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Abstract: Background: Effective screening of colorectal cancer (CRC) in early stage
could reduce the advancement of CRC and therefore mortality. Effective screening is
based on either stool dependent tests or colon dependent examination.

Aims: The aim of the study was a comparative evaluation of chromocolonoscopy and Colon
Cancer-Specific Antigen-2 test for early detection of colorectal cancer in Egyptian patients.

Methods: This case control study was carried out on 55 patients classified into 3 groups:
Group I consisted of twenty patients with precancerous lesions detected by colonoscopy,
Group II consisted of twenty patients diagnosed with colorectal cancer and Group III con-
sisted of fifteen individuals (who underwent colonoscopy for other indications) as a control
group. All the subjects were subjected to measure occult blood in the stool, measurement
of Colon Cancer-Specific Antigen-2 level in serum and tissue and chromo colonoscopy us-
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Results: In group I, there was a statistically significant increase in CCSA2 in serum as
compared to the other 2 groups. Cutoff >11.3 CCSA2 in serum showed 65% sensitivity,
85% specificity, 81.2% PPV, 70.8% NPV and 70.3% accuracy in the differentiation of
group II with cancer colon from group I with premalignant colonic lesions. A cutoff > 9.1
CCSA2 in serum showed 95% sensitivity, 46.67% specificity, 70.4% PPV, 87.5% NPV
and 73.5% accuracy in differentiating group II with cancer colon from normal controls
(group III).

Conclusion: CCSA-2 level in serum was significantly higher in cancer colon. Chromoen-
doscopy has a role in the detection of polyps, both neoplastic and non-neoplastic.
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1. INTRODUCTION

Colorectal cancer (CRC) is the second most
common diagnosed cancer in females and the third
most diagnosed cancer in males worldwide with

694,000 deaths and 1.4 million new cases. The in-
cidence of colorectal cancer (CRC) and mortality
rates differ markedly around the world [1]. In
Egypt, CRC is the 7" commonest cancer, and it
represents 3.47% of male cancers and 3% of fe-
male cancers [2].
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The effective screening of CRC at the early
stage could reduce the progress of cancer and
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therefore decrease mortality rates. The screening
tests for CRC are stool dependent tests (e.g. guaiac
fecal occult blood testing or testing exfoliated
DNA stool), the fecal immunochemical test, or
colon dependent examination (flexible sig-
moidoscopy, double-contrast barium enema, co-
lonoscopy, and virtual colonoscopy) [3, 4].

Colonoscopy is the standard method to detect
adenomas and colorectal cancers. The start of ear-
ly, regular screening is the main strategy for the
prevention of colorectal cancer at the age of 45.
The American Cancer Society recommends colon
and rectal cancer screening by colonoscopy or oth-
er methods starting at the age of 45 years and con-
tinuing to 75 years. People at risk of colorectal
cancer should begin screening at a younger age
and may need frequent testing [5]. Chromoendos-
copy includes the usage of special stains to help
recognize and distinguish lesions in the gastroin-
testinal tract. The diagnostic value of colonoscopy
for the diagnosis of flat and depressed colorectal
neoplasms in patients with ulcerative colitis, in
high-risk patients who have either a personal or
family history of colorectal cancer, and in patients
with disease symptoms has been improved by
chromo-endoscopy [6].

An ideal screening test should be safe, low cost,
none or minimally invasive with high sensitivity
and specificity. In 2002, Brunagel and his col-
leagues recognized the colon cancer-specific nu-
clear matrix proteins that were not present in nor-
mal colonic tissue but were present in cancer tis-
sue [7]. One of these proteins is colon cancer-
specific antigen (CCSA)-2 protein that is not
found in normal adjacent tissue or the normal co-
lon but it is associated with colon cancer tissue [8].
The aim of the study was a comparative evaluation
of chromo-colonoscopy and Colon Cancer-
Specific Antigen-2 test for early detection of colo-
rectal cancer in Egyptian patients.

2. METHODS

All the patients had been enrolled in this pro-
spective study who underwent colonoscopy at the
Tropical medicine department of the Tanta Uni-
versity during the period between July 2015 to Ju-
ly 2017. All the patients undergoing colonoscopic
examination who were known to have colorectal

carcinoma or patients with clinical suspicion of
colorectal carcinoma (abdominal pain, rectal
bleeding, altered bowel habits or weight loss), with
the exclusion of patients with metastatic colorectal
cancer or known to have other malignancies were
enrolled. A total of fifty-five subjects were en-
rolled. Informed consent was taken from every
subject. The study was approved by the Ethical
Committee of Faculty of Medicine, Tanta Univer-
Sity.

