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A b s t r a c t

Epidermal growth factor receptor (EGFR) is
frequently overexpressed in hepatocellular carcinoma,
but its relationship with EGFR gene copy number has
not been studied. This study examined EGFR expression
and gene copy number in hepatocellular carcinoma and
evaluated their relationship to clinicopathologic
features in 76 tumors. Moderate to strong expression of
EGFR was observed by immunohistochemical analysis
in 50 (66%) of 76 hepatocellular carcinomas.
Fluorescence in situ hybridization (FISH) showed extra
EGFR gene copies in 17 (45%) of 38 tumors. This was
accompanied by gains of chromosome 7, indicating that
this was the result of balanced polysomy rather than
gene amplification. There was no correlation between
EGFR expression by immunohistochemical analysis
and gene copy number by FISH. EGFR expression
showed borderline association with cirrhosis but not
with other clinicopathologic parameters examined.
EGFR overexpression is present in a majority of
hepatocellular carcinomas, suggesting a role for 
EGFR antagonists in therapy. The increased expression
does not correlate with an increase in the EGFR gene
copy number.

Hepatocellular carcinoma (HCC) is a leading cause of
death, being the fifth most common cancer in the world. Its
incidence is increasing rapidly in the United States, possibly
due to hepatitis C viral infection, and this trend is expected to
continue in the near future.1 HCC recurrence following surgi-
cal resection is a major problem in management, and
chemotherapy and radiation are ineffective.2 Other modes of
therapies need to be explored to improve patient survival.

Overexpression of epidermal growth factor receptor
(EGFR) has been observed in around 40% to 70% of conven-
tional HCCs in most studies.3-6 A few reports have shown high
expression in the tumor vasculature.7,8 Small-molecule (EGFR)
tyrosine kinase inhibitors (EGFR TKIs) and anti-EGFR anti-
bodies have shown promise in treating some epithelial tumors.9

Gefitinib, an EGFR TKI, has been approved by the US Food
and Drug Administration for the treatment of non–small cell
lung cancer, and cetuximab, a monoclonal antibody that inhibits
the binding of certain ligands to the ectodomain of EGFR, has
been approved for colorectal carcinoma.9,10 The efficacy of
EGFR antagonists against HCC has been demonstrated in cell
lines11 and animal models.12 Gefitinib can inhibit growth and
intrahepatic metastasis of implanted murine HCC.13 The bene-
fits of erlotinib, another EGFR TKI, have been demonstrated in
phase 2 trials in advanced HCC.14

However, little is known about EGFR gene copy number
in HCC and its relationship to EGFR expression by immuno-
histochemical analysis. We have previously shown that 92%
of fibrolamellar HCCs strongly express EGFR on their cell
membranes and exhibit a corresponding increase in EGFR
gene copy number owing to balanced polysomy of chromo-
some 7.15 In the present study, we assessed EGFR expression by
immunohistochemical analysis and EGFR gene copy number
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by fluorescence in situ hybridization (FISH) in conventional
HCC. We also examined the relationship of EGFR status with
clinical and pathologic parameters.

Materials and Methods

Tissue Specimens

Following approval of the study by the institutional com-
mittees on human research, 76 cases of conventional HCC
(primary and/or metastatic from 74 patients) were retrieved
from the surgical pathology files at Veteran Affairs, San
Francisco, and University of California, San Francisco med-
ical centers. Data on age, sex, and underlying liver disease
were obtained from the hospital databases; data on tumor size
and multifocality, lymphovascular invasion, tumor grade and
stage, and the presence of cirrhosis were obtained from review
of slides and/or pathology reports. Survival information was
obtained from the hospital tumor registries. In each case, a 5-
µm section stained with H&E was used as a histologic refer-
ence for tumor and adjacent nonneoplastic liver tissue.
Formalin-fixed, paraffin-embedded tissue samples were used
for immunohistochemical analysis and FISH.

