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Background/Aims: A single gene mutation alone cannot 
explain the poor prognosis of colorectal cancer. This study 
aimed to establish a correlation between the expression of 
six proteins and the prognosis of colorectal cancer patients. 
Methods: Tissue samples were collected from 266 patients 
who underwent surgery for colorectal cancer at our institu-
tion from January 2006 to December 2007. The expression 
of six proteins were determined using immunohistochemi-
cal staining of specimens. Results: Cathepsin D, p53, COX-
2, epidermal growth factor receptor, c-erbB-2, and Ki-67 
expression were detected in 38.7%, 60.9%, 37.6%, 35.7%, 
30.1%, and 74.4% of the samples, respectively. The expres-
sion of cathepsin D was significantly correlated with reduced 
cancer-free survival (p=0.036) and colorectal cancer-specific 
survival (p=0.003), but the other expression levels were not. 
In a multivariate analysis, cathepsin D expression was found 
to be an independent prognostic factor for poorer colorectal 
cancer-specific survival (hazard ratio, 8.55; 95% confidence 
interval, 1.07 to 68.49). Furthermore, patients with tumors 
expressing four or more of the proteins had a significantly 
decreased cancer-free survival rate (p=0.006) and colorectal 
cancer-specific survival rate (p=0.002). Conclusions: Pa-
tients with cathepsin D positivity had a poorer outcome than 
patients who were cathepsin D-negative. Thus, cathepsin D 
may provide an indicator for appropriate intensive follow-up 
and adjuvant chemotherapy. (Gut Liver 2014;8:13-23)
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INTRODUCTION

Traditional prognostic factors of colorectal cancer (CRCA) 
include the tumor node metastasis (TNM) stage and ‘potential’ 
residual disease after initial surgery.1 Other features known to 
be related to survival include vascular and perineural invasion, 
tumor necrosis, character of invasive margin, and differentia-
tion.2 Unfortunately, these factors are clearly not sufficient to 
accurately assess individual risk and to possibly avoid adjuvant 
systemic therapy. Additional, more refined methods of predict-
ing the prognosis of CRCA patients are required. Assessment of 
molecular prognostic factors associated with a distinct prognos-
tic outcome would, therefore, be a great help for identification 
of patients who are likely to benefit from adjuvant therapies, 
leading to an improvement in prognosis.

Carcinogenesis and development of CRCA are multistep and 
multistage processes involving cumulative effects of many 
genes.3,4 For this reason, much effort has been placed on the 
identification of novel molecular prognostic factors that alone 
or in combination with clinicopathologic factors may improve 
the prediction of clinical outcome and determine the appropri-
ate therapeutic approach.

In this study, we analyzed the expression of cathepsin D (CD), 
an aspartic protease; p53, a tumor suppressor gene; COX-2, a 
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gene involved in carcinogenesis; epidermal growth factor recep-
tor (EGFR), a receptor tyrosine kinase; C-erbB-2, an oncogene; 
and the Ki-67 protein, a cellular marker for proliferation, that 
have recently been cited as prognostic factors in patients with 
CRCA, and determined the correlation between the expression 
of these proteins and clinicopathologic factors.

MATERIALS AND METHODS

1. Study setting

Tissue was collected from 266 patients with colorectal ad-
enocarcinoma who were candidates for surgical resection. 
All patients were seen at the Department of Surgery, Yeouido 

Fig. 1. Immunohistochemical staining for (A) cathepsin D, (B) p53, (C) COX-2, (D) epidermal growth factor receptor (EGFR), (E) C-erbB-2, and (F) 
Ki-67. Representative images of cytoplasmic staining for cathepsin D (×200) and COX-2 (×200), membrane staining for EGFR (×200) and C-erbB-2 
(×400), and nuclear staining for p53 (×200) and Ki-67 (×200).
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St. Mary’s Hospital, The Catholic University of Korea College 
of Medicine from January 2006 to December 2007. The pa-
tient’s clinical records were examined, and surgically resected, 
paraffin-embedded tissue specimens were examined for CD, 
p53, COX-2, EGFR, C-erbB-2, and Ki-67 expression using direct 
immunohistochemistry. The tissues were classified as positive 
or negative for each of the markers, and the clinicopathologic 
factors of the groups were examined and analyzed. The clini-
copathologic factors examined included the patient’s age and 
gender; tumor location, histologic type, degree of differentia-
tion, and stage; degree of bowel wall infiltration; and presence 
of lymph node (LN) and/or distant metastases. Approval was 
obtained from the Institutional Review Boards of The Catholic 
University of Korea College of Medicine. Informed consent was 
provided according to the Declaration of Helsinki.

