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Impact of EGFR and EGFR ligand expression on treatment
response in patients with metastatic colorectal cancer
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Abstract. Up to 50% of patients with colorectal cancer (CRC)
have either synchronous or metachronous hepatic metas-
tases in the course of their disease. Patients with metastatic
CRC (mCRC) whose tumors express wild-type KRAS
benefit from treatment with monoclonal antibodies (such
as cetuximab or panitumumab) that target the epidermal
growth factor receptor (EGFR). However, the therapeutic
response to these antibodies is variable, and further predic-
tive models are required. The present study examined whether
expression of different EGFRs or their ligands in tumors
was associated with the response to cetuximab treatment.
Tumor tissues, collected during liver resection in 28 patients
with mCRC, were analyzed. The protein expression levels of
EGFR/ErbB1, ErbB2, ErbB3 and the EGFR ligands heregulin
and amphiregulin were determined using Luminex 200® and
enzyme-linked immunosorbent assays. Computed tomography
or magnetic resonance imaging was performed 4 weeks before
and 6-8 weeks after treatment with cetuximab. Response to
treatment was assessed using the response evaluation criteria
for solid tumors (RECIST). The association between the
protein expression levels of different EGFRs and their ligands
with RECIST criteria was then analyzed to determine whether
these protein levels could predict the treatment response to
cetuximab. A total of 12 patients exhibited a partial response,
9 exhibited stable disease and 7 exhibited progressive disease
after cetuximab therapy according to RECIST. The expression
levels of EGFRs (EGFR/ErbB1, ErbB2 and ErbB3) and their
ligands (heregulin and amphiregulin) were not significantly
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associated with the response to cetuximab therapy. Therefore,
the present study indicated that EGFR or EGFR ligand expres-
sion did not predict treatment response in patients with CRC
with liver metastases following cetuximab therapy.

Introduction

Colorectal cancer (CRC) is one of the most common types
of cancer worldwide, with up to 50% of patients developing
either synchronous or metachronous liver metastases (1).
Approximately 50% of the metastasized CRCs have mutations
in KRAS and NRAS (2). Patients with distant metastases
can be treated with combination chemotherapy, such as
folinic acid, 5-FU and oxaliplatin (FOLFOX) or folinic acid,
5-FU and irinotecan (FOLFIRI). Treatment of metastatic
CRC (mCRC) is influenced by a variety of variables like
tumor side, microsatellite status and genetic alterations (3).
In addition, depending on the tumor's mutational status,
epidermal growth factor receptor (EGFR) or vascular endo-
thelial growth factor (VEGF) inhibitors can reduce disease
progression (4, 5). Bevacizumab represents an anti-angiogenic
recombinant humanized monoclonal antibody against
VEGF-A (6). It induces vascular regression leading to intra-
tumoral hypoxia (7). Its usage is approved for mCRC patients
as first and second line therapy (8). Moreover, an improved
outcome in mCRC patients has been demonstrated (9).

The EGFR family comprises different receptor isoforms,
including EGFR/ErbB1, ErbB2/Her2, ErbB3/Her3, and
ErbB4/Her4 (10). EGFR ligands, such as EGF, heregulin,
amphiregulin, and TGF-a, bind to EGFR and activate
downstream signaling pathways, including the phosphatidylino-
sitol 3-kinase/AKT (PI3K/AKT),RAS/RAF mitogen-activated
protein kinase, extracellular signal regulated kinase, and
Janus kinase/signal transducers and activators of transcription
(JAK/STAT) pathways (11,12). Over-activation of EGFR and
its family members promote cell proliferation, transformation
and metastasis, and inhibit apoptosis; therefore, anti-EGFR
monoclonal antibodies like cetuximab or panitumumab have
been used to reduce the metastatic potential of (4,12,13).
However, only patients whose tumors express wild-type
KRAS benefit from anti-EGFR therapy (14); tumors with de
novo mutations in exons 2, 3 and 4 of the KRAS gene acquire
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resistance to cetuximab (15-17). The BOND-2 study showed
that the objective therapy response rate is 11% for cetuximab
alone and 22% for cetuximab combined with other chemo-
therapy regimens (18,19).

Reliable identification of therapeutic responders and
non-responders is of utmost importance for treatment success.
Until now, high response rates to cetuximab have only been
described in patients with chemorefractory mCRC with
overexpression of epiregulin and amphiregulin in primary
colorectal cancer tissue (20). Biomarkers that can predict
therapeutic success and response would help us to identify
which patients with mCRC would benefit from anti-EGFR
treatment. In this study, we examined whether differences
in EGFR and EGFR ligand protein expression in colorectal
cancer liver metastases correlate with the response to cetux-
imab therapy.

