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Introduction

Colorectal cancer (CRC) is one of the most common 
malignancies and the second leading cause of death from 
cancer in Europe and North America (1). While early-
stage CRC is associated with an excellent 5-year survival 
rate (90% for localized disease), approximately 20% of 
patients present with metastatic disease, and many patients 
diagnosed with stage II or III cancer will experience 
a recurrence and develop distant metastases (2).

At present, established clinico-pathological criteria are 
used to estimate risks of recurrence in stage II and III dis-
ease, and this is routinely used in the selection of patients 
for adjuvant systemic therapy following surgical resection. 
The clinical outcome of patients who receive such adju-
vant treatment can, however, vary widely, when additional 
molecular factors are taken into consideration. Identifi-
cation of novel prognostic markers is, therefore, vital in 
improving the prognosis of this disease (3).

One of the recently described substances important for 
angiogenesis is endoglin. Endoglin, also known as CD105, 
is a receptor for transforming growth factor-β1 molecule, 
which binds preferentially to the activated endothelial cells 
that participate in tumor angiogenesis, with weak or nega-
tive expression in vascular endothelium of normal tissues. 
Endoglin is induced by hypoxia. Therefore it is very useful 

for assessment of neo-angiogenesis of malignant neoplasms 
(4–6). Many reports indicate that endoglin assessed immuno-
histochemically in colorectal cancer correlates not only with 
tumor microvessel density, but also with survival. It has been 
also reported as a valuable parameter predicting patients 
having an increased risk of developing metastatic disease. 
Endoglin is expressed not only on cell surface, since its solu-
ble form (sol-end) can be detected also in blood (4–7). A few 
of studies evaluated the clinical significance of elevated sol-
end levels in colorectal cancer patients (7).

In the current study, we assessed a possible role of the 
preoperative serum levels of sol-end as a potent predictor 
of recurrence in stage III CRC patients.

Materials and Methods

Eighty patients with histologically confirmed stage 
III CRC patients according to TNM staging system were 
included in this study. There were 47 men and 33 women 
with a median age of 62 (range, 33–87) years. Tumor stag-
ing was based on clinical information, radiologic reports 
(chest radiography, abdominal ultrasonography and com-
puterized tomography), operative findings, and pathology 
reports. Patients were followed prospectively and the date 
and cause of death was recorded. The median follow-up of 
the patients was 18 (range, 3–30) months.
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Control subjects consisted of 70 age-and sex-matched 
healthy volunteers (median age 55 (range, 43–68) years; 38 
men and 32 women)

The clinicopathologic parameters studied for prognostic 
value were tumor localization, histopathologic grade, tumor 
size (4 cm <, 4 cm ≥), the ratio of metastatic to retrieved 
lymph nodes (LNR), perineural invasion, vascular invasion 
and serum CEA level.

All patients provided informed consent before inclusion 
in the study. 

This study has been approved by the institutional review 
board of Turkiye Yuksek Ihtisas Education and Research 
Hospital. The regional ethics committee approved the 
project and written informed consent was obtained from all 
patients and controls before their inclusion.

Control blood samples were obtained from 60 individuals 
who visited health examination clinics with minimal gastritis 
or normal appearance of the gastric mucosa on endoscopic 
examination. Blood samples were collected before malig-
nancies were treated surgically. Samples were allowed to clot 
and serum was obtained after sample centrifugation. Serum 
samples were stored frozen at −20 °C. Repeated thawing and 
freezing of samples was avoided. Soluble form of endoglin 
in serum was assessed by sandwich ELISA using diagnos-
tic kit manufactured by R&D Systems (USA). The standard 
range of this kit is from 0.15 to 10 ng/ml and the minimum 
detectable dose is 0.007 ng/ml (8). 

Statistical Analysis

Recurrence was defined as any locoregional recurrence 
(tumor tissue at the primary site of resection, either intra- or 
extraluminal) and/or any distant metastasis (distant spread 
to other organs), alone or in combination. 

Statistical analysis was performed using the SPSS statis-
tical software package. The demographic characteristics of 
patients and controls were compared using the χ2 square test 
and Student’s t test. Shapiro-Wilk test was used for assess-
ing normality. Accordingly, all data are presented as median 
value (interquartile range), with nonparametric analyses 
being employed to assess differences. The Kruskal-Wallis 
analysis of variance (ANOVA) and the Mann-Whitney U test 
were used to evaluate differences between multiple groups, 
and unpaired observations, respectively. Correlations were 
evaluated using the Spearman rank test. Multivariable Cox 
proportional hazards regression analysis addressed the time 
to recurrence and relied on the established clinical predictors. 
Significance was presumed at p < 0.05.

Results

Serum levels of sol-end in healthy controls

Serum levels of sol-end were detectable in all healthy 
controls. The median serum level of sol-end was 12.75 
(11.5–14.95) ng/mL.

There was no significant difference in serum levels of 
sol-end between males and females (12.65 (11.5–14.90) 
ng/mL versus 13.6 (11.6–15.7) ng/mL, respectively; p = 
0.493). No correlation was found between serum levels of 
sol-end and age (r = 0.23; p = 0.53).

Serum levels of sol-end in stage III CRC patients 

The median serum level of sol-end in stage III CRC 
patients was 64 (52.30–74.50) ng/mL and significantly high-
er than those in controls (p< 0.001). There was no significant 
difference between males and females regarding serum 
levels of sol-end (63.20 (53.50–81) ng/mL versus 64.60 
(51.50–70.90) ng/mL, respectively; p = 0.61) nor there was 
any correlation between serum levels of sol-end, age (r = 
0.052; p = 0.65) and serum CEA levels(r = 0.141; p = 0.239). 
There were no significant associations between serum lev-
els of sol-end and, histopathologic grade, tumor size, LNR, 
perineural invasion and vascular invasion (Table 1). 