These subjects were classified into three groups
according to colonoscopic findings:

* Group I consisted of twenty patients with Pre-
cancerous lesions detected by colonoscopy.

* Group II consisted of twenty patients diagnosed
with colorectal cancer.

* Group III consisted of fifteen individuals (who
underwent colonoscopy for other indications)
as a control group.

All the subjects were subjected to full history
taking and thorough clinical examination in addi-
tion to routine laboratory investigations. Moreo-
ver, specific tests were performed: occult blood in
stool with three consecutive samples was obtained
for identifying hemoglobin by the presence of a
peroxidase reaction, which turned the guaiac-
impregnated paper into blue colour.

- Measurement of Colon Cancer-Specific Anti-
gen-2 level in serum and tissue homogenate
was done by sandwich enzyme-linked immune-
sorbent assay technology ELISA (CCA-2 ELI-
SA kits) (MyBioSource, USA); chromocolon-
oscopy was performed using Indigo Carmine
stain. Indigo carmine is a contrast dye that does
not react with and is not absorbed by the muco-
sa, but simply pools in the mucosal grooves and
crevices, allowing better topographic definition.
During continuous extubation, indigo carmine
(0.4%) was gently applied to achieve diffuse
coverage of the entire mucosal surface. Only a
small volume of dye was applied to avoid ex-
cess dye accumulation, followed by re-
examination after excess dye was aspirated. The
location and shape of detected colonic lesions
were recorded.
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Table 1. Age, sex and smoking among the studied groups.

Elhossary et al.

ANOVA Or ,
Groups Chi-Square TUKEY'S Test
Group I Group 11 Group III F or X2 P-value I&IT | I&ITD|  TI&III
Range 18-75 22-74 28-65
Age 4.165 0.021* 0.022* | 0.863 0.114
Mean £ SD| 47.3+13.77 | 58.65+13.91 | 49.60 + 10.487
Male 15 75% 9 45% 10 [66.67%
Sex 4.018 0.134
Female 5 25% 11 55% 5 33.33%
Yes 9 45% 2 10% 3 20%
Smoking 6.779 0.034* 0.013*|0.123 0.403
No 11 55% 18 90% 12 80%
Groups Chi-Square TUKEY'S Test
Group I Group 11 Group 111 X2 P-value I1&II |I&IIT| TI&IID
Yes 7 35% 14 70% 3 20%
DM 9.666 0.008* 0.027*{0.331 0.003*
No 13 65% 6 30% 12 80%
g Yes 3 15% 8 40% 2 13.33%
Hyper 4.676 0.097
tension No 17 85% 12 60% 13 [86.66%

- Multiple mucosal biopsies from visible abnor-
malities and quadrantic, non-targeted areas
(every 10 cm) were obtained from colonic mu-
cosa using standard pinch forceps. The speci-
men was preserved directly in formalin (10%)
till paraffin block was done for histopathologi-
cal examination.

2.1. Statistical Analysis

Statistical presentation and analysis of the pre-
sent study were conducted using the mean and
standard deviation in order to show the distribution
of data. Student t-test, Chi-square and analysis of
variance [ANOVA] tests by SPSS V17 were done.
P-value < 0.05 was considered as significant and
p-value < 0.01 was considered as highly signifi-
cant. ROC (Receiver Operating Characteristic)
curve analysis was used to assess sensitivity, spec-
ificity, Positive Predictive Value (PPV), Negative
Predictive Value (NPV) and Accuracy of the tests.

3. RESULTS

As regards patients characteristics (age, sex,
smoking, DM and HTN), (Table 1) age, smoking
index and DM showed a statistically significant
difference between studied groups as age and DM

were higher in group II compared to the other 2
groups, while smoking was higher in group I com-
pared to group II. As regards history, patients in
group I showed a statistically significant increase
with respect to previous colonoscopy and inflam-
matory bowel disease while colorectal polyps and
family history showed no significant difference
between studied groups. Regarding the symptoms,
abdominal pain, diarrhea, constipation, bleeding
per rectum and weight loss showed non-significant
difference among the studied groups except for
bleeding per rectum, that was positive in 18 pa-
tients (90%) in group I, 11 patients (55%) in group
IT and 1 control (6.67%) in group III with a statis-
tically significant increase in group I compared to
the other 2 groups. As regards the laboratory in-
vestigations, there was a statistically significant
decrease in hemoglobin, serum albumin and ESR
in group II compared to the other 2 groups. There
was no statistically significant difference between
the studied groups as regards color, consistency,
microscopic examination of the stool. But there was
a statistically significant difference among the stud-
ied groups as regards the occult blood in the stool.