2. Study methods

1) Immunohistochemical staining
Immunohistochemical staining was performed using the 

direct method with the following primary antibodies: anti-CD 
(Novocastra, Newcastle, UK), anti-p53 (DAKO, Glostrup, Den-
mark), anti-COX-2 (DAKO), anti-EGFR (DAKO), anti-C-erbB-2 
(DAKO), and anti-Ki-67 (DAKO).

2) Immunohistochemical evaluation (Fig. 1)
The stained slides were read by pathologists and categorized 

as positive or negative. For CD expression,5 any evidence of 
cytoplasmic staining was considered positive. Additionally, if 
any of the tumor cells were stained, or if more than 5% of the 
stromal cell were stained, the sample was considered positive. 
For p53 expression,1 the nuclear staining in tumor cells was 
considered positive. Additionally, if more than 10% of tumor 
cell was stained it was evaluated as positive. For COX-2 expres-
sion,6 cytoplasmic staining in at least 10% of the tumor cells 
was considered positive. For EGFR,7 only the cases showing 
membrane staining were recognized as positive. If at least one 
of the tumor cells was stained, it was recognized as positive. For 
C-erbB-2,7 the American Society of Clinical Oncology/College 
of American Pathologists guidelines were followed: no staining 
of tumor cells was scored as 0; partial staining in at least one 
tumor cell was scored as +; complete staining of the cytoplasm 
showing moderate staining in more than 10% of the tumor cell 
was categorized as ++; and complete staining of cytoplasm 
showing strong staining in more than 10% was categorized as 
+++. Scores of 0 and + were considered negative, and scores 
of ++ and +++ were considered positive. Using the Ki-67 pro-
liferation index,1 the percentage of positive cells out of 1,000 
cells were calculated at the location where most positive cells 
expressed in tumor cell nuclei are distributed. Greater than 50% 
was determined as positive.

3. Statistical analysis

Recurrence was defined on the basis of clinical, radiological, 
and histopathological results. The survival period was defined 
as the period between the date of surgery and the date of death. 
The cancer-free survival period was defined as the date of sur-
gery to the date when any recurrence was discovered. For the 
analysis of the clinicopathologic factors, a Fisher’s exact test or 
a chi-square test was used. The correlation in the expression of 
the different proteins, which is dichotomous data, was analyzed 
using the phi coefficient. The point-biserial correlation (phi) was 
used. The significance of the univariate prognosis of the vari-
ables was evaluated using a univariate COX proportional hazard 
analysis, and the Kaplan-Meier analysis and log-rank test were 
used. Multivariate survival analysis was performed for each 
tumor marker after the data were adjusted for age, gender, and 
TNM stage. A p-value less than 0.05 was considered significant. 
SPSS version 14.0 (SPSS Inc., Chicago, IL, USA) was used for all 
statistical analyses.

RESULTS

1. Patient characteristics

Of the 266 study participants, 160 patients (60.2%) were male, 
and 106 patients (39.8%) were female, resulting in a male: fe-
male ratio of 1.5:1. The average age was 63.0±11.2 years (range, 
30 to 87 years). Eighty-one patients (30.5%) had right-side 
CRCA (defined as cancer located in the ascending and/or trans-
verse colon), and 185 patients (69.5%) had left-side CRCA (de-
fined as cancer located between the descending colon and the 
rectum). Of the 266 patients, 253 (95.1%) had a nonmucinous 
adenocarcinoma, and 13 (4.9%) had a mucinous adenocarci-
noma. A total of 69 patients had well-differentiated tumors, 177 
patients had moderately differentiated tumors, and 12 patients 
had poorly differentiated tumors. In total, 62 patients were clas-
sified as stage I, 78 patients as stage II, 94 patients as stage III, 
and 32 patients as stage IV (Table 1).

2. The correlation between the clinicopathologic factors 
and expression of molecular markers

Of 266 cases, 103 (38.7%) demonstrated positive results for 
CD, 162 (60.9%) for p53, and 100 (37.6%) for COX-2. And 95 
(35.7%) showed positive results for EGFR, 80 (30.1%) for C-
erbB-2, and 198 (74.4%) for Ki-67.

