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Introduction: Fecal occult
blood tests (FOBT) (bio-
chemical or immunologi-
cal) are based on the fact
that most of the polyps or
cancers bleed. Anemia due
to iron deficiency is a well-
known sign for colorectal
cancer (CRC). Ferritin is fre-
quently used to select candidates for colonoscopy.
Objective: To determine and compare the diagnos-
tic value of immunological fecal occult blood test
vs. ferritin for the detection of colorectal neoplasia
(cancer or polyps) in high-risk patients.

Methods: A transversal prospective study at Na-
tional Cancer Institute, Mexico City, in conse-
cutive asymptomatic subjects at high risk for CRC

m Resumen

Palabras clave:
Cancer colo-
rrectal, polipos,
prueba de sangre
oculta en heces,
ferritina sérica,
colonoscopia,
México.

Antecedentes: Las pruebas
de sangre oculta en he-
ces (SOH), se basan en que
los cdnceres avanzados y los
polipos sangran. La anemia
por deficiencia de hierro es
marcador de cdncer colo-
rrectal (CCR). La ferritina es
usada para seleccionar a los
candidatos para colonoscopia.
Objetivo: Determinar y comparar el valor diagnds-
tico de la prueba inmunoldgica vs. ferritina para
detectar neoplasias colorrectales (cdncer o pdlipos)
en pacientes con alto riesgo.

Meétodos: Estudio transversal prospectivo en el Ins-
tituto Nacional de Cancerologia, México, de sujetos
consecutivos asintomdticos con alto riesgo de CRC
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was performed, comparing two tests (immuno-
logical against serum ferritin) with colonoscopy
plus histopathology. Both tests were performed in
a blindly fashion previous to colonoscopy.
Results: Fifty patients were included in the study;
twenty-eight patients had colorectal neoplasia (21
CRC, 7 adenomas). All immunologic tests for fecal-
occult blood were positive in patients with colorec-
tal lesions (sensitivity, 98%). There was no diffe-
rence between the mean ferritin levels in patients
with CRC or adenomas vs. those with negative co-
lonoscopy (p = 0.58). The cutoff point where sig-
nificant relationship between serum ferritin levels
and colon lesions was established was <46 ng/mL.
In anemic patients with serum ferritin levels <46
ng/mL, the test had a sensitivity 53%, specificity
86%, positive predictive value 83%, and negative
predictive value of 59% (p = 0.003).
Conclusions: The immunological FOBT is a better
diagnostic tool than serum ferritin for screening of
colonic neoplasms.

m Introduction

Nearly 600 000 new cases of colorectal cancer
(CRC) are diagnosed each year worldwide, repre-
senting 9% of cancer patients. In 2001, 3320 new
cases of CRC were registered in Mexico, making it
the second most frequent digestive tract cancer.!
CRC is the eighth cause of cancer-related death in
women and the sixth in men.!' CRC is more fre-
quent in people over 50 years of age and can be as-
ymptomatic for long periods of time, only showing
symptoms at advanced stages. The risk of CRC
increases with age with only 3% of cases diagno-
sed in people under 40 year-old. The incidence is
19 and 337 per 100 000 in people under and over
65 years of age, respectively. An individual in a
high incidence area has a lifetime risk of develo-
ping CRC of up to a 5%.! Ninety percent of the time
CRC arises from an adenoma; these premalignant
lesions have prevalence between 10% and 35% in

comparando dos pruebas: inmunoldgica de sangre
oculta en heces —-PISOH- vs. ferritina sérica, con
base en colonoscopia con histologia. Ambas pruebas
fueron realizadas en forma ciega antes de la colo-
noscopia.

Resultados: Se incluyeron 50 pacientes, todos asin-
tomdticos. Veintiocho pacientes tuvieron neoplasias
(21 CCR vy siete adenomas). Todos los enfermos con
lesiones colorrectales tuvieron PISOH positiva (sen-
sibilidad 98%). No hubo diferencia entre el resul-
tado promedio de la ferritina sérica en sujetos con
CCR, adenomas y sin lesiones (p = 0.58). El punto
de corte para detectar lesiones con ferritina fue 46
ng/dL. El pacientes con anemia la prueba tuvo una
sensibilidad de 53%, especificidad de 86%, valor
predictivo positivo de 93% y valor predictivo negati-
vo de 59% (p = 0.003).

