
Abstract. Background/Aim: The epidermal growth factor
family (EGF) has been suggested to influence the sensitivity
to anti-epidermal growth factor receptor therapy. We
examined the correlation between circulating levels of the
epidermal growth factors amphiregulin and transforming
growth factor-α (TGF-α) and the MET ligand hepatocyte
growth factor and sensitivity to the anti-epidermal growth
factor receptor antibody in colorectal cancer (CRC) patients.
Materials and Methods: Plasma levels of each ligand were
measured by enzyme-linked immunosorbent assay in 51
patients with wild-type KRAS CRC. Results: Patients with
high hepatocyte growth factor (HGF) levels had a
significantly lower disease control rate (DCR) and shorter
median progression-free survival (PFS) and overall survival
(OS) than those with low expression levels. Amphiregulin was
correlated with objective response rate (ORR) but not with
PFS or OS. Cetuximab response and survival were not
associated with TGF-α. Conclusion: Circulating HGF may
help identify CRC patients most likely to benefit from anti-
epidermal growth factor receptor antibody therapy.

Epidermal growth factor receptor (EGFR) over-expression is
observed in many cancers including colorectal cancer (CRC)
and associated with tumor stage and poor prognosis in CRC
(1). EGFR-targeting strategies are crucial in the treatment of
EGFR-over-expressing cancers. EGFR-targeting agents are

broadly categorized into EGFR-tyrosine kinase inhibitors
(EGFR-TKIs) and anti-EGFR monoclonal antibodies (2).
EGFR-TKIs, such as gefitinib and erlotinib, are one of the
standard therapies for patients with non-small cell lung
cancer (NSCLC) harboring EGFR-activating mutations (3).
In contrast to EGFR-TKIs, anti-EGFR monoclonal anti -
bodies, such as cetuximab and panitumumab, have been
proven to provide survival benefit in patients with CRC and
head and neck squamous cell carcinoma (4-7). A previous
pre-clinical study showed that, in some cancers, EGFR is
constitutively activated in an autocrine fashion upon binding
to its ligands, such as amphiregulin and transforming growth
factor (TGF)-α (8). Cancers with constitutively activated
EGFR are sensitive to anti-EGFR therapies, including
monoclonal antibodies and TKIs.

Expression of EGFR ligands has been shown to affect the
response to anti-EGFR therapy. High tumor expression level of
amphiregulin was found to be positively associated with
sensitivity to EGFR-TKI therapy in patients with wild-type
EGFR NSCLC (8). Furthermore, metastatic CRC patients with
high tumor expression levels of the EGFR ligands amphire -
gulin and epiregulin were significantly more sensitive to anti-
EGFR antibody treatment compared to those with low tumor
expression levels of amphiregulin and epiregulin (9, 10). Thus,
EGFR ligands may represent potential biomarkers for
predicting the efficacy of anti-EGFR antibody therapy. 

Several growth factors have also been shown to cause
resistance to TKIs and monoclonal antibodies. The HER3
ligand heregulin has been shown to induce resistance to the
anti-HER2 antibody trastuzumab and the EGFR-targeting
agents cetuximab and gefitinib (11, 12). The EGFR ligand
amphiregulin was found to cause resistance to the anaplastic
lymphoma kinase inhibitor crizotinib in NSCLC (13).
Hepatocyte growth factor (HGF), a MET receptor ligand (14,
15), regulates cell growth, cell motility and morphogenesis
by activating an intracellular signaling cascade upon MET
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binding. Yano et al. reported that HGF induces resistance to
EGFR-TKI therapy in NSCLC harboring EGFR-activating
mutations (16). Circulating HGF levels were found to be
significantly correlated with resistance to EGFR-TKI therapy
in patients with NSCLC (17). Cumulative evidence suggests
that growth factors influence the susceptibility to anti-EGFR
therapy. Therefore, we examined the association of circulating
levels of HGF and the EGFR ligands amphiregulin and TGF-
α with the efficacy of anti-EGFR antibody therapy in patients
with metastatic CRC.