In group II, there was a statistically significant
increase in CCSA2 in serum as compared to the
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Table 2. Colon cancer-specific antigen-2 (CCSA2) in the serum among the studied groups.

CCSA2 Serum ANOVA
Groups
Range Mean + SD F P-value
Group | 7.1 - 15.3 10.350 + 1.506
Group II 8.9 - 24.9 14.450 + 6.035 7.735 0.001*
Group III 59 - 14.6 9.613 + 2.862
TUKEY'S Test
[&I1 [&I1I &I
0.006* 0.855 0.003*
Table 3. Colon cancer-specific antigen-2 (CCSA2) in tissue homogenate among the studied groups.
CCSA2 Tissue T-Test
Groups
Range Mean + SD T P-value
Group | 6.2 - 17.7 10.725 + 3.173
-2.040 0.048*
Group 11 6.8 - 22.8 13.685 + 5.661

CCSA2 in the tissue homogenate among the studied groups; in group I, it ranges between (6.2-17.7) with mean (10.725 + 3.173), group II ranges between (6.8-
22.8) with mean (13.685 £ 5.661). There is a statistically significant increase in CCSA2 in group II compared to group I.

Table 4. Receiver operator characteristic (ROC) curve results for the level of Colon cancer-specific antigen-2 (CCSA2)

in serum in group II compared to group III.

ROC Curve between Group II and Group III

Cutoff Sensitivity Specificity

PPV NPV Accuracy

>9.1 95% 46.67%

70.4% 87.5% 73.5%

Table 5. ROC curve results for the level of Colon cancer-specific antigen-2 (CCSA2) in serum in group II compared to

group L.
ROC Curve between Group II and Group I
Cutoff Sensitivity Specificity PPV NPV Accuracy
>11.3 65% 85% 81.2% 70.8% 70.3%

other 2 groups (Tables 2 and 3), as in group I, it
ranged between (7.1-15.3), in group II it ranged
between (8.9-24.9), and in group III it ranged be-
tween (5.9-14.6). At cutoff > 9.1 CCSA2 in serum
showed 95% sensitivity, 46.67% specificity,
70.4% PPV, 87.5% NPV and 73.5% accuracy in
differentiating group II with cancer colon from
normal controls (group III) (Table 4 and Fig. 1). In
order to set cutoff value of CCSA2 in serum for
detection of cancer colon we found that at a cutoff
>11.3 CCSA2 in serum showed 65% sensitivity,

85% specificity, 81.2% PPV, 70.8% NPV and
70.3% accuracy in differentiating group II with
cancer colon from group I with premalignant co-
lonic lesions (Table 5 and Fig. 2).

There was a statistically significant increase in
CCSA2 in the tissue homogenate in group II com-
pared to group I; in group I, it ranged between
(6.2-17.7) while in group II, it ranged between
(6.8-22.8) (Table 3). In order to set a cutoff value
of CCSA2 in tissue homogenate for the detection
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Fig. (1). ROC curve results for CCSA2 in serum in
group II compared to group III.
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Fig. (2). ROC curve for CCSA2 in serum in group II
compared to group L.

of colon cancer, we found that at a cutoff >13.6
CCSA2 in tissue homogenate showed 45% sensi-
tivity, 90% specificity 81.8% PPV 62.1% NPV
and 64.7% accuracy in differentiating patients with
cancer colon (group II) from patients with
premalignant colonic lesions (group I) (Table 6
and Fig. 3).
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Fig. (3). ROC curve for CCSA2 in tissue homogenate.

Fig. (4) shows chromoendoscopy in different
patients and the difference in tissue appearance
was detected.

Table 7 shows colonoscopic findings in group I,
18 cases (90%) had ulcerative colitis, 1 had
Crohn’s disease (5%) and 1 had adenomatous pol-
yp (5%). Table 8 shows colonoscopic findings in
group II, 14 cases (70%) had colonic mass, 4 cases
had malignant ulcers (20%) and 2 cases had rectal
mass (10%).