Of the six proteins, CD and COX-2 expression were detected 
more frequently in tumors of the right colon (p=0.037 and 
p=0.038, respectively). The proportion of tumors expressing 
CD, p53, and Ki-67 increased as the T stage increased (p=0.035, 
p=0.004, and p=0.032, respectively). The expression of CD and 
COX-2 were also correlated with an increase in the N stage 
(p=0.021 and p=0.005, respectively). The expression of p53 was 
correlated with the presence of distant metastases (p=0.012), 
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and while increased CD expression was also associated with the 
presence of distant metastases, this association was not signifi-
cant (p=0.075). The cancer stage was correlated with CD, p53, 

and COX-2 expression (p=0.015, p=0.008, and p=0.019, respec-
tively). The expression of all genes, except C-erbB-2, was cor-
related with the presence of LN metastases. However, vascular 
invasion and perineural invasion were not correlated with the 
expression of any of the examined proteins (Table 2).

3. The correlation between expression of molecular mark-
ers and cancer-free survival and colorectal cancer spe-
cific survival

The cancer-free survival rate and colorectal cancer specific 
survival rate of the patients varied depending on the TNM stage 
(p<0.001) (Fig. 2). Patients with CD-expressing tumors had a 
lower cancer-free survival rate (p=0.036) and a lower colorectal 
cancer specific survival rate (p=0.003) (Fig. 3). Furthermore, in 
patients with a CD-positive tumors, the risk of recurrence was 
high (hazard ratio [HR], 1.82; 95% confidence interval [CI], 1.02 
to 3.22; p=0.04), and the risk of death was very high (HR, 12.12; 
95% CI, 1.52 to 96.52; p=0.02) (Table 3). The multivariate sur-
vival analysis, when adjusted for age, gender, and TNM stage, 
demonstrated that tumoral CD expression did not affect cancer-
free survival, but had a significant effect on colorectal cancer 
specific survival (HR, 8.55; 95% CI, 1.07 to 68.49; p=0.04) (Table 
3). However, the expression of the other proteins did not signifi-
cantly impact cancer-free survival or colorectal cancer specific 
survival.

4. The correlations in protein expression and their associa-
tion with survival

Ki-67 expression was correlated with CD (ϕ=0.200, p<0.001), 
C-erbB-2, EGFR, and p53 (p<0.05) expression, but there were no 
other correlations in the expression of the other proteins (Table 
4).

Additionally, we examined the relationship between both 
the cancer-free survival rate and the colorectal cancer specific 
survival rate and the number of expressed proteins. There was a 
significant difference in both the colorectal cancer specific sur-
vival rate (p=0.006) and the cancer-free survival rate (p=0.002) 
of patients with tumors expressing four or more of the proteins 
when compared to patients expressing fewer than four proteins 
(Fig. 4). When the number of tumor-expressed proteins was four 
or more, the risk of recurrence (univariate HR, 2.34; 95% CI, 1.32 
to 4.12; p=0.03; multivariate HR, 2.17; 95% CI, 1.22 to 3.86; 
p=0.008) and the risk of death (univariate HR, 5.48; 95% CI, 1.41 
to 21.34; p=0.014; multivariate HR, 4.53; 95% CI, 1.12 to 18.32; 
p=0.034) were significantly higher than the risks seen in pa-
tients with tumors expressing fewer than four of the examined 
proteins.

DISCUSSION

Theodoropoulos et al.5 used immunohistochemistry to exam-
ine the expression of CD in tumor cells and reported that CD 

Table 1. Clinicopathologic Characteristics of the Patients (n=266)

Variable Value

Mean age (range), yr 63.0 (30-87)

Gender

Male 160 (60.2)

Female 106 (39.8)

Primary tumor location

Right colon 81 (30.5)

Left colon & rectum 185 (69.5)

Histology

Nonmucinous adenocarcinoma 253 (95.1)

Mucinous adenocarcinoma 13 (4.9)

Differentiation (n=258)

Well 69 (26.7)

Moderate 177 (68.6)

Poor 12 (4.7)

T stage

T1 29 (10.9)

T2 43 (16.2)

T3 178 (66.9)

T4 15 (5.6)

N stage

N0 151 (56.8)

N1 65 (24.4)

N2 49 (18.4)

M stage

M0 234 (88.0)

M1 32 (12.0)

Stage

I 62 (23.3)

II 78 (29.3)

III 94 (35.3)

IV 32 (12.1)

Lymphatic invasion

Positive 129 (48.5)

Negative 137 (51.5)

Perineural invasion

Positive 68 (25.6)

Negative 198 (74.4)

Vein invasion

Positive 25 (9.4)

Negative 241 (90.6)

Data are presented as number (%).
T, tumor; N, node; M, metastasis.
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expression could be detected in 41.6% (25/60) of the tumors 
based on tumor cell. We observed a lower frequency of CD-pos-
itive tumors in our study (38.7%), despite the fact that similar 
criteria were used to define positive tumors. In contrast, Mayer 

et al.8 reported a high positivity rate of 87.7% (93/106) based 
on immunohistochemical detection of CD. The frequency of p53 
overexpression also varies significantly in the literature, with 
rates ranging from 27% to 76%.9 In the current study, the p53-

Fig. 2. Cancer-free survival and colorectal cancer-specific survival of patients grouped based on TNM stage.