Tab. 1: The relationship between preoperative serum lev-
els of sol-end and pathologic variables in stage III CRC 
patients.

Variables
N Endoglin ng/mL Significance

Tumor localization

Right colon(Cecum, 
Ascending colon, Trans-
verse colon)

24 72.40 (59.00–88.20)

NSLeft colon( Descending 
colon, Sigmoid colon) 19 78.30 (69.20–90.40)

Rectum 37 71.30 (59.30–86.30)

Differentiation

NS

Well 28 69.00 (54.00–77.55)

Moderate 40 59.40 (50.90–74.80)

Poor 12 67.80 (61.90–73.70)

Tumor diameter

NS< 4 cm   7 60.30 (52.30–74.50)

≥ 4 cm 77 65.05 (52.90–75.55)

Perineural invasion

NSPositive 24 65.20 (54.50–77.40)

Negative 53 59.20 (50.80–74.25)
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Variables
N Endoglin ng/mL Significance

Unknown 3
Vascular invasion

Positive 40 59.30 (50.70–74.80)
NS

Negative 40 65.70 (54.30–73.40)

Lymph node ratio

< .16 62 64 (50.90–80.30)
NS

.16 < 18 62.15 (53.40–70.45)

Values are median (interquartile range)
NS: Non-significant

Serum levels of sol-end, and local recurrence

Eighteen patients had local recurrence of stage III 
CRC during the follow-up period. There was not signifi-
cant difference between the patients with local recurrence 
and non local recurrence regarding serum levels of sol-end 
(64 (52.90–74.65) ng/mL versus 62.15 (52.30–71.40) ng/mL, 
respectively, p = 0.7)

Univariate analysis showed, LNR (p = 0.19), differen-
tiation (p < 0.01), tumor diameter (p = 0.17), high CEA 
level (p = 0.036), perineural (p = 0.034) and perivascular 
(p = 0.02) invasion to be significant factors affecting local 
recurrence. Multivariate regression analysis showed the 
LNR (hazard ratio, 2.54; 95% CI, 1.46–4.34; p < 0.001), 
to be significant independent factors for estimation of local 
recurrence.

Discussion

Our study shows a marked difference between preop-
erative serum levels of sol-end in stage III CRC patients 
when compared with age and sex-matched controls, 
without an association between these levels and clinico-
pathologic features. 

Endoglin has been reported to be an indicator of poor 
prognosis in many types of solid neoplasia such as: breast 
carcinoma, cervical cancer, endometrial carcinoma, gastric 
carcinoma, melanoma, some testicular tumors, non-small 
cell lung cancer, prostate cancer, renal cell carcinoma and 
squamous cell carcinoma (9).

Saad et al immunostaed surgical specimens from 
150 patients with resected colorectal carcinomas for endo-
glin. In this study, endoglin, by staining higher numbers of 
the proliferating vessels in colon carcinoma, is a more spe-
cific and sensitive marker for tumor angiogenesis than the 
commonly used panendothelial markers. Endoglin staining 
also showed prognostic significance with positive correlation 
with angiolymphatic invasion and metastases to lymph nodes 
and liver (10). Similarly, Akagi et al. investigated 54 cases 

of colorectal adenomas and 20 cases of carcinomas using 
monoclonal antibodies CD105. They found that assessing 
neovascularization with CD105 in the process of colorectal 
cancer development may be a valuable marker for predicting 
the risk of colorectal cancer development (11). 

Soluble endoglin has been reported to rise in plasma of 
breast cancer patients who developed metastases as com-
pared to both normal controls and cancer patients without 
distant spread (12). Elevated serum endoglin was associ-
ated with distant metastases not only in breast, but also in 
colorectal cancer and in other solid tumors (13). Also Li et 
al. (14) using an indirect

sandwich ELISA described a correlation between plas-
ma endoglin and Dukes’ stages.

Myoeliwiec et al showed that endoglin assessment in 
plasma does not seem useful as a marker of colorectal can-
cer. However, that it might be helpful in selecting patients 
with metastatic disease (7).

Several reports have suggested that the postoperative 
serum CEA level is a useful marker of recurrence after 
colorectal surgery. Moreover, it can be measured cheaply 
and easily. Monitoring of the postoperative CEA level is 
thus commonly used in the follow-up of CRC patients. 
However, there has been some controversy about the signif-
icance of the preoperative serum CEA level as a predictive 
factor of recurrence (15). In this study, we found that LNR 
is an independent predictive factor for overall survival. 
The cut-off value of 0.16 for LNR derived from previous 
studies. Our data complement the conclusions of other 
previously published studies. Chen et al demonstrated that 
metastatic LNR independently estimates survival in Stage 
III colon cancer, irrespective of number of nodes examined 
(16). Berger et al 13 analyzed data from the Inter-group 
Trial 0089 using slightly different cutoffs for LNR (5%, 
5–20%, 20–40%, and >40%) finding LNR was a significant 
prognostic factor (17). Lee and colleagues also demon-
strated that the ratio-based LN staging can be considered 
a simple and reproducible modality to assess prognosis of 
patients who underwent potentially curative radical resec-
tion for LN-positive colon cancer (18). 

A weak point in this study is that we have not examined 
the association between tissue endoglin expression and 
serum levels in the same patients. 

In conclusion, this study demonstrated that serum lev-
els of sol-end were higher in stage III CRC patients than 
normal controls. These levels did not correlate with clinico-
pathologic parameters and serum levels of sol-end are not 
a good marker for prediction of local recurrence in stage 
III CRC patients. 
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