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ABSTRACT

Aim: Colorectal cancer (CRC) is one of the most common and
mortal diseases and prognostic factors have a crucial role in strati-
fying patients. We aimed to evaluate the importance of CDX2 ex-
pression, serum CEA level, and tumor sidedness in CRC patients.

Material and Method: Patients diagnosed with colorectal cancer
between September 2014 and December 2019 were included in
the study. Serum CEA level, primary tumor bias, CDX2 expres-
sion and other demographic characteristics were recorded as vari-
ables. All study analyzes were performed using SPSS version 22
statistical software (IBM Corporation).

Results: 152 patients with CRC were included, 64 (42.1%) of
patients were female and 88 (57.9%) of patients were male, the
median age of patients was 55 (range 18-93). The median sur-
vival of patients with serum CEA level <3.5ng/ml, and the patients
with CEA level >3.5 ng/ml was 35.1 and 26.6 months, respectively,
and the difference between groups was a statistically significant
(p=0.006). There was a positive correlation between disease stage
and serum CEA level, metastatic patients had higher serum CEA
level than non-metastatic patients (p=0.009). In terms of tissue
CDX2 expression, eleven patients (7.2%) had CDX2 expression
negative, 136 (89.5%) of patients had CDX2 expression positive.
The difference between OS rates of patients according to CDX2
expression status was not significant (p=0.7). Despite the longer
survival of patients with left-sided than right-sided, the difference
was not significant, the median OS was 67.6 and 29.7 months,
respectively (p=0.3). The median follow-up time was 24.1 months.

Conclusion: The serum CEA level was found as a clear prognos-
tic factor for CRC patients. Additionally, CDX2 expression positive
and left-sided primary tumors had longer survival as reported in
the literature. Also, our patient stratification model based on tumor
sidedness and serum CEA level obtained promising outcomes but
need to be confirmed by larger and prospective trials.
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OZET

Amac: Kolorektal kanser (KRK) en yaygin ve 6limclil hastaliklardan
biridir ve hastalarin siniflandirimasinda prognostik faktérler cok énem-
lidir. Bu calismada, KRK hastalarinda CDX2 ekspresyonu, serum CEA
diizeyi ve tiimor tarafliiginin énemini degerlendirmeyi amacladik.

Materyal ve Metot: Eyliil 2014-Aralik 2019 tarihleri arasinda hasta-
lik evresine bakilmaksizin kolorektal kanser tanisi alan hastalar dahil
edildi. KRK tanisi primer veya metastatik lezyondan elde edilen pato-
lojik doku bulgulari ile dogrulandi. Serum CEA dlizeyi, primer timdr
taraflihgi (sag taraf veya sol taraf), CDX2 ekspresyonu ve elde edilen
diger demografik ézellikler calisma degiskeni olarak kaydedildi. Tim
calisma analizleri SPSS stiriim 22 istatistik yazilimi (IBM Corporation)
kullanilarak yapilal.

Bulgular: KRK’li 152 hasta dahil edildi, 64 hasta (%42,1) kadin, 88
hasta (%57,9) erkek, ortalama yas 55 (18-93 yas) idi. Serum CEA
dlizeyi <3,5ng/ml olan hastalarda ve CEA dlizeyi >3,5 ng/ml olan
hastalarda ortalama sagkalim sirasiyla 35,1 ve 26,6 aydi ve gruplar
arasindaki fark istatistiksel olarak anlamliydi (p=0,006). Hastalik evre-
si ile serum CEA dlizeyi arasinda pozitif korelasyon vardi, metastatik
hastalarda serum CEA dizeyi metastatik olmayan hastalara gére
daha yliksekti (p=0,009). Doku CDX2 ekspresyonu agisindan, on
bir hastada (%7,2) CDX2 ekspresyon negatif, 136 hastada (%89,5)
CDX2 ekspresyon pozitif bulundu. CDX2 ekspresyon durumuna
gére hastalarin OS oranlan arasindaki fark anlamli degildi (p=0,7).
Sol tarafll hastalarin sag taraflilara gére daha uzun stire hayatta kal-
masina ragmen, fark anlamli degildi, medyan OS sirasiyla 67,6 ve
29,7 aydi (p=0,3). Ortalama takip siiresi 24,1 aydi.

