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Summary
Purpose: To evaluate the HER-2/neu expression and its relationship with clinicopathological parameters and 
prognosis in colorectal cancer patients. 
Methods: A total of 51 colorectal cancer patients who underwent resection with curative intent from January 
2005 to March 2006 were included in this study. Patients were regularly followed up and survival data were ob-
tained as of as April 2011. HER-2/neu protein expression was evaluated from tissue samples from the primary 
tumor using a semiquantitative standardized immunohistochemical staining kit. Staining intensity was scored 
as faint (1+), weak to moderate (2+) and moderate to strong (3+).
Results: Forty-nine (96.1%) patients showed 1+ staining, 2 (3.9%) 2+, while no case was strongly positive (3+) 
for HER-2/neu. No apparent association was noted between HER-2/neu expression and patients’ age, gender, 
tumor location, tumor grade, stage and survival.
Conclusion: Moderate (2+) overexpression of HER-2/neu was detected in a small proportion of colorectal 
cancer patients. Considering the low rate of HER-2/neu overexpression in colorectal cancer, studies with larger 
sample sizes using standardized tests are essential to understanding the biologic role of HER-2/neu in this dis-
ease. 
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Clinical role of HER-2/neu expression in colorectal cancer
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The aim of this study was to evaluate the HER-2/
neu expression and its relationship with clinicopatho-
logical parameters and prognosis in colorectal cancer 
patients. 

Methods
Patients
A total of 51 colorectal cancer patients who under-
went resection with curative intent at the first De-
partment of Propaedeutic Surgery, Hippocrateion 
Hospital, Athens Medical School, from January 2005 
to March 2006 were included in this study. Included 
patients were 18 years old or older. Excluded were 
patients with nonepithelial colorectal lesions, those 
with prior malignancies and those who had received 
chemotherapy or radiation therapy for colorectal 
cancer prior to surgery or had died within 45 days 
after the operation.

 Data regarding patients’ sex, age, tumor location, 
tumor grade and stage were collected from the medi-
cal records, the pathologists’ reports and the opera-
tion data. The tumors were staged according to the 
Astler-Coller staging system. Patients were regularly 
followed up, and survival data were registered as of 
April 2011. The median duration of follow-up was 60 
months (range 35–64) and included information re-
garding disease recurrence, overall survival (OS) and 
disease-free survival (DFS). Recurrent disease was 
defined as appearance of locoregional and/or distant 
metastatic lesions after curative resection. OS and 
DFS were defined as the time period between the date 
of the primary treatment to the date of death or the 
date of appearance of locoregional or metastatic dis-
ease, respectively. The study protocol was approved 
by the hospital’s Research Ethics Committee and all 
patients provided oral informed consent before study 
enrollment.

HER-2/neu evaluation process
Tissue samples from the primary tumor were fixed in 
neutral buffered formalin, and then dehydrated in a 
series of alcohols and xylene, followed by infiltration 
by melted paraffin. Sections of 4 μm in thickness were 
cut and mounted on silanized slides and air-dried at 
37 °C overnight. Immunohistochemical staining for 

Introduction
Colorectal cancer is the third most common cancer 
after lung and breast cancers. According to the GLO-
BOCAN project estimates, 1,235,108 new colorectal 
cancer cases were registered in 2008 and accounted 
for 609,051 deaths worldwide [1]. Earlier diagnosis 
and the use of new treatment modalities have in-
creased survival rates over the past decades, nonethe-
less mortality remains high [2]. In the quest for new 
ways to improve colorectal cancer patients’ prognosis, 
investigators have focused on biological markers that 
could serve as prognostic and predictive factors as 
well as targets for therapy.