Conclusiones: La prueba inmunologica de sangre
oculta en heces es mejor herramienta diagnostica
que la ferritina sérica para detectar neoplasias co-
lorrectales.

western societies. Up to 18% of people over 50 will
develop adenomas. Adenoma'’s resection has been
shown to reduce the risk of developing CRC and
mortality by up to 43%.%°

Biochemical and immunological fecal occult
blood tests are based on the fact that almost 100%
of advanced cancers and 60% to 80% of polyps
bleed. These tests have a high positive predictive
value for diagnosing gastrointestinal pathology
in asymptomatic patients.>*®” Biochemical tests,
such as Guaiac, have a sensitivity of 75% with a
specificity of 34%, and a positive predictive value
of 12%.°!! Immunological tests have greater sen-
sitivity (between 91% - 95%) and specificity
(96% - 98%), and a positive predictive value of
60%. Besides the high sensitivity and specificity
of immunological tests, these only react to human
hemoglobin, differentiating them from guaiac
tests, which react to any type of hemoglobin and to
vegetable peroxidase. Immunological tests do not
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require any special diet prior to the test, are not
altered by gastric or pancreatic digestive enzymes
or by the metabolism of enteric bacteria.c"!

Also, iron deficiency anemia (microcytic and
hypochromic (<80 pm?), is a well-known sign of
advanced CRC.1*!*> The World Health Organization
defines anemia as a serum hemoglobin less than
13 g/dL.!*** Serum ferritin, an acute phase reac-
tant, is a water soluble trivalent iron compound
bound to a protein, and in this way it is deposited
in the liver, bone marrow, spleen, and other tis-
sues. Ferritin depletes before hemoglobin, making
it a useful marker for the selection of colonoscopy
candidates.!>417

m Objective

Determine and compare the diagnostic value of
immunological fecal occult blood test vs. serum
ferritin levels for the detection of colorectal neo-
plasia (cancer or polyps) in high-risk patients.

m Methods

A prospective study was conducted at the Natio-
nal Cancer Institute (INCAN) in Mexico City bet-
ween January 2007 and February 2008. A series of
consecutive asymptomatic high-risk patients were
selected and submitted to both immunological fe-
cal occult blood test and serum ferritin; the results
were compared against the standard test (colonos-
copy plus histopathology).

Patients over 18 years of age, both genders
at high risk for CRC (defined as family history of
CRC, poliposis coli syndromes, or post-operative,
diseases frees CRC) were considered for the stu-
dy. Patients taking anticoagulants or non-steroidal
anti-inflammatory drugs, previous or current ra-
diation therapy, unable to undergo colonoscopy,
chronic anemia of known cause (chronic renal
insufficiency, rheumatic diseases, cancer, hemato-
logical disorders), known causes of lower gastroin-
testinal bleeding (diverticular disease, ulcerative
colitis, Crohn’s disease) were excluded. Patients
who did not complete diagnostic tests were elimi-
nated from the study protocol.

The immunological test was performed befo-
re the colonoscopy. A kit (OCHemodia®) was used
with a positive cutoff quantitative value of =50 ng/
mL or 6 pg/g hemoglobin. The stool sample was
placed in a buffer solution and diluted to stabilize
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the hemoglobin, according to the manufacturer’s
instructions. Then a latex agglutination reaction
was used to detect the presence of human hemog-
lobin antibodies.

Level of ferum ferritin (ng/mL) was determi-
ned before performing the colonoscopy.

All subjects were submitted to colonoscopy
using a magnifying video colonoscope (Q160ZL,
Olympus). The location and size of the lesions
were recorded in photos. Biopsy specimens were
taken of all identified lesions to determine the pre-
sence of colorectal neoplasia (polyps or CRC).

