Original Article

The correlations between serum amphiregulin and other
clinicopathological factors in colorectal cancer

Chawalit Chayangsu, Siriporn Khunsri, Virote Sriuranpong, Suebpong Tanasanvimon

Division of Medical Oncology, Department of Internal Medicine, Faculty of Medicine, Chualalongkorn University, Bangkok, Thailand

Contributions: (I) Conception and design: C Chayangsu, V Sriuranpong, S Tanasanvimon; (II) Administrative support: None; (III) Provision of study

materials or patients: C Chayangsu, S Khunsri; (IV) Collection and assembly of data: C Chayangsu, S Khunsri; (V) Data analysis and interpretation:

C Chayangsu, V Sriuranpong, S Tanasanvimon; (VI) Manuscript writing: All authors; (VII) Final approval: All authors.

Correspondence to: Suebpong Tanasanvimon. Division of Medical Oncology, Department of Internal Medicine, Faculty of Medicine, Chualalongkorn

University, 1873 Rama 4 Road, Pathumwan, Bangkok 10330, Thailand. Email: surbpong@yahoo.com.

Background: Amphiregulin (AREG) is one of the epidermal growth factor receptor (EGFR) ligands and
plays the important roles in tumor progression and metastasis. Upregulation of AREG in colorectal cancer
(CRC) tissues has been shown to correlate with depth of tumor invasion, nerve invasion and liver metastasis.
We sought to investigate a correlation of serum AREG in CRC with clinicopathological parameters.
Methods: Patients with CRC receiving treatment at King Chulalongkorn Memorial Hospital during
August 2013 to March 2014 were enrolled. We collected baseline serum prior to start any therapy and stored
till analysis. Serum AREG was measured by ELISA. The correlation between each clinicopathological
characteristic and serum AREG was analysed.

Results: There were 120 patients with CRC including 78 patients (65.0%) with stage I-III and
41 patients (34.2%) in stage IV or recurrent disease. In stage IV or recurrent group, the median level of
serum AREG was 31.55 pg/mL, which was higher than those of stage I-III group, 15.48 pg/mL, P=0.001.
The serum AREG higher than 25 pg/mL (high serum AREG) was significantly correlated with liver and
peritoneal metastasis (P<0.001). Additionally, high serum AREG was significantly correlated with more poor
differentiated/mucinous histological grade (P=0.014), distant metastasis (P=0.001), lymphovascular invasion
(P=0.016) and perineural invasion (P<0.001).

Conclusions: High serum AREG was associated with advanced diseases and poor pathologic factors in
CRC. It is potentially a prognostic marker in CRC.
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Introduction

Amphiregulin (AREG) is an epidermal growth factor
receptor (EGFR) ligand. It highly expressed in several
cancers including CRC (1,2). AREG plays a pro-neoplastic
effect through autocrine and paracrine pathways (3-5).
Overexpression of AREG was demonstrated in more
than fifty percent in both primary and liver metastatic
tumors (1). Subsequent studies have shown high AREG
expression of primary CRC tumors correlated with the
poor clinicopathologic parameters including depth of
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tumor invasion, nerve invasion, liver metastasis and lower
survival rate (2,6,7). Here we investigated the serum level
of AREG in patients with CRC and its correlation with
clinicopathological parameters.

Methods
Patients

Between August 2013 and March 2014, 120 consecutive
pathologically confirmed CRC patients treated at the
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Table 1 Baseline patients characteristics (n=120)

Characteristics Number (%) or mean [range]

Age 64 [16-88] years
Gender
Male 64 (53.3)
Female 56 (46.7)

Histological grade

Well/moderate 93 (77.5)
Poor/mucinous 54.2)
Unknown 22 (18.3)
Site
Colon 64 (53.3)
Rectum 53 (44.2)
Unknown 3 (2.5)
Tumor stage
PTis 72 (60.0)
pT. 15 (12.5)
Unknown 33 (27.5)
Nodal stage
pN, 79 (65.8)
PN, 40 (33.3)
Unknown 1(0.8)
Lymphovascular invasion
Yes 45 (37.5)
No 37 (30.8)
Unknown 38 (31.7)
Perineural invasion
Yes 32 (26.7)
No 50 (41.7)
Unknown 38 (31.7)
Stage
I 16 (13.3)
Il 35(29.2)
I} 27 (22.5)
\% 29 (24.2)
Recurrence 12 (10.0)
Unknown 1(0.8)
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King Chulalongkorn Memorial Hospital (KCMH) were
enrolled. Patients were at least 15 years of age and provided
written informed consent. There was no other malignancy
diagnosed in all patients. The study has been approved
by the institutional review board of faculty of Medicine,
Chulalongkorn University.

Level of serum AREG

Prior to any surgical treatment or systemic chemotherapy,
6 mL of heparinized blood was collected from subject. The
samples were kept at room temperature for 30-60 minutes,
then centrifuged at 1,600 xg for 10 minutes. The serum
was transferred to polypropylene-capped tube and kept
frozen at -80 °C till further analysis. Serum AREG was
measured using Human Amphiregulin DuoSet ELISA
kit (R&D Systems, Minneapolis, MN, USA) followed
the manufacturer instructions. All reactions were run
duplicately. The range of detection for serum AREG is at
15.6-1,000 pg/mL.

Statistical analysis

All statistical analyses were performed using SPSS version
16.0 for Windows software (SPSS Inc., Chicago, IL, USA).
The correlations between clinicopathological factors and
serum AREG level were compared by the chi-squared
test or 7-test. P values <0.05 were considered statistically
significant. The ROC method was used to identify the
serum AREG cut off level in prediction of advanced diseases
including stage IV and recurrent diseases.

