POLSKI
PRZEGLAD CHIRURGICZNY
2012, 84, 2, 86-92

10.2478/v10035-012-0014-3

THE EVALUATION OF DIAGNOSTIC VALUE OF THE TUMOR
MARKERS: CCSA-2 AND CEA IN COLORECTAL CANCER

BARTEOMIEJ KNYCHALSKI, TADEUSZ EUKIENCZUK

First Department and Clinic of General, Gastroenterological and Endocrinological Surgery,
Medical University in Wroctaw
Kierownik: prof. dr hab. T. Lukiericzuk

Finding the biomarker or biomarkers with high sensitivity and specificity in colorectal cancer, and
thus a high diagnostic value will determine their clinical usefulness in clinical practice. An effective
noninvasive blood test would be an ideal method to detect colorectal cancer. Discovered in 2007
a novel tumor marker CCSA-2 showes a promising results in patients with colorectal cancer.

The aim of the study was the evaluation of diagnostic and clinical value of a novel marker — colon
cancer specific antigen-2 (CCSA-2) in colorectal adenocarcinoma in comparison to carcinoembryonic
antigen (CEA) in patients operated during the years 2008 to 2010 at Wroctaw Medical University
1%t Department and Clinic of General, Gastroenterological and Endocrinologic Surgery.

Material and methods. The study was performed on 40 patients with colorectal cancer and 40 pa-
tients in control group consisted of healthy subjects who had colonoscopy examinations with negative
results (no pathology in the colon was found). The obtained results were statistically analyzed using
nonparametric tests — Mann Whitney U and Kruskal-Wallis and Spearman’s rank correlation coeffi-
cients. To determine the clinical value of CCSA-2 and CEA in those groups, their sensitivity and
specifity was evaluated using ROC analysis. This analysis determines the accuracy and diagnostic
value of both tests.

Results. There was a positive correlation between markers in patients with colorectal cancer and a
statistically significant relationship according to which respondents with higher concentrations of
CCSA-2 also have higher concentrations of CEA (R=0.754, p<0,001). Concentrations of tumor markers
increase and correlate with the clinical progression of the disease. Accuracy of CCSA-2 test using ROC
analysis showed a slightly lower measurement of antigen CCSA-2 as diagnostic value in colorectal can-
cer in comparison to measurement of antigen CEA (accuracy of tests: CCSA-2 — 52%, CEA — 60%).
Conclusions. CCSA-2 as a single tumor marker has a low diagnostic value in colorectal cancer because
of low sensitivity and specifity. The diagnostic value of novel marker is slightly lower than previously
understood and accepted in clinical practice — CEA.
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Colorectal cancer is a growing oncological
and health problem in Poland as well as in
industrialised Western European countries
and the USA. It is one of the most common
malignant neoplasms globally. The number of
newly diagnosed colorectal cancer cases world-
wide stands at close to one million annually
(1, 2). Colorectal cancer is the second, in terms
of prevalence, malignant neoplasm in both
genders in Poland. Each year, there are diag-
nosed over 14,000 new cases. In addition, it is

the causative factor of over 9,000 deaths, the
second most common cause of death in males,
behind lung cancer, and third in females — be-
hind breast cancer and lung cancer (3).

For many years now there have been held
discussions on the selection of the best diag-
nostic methods enabling the earliest possible
diagnosis of colorectal cancer, the selection of
correct additional treatment and the monitor-
ing of its course. An ideal non-invasive screen-
ing blood serum test might prove an effective
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method of colorectal cancer diagnosis. The
work on the identification of a biomarker (or
biomarkers) that would fulfil all the above
criteria is ongoing. Perhaps combined assaying
of many specific tumour markers, the diagnos-
tic usefulness of which in colorectal cancer is
continuously studied, might improve the effi-
ciency of its diagnosis. To date, no ideal
marker specific for all neoplasm types, includ-
ing colorectal cancer, with 100% sensitivity
and specificity, has been identified. Only such
a test value enables the determination of its
efficiency and clinical usefulness. So far,
the carcinoembryonic antigen (CEA) has been
the only tumour marker among many that
found use in everyday clinical practice in pa-
tients with colorectal cancer. As a highly spe-
cific marker of proliferation in the large intes-
tine, it has found acceptance in medical circles,
and the recommendation of international on-
cological societies for its use has made it an in-
herent part of everyday clinical practice, al-
beit mainly in the monitoring of neoplasm
recurrence (4-8).