4. DISCUSSION

Early detection of CRC by screening and pro-
gress in treatment techniques had led to decreased
mortality of CRC [9]. There are different options
for screening and surveillance of CRC with each
of them having distinctive advantages, cost-
effectiveness, limitations and risks [10, 11].

In this cross-sectional study, we assessed the
value of chromocolonoscopy and colon cancer-
specific antigen-2 test for early detection of colo-
rectal cancer in Egyptian patients.

There was a significant increase in age in group
IT compared to group I. This result coincided with

Table 6. ROC curve results for the level of Colon cancer-specific antigen-2 (CCSA2) in tissue homogenate in group I1

compared to group I.

ROC Curve between Group II and Group I

Cutoff Sensitivity Specificity

PPV NPV Accuracy

>13.6 45% 90%

81.8% 62.1% 64.7%




Comparative Evaluation of Colon Cancer Specific Antigen-2 Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2020, Vol. 19, No. 3 307

.
10/03/2016 10/03/2016
09:57 09:57:55

Cr:N b:A1 Cr:N b:A1

Comment V.or® Comment

Fig. (4). (a) Shows ulcerative colitis lesions by colonoscopy (b) shows uc lesions highlighted after application of
indigo carmine dye (c¢) shows colonic mass highlighted by chromocolonoscopy.

Table 7. Colonoscopic findings in group I.

Chromocolonoscopy
Group I
N %
Ulcerative colitis 18 90
Crohn's disease 1 5
Adenomatous Polyps 1 5
Total 20 100
Table 8. Colonoscopic findings in group II.
Chromocolonoscopy
Group II
N %
Malignant Ulcers 4 20
Colonic Mass 14 70
Rectal mass 2 10
Total 20 100
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the result of the study done by Kemppainen et al.
(1993) [12] who concluded that the risk of devel-
oping colorectal cancer development increased
with advancing age as > 90% of the people diag-
nosed with CRC were older than 50 and that CRC
is the commonest cancer in the population older
than 75 years in the United States [12].

Also, there was a significant increase in smok-
ing prevalence in group I compared to group II.
Although the association between smoking and
cancer colon development is still not clear, several
trials studied the rule of smoking in CRC devel-
opment as Zisman et al. (2008) concluded that
12% of the colorectal cancer deaths were attribut-
ed to smoking [13]. In addition, Buchanan et al.
(2010) described smoking as the main risk factor
for serrated polyps of the colon including hyper-
plastic and adenomatous polyps [14].

Diabetes mellitus was significantly higher in
group II compared to the other 2 groups. This can
be explained by the fact that insulin resistance or
compensatory hyperinsulinemia leads to hormonal
and metabolic alterations, and is involved in the
formation of the microenvironment for tumorigen-
esis and tumor progression [15]. This finding was
similar to other studies [16-18].

As regards symptoms, abdominal pain and
bowel habits were insignificantly associated with
the presence of cancer colon which coincided with
a meta-analysis of 15 studies done by Ford ef al.
(2008) and systematic review done by Adelstein
et al. (2011) which concluded no significant asso-
ciation of colorectal cancer or polyps with a
change in bowel habit, constipation, diarrhea or
abdominal pain [19, 20]. On the other hand, bleed-
ing per rectum was found to be significantly high-
er in group II compared to the control group. This
result agreed with that obtained by Jones ef al.
(2007), Hamilton et al. (2008), and Viborg et al.
(2016) [21-23] who found an increased short-term
risk of CRC after lower GI bleeding in primary
care settings and that it was a strong clinical symp-
tom of widespread GI cancer. As regards weight
loss, we found no significant difference between
the studied groups. In agreement with our results,
Adelstein et al. (2011) described weight loss as a
common reason for seeking a referral for colonos-
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copy but it was not a common single symptom
presenting in CRC [20].

On the other hand, unintentional weight loss
was found to be of bad prognostic value as it was
found significantly associated with decreased
long-term survival [24].

In addition, Kuo et al. (2018) described weight
loss in colon cancer patients as not onlya symp-
tom, but was found to be correlated with tumor
location, size and depth, and considered as a prog-
nostic factor for poor outcomes including overall
survival and tumor recurrence [25].

As regards the laboratory investigations hemo-
globin level, albumin and ESR were significantly
affected in group II. There was a significant de-
crease in hemoglobin level in group II compared
to the other two groups. This decrease can be ex-
plained by the development of iron-deficiency
anemia which has long been recognized as a fea-
ture of colorectal cancer [26], as it was found in
11-57% of cancers [27-30], and was particularly
suggestive of caecal tumors [31]. In addition, pa-
tients with anemia as their presenting sign of can-
cer had worse staging [32], and mortality [33].

