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Abstract

AIM
To develop predictive markers in blood for colorectal
cancer liver metastasis.

METHODS

Twenty colorectal cancer patients were selected and
divided into two groups. Group A consisted of 10
patients whose pathological TNM stage was IIC (T3-
4N2MO0), while another 10 patients with synchronous
liver metastasis (TNM stage V) were recruited for group
B. During the surgical procedure, a 10-mL drainage
vein (DV) blood sample was obtained from the DV of
the tumor-bearing segment prior to the ligation of the
DV. At the same time, a 10-mL peripheral vein (PV)
blood sample was collected via peripheral venipuncture.
The serum levels of 24 molecules that are potentially
involved in the mechanism of liver metastasis in
both DV blood and PV blood were analyzed by using
high-throughput enzyme-linked immunosorbent assay
technology.

RESULTS
Univariate analysis revealed that platelet-derived
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growth factor AA (PDGFAA) in DV blood (dPDGFAA)
(P = 0.001), PDGFAA in PV blood (pPDGFAA) (P =
0.007), and human epidermal growth factor receptor-2
in PV blood (pHER2) (P = 0.001), pMMP7 (P =
0.028), pRANTES (P = 0.013), and pEGF (P = 0.007)
were significantly correlated with synchronous liver
metastasis. Multivariate analysis identified dPDGFAA
(HR = 1.001, 2 = 0.033) and pHER2 (HR = 1.003,
P = 0.019) as independent predictive factors for
synchronous liver metastasis. Besides, high peripheral
HER2 level may also be a risk factor for metachronous
liver metastasis, although the difference did not
reach statistical significance (P = 0.06). Significant
correlations were found between paired DV and PV
blood levels for PDGFAA (r = 0.794, P < 0.001), but
not for HER2 (r = 0.189, P = 0.424).

CONCLUSION

PDGFAA in tumor drainage and HER2 in PV blood
may be useful predictive factors for synchronous liver
metastasis of colorectal cancer.

Key words: Platelet-derived growth factor AA; Human
epidermal growth factor receptor-2; Colorectal cancer;
Liver metastasis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the serum levels of most
commonly studied tumor growth factors that are known
to be associated with the mechanism of liver metastasis
not only in peripheral vein (PV) blood but also in tumor
drainage vein (DV) blood. To our knowledge, this is
one of few studies taking DV blood into analysis and
comparing the differences in serum molecules between
PV blood and DV blood. We found that platelet-
derived growth factor AA in tumor drainage and human
epidermal growth factor receptor 2 in PV blood may
be useful predictive factors for synchronous liver
metastasis of colorectal cancer.
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INTRODUCTION

Liver metastasis occurs in almost 50% of patients with
colorectal cancer and it is the leading cause of death
from colorectal cancer™!. Thus, developing useful
predictive markers for screening patients at high risk
for liver metastasis is of prime importance. Although
many studies have reported predictive factors for
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liver metastasis’®™!, the fundamental pathogenesis
remains unclear. The majority of previous studies
mainly focused on clinicopathologic characteristics and
features in tumor tissue specimens.

Several studies have revealed that circulating
factors constitute significant predictors of metastasis
in patients with colorectal cancer®*®. However, the
prognostic value of factors in blood, especially in tumor
drainage vein (DV) blood, has received relatively
little attention. Theoretically, factors produced by the
primary tumor must first go through the metabolism
or undergo breakdown in the liver, lungs, and other
organs before they can reach the peripheral veins (PV).
Therefore, the levels of factors in a tumor DV could
provide more accurate information about the primary
tumor than assessments performed using PV blood.

This study was undertaken to develop predictive
markers in blood for liver metastasis and improve our
understanding of its prognosis. We investigated the
serum levels of the most commonly studied tumor
growth factors that are known to be associated with
the mechanism of liver metastasis not only in PV blood
but also in tumor DV blood.