Materials and Methods

Patients and treatment. The study included 51 patients who were
treated for metastatic CRC at Kinki University School of Medicine
between September 2010 and August 2012. Patients had received

FOLFIRI (leucovorin, 5-fluorouracil and irinotecan) or FOLFOX
(leucovorin, 5-fluorouracil and oxaliplatin) as first- or second-line
chemotherapy. Most patients had received bevacizumab combined with
chemotherapy. All patients were anti-EGFR antibody treatment naïve.
Patients were treated with cetuximab plus irinotecan or cetuximab
alone as third-line chemotherapy. Cetuximab was administered every 2
weeks. Unless dosage modification was indicated by the attending
physician, cetuximab was administered at an initial dosage of 400
mg/m2 and then reduced to 250 mg/m2. Irrinotecan was also admini -
stered every 2 weeks. The study was approved by the Institutional
Review Board of Kinki University School of Medicine. Written
informed consent was obtained from all patients. 

Measurement of HGF, amphiregulin and TGF-α plasma
concentrations. Plasma samples were obtained from the 51 CRC
patients prior to anti-EGFR antibody-based therapy. Plasma
concentrations of HGF, amphiregulin and TGF-α were measured
using commercially available enzyme-linked immunosorbent assay
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Table I. Patients’ characteristics.

Parameter Values

Age
Median (range) 62 (41-85)
Sex
Male/Female (%) 32/19 (63/37)
Primary
Colon/Rectum (%) 31/20 (61/39)
ECOG PS
1/2 (%) 46/5 (90/10)
Regimen
Cetuximab/Cetuximab+CPT-11 (%) 11/40 (22/78)
Responses
PR/SD/PD (%) 13/19/19 (25/37/37)

ECOG PS, Eastern Cooperative Oncology Group Performance Status;
PR, partial response; SD, stable disease; PD, progressive disease.

Table II. Patients’ characteristics by serum levels of hepatocyte growth
factor (HGF), amphiregulin and TGF-α.

Parameter HGF Amphiregulin TGF-α median,
median, pg/ml median, pg/ml pg/ml

Age
<70 190 11.5 0
>70 211 11.2 0
Sex
Male 196 11.2 0
Female 207 15.9 0
Primary
Colon 204 8.2 0
Rectum 202 12.1 0
ECOG PS
1 194 9.7 0
2 218 21.8 0
Regimen
Cetuximab+CPT-11 190 8.8 0
Cetuximab 218 21.8 0

ECOG PS, Eastern Cooperative Oncology Group Performance Status;
CPT-11, irinotecan.

Table III. Objective response rate (ORR) and disease control rate (DCR) compared between high and low groups for serum levels of hepatocyte
growth factor (HGF), amphiregulin and TGF-α.

HGF Amphiregulin TGF-alpha

Parameter Total Low High p-Value Low High p-Value Low High p-Value
(n=26) (n=25) (n=25) (n=26) (n=40) (n=11)

PR 13 8 5 3 10 9 4
SD 19 12 7 14 5 16 3
PD 19 6 13 10 9 15 4
ORR 25% 31% 20% 0.523 12% 38% 0.0225 23% 36% 0.4394
DCR 63% 77% 48% 0.04476 68% 58% 1 63% 64% 1

PR, Partial response; SD, stable disease; PD, progressive disease; ORR,objective response rate; DCR, disease control rate.



(ELISA) kits (HGF ELISA Kit, Otsuka Pharmaceutical Co., Tokyo,
Japan and human Amphiregulin and TGF-α Quantikine ELISA Kits,
R&D Systems, Minneapolis, MN, USA) according to the
manufacturers’ instructions. Briefly, a 96-well microplate was
coated with the capture antibody. The plate was washed and samples
and standards were added. The plates were washed and detection
antibody was added. After addition of the chromogen, color
intensity was measured at 450 nm using a spectrophotometric plate
reader. HGF, amphiregulin and TGF-α concentrations were
determined by comparing to the standard curve.

Assessment of cetuximab efficacy. The objective response to
cetuximab treatment was evaluated according to the Response
Evaluation Criteria in Solid Tumors, ver. 1.1. Tumor response was
evaluated every 2 to 3 months using computed tomography.
Progression-free survival (PFS) was defined as the interval from
initiation of anti-EGFR therapy to tumor progression or death
without evidence of progression. Overall survival (OS) was defined
as the interval from initiation of anti-EGFR therapy to death.