Materials and methods

Patientcharacteristics anddata collection. Twenty-eight patients
who underwent liver resection for metastasized colorectal
cancer between 2005 and 2009 were included in this study.
Tissues collected from liver metastases during liver resection
were stored at -80°C for further use. The study was approved
by the Ethics Committee of the University of Heidelberg
(§-168/2008) and written informed consent was obtained
from each patient. Inclusion criteria were: age >18 years, liver
metastases due to colorectal cancer, postoperative cetuximab
treatment, and computed tomography (CT) or magnetic
resonance imaging (MRI) scans prior to and after cetuximab
treatment. All patients underwent liver resection and received
cetuximab additionally to a combination chemotherapy
regime afterwards. None of the patients received cetuximab
as an induction therapy before surgery. Patient information,
including diagnosis, age, sex, tumor location, primary TNM
classification, tumor grading, resection margin status, KRAS
mutational status, chemotherapy, CT/MRI based response
according to RECIST criteria, and overall survival (time
from diagnosis to death or last follow-up) was obtained for all
patients. Every patient received a CT or MRI scan <4 weeks
before and 6-8 weeks after cetuximab therapy. All patients
who were included in the study had target lesions. We used
the liver metastases as target lesions to evaluate the efficacy
of cetuximab. According to RECIST criteria two liver metas-
tases or one - if only a single liver metastasis existed - were
measured and the sum of the largest diameters was used as
reference value. Single metastasis had a diameter of =10 mm.
For the evaluation of the effect of cetuximab therapy metas-
tases were measured 6-8 weeks after cetuximab therapy.
Therefore, again the sum of the largest diameter was calcu-
lated. If a metastasis was not detectable anymore or to small
it was calculated with 5 mm generalized. If metastases were
confluent and therefore not delimitable anymore, the vector
of the largest diameter was taken for calculation. Compared
with the reference measurement before cetuximab treatment
the following RECIST criteria were used and patients were
divided into three groups: partial response (PR): sum of the
largest diameters =30% less than the reference; progressive
disease (PD): sum of the largest diameter =20% larger than the
reference, increase of the sum of =5 mm and/or new lesions;

stable disease (SD): neither response nor progressive disease
criteria fulfilled (21). RECIST criteria were measured by spiral
CT or MRI with maximum 5-mm sections in our Department
of Radiology. RECIST criteria were assessed using the Picture
Archiving and Communication System (GE Healthcare).
Two CT scans were evaluated for each patient, one before and
one after cetuximab therapy. Patients underwent the same type
of scan (either CT or MRI) before and after cetuximab therapy
for better comparison.

Histopathological assessment. Four-micron sections were
cut from formalin-fixed paraffin-embedded tissue samples.
Sections were stained with hematoxylin-eosin to evaluate
sample quality before further use. Tumor tissue samples
were evaluated by a board-certified pathologist from the
Institute of Pathology, University of Heidelberg, Heidelberg,
Germany.

Tissue preparation. Cells were pulverized using the Covaris
CryoPrep™ system (KBiosciences) and tissue was lysed
using a cell lysis buffer kit (Merrimack Pharmaceuticals, Inc.)
according to the manufacturer's protocol. Total protein
concentration was measured using the Pierce® BCA Protein
Assay Kit (Thermo Fisher Scientific Inc.) and Infinite 200®
PRO Reader (Tecan Group Ltd.). Data were analyzed using
Magellan™ Data Analysis Software (Tecan Group Ltd.). For
each sample, 0.5 pg/ul total protein was used in the assays.

Luminex® based multiplex assay and protein enzyme-linked
immunosorbent assay (ELISA). Tissue lysates were
processed using Procarta™ Transcription Factor Assay
Kits (Panomics/Affymetrix Inc.) according to the manufac-
turer's protocol. The Procarta™ Transcription Factor Assay
Kit was used to analyze EGFR/ErBl1, ErbB2, ErbB3, and
heregulin expression on a Luminex® 200™ reader (Luminex®
Corporation). Amphiregulin (R&D Systems) protein concen-
tration was measured by ELISA using a Tecan Infinite M200
plate reader (Tecan GmbH).

Statistical analysis. Statistical analyses were conducted with
Excel 2010 (Microsoft Corporation) and SPSS version 22
(SPSS, IBM Corporation). The Kruskal-Wallis test was used to
determine differences in EGFR and EGFR ligand expression
between patients with progressive disease, partial response, or
stable disease. Expression data are presented as medians with
interquartile ranges. Pearsons chi-square test was performed
for evaluation of RESCIST criteria vs. KRAS status.
Survival analysis was performed with Kaplan-Meier method.
Statistical differences between subgroups were analysed using
log-rank-test. A P-value <0.05 indicated statistical significance.