MATERIALS AND METHODS

Patients

This retrospective study was approved by the Ins-
titutional Review Board and written informed consent
was obtained from each patient before the study. The
data of patients who underwent surgery for colorectal
cancer in the Department of Colorectal Surgery, Peking
University Cancer Hospital, from January 2011 to
May 2011 were identified from a surgical database.
Patients pathologically diagnosed with colonic or rectal
adenocarcinoma, with radiologically confirmed non-
metastasis (M0) or synchronous liver metastasis (M1),
were included. Patients with extrahepatic metastasis,
patients who received prior chemotherapy or radio-
therapy, or patients who had a history of cancer within
5 years were excluded from the study.

Twenty patients were selected for the study and
they were divided into two groups. Group A consisted
of 10 patients whose pathological TNM (tumor-node-
metastasis) stage was I C (T3-sN2Mo), while another
10 patients with synchronous liver metastasis (TNM
stagelV) were recruited for group B. The diagnosis
of synchronous liver metastasis was confirmed by
intraoperative biopsy, liver magnetic resonance
imaging, or positron emission tomography (PET)/
computed tomography (CT). Abdominal CT and/or PET
scans ruled out extrahepatic metastasis. The patients
in group A received curative surgery for the primary
colorectal cancer. In group B, nine patients received
surgery for the primary tumor only and one patient
underwent simultaneous liver resection with curative
intent. All of the patients were recommended to receive
postoperative chemotherapy.
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Table 1 Patient clinical and pathological characteristics 7 (%)

Clinical variable Group A Group B P value
(n = 10) (n = 10)
mean age (yr) 68 (41-79) 60 (30-73) 0.150
Male 6 (60) 4 (40) 0.625
pT stage 1.000
pT3 6 (60) 6 (60)
pT4 4 (40) 4 (40)
pN stage 0.168
pNO 0 1 (10)
pN1 0 3 (30)
pN2 4 (40) 6 (60)
Location 1.000
Right colon 4 (40) 4 (40)
Left colon/rectum 6 (60) 6 (60)
Histology differentiation 1.000
Well 2 (20) 2 (20)
Moderately 4 (40) 4 (40)
Poorly /mucinous 4 (40) 4 (40)
Lymphovascular invasion 6 (60) 4 (40) 0.625

Preoperative CEA
(median, range)

1.74 (1.18-11.0)  9.64 (1.12-512.9)  0.017

Quantitative variables are represented as median (range); qualitative
characteristics are represented as 1 (%). CEA: Carcinoembryonic antigen.

Follow-up

Patients were followed every 3 mo during the first 2
years, and every 6 mo thereafter in the outpatient
clinic. At each follow-up, physical examination, detection
of serum tumor markers, routine blood tests, and
serum chemistry profiling were performed. Proctoscopy,
abdominal ultrasonography, abdomen and pelvis CT,
and chest radiography were performed every 6-12
mo. The primary endpoints were metastasis and local
recurrence.

Selection of candidate molecules

We searched PubMed using the following keywords:
colorectal adenocarcinoma, liver metastasis, and
tumor growth factor. Then we reviewed the published
relevant articles and selected molecules that could
be detected in serum and that could be analyzed
by enzyme-linked immunosorbent assay (ELISA)
with commercially available antibodies. Twenty-
four molecules that are potentially involved in the
mechanism of liver metastasis were identified for
further investigation, including fibroblast growth
factor-b, hepatocyte growth factor, platelet-derived
growth factor-BB (PDGFBB), vascular endothelial
growth factor (VEGF), matrix metalloproteinase 2,
VEGFD, CD30, myeloperoxidase, total plasminogen
activator inhibitor 1, regulated on activation normal
T cell expressed and secreted (RANTES), Resistin,
tissue inhibitor of metalloproteinase (TIMP) 1, TIMP2,
vascular cell adhesion molecule 1, epidermal growth
factor (EGF), intercellular adhesion molecule 3,
platelet-derived growth factor AA (PDGFAA), P-selectin,
E-cadherin, osteopontin, MMP9, human epidermal
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growth factor receptor 2 (HER2), and MMP7.