Statistical analyses. Differences in the distribution of variables were
evaluated using the Fisher’s exact test. PFS and OS analyses were
performed using Cox proportional hazards models. All statistical
analyses were performed using the StatView v.5.01 software (SAS
Institute, Cary, NC, USA). All statistical tests were two-sided and a
p-value<0.05 was considered statistically significant. Data were
graphically displayed using GraphPad Prism v.5.0 for Windows
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

Patients’ characteristics. The characteristics of the 51 patients
with metastatic CRC are shown in Table I. All patients had
wild-type KRAS. Most patients were treated with cetuximab
plus irrinotecan as third-line chemo therapy; however, 11
patients were treated with cetuximab-alone because of poor
general condition or fluid retention. Thirteen patients
achieved a partial response to cetuximab-based therapy and,
thus, the overall response rate was 25%. Nineteen patients
had stable disease for more than 8 weeks and 19 patients had
short-term disease progression. The overall disease control
rate (DCR) was 63%. Median PFS and OS were 141 days and
215 days, respectively. All patients discontinued treatment
because of disease progression except for two patients who
are still being treated. None of the patients discontinued
treatment because of toxicity. 

Circulating HGF, amphiregulin and TGF-α levels. HGF,
amphiregulin and TGF-α plasma concentrations in patients
with metastatic CRC are shown in Figure 1. Median circulating
levels of HGF, amphiregulin and TGF-α were 204 pg/ml
(range=71-298 pg/ml), 11.2 pg/ml (range=0-327 pg/ml) and 0
pg/ml (range=0-41.1 pg/ml), respectively. TGF-α was detected
in only approximately 20% of patients, whereas HGF and
amphiregulin were detected in all patients. Interactions among
HGF, amphiregulin and TGF-α levels were not observed. HGF,
amphiregulin and TGF-α expression levels were not correlated
with patients’ chara cteristics including, sex, age, primary site,
performance status and treatment regimen (Table II). 

Association of circulating HGF, amphiregulin and TGF-α
levels with cetuximab response. Next, we evaluated the
association of HGF, amphiregulin and TGF-α plasma levels
with anti-EGFR antibody response (Figure 2). Although
mean circulating HGF and TGF-α levels tended to be higher
in non-responders than in responders, these differences were
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Figure 1. Circulating HGF, amphiregulin and TGF-α levels in 51 patients
with CRC. HGF, amphiregulin and TGF-α plasma levels were measured
by ELISA. x-axis, patients. y-axis, concentration of growth factors. HGF:
Hepatocyte growth factor, TGF-α: transforming growth factor-α, ELISA:
enzyme-linked immunosorbent assay, CRC: colorectal cancer.



not significant. (174.4 vs. 196.3 pg/ml and 6.4 vs. 1.8 pg/ml,
respectively). The mean circulating amphiregulin was
significantly higher in responders compared with non-
responders (85.8 vs. 31.9 pg/ml; p=0.042). 

To further evaluate the effect of circulating HGF,
amphiregulin and TGF-α levels on cetuximab response,
patients were divided into high and low expression groups
using the median values as cut-off points (HGF, 204 pg/ml;
amphiregulin, 11.2 pg/ml; TGF-α, 0 pg/ml). Twenty-five and
26 patients were classified into the low and high HGF
expression groups, 26 and 25 patients into the high and low
amphiregulin expression groups and 11 and 40 patients into
the high and low-TGF-α expression groups, respectively.
Objective response rates (ORRs) and DCRs were compared
between the high and low expression groups. The ORR was
significantly higher in the high-amphiregulin expression group
than in the low-amphiregulin expression group (12 vs. 38%;
p=0.0225) (Table III). In contrast to amphiregulin, ORR was
not significantly different between the high and low HGF and
TGF-α expression groups. The high HGF expression group
had a significantly lower DCR compared to the low HGF
expression group (77 vs. 48%; p=0.0448). In contrast to HGF,
DCR was not significantly different between the high and low
amphiregulin and TGF-α expression groups.