Sonuc: Serum CEA dlizeyi, CRC hastalari icin belirgin bir prognostik
faktér olarak bulundu. Ek olarak CDX2 ekspresyonu pozitif ve sol ta-
rafli primer timérlerin literattirde bildirildigi gibi daha uzun sagkalimi
vardl. Ayrica, timor tarafliigi ve serum CEA dlizeyine dayanan hasta
siniflama modelimiz umut verici sonuclar elde etmistir, ancak daha
bliylik ve prospektif calismalarla dogrulanmasi gerekmektedir.

Anahtar kelimeler: CDX2; CEA; kolorektal kanser; serum; timor gelisim tarafi
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Introduction

Colorectal cancer (CRC) is one of the most common
and mortal diseases. According to the World Health
Organization GLOBOCAN database, CRC s the third
most commonly diagnosed cancer in males and the sec-
ond in females, and the incidence of the disease is higher
in males than in females'. There are diverse subtypes of
colorectal tumors such as carcinomas, neuroendocrine
neoplasms, hamartomas, mesenchymal tumors, lym-
phomas. Among carcinomas, more than 90 percent are
adenocarcinomas, however, other histologic types such
as neuroendocrine neoplasms, hamartomas, mesenchy-
mal tumors, lymphomas are relatively uncommon®
Adenocarcinoma is classified according to its histologi-
cal differentiation, and some of these histologic variants
carry prognostic significance. In this context, signet ring,
poorly differentiated, or undifferentiated carcinomas are
aggressive adenocarcinoma subtypes with a poor prog-
nosis®>. Immunohistochemistry (IHC) evaluation of
tumor tissue is done routinely by pathologists and gen-
erally used to provide clues to the origin. Among these
evaluations, cytokeratin 7 (CK7) and CK20 are used
routinely to evaluate metastatic adenocarcinoma of the
unknown primary site*. CK20 and CK7 are particu-
larly used for the differentiated diagnosis of a primary
colorectal malignancy from mucinous ovarian cancer’.
In addition to IHC for CK20 and CK?7, especially for
the colorectal origin, caudal type homeobox transcrip-
tion factor 2 (CDX2) is commonly used as a highly spe-
cific tissue biomarker for well-differentiated intestinal
epithelium. Therefore, there is a correlation between
lack of CDX2 expression and poorly differentiated ad-
enocarcinoma. The tumor tissues of around 7% -13%
of CRC cases don’t express CDX2 and these patients
have a worse prognosis'. Besides the aforementioned
parameters like pathologic stage, the histologic grade
of differentiation, and CDX2, serum level of serum
carcinoembryonic antigen (CEA) is a prognostic pa-
rameter in CRC. Elevated serum CEA levels have an
adverse impact on survival that is independent of tumor
stage'™'%. 'The investigations regarding prognostic fac-
tors for patients with colorectal cancer are ongoing and
a dynamic field. Recently accumulated data suggest that
the primary tumor site may be prognostic and predic-
tive of the benefit from the therapies'. Because primary
tumors that originate from the left and right sides of the
colon have different clinical and molecular features'.
However, the particular essential functions of the left
and right sides in the colon are not completely under-
stood and the researches that try to define the meaning
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of sidedness are continuing®®. The aim of our study is to
evaluate the importance of CDX2 expression, serum
CEA level, and tumor sidedness in CRC patients and to

examine their prognostic values.