Blood sample collection and ELISA

Once the peritoneal cavity was opened, a 10-mL DV
blood sample was obtained from the DV of the tumor-
bearing segment prior to the ligation of the DV and
removal of the tumor. While sampling the DV blood, a
10-mL PV blood sample was collected via peripheral
venipuncture by a circuit nurse. Blood samples were
instantly centrifuged and serum and cells were stored
separately at -80 °C for later analysis. Measurement
of serum levels of all 24 molecules was conducted by
ELISA using commercially available kits (LightArray
Biotech Co., Ltd) according to the manufacturer’s
instructions.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Mac, Version 20.0 (Armonk, New York:
IBM Corp.). For continuous covariates, means were
compared by the Student’s t-test, while nonparametric
data were assessed by the Mann-Whitney U test
(GraphPad Software Prism 5). Categorical variables
were analyzed by the Pearson chi-squared or Fisher’s
exact test, when appropriate. Variables with a P value
less than 0.2 during univariate analysis were selected
for multivariate analysis using a logistic regression
model. Correlations of factor levels in tumor drainage
and in PV blood were performed by the Spearman rank
correlation analysis. All hypothesis tests were two-
sided, with a P value less than 0.05 and 0.1 considered
statistically significant in univariate and multivariate
analysis, respectively.

RESULTS

Patient characteristics

The median follow-up period of the patients was 40
mo (range, 38-42 mo), with no patients lost to follow-
up. The clinical and pathological characteristics were
comparable between the two groups (Table 1). The
median age of group A (68 years) was higher than
that of group B (60 years), but the difference was not
statistically significant (P = 0.150). In both groups A
and B, 60% of the patients had pT3 disease, and the
remaining 40% had pT4. All patients in group A had
pN2, while 60% of patients in group B had pN2, but
the difference did not reach statistical significance (P
= 0.168). Location and histological differentiation of
the tumor were not different between groups A and B.
The preoperative CEA level was significantly higher in
group B (1.74 ng/mL vs 9.64 ng/mL, P = 0.017). No
perioperative mortality was reported in either group.
Five patients in group A developed metachronous
distant metastases, but no local recurrence was
observed. One patient in group B who received simul-
taneous liver resection with curative intent developed
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Table 2 Analyses of serum levels of factors between group A and group B in tumor drainage and peripheral veins

Drainage blood

Peripheral blood

Group A (non-metastatic) Group B (metastatic) P value  Group A (non-metastaticy Group B (metastatic) P value
RANTES (ng/mL) 52.61 + 35.37 95.17 +£70.21 0.104 36.34 + 23.64 66.60 + 25.55 0.013
EGF (pg/mL) 150.09 + 70.40 270.67 +163.70 0.053 135.16 + 67.01 289.36 +147.24 0.007
PDGFAA (ng/mL) 2.30+0.80 4.62 +1.60 0.001 2.38+0.85 3.99 +1.46 0.007
HER2 (ng/mL) 2.54 +0.68 2.95+1.02 0.296 2.01+0.55 291 +0.49 0.001
MMP? (ng/mL) 277 +1.47 457+2.70 0.080 2.20+1.08 3.98+2.10 0.028

Values are presented as mean + SD. RANTES: Regulated on activation normal T cell expressed and secreted; EGF: Epidermal growth factor; PDGFAA:
Platelet-derived growth factor AA; HER2: Human epidermal growth factor receptor 2; MMP7: Matrix metalloproteinase 7.

Table 3 Correlation between factor levels in peripheral and
tumor drainage venous blood

Correlation r P value
dPDGFAA-pPDGFAA 0.794 <0.001
dHER2-pHER2 0.189 0.424
dRANTES-pRANTES 0.705 0.001
dEGF-pEGF 0.605 0.005
dMMP7-mMMP7 0.863 <0.001
pEGF-dPDGFAA 0.678 0.001
PEGF-pPDGFAA 0.887 <0.001
PpEGF-pHER2 0.489 0.029
pHER2-pMMP7 0529 0.016

d means factors in drainage vein blood; p means factors in peripheral
vein blood. RANTES: Regulated on activation normal T cell expressed
and secreted; EGF: Epidermal growth factor; PDGFAA: Platelet-derived
growth factor AA; HER2: Human epidermal growth factor receptor 2;
MMP?7: Matrix metalloproteinase 7.

a hepatic recurrence.

