerdam M, van
Ballegooijen M, et al. Risk factors for false positive and for false
negative test results in screening with fecal occult blood testing. Int J
Cancer. 133: 2408-14.

Kim NH, Park JH, Park DI, Sohn ClI, Choi K, et al. (2017) Risk Factors
for False Fecal Immunochemical Test Results in Colorectal Cancer
Screening. J Clin Gastroenterol 51: 151-9.

Brenner H, Qian J, Werner S (2018) Variation of diagnostic performance
of fecal immunochemical testing for hemoglobin by sex and age:
results from a large screening cohort. Clin Epidemiol 10: 381-9.

Wassie MM, Young GP, Winter JM, Cock C, Bampton P, et al.
(2023) Multiple negative faecal immunochemical tests reduce risk of
advanced neoplasia in a colonoscopy surveillance program, Clinical
Gastroenterology and Hepatology 5: S1542-3565.

14

J Dig Dis Hepatol, an open access journal
ISSN: 2574-3511

Volume 8; Issue 01


https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/29397655/
https://pubmed.ncbi.nlm.nih.gov/29397655/
https://pubmed.ncbi.nlm.nih.gov/24895320/
https://pubmed.ncbi.nlm.nih.gov/24895320/
https://pubmed.ncbi.nlm.nih.gov/24658694/
https://pubmed.ncbi.nlm.nih.gov/24658694/
https://pubmed.ncbi.nlm.nih.gov/24658694/
https://pubmed.ncbi.nlm.nih.gov/20184867/
https://pubmed.ncbi.nlm.nih.gov/20184867/
https://pubmed.ncbi.nlm.nih.gov/20184867/
https://pubmed.ncbi.nlm.nih.gov/10228797/
https://pubmed.ncbi.nlm.nih.gov/10228797/
https://pubmed.ncbi.nlm.nih.gov/10228797/
https://pubmed.ncbi.nlm.nih.gov/10228797/
https://pubmed.ncbi.nlm.nih.gov/31850933/
https://pubmed.ncbi.nlm.nih.gov/31850933/
https://pubmed.ncbi.nlm.nih.gov/31850933/
https://pubmed.ncbi.nlm.nih.gov/31850933/
https://pubmed.ncbi.nlm.nih.gov/30411799/
https://pubmed.ncbi.nlm.nih.gov/30411799/
https://pubmed.ncbi.nlm.nih.gov/30411799/
https://pubmed.ncbi.nlm.nih.gov/30411799/
https://pubmed.ncbi.nlm.nih.gov/33562775/
https://pubmed.ncbi.nlm.nih.gov/33562775/
https://pubmed.ncbi.nlm.nih.gov/33562775/
https://pubmed.ncbi.nlm.nih.gov/33562775/
https://pubmed.ncbi.nlm.nih.gov/19183147/
https://pubmed.ncbi.nlm.nih.gov/19183147/
https://pubmed.ncbi.nlm.nih.gov/19183147/
https://pubmed.ncbi.nlm.nih.gov/19183147/
https://pubmed.ncbi.nlm.nih.gov/19183147/
https://pubmed.ncbi.nlm.nih.gov/18691580/
https://pubmed.ncbi.nlm.nih.gov/18691580/
https://pubmed.ncbi.nlm.nih.gov/18691580/
https://pubmed.ncbi.nlm.nih.gov/18691580/
https://pubmed.ncbi.nlm.nih.gov/21559011/
https://pubmed.ncbi.nlm.nih.gov/21559011/
https://pubmed.ncbi.nlm.nih.gov/21559011/
https://pubmed.ncbi.nlm.nih.gov/21745014/
https://pubmed.ncbi.nlm.nih.gov/21745014/
https://pubmed.ncbi.nlm.nih.gov/21745014/
https://pubmed.ncbi.nlm.nih.gov/24962836/
https://pubmed.ncbi.nlm.nih.gov/24962836/
https://pubmed.ncbi.nlm.nih.gov/24962836/
https://pubmed.ncbi.nlm.nih.gov/24962836/
https://pubmed.ncbi.nlm.nih.gov/22408764/
https://pubmed.ncbi.nlm.nih.gov/22408764/
https://pubmed.ncbi.nlm.nih.gov/22408764/
https://pubmed.ncbi.nlm.nih.gov/22408764/
https://pubmed.ncbi.nlm.nih.gov/24011791/
https://pubmed.ncbi.nlm.nih.gov/24011791/
https://pubmed.ncbi.nlm.nih.gov/24011791/
https://pubmed.ncbi.nlm.nih.gov/28811705/
https://pubmed.ncbi.nlm.nih.gov/28811705/
https://pubmed.ncbi.nlm.nih.gov/18158403/
https://pubmed.ncbi.nlm.nih.gov/18158403/
https://pubmed.ncbi.nlm.nih.gov/18158403/
https://pubmed.ncbi.nlm.nih.gov/23649826/
https://pubmed.ncbi.nlm.nih.gov/23649826/
https://pubmed.ncbi.nlm.nih.gov/23649826/
https://pubmed.ncbi.nlm.nih.gov/23649826/
https://pubmed.ncbi.nlm.nih.gov/27380459/
https://pubmed.ncbi.nlm.nih.gov/27380459/
https://pubmed.ncbi.nlm.nih.gov/27380459/
https://pubmed.ncbi.nlm.nih.gov/29670403/
https://pubmed.ncbi.nlm.nih.gov/29670403/
https://pubmed.ncbi.nlm.nih.gov/29670403/
https://pubmed.ncbi.nlm.nih.gov/36610499/
https://pubmed.ncbi.nlm.nih.gov/36610499/
https://pubmed.ncbi.nlm.nih.gov/36610499/
https://pubmed.ncbi.nlm.nih.gov/36610499/