Recent years have also brought promising
data on novel tumour markers. There have
already been identified tumour antigens spe-
cific for colorectal cancer and other neoplasms,
such as breast, prostate, bladder, lung, ovar-
ian cancer and others (9, 10). Those markers
belong to the family of the so-called nuclear
matrix proteins (NMPs). Their characteristic
features are changes in the structure and func-
tion of cell nucleus, which may be detected with
the use of the latest tests. A thorough analysis
of nuclear matrix proteins has led to the iden-
tification of colon cancer specific antigens
(CCSAs) encompassing the family of CCSA-1,
-2, -3, -4, -5, -6a and -6b proteins with molecu-
lar mass of 20-60 kDa. Among the nuclear
matrix proteins specific for colorectal cancer,
particular interest has been placed on colon
cancer specific antigen-2 (CCSA-2), the high
expression of which has been found in highly
dysplastic adenomas and invasive cancers.

The analysis of amino acid sequence of
CCSA-2 has indicated that some of its regions

are common for other proteins, which has led
to research on a novel, poorly characterised,
tumour marker the assaying of which in col-
orectal cancer might prove useful in everyday
clinical practice. So far, the individual stages of
biochemical process by which CCSA-2 appears
in the blood serum have not been identified or
studied. It is suspected that the protein becomes
detectable in the blood as a result of neoplastic
cell degradation (11, 12). In 2008, American
scientists presented preliminary data at
the Gastrointestinal Cancers Symposium, in-
dicating that CCSA-2 was characterised by high
sensitivity and specificity and that the accu-
racy (ACC) of its determination in colorectal
cancer was highest among the tumour markers
1dentified so far, standing at 80-90% (13, 14).

The aim of the study was the assessment of
the diagnostic value and clinical usefulness of
a novel specific antigen (CCSA-2) in colorectal
adenocarcinoma at various advancement
stages as compared with the carcinoembry-
onic antigen (CEA) in patients undergoing
surgery in the years 2008-2010 at the First
Department and Clinic of General, Gastroen-
terological and Endocrinological Surgery,
Wroclaw Medical University.

MATERIAL AND METHODS

The study was conducted on a group of pa-
tients with colorectal cancer and on a control
group (80 individuals). The former encom-
passed 40 patients who had undergone surgery
due to colon cancer (n = 28) and rectal cancer
(n = 12). The procedures had been performed
at the First Department and Clinic of General,
Gastroenterological and Endocrinological Sur-
gery, Wroctaw Medical University in the pe-
riod between July 2008 and January 2010
(tab. 1). The studied individuals included 22
males and 18 females (mean age: 65+10.7).
Most of the patients — 18 (45%) — were graded
at stage 3 of clinical advancement of colorectal
cancer, while the smallest number — 4 (10%)
— at stage 1 of advancement. Intermediate
figures were determined for patients at stage

Table 1. Locations of cancer in the large intestine in the study group

Location of colorectal cancer Men | Women | Total
Colon 14 (35%) 14 (35%) 28 (70%)
Rectum 8 (20%) 4 (10%) 12 (30%)
Total 22 (55%) 18 (45%) 40 (100%)
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2 of advancement — 11 (27.5%) — and stage 4

of neoplastic disease advancement with meta-

static lesions in lymph nodes and distant

metastases — 7 (17.5%) (tab. 2).

The control group encompassed 40 healthy
individuals without the presence of colorectal
disease, as evidenced by a previously per-
formed colonoscopy (normal endoscopy picture
of the large intestine). This group included 23
males and 17 females aged 46-88. The mean
age for both groups was 63+11.5.

The entire study involved 2 parts:

1) pre-operative determination of the colon
cancer specific antigen (CCSA-2) level and
carcinoembryonic antigen level in the blood
serum of patients with colorectal cancer and
individuals from the control group,

2) histopathological evaluation of tumour advance-
ment stage as per the TNM system (pTNM).
CCSA-2 was assayed by means of the

ELISA immunoenzymatic reaction with the

use of ready reagent kits by USCNLIFE (Cat.

No 1649h), while the CEA level was deter-

mined using the ARCHITECT apparatus by

ABBOT and ready reagent kits (Cat. No 7K68).

The study was approved by the Bioethics Com-

mittee. The obtained results were subject to

statistical analysis by nonparametric methods

(Mann-Whitney U test and Kruskal-Wallis

test) and Spearman’s rank correlation coeffi-

cient (R). The statistical analysis was per-
formed with the use of STATISTICA 9.0 soft-
ware. The adopted statistical significance
threshold was p < 0.05. For the evaluation of
clinical usefulness of the performed CCSA-2
and CEA determinations in the studied group,
they were examined for sensitivity and speci-
ficity by means of receiver operating charac-
teristic (ROC) curve enabling the determina-
tion of the so-called accuracy (ACC) and thus
the diagnostic value of the tests.