The proto-oncogene HER-2/neu is localized to 
chromosome 17q and encodes a transmembrane ty-
rosine kinase growth factor receptor; a component of 
a four-member family receptors including epidermal 
growth factor receptor (EGFR), HER-3 and HER-4 
[3]. In normal cells, activation of this receptor con-
trols normal cell growth, differentiation and motility 
[4]. In cancer cells dysregulation of these pathways 
and increased expression of HER-2/neu promotes tu-
mor cell growth and migration [5,6]. In breast cancer, 
HER-2/neu overexpression has been documented in 
up to 34% of invasive cancer cases and has proved 
to be an important prognostic and predictive factor 
[7]. Furthermore, HER-2/neu has been used as an 
ideal target for monoclonal antibody therapy. Trastu-
zumab, a humanized monoclonal antibody directed 
against the extracellular domain of HER-2/neu, has 
shown as a single agent or in combination with stand-
ard chemotherapeutics to significantly prolong the 
survival in women with HER-2/neu –overexpressing 
breast cancer [8,9].

The proven importance of HER-2/neu in breast 
carcinoma pathology and the obvious survival ben-
efit from the use of trastuzumab therapy has led to 
evaluation of HER-2/neu expression in various tumor 
types. The expression of HER-2/neu has been studied 
in prostate, ovarian and lung cancers as well as in sev-
eral forms of gastrointestinal malignancies including 
colorectal cancer [10-13]. The latter has a reported 
HER-2/neu overexpression rate ranging from 4 to 
83%, and to date data regarding its prognostic value 
remain inconclusive [13].
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membrane staining in <10% of the tumor cells. Score 
1+ was defined as faint membrane staining in >10% 
of the tumor cells, 2+ as weak to moderate complete 
membrane staining in >10% of the tumor cells, and 
3+ as a moderate to strong complete membrane stain-
ing observed in >10% of the tumor cells. HER-2/neu 
protein expression was defined as negative (scores 0 
and 1+) or positive (scores 2+ and 3+). This cutoff 
point was based on studies in breast cancer.

Statistical analysis
A standard statistical software package (SPSS 11.5 
for Windows, SPSS Inc, Chicago, IL) was used in the 
analysis. Descriptive statistics were calculated for 
all variables. Continuous variables were normally 
distributed and presented as mean±standard devia-
tion (SD) and categorical variables were presented as 
percentages. Fisher’s exact test was used to compare 
categorical variables. Means were compared with the 
Student’s t-test. Survival curves were generated ac-
cording to the Kaplan-Meier method and differences 
in survival were assessed using the log-rank test. P 
values less than 0.05 were considered statistically sig-
nificant. 

HER-2/neu was determined with the Dako Hercept-
est assay (Dako Corp., Carpenteria, CA), according 
to the manufacturer’s recommendations. Deparaffi-
nized tissue sections were boiled in 10 mmol/l citrate 
buffer for antigen retrieval and then immersed in 3% 
hydrogen peroxide containing 15 mmol/L sodium 
azide (NaN3). Following incubation with the pri-
mary rabbit antibody to human HER-2/neu protein 
a visualization reagent, consisting of both second-
ary goat anti-rabbit immunoglobulin molecules and 
horseradish peroxidase molecules linked to a com-
mon dextran polymer backbone, was applied. Bound 
antibody was visualized using a peroxidase chromo-
gen substrate. The sections were then counterstained 
with hematoxylin and coverslipped. Results were in-
terpreted using a light microscope by two independ-
ent pathologists blinded to each other’s findings and 
to the patients’ data. Negative controls were created 
by omission of the primary antibody and replace-
ment with phosphate buffered saline (PBS). Invasive 
breast cancer specimens were used as positive con-
trols. The 4-tiered scoring system suggested by the 
manufacturer for use in breast cancer was utilized. 
Score zero was defined as undetectable staining or 

Table 1. Patient and tumor characteristics.
Characteristics          N (%)

Age (years, mean±SD)          70.9±9.3
Gender

Male
Female

18
33

(35.3)
(64.7)

Tumor location
Colon
Rectal

22
29

(43.1)
(56.9)

Astler-Coller stage
A
B1
B2
C1
C2

2
12 
19

4
14

(3.9)
(23.5)
(37.3)

(7.8)
(27.5)

Grade of differentiation
Well
Moderate
Poor

4
43

4

(7.8)
(84.3)

(7.8)
HER-2/neu stain

2+
1+

2
49

(3.9)
(96.1)

Figure 1. Immunohistochemical staining for HER-2/neu. 
A: 3+ in breast cancer cells. B: 1+ and C: 2+ staining of 
tumor cells.