Material and Method

Patients

The patients who diagnosed with colorectal cancer re-
gardless of disease stage between September 2014 and
December 2019 were included. The diagnosis of CRC
was confirmed with pathological tissue findings ob-
tained from the primary or metastatic lesion. The inclu-
sion criteria were patients who had a diagnosis of CRC
based on histopathological or cytological findings, with
any stage of the disease, any level of serum CEA con-
centrations, adequate hematological and biochemical
parameters, and patients aged 18 years or older. Patients
were excluded if they had a different diagnosis other
than CRC. Patient stages were evaluated according to
the TNM staging system. Patients’ stages classified as
metastatic and non-metastatic due to the unbalanced
distribution of patients according to disease stages. The
patients’ treatment options had been discussed in our
interdisciplinary tumor boards and the treatment op-
tions have been suggested based on the most commonly
used guidelines. The conducted treatment options like
systemic cytotoxic treatment with/without biologic
agents, a tyrosine kinase inhibitor, and best supportive
care (BSC) were determined as study variables. Biologic
agents that applied with systemic cytotoxic chemother-
apy in the study were epidermal growth factor receptor
inhibitors (anti-EGFR) (panitumumab or cetuximab),
and vascular endothelial growth factor inhibitors (anti-
VEGF) (bevacizumab, aflibercept, and ramucirumab).
Additionally, regorafenib as sole tyrosine kinase inhibi-
tor had been used in beyond second-line treatment of
the disease. The survival of the patients was calculated
according to all variable that determined for the study
like serum CEA level, primary tumor sidedness (right
side or left side), gender, CDX2 expression, tumor dif-
ferentiation, recurrence status, and metastatic site (lung,
liver, peritoneum, and others). The distal third of the
transverse was adopted as the landmark for distinguish-
ing right-sided vs. left-sided cancers because this location
is known as the point that separating the midgut from
the hindgut'®. We created prognostic groups with serum
CEA levels and tumor sidedness and tried to better es-
timate of the patients’ survival. Prognostic group 1 was
composed of patients with right-sided primary tumor



and CEA level 23.5 ng/ml and prognostic group 2 was
composed of patients with left-sided primary tumor and

serum CEA levels <3.5 ng/ml.

Ethical Approval

Our study was designed and conducted according to the
Helsinki declaration. The study approval was obtained
from the Ethics Committee of the hospital.

Statistical Analysis
The overall survival (OS) was defined as the time from

diagnosis date to death or censorship; patients whose
follow-up were lost, they censored at the date they
were last known to be alive. OS for all patients calcu-
lated, and the effects of the determined variable on sur-
vival were calculated. Survival rates were estimated by
the Kaplan-Meier method, and the log-rank test was
used to compare OS rates between groups. The patient
characteristics and differences were compared between
those receiving different treatment options for CRC.
Categorical variables, number of patients and percent-
age of patients in each category were provided, and Chi-
Square test (X?) or Fisher’s exact test was used to test for
statistical differences between the determined groups.
The Cox proportional hazards model was used for uni-
variable and multivariable associations between survival
and the covariates. Hazard ratios (HRs) with 95% con-
fidence intervals (CIs) were calculated. All tests were
2-sided with a significance level of 0.05. Analyses were
performed using SPSS version 22 statistical software

(IBM Corporation, Somers, New York, USA).

Results

152 patients with CRC were determined who were treat-
ed or followed up at our hospital. Sixty-four (42.1%) of
patients were female and 88 (57.9%) of patients were
male, the median age of 152 patients was 55 (range 18-
93). The demographic and clinical characteristics of the
patients at baseline are listed in Table 1. The disease stage
of the patients according to the TNM staging system,
in a total of 110 patients, there were 69 (45.4%) CRC
patients classified as non-metastatic, 39 (25.7%) of pa-
tients classified as the metastatic stage, and 44 (28.9%)
of patients were not able to be classified. There was a
statistically significant difference between the median
overall survival of metastatic CRC patients according to
the subtype of chemotherapy and biologic agent which
were FOLFOX plus biologic agent and FOLFIRI plus
biologic agent, 33.6 months for patients treated with