Results

A total of 120 patients with CRC were enrolled into study
between August 2013 and March 2014. The mean age was
64 years (range, 16-88 years). There were slightly more
male than female. Most of patients had well to moderate
histologic grade (77.5%) and pT,; (60.0%) tumor.
Two-third of patients had stage I-III diseases. Other

baseline characteristics were listed in Zable 1.

Serum amphiregulin and clinicopathological factors

The median and mean of serum AREG were shown in
Table 2. The median of serum AREG in advanced diseases
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Table 2 Serum amphiregulin levels by stage of colorectal carcinoma

Chayangsu et al. Serum amphiregulin in colorectal cancer

AREG concentration (pg/mL) Early CRC (stage I-lll) (n=78) Advanced CRC (stage IV and recurrent) (n=41) P value
Mean (95% CI) 23.11 (15.92-30.29) 91.27 (49.69-132.84) 0.002
Median (95% Cl) 15.48 (11.36-18.65) 31.55 (15.50-65.77) 0.001*

*, Mann-Whitney U test. Cl, confidence interval; CRC, colorectal cancer.

(metastatic or recurrent diseases) was significantly higher
than localized disease 31.55 and 15.48 pg/mL, respectively
(P=0.001).

To further explore the utility of serum AREG, we
analyzed level of serum AREG by using ROC curve to
identify a suitable cutoff value predicting advanced disease.
Level of serum AREG at 25 pg/mL or more (high AREG),
had the sensitivity and specificity of 51.2% and 76.9%,
respectively, in prediction of advanced disease.

In high AREG group (n=39) there were significantly
more patients with poorly differentiated/mucinous
histological grade, distant metastasis, lymphovascular
invasion, perineural invasion and stage IV/recurrent disease
compared to low AREG group (n=81), P=0.014, P=0.001,
P=0.016, P<0.001 and P=0.003, respectively (7zble 3).

In metastatic disease, there were more patients with
liver and/or peritoneal metastasis in high AREG group
compared to low AREG group as shown in Table 4. All 15
patients with more than one metastatic site had high AREG
(data not shown).

Discussion

In this cross-sectional study, the patients with advanced
CRC had significantly higher serum AREG level than
the patients with early CRC. The high serum AREG was
associated with metastatic disease, higher TNM stage,
poorly differentiated/mucinous histology, lymphovascular
invasion and perineural invasion.

The serum AREG level was significantly higher in
patients with advanced CRC compared to patients with
early CRC. AREG is an EGFR binding ligand secreted by
several cancer cells including CRC cells (4,5,8). Previously,
the overexpression of AREG in primary colorectal cancer
(CRC) associated with liver metastasis was shown in two
retrospective studies (6,9). Kuramochi ez /. also showed
the correlation between the expression of AREG in liver
metastatic tumor and primary CRC (10). In current study,
patients with advanced CRC had significantly higher
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serum AREG levels. To our knowledge, this was the first to
demonstrate serum AREG level associated with advanced
disease. AREG was expressed and secreted by CRC cells
either from primary or metastatic sites, the serum AREG
level was potentially a marker correlated with CRC tumor
burden.

High serum AREG was associated with other poor
prognostic factors in CRC. In current study, it was associated
with higher histologic grade, lymphovascular invasion,
perineural invasion and higher stage. Previous studies of
AREG in CRC depicted that AREG expression in primary
tumor correlated with poor prognostic characteristics
including tumor invasion, and nerve invasion (2,6,7) and
some are predictive marker for liver metastasis (6,9). In 2010,
Li et al. (7) demonstrated significant correlation between
serum AREG level and vascular invasion. However, the
authors did not provide the detail findings of serum AREG
and the statistical analytical method was different to current
study. Our findings supported high serum AREG as a poor
prognostic factor in CRC.

Limitation with sample size and inclusion of all stages,
we were not able to do survival analysis to confirm the
independent prognostic value of serum AREG in CRC.

In summary, patients with advanced CRC had higher
serum AREG level than patients with early CRC. High
serum AREG (>25 pg/mL) was associated with advanced
diseases and poor pathologic factors in CRC. It is
potentially a prognostic marker in CRC.
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Table 3 Association between clinicopathologic factors and serum Table 4 Association between site of metastasis and serum AREG
AREG Site of Serum AREG (%)
Serum AREG (%) metastasis i

Clinicopathologic Low (=25 pg/mL) High (>25 pg/mL)

factor Low High P Liver
(<25 pg/mL) (>25 pg/mL)
Yes 10/81 (12.3) 19/38 (50.0) <0.001
Gender
No 71/81 (87.7) 19/38 (50.0)
Male 41/81 (50.6) 23/39 (59.0) 0.390
Lung
F | 40/81 (49.4 16/39 (41.0
emale (49.4) (41.0 Yes 8/81 (9.9) 7/38 (18.4) 0.19
Site No 73/81 (90.1) 31/38 (81.6)
Colon 39/79 (49.4)  25/38 (65.8) 0.095 Peritoneum
Rectum 40/79 (50.6)  13/38(34.2) Yes 2/81 (2.5) 9/38 (23.7) <0.001
Histological grade No 79/81 (97.5) 29/38 (76.3)
Well/moderate 67/68 (98.5) 26/30 (86.7) 0.014 AREG, amphiregulin.
Poor/mucinous 1/68 (1.5) 4/30 (13.3)
T stage Ethical Statement: The study was approved by the
pT—pT, 56/66 (84.8) 16/21 (76.2) 0.360 institutional review board of the Faculty of Medicine,
Chulalongkorn University (300/56). The informed consents
pT, 10/66 (15.2) 5/21 (23.8) : ,
were obtained from all patients.
N stage
PN, 40/66 (60.6) 9/20 (45.0) 0217 References
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