Statistical analysis: The sensitivity (Sn), speci-
ficity (Sp), positive predictive value (PPV), nega-
tive predictive value (NPV) were calculated with
95% confidence interval (CI95%) for both tests.
Additionally ROC curve'® was calculated for the
serum ferritin for the detection of CRC and pre-
cursor lesions at time. The categorical variables
(IFOBT and/or colonic lesions positive or not)
were analyzed using chi-square test with 1 degree
of freedom and a significance level of 0.05 and the
Fisher exact test. We used Student’s t-test for quan-
titative variables (independent samples) and Va-
riance analysis was performed with a significance
level of 0.05 for variability between groups (age).

m Results

Fifty out of 54 patients were included in the study
and 4 subjects were excluded. Twenty four were fe-
male and 26 males, mean age was 51 (range 19 - 88)
and 44 (range 18 - 73), respectively. All patients
were asymptomatic at the time of the study. Age
and body mass index were not statistically signi-
ficant, while the mean serum albumin level was
significant lower in the patients with CRC (Table 1).

Twenty eight patients had colorectal neopla-
sia: 21 CRC and 7 adenomas. Between the patients
with CRC, 16 were located in the sigmoid colon, 2
at the descending colon, 2 at the ascending colon
and 1 in the cecum; all were larger than 5 cm. Five
out of 7 adenomas found met criteria for advan-
ced adenoma (high grade dysplasia or >10 mm
or >25% villous component): 5 were villous ade-
nomas (2 rectal, 2 in the ascending colon and 1
cecal) and 2 were tubular adenomas (1 rectal and
1 in the transverse colon) (Figures 1 and 2).

All patients with colorectal lesions tested posi-
tive at immunological test with a diagnostic sen-
sitivity of 98% (Table 2).
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M Table 1. Age, body mass index and albumin.

Normal Adenomas CRC p value
Age average (SD) cI 9‘;30/;6: 215?'6%)51.6 cI 9?/;5: 4(110%%)68.7 cI 955;3 :(}3.?, 58.1 0.33
BMI average (SD) c 9§ EA? z(gg) 275 cl 952 OZ 12(f91) 28.2 cl 953/05: (24;2), 26.8 085
Albumin average (SD) cl 9?5?@ ( (;.38), 41 cl 935.30 ( 215) 4.1 cl 935‘;, ( (;..42), 3.6 0-0002

SD: standar desviation; BMI: body mass index; Cl 95%: confidence interval 95%.

The average result or serum ferritin in patients
with CRC was 73.6 ng/mL (SD 74.2, CI1 95%: 42.13,
105.3 and median 44); 60.1 ng/mL (SD 35.6, CI
95%: 5.507, 114.9 and median 49) in adenomas and
89.7 ng/mL (SD 77.2, C1 95%: 58.93, 120.6 and me-
dian 60.2) with negative colonoscopy (p = 0.58).

The average value of hemoglobin in patients
with CRC was 12.9 g/dL (SD 1.6, CI 95%: 12.32,
13.66 and median 12.9), 13.3 g/dL in adenomas
(SD 1.1, CI 95%: 12.14, 14.46 and median 14), and

M Figure 1. Advanced adenoma (1A, 1B and 1C) and CRC (1D and 1E).

14.6 g/dL with negative colonoscopy (SD 1.4, CI
95%: 14.03,15.35 and median 14). (p = 0.002).

The cutoff point for ferritin was calculated
using the ROC curve. It was determined that a
serum ferritin level <46 ng/mL showed a signi-
ficant correlation with colonic neoplasia (Fi-
gure 3). In anemic patients (Hb <13 g/dL) with a
ferritin level <46 ng/mL, the test had a Sn of 53%,
Sp 86%, PPV 83%, and NPV 59% (p = 0.003)
(Table 3).
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M Figure 2. Colorectal cancer.