277

FOLFOX plus biologic agent, 13.4 months for patients
treated with FOLFIRI plus biologic agent (p<0.001)
(Figure 1). The patients were divided into two groups
according to their serum CEA level, the first group was
included the patients with serum CEA level <3.5ng/ml,
and the second group was included the patients with
CEA level >3.5 ng/ml. There was a statistically signifi-
cant difference between the median OS rates of the first
and the second groups, mOS rate was 35.1 and 26.6
months, respectively (p=0.006) (Figure 2). There was
a positive correlation between disease stage and serum

Table 1. Baseline demographic and clinical characteristics of the patients

Characteristics of the patients Percentage
Total patients (n) 152 100%
Median age of all patients 55 (18-93) 100%
Median age  Female 52 (19-93) 421%
Male 57 (18-90)  57.9%
Gender Female 64 42.1%
Male 88 57.9%
Tumor CDX2  Positive 136 89.5%
status Negative 1 7.2%
Not reported 5 3.3%
Prognostic ~ Group 1 32 21.1%
groups Group 2 13 8.6%
Not reported 107 70.3%
Tumor Left 86 56.6%
sidedness  piont 39 25.7%
Not reported 27 17.7%
Patient’s A 43 28.3%
blood type B 14 9.9%
AB 6 3.9%
0 44 28.9%
Not reported 45 29.7%
Disease Non-metastatic 69 45.4%
stage Metastatic 39 25.7%
Not reported 44 28.9%
The first-line  FUFA 2 1.3%
treatment  capecitabine 21 13.8%
FOLFOX 21 13.8%
CAPOX 18 11.8%
FOLFOX plus biologic agent 17 11.2%
FOLFIRI plus biologic agent 20 13.2%
Chemoradiotherapy 6 3.9%
Not reported 47 31%
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Figure 1. Survival analysis of metastatic patients according to FOLFOX or FOL-
FIRI with biologic agent.

CEA level, metastatic patients had higher serum CEA
level than non-metastatic patients (p=0.009). The mean
serum CEA level in non-metastatic and metastatic pa-
tients was 10.3 ng/ml and 227.8 ng/ml, respectively.
In tumor tissue, eleven patients (7.2%) had CDX2 ex-
pression negative, 136 (89.5%) of patients had CDX2
expression positive and 5 patients weren't reported. The
difference between OS rates of patients with CDX2 ex-
pression negative and positive was not significant, the
median OS rate was 28.5 and 58.8 months, respectively
(p=0.7) (Figure 3). Tumor sidedness in patients regard-
less of disease stage, despite longer survival of patients
with left-sided than right-sided, the difference was not
significant, the median OS was 67.6 and 29.7 months,
respectively (p=0.3) (Figure 4). We combined serum
CEA level with tumor sidedness to better estimate of
the patients’ survival, and the survival of patients with
left-sided tumor and serum CEA level <3.5 ng/ml as
prognostic group 1 was significantly longer than patient
with right-sided and serum CEA level >3.5 ng/ml as
prognostic group 2 (p=0.012) (Figure 5). The potential
factors determined with univariate analyses were further
entered into the Cox regression analysis which were
patient’s gender, serum CEA level, tumor sidedness, tu-
mor differentiation, IHC CDX2 expression, recurrent
status, prognostic groups, and tumor metastatic involve-
ment side (Table 2). We found three factors that statisti-
cally significantly had effects on the overall survival of
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Figure 2. Patients’ survival curve according to the serum CEA level.
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Figure 3. The survival curve according to tumor tissue CDX2 status.

the patients. These factors were serum CEA level, prog-
nostic group, and the disease recurrent status. The high-
er serum CEA level, prognostic group 2 which includes
patients with right-sided primary and serum CEA level
>3.5 ng/ml, and positive recurrence status increased the
mortality rate in the patients. Nevertheless, we could no
found a significant effect of gender, tumor sidedness, tu-
mor differentiation, IHC CDX2 expression and tumor
metastatic involvement side on survival. The median
time of follow-up was 24.1 months.
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Table 2. The Cox regression analysis of the factors and their effects on

Figure 4. Kaplan-Meier survival curve according to tumor sidedness.
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Figure 5. Kaplan-Meier prognostic groups’ survival curve.