Results

Patient characteristics. Twenty-eight patients were included
in this study. Each patient underwent liver resection to
remove colorectal cancer metastases. Mean age at the time
of operation was 52 years. All patients underwent tumor
board evaluation for interdisciplinary discussion of further
treatment. Twenty patients revealed synchronous liver metas-
tases, 8 patients metachronous liver metastases. Two patients



ONCOLOGY LETTERS 21: 448, 2021 3

Table I. Clinicopathological characteristics in patients with
metastatic colorectal cancer (n=28).

Patient characteristics Value
Mean age + SD, years 523 £10.6
Sex, n (%)

Female 7(25.0)

Male 21 (75.0)
Location of tumor, n (%)

Colon 16 (57.1)

Rectum 12 (42.9)
Primary T classification, n (%)

pT2 1 (3.6)

pT3 21(75.0)

pT4 6(214)
Primary N classification, n (%)

pNO 1 (3.6)

pN1 7 (25.0)

pN2 20 (71.4)
Primary M classification, n (%)

pMO 4(14.3)

pM1 24 (85.7)
Primary R status, n (%)

RO 24 (85.7)

R1 3(10.7)

R2 1 (3.6
Primary histopathological grade, n (%)

G2 15 (53.6)

G3 12 (42.8)

NA 1 (3.6)
Chemotherapy regimen, n (%)

FOLFIRI/cetuximab 15 (53.6)

FOLFOX/cetuximab 8 (28.6)

Cetuximab combined with other regimens 5(17.8)
KRAS mutation of liver metastases, n (%)

Mutated 9(32.1)

Wild-type 19 (67.9)
Response after cetuximab therapy, n (%)

Partial response 12 (42.9)

Stable disease 9(32.1)

Progressive disease 7(25.0)

FOLFIRI, folinic acid, 5-fluorouracil and irinotecan; FOLFOX,
folinic acid, 5-fluorouracil and oxaliplatin;NA, not available,
pT, pathological tumor stage; pN, pathological lymph node stage;
pM, pathological metastasis stage; R, resection margin.

received left hemihepatectomy, 6 patients right hemihepa-
tectomy, 18 patients partial liver resection and one patient
received a liver transplantation in the context of another study.
Eight patients (28.6%) received cetuximab in combination
with FOLFOX, 15 (53.6%) in combination with FOLFIRI, and
5 (17.8%) in combination with other drugs. No patient received

cetuximab therapy alone. Mean duration of chemotherapy
was 7.9 months. Based on RECIST criteria, 12 patients
showed a partial response, nine showed stable disease, and
seven showed progressive disease after treatment. All patients
exhibited KRAS wild-type in primary cancer. Comparison of
KRAS status (mutated vs. wild-type) in liver metastases vs.
RECIST criteria (PD vs. SD vs. PR) revealed no significant
difference (P=0.260). Patient characteristics are shown in
detail in Table I.

Protein expression analysis. Expression of EGFR protein in
tumor samples did not significantly correlate with treatment
response to anti-EGFR therapy according to RECIST criteria.
The median EGFR/ErbB1 protein level was 2,278.8 ng/ml
(IQR 1,387.3-4,127.1 ng/ml) and was not different in groups
of patients with partial response, stable disease, or progres-
sive disease. Similarly, tumor protein levels of ErbB2 (median
348.8 ng/ml, IQR 244.1-453.6 ng/ml) and ErbB3 (median
426.5 ng/ml, IQR 292.3-642 .4 ng/ml) did not correlate with
treatment response (Fig. 1A-C).

Expression of EGFR ligands heregulin and amphi-
regulin did not correlate with treatment response to anti-EGF
therapy. The median heregulin protein level was 76.9 ng/ml
(IQR 55-196 ng/ml) and the median amphiregulin protein
level was 2,900.2 ng/ml (IQR 664.8-5,884.6 ng/ml). EGFR
ligand protein expression did not differ between patients
with partial response, stable disease, or progressive disease
(Fig. 2A and B).

Survival analysis. Median overall survival of all patients was
40 months. Overall survival showed no significant difference
between the three RECIST groups: median OAS PR group:
48 months [95% CI, 36-60 months]; median OAS SD group:
30 months [95% CI 22- 38 months]; median OAS PD group:
26 months [95% CI, 11.5-41 months] (P=0.223).