M Figure 3. Cutoff point of Ferritin in anemic patients.
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Wilcoxon estimate of area under ROC curve = 0.647727
DelLong standard error = 0.116988: 95% Cl = 0.418434 to 0.87702
Optimum cut-off point selected = 46.1

There was no statistically significant differen-
ce in age (p = 0.16), body mass index (p = 0.56)
and ferritin levels (p = 0.34) between patients
with colorectal neoplasia and healthy controls.
However the difference in mean serum albumin
levels (p = 0.0005, 3.5, CI95%: 3.392,3,701 vs. 3.9,
CI95%: 3.803,4,151) (Figure 4) and hemoglobin (p
= 0.001, 13, CI 95%: 12.29,13,69 vs. 14.7, CI95%:
14.01,15,37) was statistically significant (Figure
5). The Sn, Sp, PPV and NPV for Hemoglobin only
in anemic patients (<13 g/dL) were 46%, 91%,
87% and 57%, respectively.

Sobrino-Cossio S, et al.

M Table 2. Diagnostic accuracy of immunological test.

Colorectal Neoplasia
E;Inunologlcal fecal occult blood YES NO | Total
Positive 28 0 28
Negative 0 22 22
Total 28 22 50

m Discussion

The quantitative immunological fecal occult blood
tests are more sensitive and specific than bioche-
mical tests for the detection of colorectal neopla-
sia (advanced adenoma and cancer)®' In coun-
tries like Uruguay, where the incidence of CRC is
39.6/100 000 people for men and 29.5 for women,
with a mortality of 18.4 and 14.2/100 000 for men
and women respectively, Fenocchi and collabora-
tors® performed a CRC screening study in avera-
ge risk population using the immunological fecal
occult blood test from OC Hemodia (Fecatest®).
The overall analysis showed neoplastic lesions in
330 of the 11,734 patients submitted to Fecatest®
(2.8%); of these 101 (30.6%) had cancer and 229
(69.4%) had high-risk adenomas with a detection
rates of 0.86% and 1.95% respectively. The PPV for
neoplasia (adenoma or cancer) was 37.5 (330/879
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M Table 3. Cutoff point levels of ferritin for detection of colorectal neoplasia in anemic patients.

Ferritin ng/mL Sensitivity % Specificity % PPV % NPV % p value
46 53 86 83 59 0.003
50 57.1 81.8 80 60 0.003
55 57.1 72.7 72.7 57.1 0.001

PPV: Positive predictive value; PPN, Negative predictive value.

M Figure 4. Albumin levels in patients with colorectal neoplasia and
normal.
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of IFOBT positive) and 11.5 (101/879 of IFOBT po-
sitive) for cancer.®

In our study we found the immunological test
to be highly sensitive and specific for colonic he-
morrhage secondary to CRC and/or adenomas,
with sensitivity of 98%, higher than the ones
reported in the literature (Sn 91% - 95% and Sp
96% - 98%).51° The sample included in this study
is small compared to the aforementioned study,®
but was performed in high risk asymptomatic in-
dividuals.

M Figure 5. Hemoglobin levels in patients with colorectal neoplasia and
normal.
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In Australia, the incidence of CRC is 34.8/100
000 people with a mortality rate of 35 for men and
20.9 for women,!® Viiala and collaboratos® studied
the relationship between time of colonoscopy ad
the diagnosis of CRC in 1632 average risk patients
suspected of having CRC. In all patients over 65, a
positive fecal occult blood test and iron deficiency
anemia were positive predictive factors for CRC.
The timing of colonoscopy was not significant.®
This supports the use of fecal occult blood tests in
anemic patients to detect CRC. Based on this, we

Rev Gastroenterol Mex, Vol. 76, Num. 3, 2011



compared two tests, one for fecal occult blood and
one for iron deficiency, finding that the first has a
higher sensitivity and specificity for the detection
of colorectal neoplasms.