Immunohistochemical Analysis

Monoclonal antibody (clone 2-18C9) against the
ectodomain of EGFR was used according to instructions pro-
vided with the EGFR pharmDx kit (DakoCytomation,
Carpinteria, CA). Briefly, tissue sections were deparaffinized,
rehydrated, and treated with Proteinase K. Following peroxi-
dase block and incubation with primary antibody, the sections
were incubated with horseradish peroxidase–labeled second-
ary antibody and substrate chromogen and counterstained
with hematoxylin. Cell membrane staining was recorded as 0
(no staining), 1+ (positive staining in <10% of tumor cells), 2+
(positive staining in 10%-50%), or 3+ (positive in >50%).
Values of 0 and 1+ were considered negative, and values of 2+
(moderate) and 3+ (strong) as positive.

Fluorescence In Situ Hybridization

The SpectrumOrange-labeled EGFR probe and
SpectrumGreen-labeled probe against the centromeric region
of chromosome 7 (CEP 7) (Vysis, Downer’s Grove, IL) were
used. After 5-µm sections obtained from paraffin blocks were
baked at 55°C to 60°C for 30 minutes, they were denatured
and dehydrated. After deparaffinization, digestion and DNA
denaturation were performed by treatment with 0.2N
hydrochloric acid for 20 minutes, followed by pretreatment
with 1 mol/L of sodium thiocyanate for 30 minutes at 80°C.
The sections were then treated with protease (0.5 mg/mL
pepsin in 0.01N hydrochloric acid) for 18 minutes at 37°C.

The probes were hybridized to the tissue slides overnight at
37°C in a moist chamber. The slides were washed in posthy-
bridization buffer (2× standard saline citrate/0.3% NP-40) and
counterstained with 2-6-diamidino-2-phenylindole.

EGFR and CEP 7 signals were counted in 50 nonoverlap-
ping tumor nuclei per case, without knowledge of the
immunohistochemical results, using the Zeiss Axioplan fluo-
rescence microscope (Carl Zeiss Imaging, Thornwood, NY).
Signals were also counted in 300 normal hepatocyte nuclei
using a fluorescence microscope. The EGFR/CEP 7 signal
ratio was calculated for each case.

Statistical Analysis

The relationship between EGFR status and clinicopatho-
logic variables was tested by χ2 and Fisher exact tests. A P
value of less than .05 was considered significant.

Results

Clinicopathologic Features of HCC Tumors

The mean patient age at resection was 56.4 years (range,
11-88 years; 55 men and 19 women). The mean size of the
tumor at resection was 8.0 cm (range, 0.7-15.0 cm). Of the 76
cases, there were 66 primary and 10 metastatic cases. Among
the 66 primary HCCs (48 men and 18 women), cirrhosis was
present in 30 cases (45%). The cause of cirrhosis included hep-
atitis B in 14 cases, hepatitis C in 12, combined hepatitis C and
alcohol in 1, and hemochromatosis in 1 and was unknown in 2.

Immunohistochemical Findings

EGFR was moderately to strongly expressed (2+ and 3+)
on the cell membrane in 50 (66%) of 76 HCCs ❚Image 1❚. Of the
50 HCCs showing EGFR overexpression, 47 (94%) showed 3+
staining and 3 (6%) showed 2+ staining. Of the 26 HCCs con-
sidered negative for EGFR expression, 19 (73%) were complete-
ly negative and 7 (27%) showed 1+ staining. Among the primary
tumors, EGFR expression was seen in 46 (70%) of 66 cases. Of
the 10 metastatic HCCs, EGFR expression was seen in 4 cases
(40%). Two patients in the series had primary and metastatic
tumors examined for EGFR expression. In one of these cases,
EGFR expression increased from 1+ (negative) in the primary
tumor to 3+ (positive) in the metastasis. In the second, EGFR
expression decreased from 4+ (positive) in the primary tumor to
0 (negative) in the metastasis. Nonneoplastic hepatocytes adja-
cent to HCC were negative (0 or 1+) in all cases.