Fig. 3. Cancer-free survival and colorectal cancer-specific survival of patients grouped based on cathepsin D expression.

Table 3. A COX Proportional-Hazard Regression Analysis for Cancer-Free Survival and Colorectal Cancer-Specific Survival

Univariate analysis Multivariate analysis*

CFS CRCSS CFS CRCSS

HR (CI) p-value HR (CI) p-value HR (CI) p-value HR (CI) p-value

TNM stage 2.35 (1.67-3.31) <0.001 3.80 (1.67-9.03) 0.002 2.39 (1.70-3.37) <0.001 4.05 (1.73-9.48) <0.001

Cathepsin D 1.82 (1.02-3.22) 0.04 12.12 (1.52-96.52) 0.02 1.45 (0.81-2.58) 0.21 8.55 (1.07-68.49) 0.04

p53 1.46 (0.79-2.69) 0.22 5.63 (0.71-44.45) 0.10 1.18 (0.64-2.19) 0.59 3.60 (0.45-29.04) 0.23

COX-2 1.60 (0.98-2.82) 0.10 1.49 (0.43-5.16) 0.53 1.44 (0.82-2.55) 0.21 1.39 (0.38-5.05) 0.63

EGFR 1.17 (0.65-2.10) 0.61 1.48 (0.41-5.29) 0.55 1.18 (0.65-2.12) 0.59 1.07 (0.29-3.93) 0.92

C-erbB-2 1.27 (0.69-2.36) 0.45 0.81 (0.17-3.88) 0.79 1.43 (0.76-2.70) 0.27 0.69 (0.14-3.46) 0.65

Ki-67 0.92 (0.48-1.78) 0.81 1.20 (0.25-5.76) 0.82 0.74 (0.38-1.43) 0.37 0.80 (0.16-4.04) 0.78

CFS, cancer-free survival; CRCSS, colorectal cancer-specific survival; HR, hazard ratio; CI, confidence interval; TNM, tumor node metastasis; 
EGFR, epidermal growth factor receptor.
*Adjusted for age, gender, TNM stage, and each tumor marker.
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positivity rate was 60.9%. While the COX-2-positivity rate of 
the tumors was low in this study (37.6%), several studies have 
reported a COX-2-positivity rate of approximately 80%.2,10,11 
Previous studies have shown EGFR expression in 8% to 97% of 
tumors and C-erbB-2 expression in 0% to 87% of tumors.7 In 
our study, we detected EGFR expression in 35.7% of the sam-
ples and C-erbB-2 expression in 30.1% of the samples. Using a 
Ki-67 labeling index (LI) greater than 50% as a cutoff, 74.4% of 
the tumors were Ki-67 positive. A previous study by Huh et al.1 
reported the detection of Ki-67 in 52.0% of tumors. Explana-
tions for the wide variation in the expression include differences 
in methodology, such as using a different antibody; differences 
in the immunohistochemical staining method; and differences 
in the evaluation criteria for analysis.

CD, a lysosomal aspartyl endopeptidase, is essential for regu-
lating cell growth and tissue homeostasis of colon epithelium,12 
may be involved in CRCA development and growth.5 It has 
also been associated with the invasion and metastasis of tumor 
cells.5,13 The increased expression of CD is associated with a 
number of tumors and is also associated with poor prognosis 
in breast cancer patients. However, the prognostic value of CD 