Levi and collaboratos'® in Tel Aviv, Israel (in-
cidence of CRC of 3.8 per 100 000 inhabitants,
mortality rate: 3.5 for men and 2.5 for women),"
conducted a transversal study of 252 high risk pa-
tients for hereditary non-polyposis CRC using the
immunological fecal occult blood test (OC-Micro
100 ng Hb/mL). Their results were as follows:
Sn 100%, Sp 90%, PPV 16% and NPV 100% for
cancer and Sn 74%, Sp 93%, PPV 45%, and NPV
98% for advanced adenomas. Seventy four percent
of neoplasms were identified with a single test.??
We believe immunological tests can be used as a
screening method to select the need for colonos-
copy in high-risk populations and to minimize
unnecessary tests. In another transversal study,
the same authors compared the combination of the
biochemical test (guaiac) plus the immunological
test (OC-Micro) for fecal occult blood against the
guaiac test alone. The number of colonoscopies
needed-to-detect significant neoplasia with a po-
sitive guaiac was 6 to 8, while only 2 with the im-
munological test. The cost was 21% to 31% higher
when using the guaiac test alone."" We diagnosed
colorectal neoplasia with a single colonoscopy af-
ter performing the immunological test in high-risk
population, therefore the costs were lower than
those reported by Levi.

In Minnesota USA, where CRC has an inciden-
ce of 32.8 per 100 000 inhabitants with a mortality
rate of 35 for men and 20.9 for women," Mandeep
and collaborators'? measured serum ferritin levels
in anemic (Hb <13 g/dL) vs. non-anemic patients
to determine the prevalence of CRC. They perfor-
med colonoscopies on 414 anemic and 323 non-
anemic patients. The prevalence of CRC in anemic
patients, with serum ferritin of 51-100 ng/mL or
<50 ng/mL was similar (7.9 and 7.2% respectively)
while the incidence in non-anemic patients with
ferritin between 51ng/mL - 100 ng/mL was 1.7%
and 1.2% for those with ferritin levels <50 ng/mL.
The Sp, PPV and NPV for CRC with <50 ng/mL
ferritin were 77%, 41%, 8%, and 97% respectively
and for a ferritin level of 51 ng/mL - 100 ng/mL
were 92%, 28%, 8%, and 98% respectively. It was
determined that a cutoff point of <100 ng/mL of
serum ferritin can be used to determine which pa-
tients with anemia should undergo colonoscopy.'

Sobrino-Cossio S, et al.

Our results show that a cutoff point of serum
ferritin set at 46 ng/mL for anemic patients (Hb
<13 g/dl) has 53% sensitivity and 86% specifi-
city for the detection of CRC. The differences in
serum ferritin were not statistically significant
between the groups. Nevertheless, anemia did
make a difference between patients with and
without neoplasia. Iron deficiency anemia is clo-
sely related to gastrointestinal malignancy as
shown by Killip and collaborators.!* Of 700 adult
patients with iron deficiency anemia, 6% were
diagnosed with gastrointestinal cancer."* Chro-
nic anemia in high-risk patients must be studied,
as this constitutes a risk factor for CRC by itself,
and using serum ferritin we can select candidate
patients for colonoscopy when levels are below
46 ng/mL.

Other iron deficiency markers have been stu-
died. Beale?® examined the prevalence of iron de-
ficiency amongst CRC patients. The transferrin
saturation and serum ferritin levels were used as
markers for iron deficiency. Their results suggest
that transferrin saturation is more sensitive than
serum ferritin for detecting iron deficiency.?

There are other screening tests such as fecal
deoxyribonucleic acid (DNA) test. This is a rela-
tively new technique that is more expensive and
less sensitive than the immunological fecal occult
blood tests.?! CT colonography is another alterna-
tive screening test. It can detect polyps =8 mm.*
The CRC screening guidelines currently inclu-
de both biochemical and immunological tests to
search for occult blood in the stool.>* The use of
in-home biochemical fecal occult blood test has
been successful in North America,?*?* however
we recommend that due to the higher diagnostic
accuracy of the immunological test, the bioche-
mical test should be replaced by immunological
determination of fecal occult blood for the scree-
ning of high-risk patients, therefore reducing the
number of unnecessary screening colonoscopies
performed.

m Conclusion

The fecal occult blood immunological test is a
better diagnostic tool than the determination of
serum ferritin for the detection of CRC and adeno-
mas. The hemoglobin level is more sensitive than
serum ferritin for the detection of colorectal neo-
plasia in anemic patients.
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