Serum levels of factors related to synchronous liver
metastasis
In the PV, serum levels of RANTES (36.34 = 23.64 vs
66.60 £ 25.55, P = 0.013), EGF (135.16 + 67.01 vs
289.36 + 147.24, P = 0.007), PDGFAA (2.38 £+ 0.85
vs 3.99 £+ 1.46, P = 0.007), HER2 (2.01 + 0.55 vs
2.91 £ 0.49, P = 0.001), and MMP7 (2.20 £+ 1.08 vs
3.98 £ 2.10, P = 0.028) in group B were significantly
higher than those in group A. In the DV, only serum
level of PDGFAA in group B was significantly higher
than that in group A (2.30 £+ 0.80 vs 4.62 + 16.00, P
= 0.001) (Table 2). Other clinicopathological factors
were also included in the univariate analysis; however,
no significant difference was found (Figure 1).
Variables with a P-value less than 0.2 in univariate
analysis were selected for multivariate analysis. A
logistic regression model was used to identify factors
associated with synchronous liver metastasis. The
levels of PDGFAA in the DV (HR = 1.001, P = 0.033)
and HER2 (HR = 1.003, P = 0.019) in the PV were
identified as independent predictive factors for
synchronous liver metastasis.

Correlation between factor levels in tumor DV and PV
blood
Factors that showed statistical significance in univariate
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analysis were selected for correlation analysis using
Spearman rank correlation analysis (Table 3). pEGF
level was significantly correlated with the level of
pPDGFAA (r = 0.887, P < 0.001). The levels of
PDGFAA (r = 0.794, P < 0.001) and MMP7 (r = 0.863,
P < 0.001) in tumor DV blood samples were highly
correlated with those in paired PV blood samples. It
was noteworthy that there was a very low correlation
between paired tumor DV and PV blood levels for
HER2 (r = 0.189, P = 0.424).

Factors associated with metachronous liver metastasis

In the subgroup analysis of group A, we investigated
factors correlated with metachronous liver metastasis
by univariate and multivariate analyses; however, no
factor was found to be associated with metachronous
liver metastasis. The patients who developed metachro-
nous metastasis had higher pHER2 levels than those
who did not, but there was no statistical significance
(2.33 ng/mL vs 1.70 ng/mL, P = 0.06).

DISCUSSION

This study is one of few to analyze serum molecules
not only in PV blood but also in DV blood to develop
predictive factors for colorectal cancer liver metastasis.
Group A and group B consisted of patients with
stage I C and stagelV colorectal cancer, respectively.
Except for the TNM stage, other clinicopathological
characteristics were comparable between the two
groups.

There is a great difference in the 5-year overall
survival between stage I C and IV colorectal cancer
(28% vs 5.7% for colon cancer™, and 33.4% vs
6.0% for rectal cancer'™®). Second only to stagelV,
stage I C has the worst prognosis in locally advanced
colorectal cancer. It is notable that although lymph
node metastasis is present in stage IIC cases, the
disease is still confined to the local region rather than
spreads to distant organs. Therefore, we propose the
hypothesis that stage IV tumors may have stronger
capabilities of proliferation, colonization, invasion, and
angiogenesis than stage T C tumors. There might be
some critical factors that trigger the final progression
from locally advanced to systemic metastasis. The
rationale behind this study is that if the difference
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Figure 1 Serum levels of factors in group A and group B in the tumor drainage and peripheral blood. A: RANTES; B: EGF; C: PDGFAA; D: HER2; E: MMP7.
RANTES: Regulated on activation normal T cell expressed and secreted; EGF: Epidermal growth factor; PDGFAA: Platelet-derived growth factor AA; HER2: Human

epidermal growth factor receptor 2; MMP7: Matrix metalloproteinase 7.

between TIC and IV can be identified, we may possibly
clarify the underlying mechanism of colorectal cancer
liver metastasis.