overexpression in CRCA remains unclear.13

The correlation between CD expression in CRCA and specific 
clinicopathologic factors is controversial. Regarding correlation 
of CD and tumor stage, some authors have described a signifi-
cant relationship between overexpression of CD and a trend to-
wards advanced tumor stage.8,13 However, in the majority of the 
investigations, CD expression was not correlated with stage.13,14 
Alternatively, CD expression in tumor stromal cells has been 
reported to be significantly correlated with lymphatic invasion 
and LN metastasis.5 In this study, CD expression was signifi-
cantly correlated with the T stage, N stage, and location of the 
tumor. We also found an association between CD expression 
and both lymphatic invasion and recurrence. Importantly, un-
like in previous studies, in our study, CD expression was associ-
ated with decreased cancer-free survival and colorectal cancer 
specific survival. Similar to our finding, Kirana et al.15 reported 
that CD expression in cells from the main tumor body was 
highly elevated in late stage CRC and showed significant cor-
relation with subsequent distant metastasis and shorter cancer-
specific survival. In the multivariate analysis, after adjusting for 
age, sex, and TNM stage, a significant risk (HR, 8.55; 95% CI, 
1.07 to 68.49; p=0.004) was detected, even after the results were 
adjusted for stage, demonstrating that CD has the potential to be 
a single-gene prognostic factor for CRCA. However, this result 
was limited in colorectal cancer specific survival, not in cancer-
free survival.

The oncosuppressor protein p53 is a stress response protein 
that mediates growth suppression through cell cycle arrest or 
induction of apoptosis in response to DNA damage.9 Further-
more, the functional loss of p53 was proposed as a late event 
in the transition from adenoma to carcinoma.16 Examining the 
relationship between p53 expression and the various clinico-
pathologic factors, the expression of p53 was correlated with the 
T stage, the presence of distant metastasis, and the stage. Huh et 
al.1 reported a significant correlation between p53 overexpres-
sion and tumor grade, the presence of LN metastasis, stage, and 

Table 4. Correlation Coefficient (Phi) for the Tumor Markers

Cathepsin D p53 COX-2 EGFR C-erbB-2 Ki-67

Cathepsin D 0.004 0.084 0.084 -0.016 0.200*

p53 0.049 0.067 0.038 0.131†

COX-2 0.069 -0.018 0.010

EGFR 0.093 0.131†

C-erbB-2 0.178†

Ki-67

Methodology: the correlations between the tumor markers were 
evaluated using the Phi (ϕ) test.
EGFR, epidermal growth factor receptor.
*p<0.001; †p<0.05.

Fig. 4. Cancer-free survival and colorectal cancer-specific survival of patients grouped based on the number of expressed proteins (adjusted for 
TNM stage).
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lymphatic invasion. However, contrary to our study, this report 
did not detect an association with the T stage.1 While several 
studies have reported the value of p53 as a prognostic factor 
for CRCA, this remains controversial. A number of studies sug-
gest that p53 expression is associated with a poor prognosis;17,18 
however, some studies conclude that p53 expression is associ-
ated with a good prognosis.19,20 Furthermore, some studies have 
reported that there is no correlation between p53 expression 
and survival.21,22 In agreement with these studies, we also failed 
to find an association between p53 expression and survival in 
this study.

Recently, COX-2 has been shown to play a role in both tumor 
cell growth and the inhibition of apoptosis.11,23 After the publi-
cation of a study reporting the decreased relative risk of CRCA 
in individuals who regularly take nonsteroidal anti-inflamma-
tory drugs (e.g., aspirin),24 many studies have focused on the 
relationship between COX-2 expression and CRCA. Sheehan et 
al.2 reported that COX-2 expression was correlated with a higher 
Duke stage, larger tumors, and the presence of LN metastasis. 
Furthermore, Tomozawa et al.10 reported a correlation between 
COX-2 expression and cancer recurrence. They reported that 
COX-2 expression was the only significant prognostic factor 
while the traditional TNM staging did not reach statistical sig-
nificance. Yamauchi et al.11 reported that COX-2 was correlated 
with a more differentiated tumor, greater invasion, a higher 
stage, and hepatic metastasis. Additionally, they reported that 
the cancer-free survival rate was lower in patients with COX-2-
positive tumors. In our study, we did find that the expression of 
COX-2 was associated with a higher N stage, stage and location 
of the tumor, as well as with recurrence. However, unlike previ-
ous studies, there was no significant correlation between COX-
2 expression and differentiation, invasion, or hepatic metastasis. 
And univariate and multivariate analysis have shown that COX-
2 expression is not a significant prognostic factor for colorectal 
cancer specific survival. Studies are conflicting regarding prog-
nostic significance of COX-2 in CRCA with some10,25 supporting 
and others2,26 refuting independent adverse effect of COX-2. This 
difference is based upon differences in patient cohorts, COX-2 
detection methods, criteria for COX-2 overexpression, and mul-
tivariate survival analysis.