RESULTS

Table 3 presents the mean values (in ng/ml)
and standard deviations for pre-operative
levels of CCSA-2 and CEA in the blood serum
according to the advancement stage of colorec-
tal cancer.

The lowest level of CCSA-2 in the group of
patients with colorectal cancer was seen for
patient No 8 and it was close to 0.0 ng/ml, while
the highest value was found in patient No 2
—182.2 ng/ml. The mean CCSA-2 level for the
entire group was 40.8+48.9 ng/ml. In the con-
trol group, the lowest value was observed for
individuals No 16 and 27, at close to 0 ng/ml,
while the highest one was found in individual
No 11 -96.6 ng/ml. The mean CCSA-2 level in
this group stood at 27.3+25.2 ng/ml.

Table 2. The division of the study group due to the clinical stage of colorectal cancer

TNM classification of colorectal cancer | Men | Women | Total
0° (Tis, NO, M0) 0 (0%) 0 (0%) 0 (0%)
1°(T1 / T2, NO, M0) 3 (7,5%) 1(2,5%) 4 (10%)
11°(T3 / T4, NO, M0) 4 (10%) 7(17,5%) 11 (27,5%)
ITI°(T, N1, MO; T, N2, N3, M0) 10 (25%) 8 (20%) 18 (45%)
IVe(T i N, M1) 5 (12,5%) 2 (5%) 7(17,5%)
Total 22 (55%) 18 (45%) 40 (100%)

Table 3. Comparative analysis of concentration of CCSA-2 and CEA according to the clinical stage of colorectal

cancer
TNM classification of colorectal | I°T1 /T2, NO, | II°T3/T4, | Each T, N1, MO each |Each T and N, Total
cancer MO NO, MO T, N2, N3, MO M1
Number of patients 4 11 18 7 40
The average concentration of 82+4,3 40,8 + 43,6 37,0+£47,1 69,2 + 66,2 40,8 + 48,9
CCSA-2 (ng / ml) and standard
deviation
The average concentration of 1,2+0,3 6+9,2 21,9 +£49,5 365,6 + 812,2 75,6+ 347,8

CEA (ng/ ml) and standard
deviation




The evaluation of diagnostic value of the tumor markers: CCSA-2 and CEA in colorectal cancer 89

As regards the CEA level in the group of
patients with colorectal cancer, the lowest
value was found for patient No 7 — 0.3 ng/ml,
and the highest for patient No 21 —2,186.5 ng/
ml. The mean CEA level for the entire group
was 75.6+347.8 ng/ml. In the control group,
the lowest value was observed for individual
No 16 — 0.42 ng/ml, and the highest for indi-
vidual No 13 — 7 ng/ml. The mean CEA level
in this group stood at 1.8+1.2 ng/ml.

Table 4 presents the mean values and stan-
dard deviations for CCSA-2 and CEA according
to the localisation of colorectal cancer.

The analysis of mean CCSA-2 levels indi-
cated that its lowest value was present in
patients with ascending colon cancer —
0.4+0.6 ng/ml. The highest CCSA-2 levels
were observed in patents with caecal cancer
— 58.9+£57 ng/ml. No significant differences
were found between the mean CCSA-2 levels
determined for 2 sections of the large intes-
tine: for rectal cancer the said value stood at
42+38.5 ng/ml, while for colon cancer at
40.3+53.4 ng/ml.

The lowest CEA levels were found in pa-
tients with ascending colon cancer — 0.9+0.5
ng/ml, transverse colon cancer — 1+0.3 ng/ml
and descending colon cancer — 3+0 ng/ml.
The highest mean CEA level was seen in pa-
tients with splenic flexure cancer — 737+1255.3
ng/ml. Upon considering the two sections of
the large intestine — colon and rectum — sepa-
rately, it was determined that the mean CEA
value in patients with rectal cancer stood at
7.7x£11.7 ng/ml, while in individuals with colon
cancer at 104.7+414.4 ng/ml.

The CCSA-2 levels in the group of cancer
patients and the control group were compared
with the use of nonparametric Mann-Whitney
U test. The CCSA-2 values in the cancer patient
group were higher than in the control one, yet
they did not differ statistically significantly (p
= 0.60). Furthermore, there were no statisti-
cally significant differences found between the
CCSA-2 levels in females and males, either in
the cancer patient group (p = 0.41) or in the
control group (p = 0.45). It was determined that
the higher the clinical advancement stage was,
the higher the CCSA-2 levels were present in
patients. The small sizes of subgroups with
stage 1 (4 individuals) and stage 4 (7 individu-
als) of advancement hindered the statistical
analysis. The Kruskal-Wallis test did not dem-
onstrate any difference between the groups (p

= 0.23). Upon combining the subgroups with
stages 1 and 2, and subgroups with stages 3
and 4 of clinical advancement, no statistically
significant difference was found either (p =0.31;
Mann-Whitney U test). Moreover, there was
observed no statistically significant difference
in the CCSA-2 level between the distinguished
two localisations of colorectal cancer (p = 0.39;
Mann-Whitney U test).