Fluorescence In Situ Hybridization

FISH analysis was informative in 38 HCCs (37 primary
and 1 metastatic) and was compared with results obtained in
300 normal hepatocytes ❚Table 1❚. The range of EGFR signals
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per normal hepatocyte was 0.90 to 2.70 (mean, 1.80); this
range was established using twice the SD of mean number of
signals in normal cells. Based on this normal range, 17 (45%)
of 38 HCCs had an increased EGFR gene copy number. The
mean number of EGFR signals per cell in HCC with abnormal
FISH results was 3.76 (range, 2.80-7.20) ❚Image 2❚. In the 18
cases that were aneuploid by FISH, the mean number of
EGFR signals per cell in HCC was more than double that of
normal hepatocytes (3.76 vs 1.80). CEP 7 polysomy was
observed in all 17 cases with extra EGFR gene copies (Image
2) but in none of the 21 cases with a normal EGFR gene copy
number. The mean EGFR/CEP 7 ratio in tumors with an
increased EGFR gene copy number was 0.99 (range, 0.72-
1.27), which is similar to HCCs with a normal EGFR gene
copy number (mean, 0.95; range, 0.76-1.12) and normal hepa-
tocytes (mean, 0.97), indicating that the increase in EGFR
gene copies was related to polysomy of CEP 7 rather than
gene amplification.

One patient had an EGFR gene copy number determined
in primary and metastatic tumors. The gene copy number was
normal in the primary and increased (3.9) in the metastasis. In
the same patient, EGFR immunohistochemical analysis
showed a corresponding increase from 1+ in the primary
tumor to 3+ in the metastasis.

Correlation of EGFR by Immunohistochemical Analysis
and FISH

This analysis was done in 38 cases for which FISH data
were available. EGFR was shown as overexpressed by
immunohistochemical analysis in 12 (71%) of 17 tumors with
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❚Table 1❚
Mean EGFR and CEP 7 Signals by Fluorescence In Situ
Hybridization in 300 Normal Hepatocytes

Signals per Cell Mean (95% CI) SD Normal Range*

EGFR 1.80 (1.67-1.93) 0.45 0.90-2.70
CEP 7 1.85 (1.70-2.0) 0.52 0.81-2.89

CEP 7, centromeric region of chromosome 7; CI, confidence interval; EGFR,
epidermal growth factor receptor

* The range is the mean ± 2SD.

❚❚Image 1❚❚ Immunohistochemical analysis for epidermal
growth factor receptor showing strong membrane expression
in hepatocellular carcinoma (×100).

BA

❚❚Image 2❚❚ Fluorescence in situ hybridization using probes directed against the epidermal growth factor receptor (EGFR) gene
(red) and centromere of chromosome 7 (green). A, Increased (4-5) EGFR gene copies are seen in hepatocellular carcinoma. B,
Dual band-pass filter shows that an increase in EGFR gene copies (red) is accompanied by gains of chromosome 7 (green),
indicating balanced polysomy.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/129/2/245/1760181 by guest on 16 M

ay 2023



248 Am J Clin Pathol 2008;129:245-251
248 DOI: 10.1309/WF10QAAED3PP93BH

© American Society for Clinical Pathology

Buckley et al / EGFR IN HEPATOCELLULAR CARCINOMA

an increase in the EGFR gene copy number and 12 (57%) of
21 tumors with a normal EGFR gene copy number ❚Table 2❚,
indicating no significant correlation between EGFR gene
copy number and EGFR expression (P = .4). Similarly, of
the 24 cases with EGFR expression, an increased gene copy
number was shown by FISH in 12 cases (50%). An increased
gene copy number was also observed in 5 (36%) of 14 cases
with negative immunohistochemical results for  EGFR,
again emphasizing the lack of correlation between EGFR
gene copy number and EGFR expression.

EGFR Status and Clinicopathologic Features

There was no correlation of EGFR immunohistochemical
expression with patient age or sex, underlying liver disease,
tumor size, multifocality, vascular invasion, tumor grade or

stage, or 5-year survival ❚Table 3❚. Cirrhosis was present in 24
(52%) of 46 EGFR+ cases compared with 6 (30%) of 20
EGFR– cases; this difference showed borderline significance
(P = .05). There was no correlation of EGFR gene copy num-
ber with any of the clinicopathologic parameters examined.