ESR was found significantly higher in group II
compared to the other 2 groups. Several studies
have discussed the association between chronic
inflammation and carcinogenesis, and found that
subclinical or even undetectable inflammation may
be as significant as chronic inflammation in in-
creased cancer risk, development and progression
as chronic inflammation may promote excessive
cell proliferation and activate a cascade of cellular
events, promoting tumor cell growth [34]. Addi-
tionally, Ananthakrishnan et al. (2016) stated that
CRP and ESR in patients with inflammatory bowel
disease are associated with a consequent risk of
CRC [35].

Lastly, albumin was found significantly lower
in group II. This can be explained by the fact that
cancer patients suffer inflammation along with in-
adequate protein and caloric intake leading to hy-
poalbuminemia [36], due to a decreasing rate of
albumin synthesis [37]. Also, albumin levels
among patients with preoperative metastatic dis-
ease appeared to be lower as compared to those



Comparative Evaluation of Colon Cancer Specific Antigen-2 Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2020, Vol. 19, No. 3 309

who are metastasis-free. In addition, albumin lev-
els were more reflective of the tumor size rather
than the tumor stage, with larger tumors having
lower serum albumin levels. Larger volume of tu-
mor cells causes a higher production of proin-
flammatory cytokines, which in turn decreases he-
patic production of albumin [38, 39].

While Lai ef al. (2011) added the role of hypo-
albuminemia in the prediction of postoperative
mortality for both localized (stage I and II) and
regionally advanced cancer. The impact was sig-
nificant for 30 days and 5 years after surgery, and
remained significant on multivariate analysis [40].

In order to increase the accuracy of the results
of a biopsy taken from colon we used Indigo car-
mine contrast as chromoendoscopy has a benefit
for the detection of polyps, both neoplastic and
non-neoplastic [41].

Moreover, it has a superior benefit over ordi-
nary random biopsy technique in detecting dyspla-
sia for long-term surveillance [42].

Even though chromoendoscopy has some limi-
tations that appeared during our work, it can be
time-consuming and interpretation of the staining
patterns requires trained endoscopist as it is not
always direct. It is also liable to interobserver vari-
ability. Finally, its classification lacks standardiza-
tion.

In our study, we analyzed the variables for
CCSA-2 both in serum and tissue homogenate. We
found that its level in serum was significantly
higher in group II compared to group I and group
III. Its level in tissue homogenate in group II was
found significantly higher compared to group I.

In agreement with our results, the study con-
ducted by Walgenbach-Brunagel et al. (2008)
showed that CCSA-2 in serum was 88.8% sensi-
tive and 84.2% specific for distinguishing cancer
colon [43]; and Xue et al. (2014) concluded that
serum CCSA-2 concentration had a sensitivity of
98.10% and a specificity of 97.90% in distinguish-
ing individuals with CRC from other contributor
population [44].

Additionally, Knychalski and Lukienczuk, 2012
compared both CEA and CCSA-2 as diagnostic
and prognostic parameters and stated that there

was a positive correlation between markers in pa-
tients with colorectal cancer but the accuracy of
CCSA was slightly lower than that of CEA [45].
The lower sensitivity of CCSA-2 for detecting
cancer colon may be attributed to small sample
size and different population included in our study.

On the contrary Xue et al., (2014) concluded
that the CCSA-2 assay was significantly more sen-
sitive than CEA and CA19-9 assay in CRC detec-
tion, moreover, the serum CCSA-2 level in CRC
patients had declined significantly after curative
resection, but it rebounded to a high level when
recurrences occurred. They also stated that patients
with higher pre-operative serum CCSA-2 level had
a higher relapse rate compared to patients who had
no relapse [44-46].

One of the limitations of our study was the
small sample size. In addition, we did not compare
CCSA-2 results with CA19-9 and CEA which are
considered as markers for CRC. So, further inves-
tigations on a larger cohort of patients need to be
done.

CONCLUSION

In conclusion, CCSA-2 level in serum was sig-
nificantly higher in cancer colon and can be used
as a new marker for screening of colorectal cancer.
Chromoendoscopy has a role in the detection of
polyps, both neoplastic and non-neoplastic and it
has a superior benefit over ordinary random biopsy
technique in detecting dysplasia for long-term sur-
veillance.
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