The CEA levels were also compared be-
tween the cancer patient and control groups
with the use of nonparametric Mann-Whitney
U test. Higher CEA values were found in
the cancer patient group, yet no statistically
significant difference was seen (p =0.13). Fur-
thermore, there were no statistically signifi-
cant differences in CEA levels observed be-
tween males and females, either in the cancer
patient group (p = 0.22) or the control group
(p = 0.56). It was determined that the higher
the clinical advancement stage was, the high-
er the CEA levels were present in patients.
The small sizes of subgroups with advancement
stage 1 (4 individuals) and 4 (7 individuals)
hindered the statistical analysis. The Kruskal-
Wallis test did not demonstrate any difference
between the groups, although p = 0.1 only
slightly exceeded the significance threshold of
0.05. Upon combining the subgroups with
stages 1 and 2, and subgroups with stages 3
and 4 of clinical advancement, no statistically
significant difference was found either (p =0.26;
Mann-Whitney U test). No statistically signifi-
cant difference in the CEA level was observed
between the subgroup of patients with rectal
cancer and those with colon cancer (p = 0.88;
Mann-Whitney U test).

The correlation between the age and the
CCSA-2 and CEA levels was examined by
means of Spearman’s rank correlation coeffi-
cient (R) (tab. 5). A statistically significant
correlation coefficient was determined for the
association between age and CEA level in
the control group (R =0.314, p =0.049). At the
same time, highly significant correlation was
found between the CCSA-2 and CEA levels in
the group of patients with colorectal cancer
(R=0.754,p <0.001) and the control group (R
=0.318, p = 0.046).

The analysis of accuracy (ACC) of the
CCSA-2 test by means of the ROC curve dem-
onstrated a slightly lower usefulness of
CCSA-2 assaying in the studied group as a di-
agnostic value as compared with the CEA
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Table 4. Comparative analysis concentrations of CCSA-2 and CEA in different locations of colorectal cancer

The location of The average concentration of CCSA-2 | The average concentration of CEA Number of

colorectal cancer (ng / ml) and standard deviation (ng / ml) and standard deviation patients
Rectum 42 + 38,5 7,7+11,7 12
Colon 40,3 + 53,4 104,7+414,4 28
Total 40,8 + 48,9 75,6 + 347,8 40

Table 5. Spearman R correlation coefficients between age, CCSA-2 and CEA
Number R Spearman p value

Patients with colorectal cancer

age and CCSA-2 40 0,06 0,72

age and CEA 40 0,08 0,64

CCSA-2 and CEA 40 0,75 <0,001
Control group

age and CCSA-2 40 0,04 0,82

age and CEA 40 0,31 0,05

CCSA-2 and CEA 40 0,32 <0,05
determination. The test accuracy (area under DISCUSSION

curve — AUC) of 0.522 meant that the differ-
entiation between ill and healthy individuals
could have been performed with 52% accuracy.
The highest value of Youden’s index, standing
at just 0.15 (preferred: 0.60), was obtained for
CCSA-2 of 97 ng/ml (cut-off limit) at which the
test sensitivity was 0.15 and specificity — 1.
The above indicates that only every sixth pa-
tient had the CCSA-2 level higher than the
highest value observed in the group of healthy
individuals.

The analysis of accuracy (ACC) of the CEA
test by means of the ROC curve demonstrated
insufficient usefulness of CEA assaying in the
studied group as a diagnostic value. The test
accuracy (area under curve — AUC) of 0.604
meant that the differentiation between ill and
healthy individuals could have been performed
with 60% accuracy. The highest value of Youd-
en’s index, standing at just 0.275 (preferred:
0.60), was obtained for CEA of 2.7 ng/ml (cut-off
limit) at which the test sensitivity was 0.40 and
specificity — 0.875. At the above cut-off limit for
CEA = 7 ng/ml the test sensitivity stood at
0.275, specificity at 1, and the Youden’s index
at 0.275 as well. The above indicates that
slightly more than every fourth patient had the
CEA level higher than the highest value ob-
served in the group of healthy individuals.

Figure 1 presents the ROC curves for the
levels of both antigens (CCSA-2 and CEA) in
the blood serum of studied individuals.