Association of circulating HGF, amphiregulin and TGF-α levels
with survival. Next, we evaluated the effect of circulating HGF,
amphiregulin and TGF-α levels on PFS and OS. Circulating
HGF level was significantly correlated with PFS. Patients with
high HGF expression had significantly shorter median PFS
compared to patients with low HGF expression (161 vs. 76
days; hazard ratio (HR)=2.118, 95% confidence interval (CI)

1.551-2.686), p=0.0327). Circulating amphire gulin and TGF-α
levels were not significantly correla ted with PFS in patients
treated with cetuximab. The median PFS was 168 days and 105
days in the high- and low-amphire gulin expression groups
(HR=1.567, 95% CI=0.8644-2.840, p=0.1389) and 119 days
and 141 days in the high and low TGF-α expression groups
(HR=1.036, 95% CI=0.5198-2.064, p=0.9204), respectively. 
Circulating HGF level was significantly correlated with OS.

The high HGF expression group had a significantly shorter
median OS compared with the low HGF expression group
(166 vs. 371 days; HR=0.3325, 95% CI=0.1609-0.6873),
p=0.003). Circulating amphiregulin and TGF-α levels were
not significantly correlated with OS in patients treated with
cetuximab. The median OS was 345 days and 200 days in
the high- and low-amphiregulin expression groups
(HR=1.154, 95% CI=0.5748-2.317, p=0.6869) and 317 days
and 214 days in the high and low TGF-α expression groups
(HR=1.075, 95% CI=0.4656-2.483, p=0.8653), respectively.

Discussion

Biomarkers predictive of response to anticancer agents are
important in identifying patients who will benefit from
treatment. Previous studies have revealed that genomic
alterations in tyrosine kinase receptors, such as EGFR and
HER2, and their downstream kinases, such as KRAS and
BRAF, are correlated with the efficacy of molecular-targeted
agents and, therefore, have practical application as biomarkers
(18-20). Furthermore, cumulative pre-clinical and clinical
evidence suggests that growth factors can also influence the
sensitivity or tolerance to kinase inhibitors and, thus, serve as
potential biomarkers (11, 12, 21). Although our study was
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Figure 2. Circulating HGF, amphiregulin and TGF-α levels in cetuximab responders and non-responders. HGF, amphiregulin, and TGF-α plasma
levels were determined in cetuximab responders (n=13) and non-responders (n=38) using ELISA. Circulating amphiregulin level was significantly
higher in responders than in non-responders (unpaired t-test, p=0.042). HGF: hepatocyte growth factor, TGF-α: transforming growth factor-α,
ELISA: enzyme-linked immunosorbent assay.



limited by its small sample size and retrospective nature, we
found that circulating HGF level is significantly correlated
with tolerance to anti-EGFR therapy in patients with
metastatic CRC. Our findings are consistent with those of a
previous report by Takahashi et al. demonstrating the
association of serum HGF level with shortened PFS and OS
in metastatic CRC patients receiving anti-EGFR antibody
treatment (22). Taken together, our study and the Takahashi et
al. study indicate that circulating HGF may be a potential
biomarker for predicting tolerance to anti-EGFR antibody
therapy with cetuximab in CRC. We are currently conducting
an ongoing prospective study to examine the effect of

circulating HGF on survival in metastatic CRC patients treated
with the anti-EGFR antibody panitumumab. Furthermore,
other studies have reported that circulating HGF level is
significantly correlated with poor pro gnosis in NSCLC
patients harboring EGFR-activating muta tions and melanoma
patients harboring BRAF mutations who were treated with the
EGFR-TKI gefitinib and the BRAF inhibitor vemurafenib,
respectively (17, 21). This cumulative evidence implies that
circulating HGF might be associated with resistance to a broad
spectrum of kinase inhibitors in various types of cancer. 