Discussion

EGFR is a transmembrane tyrosine kinase whose activa-
tion drives signal transduction pathways affecting prolifera-
tion, cell motility, and apoptosis.16,17 Increased expression
and/or aberrant function of EGFR is associated with tumor
progression in many epithelial neoplasms, including head
and neck, ovarian, cervical, bladder, esophageal, gastric,
breast, endometrial, colorectal, and non–small cell lung can-
cer, and its overexpression is associated with a poor progno-
sis in some of these tumors.18

Several studies have demonstrated the role of EGFR in
HCC in cell lines and animal models.11,12,19 In humans,
EGFR overexpression has been reported in a majority of
HCCs.3-6 Our results showing that two thirds of convention-
al HCCs exhibit surface expression of EGFR by immunohis-
tochemical analysis are in accordance with reports in the lit-
erature. To our knowledge, this is the first study to examine
the correlation of EGFR expression and EGFR gene copy
number in HCC. We have shown that EGFR expression in

❚Table 3❚
Correlation of EGFR Status and Clinicopathologic Features in Primary Hepatocellular Carcinomas*

Immunohistochemical Analysis (n = 66) FISH (n = 37)

Negative Positive P Negative Positive P

Age (y) .1 .8
<60 7 (35) 24 (52) 6 (38) 7 (33)
≥60 13 (65) 22 (48) 10 (62) 14 (67)

Sex .3 .8
Female 4 (20) 14 (30) 6 (38) 7 (33)
Male 16 (80) 32 (70) 10 (62) 14 (67)

Tumor size (cm) .07 .5
<5 6 (30) 25 (54) 5 (31) 9 (43)
≥5 14 (70) 21 (46) 11 (69) 12 (57)

Grade .3 .8
1 1 (5) 8 (17) 2 (13) 3 (14)
1 17 (85) 31 (67) 12 (75) 14 (67)
3 2 (10) 7 (16) 2 (13) 4 (19)

Vascular invasion .1 .5
Present 6 (30) 20 (43) 7 (44) 8 (38)
Absent 14 (70) 26 (57) 9 (56) 13 (62)

Cirrhosis .05 .3
Present 6 (30) 24 (52) 4 (25) 8 (38)
Absent 14 (70) 22 (48) 12 (75) 13 (62)

Stage .4 .7
I, II 12 (60) 31 (67) 8 (50) 12 (57)
III, IV 8 (40) 15 (33) 8 (50) 9 (43)

Survival (y) .2 .3
<5 11 (73) 29 (69) 9 (64) 11 (69)
≥5 4 (27) 13 (31) 5 (36) 5 (31)

* Data are given as number (percentage). Survival data were not available for all cases.

❚Table 2❚
Correlation of EGFR Expression and Gene Copy Number 
in Hepatocellular Carcinoma*

EGFR Immunohistochemical Analysis

EGFR Gene Copy 
Number by FISH Negative Positive P

Normal (n = 21) 9 (43) 12 (57) .4
Increased (n = 17) 5 (29) 12 (71)

EGFR, epidermal growth factor receptor; FISH, fluorescence in situ hybridization.
* Data are given as number (percentage).
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HCC is not related to EGFR gene copy number. Normal
copy numbers of the EGFR gene identified by FISH were
observed in 50% of HCCs with positive EGFR expression by
immunohistochemical analysis, whereas 36% of HCCs that
were immunohistochemically negative for EGFR had
increased EGFR gene copy numbers. On the other hand,
57% of tumors with a normal EGFR gene copy number
showed EGFR overexpression.

An increase in CEP 7 signals was identified in all HCCs
with extra EGFR gene copies. The EGFR gene is located on
chromosome 7p.20 Hence, a concurrent increase in CEP 7 sig-
nals indicates that the extra EGFR gene copy numbers are due
to balanced polysomy. EGFR gene amplification was not iden-
tified in any tumor. Balanced polysomy of CEP 7 and EGFR
gene strongly correlates with EGFR protein expression shown
by immunohistochemical analysis in some tumors such as
gliomas21 and non–small cell lung carcinomas.22 However,
lack of correlation of EGFR protein expression with CEP 7
polysomy has been demonstrated in other tumors, such as anal
squamous cell carcinoma and head and neck cancer.23,24 Our
results show that this is also true for conventional HCC. This is
in contrast with fibrolamellar HCC, in which EGFR expression
shown by immunohistochemical analysis strongly correlates
with the EGFR gene copy number.15 In studies using compar-
ative genomic hybridization, gains of 7p have been reported in
7% to 65% of HCCs.25 Hence, our data showing gains in the
EGFR gene copy number in 45% of HCCs are consistent with
these findings. In the absence of EGFR gene amplification or
an increased gene copy number, overexpression of EGFR may
be due to other mechanisms, such as increased expression of
receptor ligands, activating mutations, heterodimerization with
other receptors such as HER2, and alterations in molecules that
control receptor signaling output.26