Many studies have investigated the molecules not
only in PV blood, but also in tumor DV blood, and
the relationship between recurrence or metastasis
of colorectal cancer and those molecules has been
explored. Tien et al® postulated that if the primary
colorectal tumor is the exclusive or major source
of tumor growth factors, the levels of serum tumor
growth factors should be higher in tumor DV blood
than in PV blood, and there should be a good
correlation for the levels of all tumor growth factors
between paired tumor DV and PV blood. After entering
the circulation, molecules that are expressed and
secreted by the primary tumor may be metabolized
and broken down by the liver, lungs, or other organs
before they reach the PV.

These authors!® investigated the relationship
between tumor stage and disease recurrence with
the level of angiogenic factors in both the DV and
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PV in patients with colon cancer. The results showed
that the level of VEGF in the tumor DV blood was an
independent predictor of disease recurrence. A previous
study by Min et al*® demonstrated that colon cancer
patients with high levels of VEGF and TIMP-1 in the
DV had a high risk of metachronous liver metastasis
and hepatic recurrence following the resection of
synchronous liver metastasis.

The results of the present study have shown that
the elevated levels of PDGFAA detected in the DV
blood of the primary tumor, and HER2 in the PV blood,
were significantly correlated with synchronous liver
metastasis. Moreover, high peripheral HER2 level may
also be a risk factor for metachronous liver metastasis,
although the difference did not reach statistical
significance (P = 0.06).

Platelet-derived growth factor (PDGF) is one
of the numerous growth factors that regulate cell
growth and division. In chemical terms, PDGF is a
dimeric glycoprotein composed of two A (PDGFAA)
or two B (PDGFBB) chains or a combination of the
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two (PDGFAB). In particular, it plays a significant
role in angiogenesis and its overexpression leads to
uncontrolled angiogenesis in the majority of solid
organ cancers!'®*®, Several studies have shown that
PDGF expression in tumor tissue is correlated with a
poor prognosis of colorectal cancer”®, However, there
are few reports studying the relationship between
serum PDGFAA levels and prognosis in colorectal
cancer. Inang et a'” assessed the serum levels and
prognostic role of tumor growth and angiogenic factors
in patients with metastatic colorectal cancer treated
with chemotherapy. These authors found that PDGFAA
was significantly decreased in both patients with a
partial response and stable disease.

HER2 (ErbB2) has been shown to play a role in
the tumor growth process and it is an established
therapeutic target in breast™®*"! and gastric cancers®®?*,
Nevertheless, the role of HER2 in colorectal cancer
remains unclear, because conflicting data on the
prevalence of HER2 expression have been re-
ported®7%, Park et al®® reported that 47.4% of
patients with colorectal cancer were determined by
immunohistochemistry to overexpress HER2. Patients
with tumors with HER2 overexpression had a higher
postoperative recurrence rate (39.3% vs 14.6%,
P = 0.013), and its overexpression was associated
with poorer 5-year survival rates (55.1% vs 78.3%,
P < 0.05). However, the authors of the EXPERT-C
trial reported that only 4.3% of patients had HER2
overexpression, and HER2 does not appear to
represent a useful therapeutic target in high-risk rectal
cancer®. Our previous study™ showed that HER2
was overexpressed in 15% of rectal cancer patients
who received neoadjuvant radiotherapy. Moreover,
HER2 overexpression could be a predictive biomarker
of distant metastasis in rectal cancer patients
after preoperative radiotherapy. A recent study™”
assessed HER2-amplification/overexpression in 1914
stages I -IlandIV CRC patients. The result showed
that HER2 was not associated with overall survival or
progression free survival. A higher proportion of HER2-
overexpressing cases experienced recurrence, but the
difference was not significant. Fusco et a/*® considered
that HER2 status should be assessed as a putative
biomarker of resistance to anti-EGFR therapy in KRAS
wild-type patients.