The Ki-67 protein is present in the nucleus of all cells during 
mitosis and is involved in the regulation of the cell cycle.1 Gen-
erally, Ki-67 expression is used as a marker of cell proliferation, 
and while it has been recognized as an independent prognostic 
factor in prostate and breast cancer,1,27,28 its prognostic value 
in CRCA remains controversial. Chen et al.29 reported that in-
creased Ki-67 expression was associated with a poor prognosis 
in CRCA patients. In contrast, Allegra et al.30 reported that Ki-67 
expression was associated with a good prognosis in CRCA pa-
tients. In our study, Ki-67 expression was only correlated with 
the T stage. As the T stage increased, the number of tumors with 
a Ki-67 LI greater than 50% also increased (p=0.032), suggest-

ing that the cancer cells were actively dividing and invading the 
barrier. Additionally, the expression of CD and Ki-67 were cor-
related (ϕ=0.200, p<0.001), indicating that protease expression 
and active cell division are essential to cancer progression.

Carcinogenesis represents a complex process that involves 
multiple changes in the controlling pathways of cell prolifera-
tion, apoptosis, invasiveness and metastatic spread.3 CRCA re-
sults from the progressive accumulation of genetic and epigen-
etic alterations that lead to cellular transformation and tumor 
progression.4 Currently, the diagnosis, prognosis, and treatment 
decisions for CRCA are based on the clinicopathologic analysis 
of the CRCA tissue. The tumor stage, histological classification, 
presence or absence of LN and/or distant metastasis, and pre-
operative serum carcinoembryonic antigen levels have all been 
recognized as prognostic factors. However, these characteristics 
cannot completely predict the clinical outcome, and as a result, 
some patients may undergo unnecessary chemotherapy. There-
fore, new diagnostic methods are required to better predict the 
course of CRCA and to assist in personalizing treatments to each 
patient. The available diagnostic platforms include multigene-
based assays and gene microarrays that may provide reliable 
information on the prognosis of a patient and/or their sensitiv-
ity to treatment.31 Gene expression profiling is a genetic mi-
croarray analysis of genetic transcriptional variations between 
normal and malignant cells, has demonstrated the heterogeneity 
of breast cancer on the genomic level.32 Perou et al.33 used this 
method to analyze 65 breast cancer samples and reported six 
different intrinsic subtypes of breast cancer. These intrinsic sub-
types have been recognized as prognostic indicator.34,35 Studies 
using microarrays to analyze CRCA have also been published. 
Bertucci et al.36 examined the 5-year survival rate of 22 patients 
who had been divided into low-risk and high-risk groups based 
on their gene expression signatures. Interestingly, they reported 
a 5-year survival of 100% and 30% in the low-risk and high-
risk groups, respectively. Furthermore, Eschrich et al.37 devel-
oped a 43-gene signature based on 78 tissue samples from Stage 
II and III CRCA patients and claimed that this signature can 
predict the 3-year survival rate with 90% accuracy. However, in 
spite of this progress, no single gene that can be used alone as 
a prognostic factor for CRCA has been identified.8,21,22,38,39 In this 
study, we examined the correlation between the number of pro-
teins that were expressed and the clinical outcome. After adjust-
ing for the tumor stage, we detected a significant difference in 
the colorectal cancer specific survival (p=0.006) and cancer-free 
survival (p=0.002) of the patients with tumors expressing four 
or more of the examined proteins compared with patients with 
tumors expressing less than four of the proteins. While estimat-
ing the prognosis of a patient using the expression of a single 
gene or protein may be difficult, the examination of several 
genes/proteins may increase the accuracy of the prediction.

In this study, the expression of CD was correlated with a poor 
prognosis in terms of the cancer-free survival and the colorectal 
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cancer specific survival. Importantly, the high HR (HR, 8.55; 
95% CI, 1.07 to 68.49; p=0.04) associated with CD expression 
from the multivariate analysis, even after adjusting for the tu-
mor stage, demonstrates its potential as an independent, single-
gene prognostic factor. However, this result was limited in 
colorectal cancer specific survival, not in cancer-free survival.

The expression of four or more of the examined proteins was 
significantly correlated with a poor prognosis, even after ad-
justing for the stage. Currently, the prognostic value of a single 
gene marker in CRCA is very controversial, but based on these 
results, we believe that the number of expressed genes/proteins 
may be helpful in identifying patients with both early-stage 
cancer and a potentially poor prognosis, which will help to de-
termine if adjuvant chemotherapy is necessary.
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