In our study, EGFR overexpression tended to be more
common in HCCs arising in cirrhotic liver, but no significant
correlation was observed with other clinicopathologic fea-
tures or survival. There is considerable disparity in the liter-
ature about the relationship of EGFR expression and clinico-
pathologic features in HCC. Hence, EGFR expression has
been correlated with high stage,4,27 proliferative activity,6,28

differentiation,6,29,30 vascular or extrahepatic invasion,27

recurrence,4,27 and metastasis.6,27 However, other studies
have failed to demonstrate a correlation between EGFR
expression and differentiation,27 vascular or extrahepatic
invasion,4,30 and metastasis.4,30 It has been shown that EGFR
expression is not an independent predictor of survival in
HCC.6 A positive correlation has been reported with hepati-
tis B viral infection,31 but our study did not show any rela-
tionship of EGFR expression with hepatitis B or C. These
differences are likely be related to differences in assays used
to determine EGFR status and/or variability in the popula-
tions studied.

The high frequency of EGFR overexpression suggests
that it has an important role in hepatocarcinogenesis, but
lack of consistent correlation with clinicopathologic features
and survival may indicate that it is less important in disease
progression. Similar to EGFR expression, an increased
EGFR copy number shown by FISH also did not correlate
with clinicopathologic features and survival. This finding is
in contrast with findings in head and neck squamous cell car-
cinomas, in which an increased gene copy number has been
associated with poor survival.32

The strong expression of EGFR in the majority of HCCs
makes it a promising target of anti-EGFR therapies. Phase 2
trials with the EGFR TKI erlotinib have yielded encouraging
results in advanced HCC.14 However, the somatic mutations
in exons 18 to 21 of EGFR that correspond to the response
of non–small cell lung cancers to gefitinib33 have not been
demonstrated in HCC, suggesting that this therapy may not
be useful as a single-agent therapy for HCC.34 Combination
therapies may prove more effective because blockade of
EGFR by monoclonal antibodies or TKIs can enhance the
antitumor activity of radiation and conventional chemother-
apeutic agents.35-37

It remains unclear whether determination of EGFR sta-
tus by immunohistochemical analysis or FISH has predictive
or prognostic value in tumors.22,26 EGFR immunohisto-
chemical analysis has been used with varying degrees of suc-
cess to predict response to anti-EGFR therapies38,39 and is
more likely to be predictive of response to anti-EGFR anti-
bodies. For small-molecule inhibitors of EGFR such as
TKIs, surface expression may be less relevant than other
parameters such as gene copy number. It has been suggested
that a high EGFR copy number shown by FISH (defined as
≥4 copies in ≥40% of tumor cells) is a good selection crite-
rion for gefitinib therapy.40 An increased EGFR gene copy
number due to amplification or polysomy also seems to
determine clinical response to anti-EGFR monoclonal anti-
bodies in colorectal carcinoma.41

EGFR is strongly expressed on the cell membrane in
two thirds of conventional HCCs. EGFR gene amplification
does not occur in HCCs, but one third show an increase in
the EGFR gene copy number due to balanced polysomy of
CEP 7. EGFR overexpression does not seem to correlate
with an increase in the EGFR gene copy number. HCC
remains a promising target for anti-EGFR therapies, and fur-
ther studies are necessary to demonstrate the role of EGFR
overexpression shown by immunohistochemical analysis or
an increase in copy number demonstrated by FISH in select-
ing patients for treatment.
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