In the correlation analysis, we found significant
correlations between paired distal vein and PV blood
levels for PDGFAA (r = 0.794, P < 0.001), but not
for HER2 (r = 0.189, P = 0.424). These findings
indicate that the primary tumor was the dominate
source of PDGFAA. PDGFAA levels in tumor DV blood
provided better prognostic information than those
in PV blood. On the other hand, there may be some
additional sources producing HER2 outside the primary
tumor, perhaps the metastatic tumors in the liver,
and therefore the HER2 level detected in the distal
vein cannot faithfully reflect the characteristics of the
tumor. In addition, a significant correlation was noted
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between pEGF and pPDGFAA levels, which indicated
that EGF and PDGFAA have an interaction effect in the
development of colorectal cancer liver metastasis.

Limitations

The limitations of this study are obvious. The study
only enrolled a small series of patients and these
results require validation. Variations of the mesentery
vein are very common, and exposure of the vein needs
well-developed surgical skills. Blood from the tumor
DV is difficult to obtain, and requires more effort than
that from the PV. It is impossible to draw DV blood in
non-surgical patients.

In conclusion, the present study analyzed the
serum levels of 24 commonly studied tumor growth
factors in both tumor drainage and PV blood from
patients with colorectal cancer by using high-
throughput ELISA technology. We found that PDGFAA
in tumor drainage and HER2 in PV blood may be useful
predictive factors for synchronous liver metastasis.
PDGFAA levels in tumor DV blood provided better
prognostic information than those in PV blood. On
the contrary, HER2 levels in PV blood reflected tumor
characteristics more accurately than those in tumor DV
blood.

COMMENTS

Background

Liver metastasis occurs in almost 50% of patients with colorectal cancer and
it is the leading cause of death. Developing useful predictive markers for
screening patients at high risk for liver metastasis may optimize our therapy
strategy. Previous studies mainly involved clinicopathologic characteristics and
factors in tumor tissue specimens, however, the fundamental pathogenesis
remains unclear.

Research frontiers

Several studies have revealed that circulating factors constitute significant
predictors of metastasis for patients with colorectal cancer. However, the
prognostic value of factors in blood, especially in drainage venous (DV) blood,
has received relatively little attention.

Innovations and breakthroughs

The authors investigated the serum levels of most commonly studied tumor
growth factors that are known to be associated with the mechanism of liver
metastasis not only in peripheral venous (PV) blood but also in tumor DV blood.
To our knowledge, this is one of few studies taking DV blood into analysis and
comparing the differences of serum molecules between PV blood and DV
blood.

Applications

The present study provides us with a new angle of predicting liver metastasis
of colorectal cancer. Platelet-derived growth factor AA (PDGFAA) in tumor
drainage and human epidermal growth factor receptor 2 (HER2) in PV blood
may constitute useful predictive factors for synchronous liver metastasis.
PDGFAA levels in tumor DV blood provided better prognostic information
than those in PV blood, while HER2 levels in PV blood reflected tumor
characteristics more accurately than those in tumor DV blood.

Terminology
Platelet-derived growth factor (PDGF) plays a significant role in blood vessel
formation, the growth of blood vessels from already-existing blood vessel tissue.
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Uncontrolled angiogenesis is a characteristic of cancer. PDGF is a dimeric
glycoprotein composed of two A (-AA) or two B (-BB) chains or a combination
of the two (-AB). HER2 is a member of the human epidermal growth factor
receptor (HER/EGFR/ERBB) family. Amplification or overexpression of this
oncogene has been shown to play an important role in the development and
progression of certain aggressive types of cancer.

Peer-review

This is an interesting manuscript about the predictors of colorectal cancer
liver metastasis. In this study, twenty patients were selected for the study and
they were divided into two groups. The serum levels of 24 molecules that are
potentially involved in the mechanism of liver metastasis in both DV blood
and PV blood were analyzed by using enzyme-linked immunosorbent assay
technology.
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