Discussion

In colon cancer, prognostic factors play a crucial role in
patients’ risk stratification and treatment options rec-
ommendation. In this context, several features which
include tumor stage, tumor grade, microsatellite insta-
bility (MSI), lymphovascular and perineural invasion,
molecular characteristics (KRAS, NRAS, BRAF, and
HER2), primary tumor sidedness have been used for
stratification and treatment algorithms in colon cancer
patients. In our study, we revealed the effects of various

survival

Parameters Hazard ratio (95% CI)¥ P value
Serum CEA level 2.69 (1.29-5.59) 0.008*
>3.5 ng/ml vs. <3.5 ng/ml

Right side vs. left side 1.44 (0.71-2.92) 0.3
Metastatic stage vs. 4.03 (2.08-8.88) <0.001*
non-metastatic stage

Prognostic group 2 vs. 4.36 (1.28-14.85) 0.02*
prognostic group 1

Male vs. female 1.18 (0.66-2.10) 0.6
IHC CDX2 status 1.17 (0.42-3.27) 0.7
negative vs. positive

Modarate diff. vs. Well diff. 1.83 (0.51-6.55) 0.3
Poor diff. vs. Well diff. 2.73(0.61-12.30) 0.2
Recurrent vs. non-recurrent 6.01 (2.56-14.10) <0.001*
Metastatic side, 0.62 (0.19-2.05) 0.4
lung vs. liver

Metastatic side, 1.12 (0.45-2.82) 0.8

peritoneum vs. liver

features of CRC patients on the course of the disease by
retrospective analysis. These features like serum CEA
level, primary tumor sidedness, disease stage, gender,
CDX2 expression, recurrence status, and metastatic
involvement side. We could not detect the significant
prognostic role of CDX2 in our CRC patient popula-
tion which has been clearly reported in patients with
carly-stage cancer in the literature. However, serum
CEA level was found as a clear prognostic factor in our
general patients’ population.

As a member of a caudally related homeobox gene
family, the CDX2 gene encodes intestine-specific
transcription factor (CDX2). Intestinal epithelial cells
need the CDX2 for growing and differentiation and it
is particularly expressed in the nuclei of intestinal epi-
thelial cells'*®. The CDX2 protein expression has been
evaluated as a potential prognostic factor in particular-
ly in CRC patients with stage II and III disease. In the
trial, CDX2-negative tumors were associated with a
lower rate of disease-free survival than CDX2-positive
tumors across independent data sets of the study. This
association was not confounded by other risk factors
that are known to affect survival rates among patients
with early-stage colon cancer, such as the primary
tumor invasion deepness and the number of lymph
nodes resected at the surgery. Additionally, the CDX2

Kafkas J Med Sci 2021; 11(2):275-281
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expression status has been associated with the benefit
of chemotherapy in early-stage colon cancer, and nega-
tive patients obtained more benefits from chemother-
apy than positive patients'®. However, the role of the
CDX2 expression in metastatic CRC remains unclear,
because of their poor prognosis, patients with stage IV
disease have not been particularly included in the ma-
jority of trials. Despite all these inadequacies, the rela-
tionship between CDX2 expression and metastatic co-
lon cancer patients has been evaluated in several trials,
and the prognostic effect of the expression reported as
an independent poor prognostic marker in these pa-
tient subgroups as well””. We analyzed the prognostic
effect of CDX2 in our colorectal cancer patients re-
gardless of the disease stage. In our study, we observed
to the median survival of patients with CDX2 expres-
sion positive tended to be longer than patients with
CDX2 negative as demonstrated previously.