In the present study, we could not elucidate the
mechanism by which HGF induces resistance to anti-EGFR
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Figure 3. Kaplan-Meier PFS curves in high and low HGF, amphiregulin and TGF-α expression groups. Plasma levels of HGF, amphiregulin, and
TGF-α were measured by ELISA. Patients were divided into high and low amphiregulin, TGF-α and HGF expression groups using the median values
as cut-off points. A. High and low HGF expression groups: Median PFS was 76 days and 161 days in the high and low HGF expression groups,
respectively (HR=2.118, 95% CI=1.551-2.686, p=0.0327). B. High and low amphiregulin expression groups: Median PFS was 168 days and 105
days in the high and low amphiregulin expression groups, respectively (HR=2.190, 95% CI=0.05738-1.193, p=0.1389). C. High and low TGF-α
expression groups: Median PFS was 119 days and 141 days in the high and low TGF-α expression groups, respectively (HR=1.185, 95% CI=0.6747-
1.695, p=0.9204). HGF: Hepatocyte growth factor, TGF-α: transforming growth factor-α, ELISA: enzyme-linked immunosorbent assay, PFS:
progression-free survival.

Figure 4. Kaplan-Meier OS curves in the high and low HGF, amphiregulin and TGF-α expression groups. Plasma levels of HGF, amphiregulin and
TGF-α were measured by ELISA. Patients were divided into high and low HGF, amphiregulin and TGF-α expression groups using the median values
as cut-off points. A. High and low HGF expression groups: Median OS was 166 and 371 days in the high and low HGF expression groups, respectively
(HR=2.235, 95% CI 1.737-2.732, p=0.0030). B. High and low amphiregulin expression groups: Median OS was 345 days and 200 days in the high
and low amphiregulin expression groups, respectively (HR=0.5797, 95% CI 0.07446-1.085, p=0.6869). C. High and low TGF-α expression groups:
Median OS was 317 days and 214 days in the high and low TGF-α expression groups, respectively (HR=0.6751, 95% CI 0.2240-1.126, p=0.8653 ).
HGF: Hepatocyte growth factor, TGF-α: transforming growth factor-α, ELISA: enzyme-linked immunosorbent assay, OS: overall survival. 



antibody therapy. Liska et al. reported that HGF-induced
MET activation and accompanying mitogen-activated protein
kinase and AKT signaling reactivation were associated with
resistance to anti-EGFR antibody treatment in CRC cells
(23). MET is broadly expressed in CRC (24); however, we
did not evaluate MET expression and activation in CRC in
our study. Furthermore, MET has been shown to be activated
by genomic amplification. Thus, MET may induce resistance
to anti-EGFR antibody treatment independent of HGF (25).
MET amplification is rarely observed in CRC but appears
after acquired resistance to anti-EGFR antibody treatment in
CRC patients (25). Taken together, these findings suggest
that circulating HGF might activate MET and its downstream
signaling in cancer cells, thus promoting cancer cell survival
and proliferation despite anti-EGFR antibody treatment. 

In the present study, CRC patients with HGF over-
expression had a significantly shorter OS. The reduced OS
could be explained by HGF-mediated resistance to anti-
EGFR antibody therapy. However, HGF might also have a
negative prognostic effect independent of anti-EGFR
antibody resis tance. Previous studies have shown that HGF
expression level is associated with poor prognosis in CRC
(26). Circulating HGF might represent a potential target to
overcome anti-EGFR antibody resistance and improve
prognosis in CRC patients. A recent report demonstrated
that the anti-HGF monoclonal antibodies rilotumumab plus
panitu mumab improve ORR in patients with wild-type
KRAS metastatic CRC compared to panitumumab plus
placebo (27). Furthermore, MET inhibitors could potentially
be effective in blocking HGF-dependent MET activation in
CRC patients with high circulating HGF levels. 

In the present study, patients responsive to anti-EGFR
antibody therapy had significantly higher circulating levels of
amphiregulin. However, amphiregulin was not significantly
correlated with PFS or OS. Our previous in vitro study showed
that amphiregulin protein levels in culture medium is
significantly correlated with sensitivity to cetuximab in cancer
cell lines (8). Furthermore, a modest correlation between
amphiregulin protein level by ELISA and amphiregulin (AR)
mRNA level by quantitative polymerase chain reaction was
observed. However, in the present study, we did not determine
the correlation between circulating levels of amphiregulin and
tumor expression of AR mRNA. Thus, the absence of a
survival benefit might be explained by a lack of correlation
between serum and tumor expression levels of amphiregulin. 
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