Median progression free survival of all patients was
34 months. Progression free survival showed a significant
difference between the three RECIST groups: median PFS
PR group: 35 months [95% CI, 21-59 months]; median PFS
SD group: 16 months [95% CI, 0-36 months]; median PFS
PD group: 17 months [95% CI, 5-38 months] (P=0.015).
Therefore, we evaluated the differences in progression free
survival between PR vs SD, PR vs PD and SD vs PD. There
was a significant difference in progression free survival
between the PR and the SD group (P=0.006), for PR vs PD
respectively SD vs PD there was no significant difference
in progression free survival (P=0.77 respectively P=0.268)
(Fig. 3).

Discussion

In this study, we determined protein levels of different EGFRs
and EGFR ligands in tumor samples taken from patients with
mCRC. All patients were treated with a combination chemo-
therapy regimen plus cetuximab. Patients were grouped into
three groups based on their treatment response (determined by
RECIST criteria): partial response, stable disease, and progres-
sive disease. We observed no correlation between protein
expression of EGFR and EGFR ligands in tumor tissues and
treatment response.
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Figure 1. Association between protein levels of EGFRs and RECIST after cetuximab therapy. (A) EGFR, (B) ErbB2 and (C) ErbB3. EGFR, epidermal growth
factor receptor; PD, progressive disease; PR, partial response; SD, stable disease; RECIST, response evaluation criteria in solid tumors.
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Figure 2. Association between protein levels of epidermal growth factor receptor ligands and RECIST after cetuximab therapy. (A) Heregulin and (B) amphi-
regulin. PD, progressive disease; PR, partial response; SD, stable disease; RECIST, response evaluation criteria in solid tumors.
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Figure 3. Association between overall survival or progression-free survival with RECIST after cetuximab therapy. (A) Overall survival and (B) progression-free
survival. PD, progressive disease; PR, partial response; SD, stable disease.
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The EGF signaling pathway comprises 13 ligands.
Interactions between the four known EGFRs and their ligands
are remarkably complex. These interactions have been analyzed
using different techniques, including immunohistochemistry,
real-time PCR, fluorescence in situ hybridization (FISH), and
ELISA, which differ in reliability and sensitivity. Consequently,
reported EGFR and EGFR ligand expression rates vary a lot
in colorectal cancer specimens in the published literature.
Differences between RNA and protein expression due to post-
transcriptional alterations should also be considered (22,23).

Approximately 60-85% of primary colorectal cancer
tissues overexpress EGFR (24,25). We expected ErbB1 to
be overexpressed in responding patients, but we observed
no significant associations between ErbBI expression and
treatment response. This finding is in line with the results of
Italiano et al (26). Others have described varying associations
between EGFR expression and response to treatment and/or
survival (27-29).

Several studies have examined EGFR and EGFR ligand
expression and have described associations between these
expression levels and response to cetuximab (20,23,30-51).
However, for the reasons mentioned above, these results are
conflicting. The mRNA expression reported in some studies
may not reflect the expression of corresponding proteins that
would compete with cetuximab for EGFR binding in tumor
cells.

Although anti-EGFR therapy has proven to be beneficial
in KRAS wild-type advanced colorectal cancer (52), results
are contradictory and underlying mechanisms are not fully
understood. Some patients with selected KRAS mutations
have responded to anti-EGFR therapy (53). Possible reasons
could be the heterogeneity of KRAS mutations in different
primary tumors and metastases (22). Furthermore, other
factors may influence the therapeutic response, such as the
percentage of viable tumor cells and the tumor microenviron-
ment, which plays a pivotal role in tumor progression (54). The
FOCUS-4 study has shown that combined inhibition of EGFR,
ErbB2/Her2, and ErbB3/Her3 does not improve the outcome in
patients with advanced colorectal cancer expressing wild-type
KRAS, NRAS, B rat fibrosarcoma, and PIK3CA, so the study
was closed after the first interim analysis (55).

Some limitations of the study have to be named. First
limitation is the small sample size of patients included into
the study. Second the retrospective study design. Third
there might be a bias because of the higher frequency of
male patients in the study, which was a random side effect
because study patients were selected due to their received
chemotherapy regime containing cetuximab regardless their
sex.

Because of some unclear aspects further studies on this
topic are necessary investigating RNA as well as protein level
of EGF receptors and EGFR ligands to assess posttranscrip-
tional differences and to evaluate the varying associations
between EGFR expression and response to treatment and/or
survival. Furthermore, it is needed to examine why selected
KRAS mutations still respond to anti-EGFR therapy and to
assess the influence and heterogeneity of the expressional
differences in the viable tumor cells and the tumor microen-
vironment in order to improve the personalized treatment of
patients with anti-EGF agents.
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