There are increasing shreds of evidence about the prog-
nostic and predictive role of primary tumor sidedness
in patients with the metastatic stage of colon cancer.
The left and right sides of the colon have distinct clini-
cal and molecular characteristics that have affect tumor
behavior'>'*%, These distinct clinical and molecular
characteristics lead to prognostic and predictive dif-
ferences. In this context, the relationship between the
effectiveness of treatments specifically targeting EGFR
and VEGF pathways and the tumors sidedness has been
investigated®"?2. While left-sided RAS wild type (no
mutation) tumors are more sensitive to EGFR inhibi-
tors, right-sided tumors do not respond very well, pos-
sibly due to the higher frequency of BRAF mutations
and other different molecular features®. The incidence
rate of left-sided CRC is much more common than
right-sided, and approximately two-thirds of CRCs
are emerging from the left side of the colon*. In our
study, despite no statistical significance, the patients
who had left-sided tumors lived longer than patients
with right-sided tumors. In terms of primary tumor
location, left-sided tumors were more frequent than
right-sided tumors in our patient’s population, and
this was consistent with the literature. Additionally,
notwithstanding the no significant difference between
two different chemotherapy regimens, in our meta-
static patients, FOLFOX plus the biologic agent was
significantly better than FOLFIRI plus biologic agent.
However, it is not possible to interpret the superiority
of a chemotherapy regimen with this result due to the
unbalanced distribution of the tumor sidedness of the
patients and the difference of biological agents.

Kafkas J Med Sci 2021; 11(2):275-281

Carcinoembryonic antigen (CEA) is a glycoprotein
and member of intracellular adhesion molecules pro-
duced in the epithelium of the large intestine to pro-
motes cellular aggregation?. As a biomarker, CEA
has been used for diagnosis, treatment and surveillance
in colorectal cancer patients, and elevated serum lev-
els of CEA have been associated with a worse progno-
sis”**. CEA has been reported to promote aggregation
of colon cancer cells and to facilitate tumor metasta-
sis”. The relationship between elevated baseline CEA
and the worse prognosis in patients with metastatic
disease has been clearly demonstrated by previous
studies®**'. In our patient’s population, we have clearly
reported serum CEA level as a prognostic factor, and
patients with lower serum CEA level had significantly
longer survival. Additionally, we stratified our pa-
tients according to tumor sidedness and serum CEA
level, patients with both low serum CEA level and the
left-sided tumor had significantly longer survival than
patients with right-sided and high serum CEA levels.
This stratification may help to better predict the sur-
vival of patients with colon cancer but needs to be
confirmed by studies with larger and balanced patient
distribution.

Our study has several limitations. Firstly, being retro-
spective makes it difficult to evaluate patients’ charac-
teristics effectively and reliably. Secondly, to define the
patients to two groups according to the disease stage
and not to determine the exact stage’s class makes it dif-
ficult to obtain accurate information about the survival
and prognosis of the patients, so in this sense, it is dif-
ficult to make inferences. Thirdly, Classification of all
biological agents (anti-EGFR (panitumumab or cetux-
imab) and anti-VEGF (bevacizumab)) applied to pa-
tients in the same group will make insufficient to show
the true effectiveness of these agents.

In conclusion, our study evaluated the importance of
tumor tissue CDX2 expression, serum CEA level, and
tumor sidedness and examined the prognostic values
of these factors in our CRC patient population. The
serum CEA level was found as a clear prognostic fac-
tor for CRC patients. Additionally, despite not statisti-
cally significant outcomes, patients with tumor tissue
CDX2 expression positive and left-sided primary tu-
mors had longer survival as reported in the literature.
Also, our patient stratification model based on tumor
sidedness and serum CEA level obtained promising
outcomes but need to be confirmed by larger and pro-
spective trials.
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