The appearance of the so-called nuclear
matrix proteins, abnormal and specific for
the given type of neoplastic cells, has led to the
analysis of their structure in different types of
neoplasm with the aim of determining wheth-
er the above proteins could serve as diagnostic
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Fig. 1. ROC curves for concentrations of CCSA-2 and

CEA in the study group

accuracy (ACC) for CCSA-2 test —52%, accuracy (ACC) for CEA
test — 60%
AUC - area under curve
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and prognostic markers of malignant neo-
plasms, including colorectal cancer. Among
the nuclear matrix proteins specific for colorec-
tal cancer, particular interest has been placed
on CCSA-2, for which the assaying accuracy
in colorectal cancer, as per the preliminary
results, has been high and close to the value
for ideal markers characterised by nearly 100%
sensitivity and specificity. The present study
analysed the variables for a novel marker,
CCSA-2, promising in terms of diagnostic
value, as well as determined whether its
clinical usefulness in colorectal cancer is
higher than that of the only recommended
marker to date, namely CEA.

Based on the accuracy analysis of CCSa-2
assay in the studied group, it was determined
that it demonstrated a moderate clinical use-
fulness in colorectal cancer (ACC: 52%). The
above value of the test differs significantly
from the values obtained by American re-
searchers who have evidenced the accuracy
of its determination in the analysed groups
at 80-90% (13, 14). The American studies on
CCSA-2 conducted to date have indicated that
it was expressed in 80% of colorectal cancer
cells. The majority of patients in the studied
group did not exhibit CCSA-2 expression
above the determined cut-off limit (> 97 ng/
ml — expression was present in 6 cancer pa-
tients only), indicating that the above re-
search requires a thorough analysis, exten-
sion of the study over a larger representative
patient group, and the determination of
other nuclear matrix proteins, such as CCSA-3
or CCSA-4, the assaying of which in combina-
tion with CCSA-2 might increase their clinical
usefulness in the colorectal cancer diagnos-
tics.

On the other hand, the accuracy analysis of
CEA assay indicated its moderate clinical
usefulness in diagnosed colorectal cancer
(ACC: 60%), although the diagnostic value of
the above test in the studied group was slight-
ly higher than that of CCSA-2 (ACC: 52%).
The sensitivity and specificity values for CEA
obtained at the determined cut-off limits did
not differ from those reported by other re-
searchers (15, 16). Hence, the European Group
on Tumour Markers, in compliance with the
recommendations of the National Institute of
Health and the American Society of Clinical
Oncology, has abandoned CEA assaying in
screening tests due to its unsatisfactory sen-

sitivity and specificity, particularly in the
early phases of colorectal cancer.

In the study results summary it was stated
that the accuracy of differentiation between
colorectal cancer patients and healthy indi-
viduals in the studied group with the use of
CCSA-2 assaying was slightly lower than that
by means of CEA determination. By using
the CCSA-2 assay, colorectal cancer was con-
firmed in every sixth patient, while with the
use of CEA assay cancer was confirmed in
every fourth patient. Therefore, the accuracy
of CEA test was slightly higher than that of
CCSA-2 assay. Both of the above-stated assay-
ing accuracy values are far from those charac-
terising ideal markers. Based on the statistical
analysis of study results it was determined
that the studied novel antigen CCSA-2, when
assayed alone, would most likely be of little
usefulness in the diagnostics of colorectal can-
cer due to its low sensitivity and specificity.
Moreover, it has a slightly lower value than
CEA, currently recognised and accepted in
clinical practice. The accuracy of CCSA-2 as-
saying stood at 52% and of CEA — at 60%. Such
low statistical evaluation of CCSA-2 and the
study conclusions might stem from the too
small group of studied patients. The two re-
ports on CCSA-2 published internationally to
date and their results in colorectal cancer pa-
tient groups are extremely promising (ACC:
80-90%) (13, 14).

CONCLUSIONS

1. Higher CCSA-2 and CEA levels were found
in the group of patients with colorectal
cancer than in the control group.

2. The levels of tumour markers (CCSA-2 and
CEA) grow higher and correlate with the
clinical advancement stage of colorectal
cancer.

3. The combined analysis of pre-operative
CCSA-2 and CEA levels indicated a slight-
ly lower usefulness of CCSA-2 assaying as
a diagnostic value in diagnosed colorectal
cancer (accuracy test — ACC: 52%) as com-
pared with the CEA determination (accu-
racy test — ACC: 60%).

4. The low sensitivity and specificity of the
above tests in diagnosed colorectal cancer,
and thus their low diagnostic value, do not
allow currently their full use in everyday
clinical practice.
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