A

B C
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patients, 12 (23.5%) had stage B1, 19 (37.3%) stage 
B2, 4 (7.8%) stage C1 and 14 (27.5%) stage C2. There 
was a clear predominance of patients with grade II 
tumors (84.3%) and an equal percentage of patients 
with grade I and III tumors. Forty-nine patients 
(96.1%) showed 1+ immunostaining, 2 (3.9%) 2+, 

Results
Patient and tumor characteristics are presented in Ta-
ble 1. Study analysis included 18 male and 33 female 
patients with a mean age of 70.9±9.3 years. Twenty-
two (43%) patients presented with colon and 29 (57%) 
with rectal tumors. Astler-Coller stage A had 2 (3.9%) 

Table 2. Patient clinicopathologic and survival data stratified by HER-2/neu immunoreactivity 
Characteristics HER-2/neu (-)

 N (%)
HER-2/neu(+)

N (%)
p-value

Age, years (mean±SD) 71±9.4 68±2.1 0.71
Gender

Male
Female

17 (34.7)
32 (65.3)

1 (50.0)
1 (50.0)

0.65

Tumor location
Colon
Rectal

21 (42.9)
28 (57.1)

1 (50.0)
1 (50.0)

0.84

Astler-Coller stage
A
B1
B2
C1
C2

2 (4.1)
12 (24.5)
19 (38.8)
3 (6.1)
13 (26.5)

0 (0.0)
0 (0.0)
0 (0.0)
1 (50.0)
1 (50.0)

0.16

Grade of differentiation
Well
Moderate
Poor

4 (8.2)
41 (83.7)
4 (8.2)

0 (0.0)
2 (100.0)
0 (0.0)

0.82

Lymph node metastases 16 (32.7) 2 (100.0) 0.12
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Figure 2. Kaplan-Meier disease-free and overall survival curves with regard to HER-2/neu expression.
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tumor grade or stage it was independently related to 
survival by multivariate analysis [17]. Osako et al. in a 
study involving 146 colorectal cancer patients showed 
that 100 (68.5%) revealed cytoplasmic staining and 
only 3 of the 100 showed membranous staining for 
HER-2/neu. Cytoplasmic overexpression correlated 
with tumor stage and was an independent prognos-
tic factor [18]. A study by Kay et al. in 164 patients 
with Dukes B disease although failed to show mem-
branous staining in any case, revealed cytoplasmic 
staining in 33.5% of the patients which was correlated 
independently with survival [19]. Zhou et al. studied 
173 colorectal carcinoma patients and reported that 
HER-2/neu expression was found in the cytoplasm 
and membrane in 52% of the cases and was an inde-
pendent prognostic factor of survival [20]. 

The role of HER-2/neu protein in colorectal can-
cer is still questionable; the most likely explanation 
for the discrepancy among published data lies in 
technical issues regarding immunohistochemistry. 
The detection of HER-2/neu protein is highly de-
pendent from tissue fixation and choice of primary 
antibody [21]. Furthermore, the duration of antigen 
retrieval, the dilution of the antigen and the duration 
of the peroxidase reaction are also critical steps in 
HER-2/neu staining [22]. Prolonged storage can be a 
major problem, especially when specimens are stored 
as unstained slides [23]. In the present study the Her-
ceptest was used - a validated assay for HER-2/neu 
staining in breast cancer - with strict adherence to the 
manufacturer’s recommendations. Another impor-
tant issue is the lack of agreement regarding whether 
only membranous or cytoplasmic or both stainings 
should be considered as an indication for the overex-
pression of HER-2/neu. In contrast to membranous, 
cytoplasmic localization of HER-2/neu is more fre-
quently encountered, yet its prognostic value also re-
mains elusive [18,19,24,25]. A study by Half et al. re-
garding HER-2/neu localization in colorectal tumors 
found that only membranous HER-2/neu was associ-
ated with gene amplification and high levels of HER-
2 mRNA, features suggestive of a possible oncogenic 
role [25]. In the present study cytoplasmic staining 
may have been present but was not included in the 
determination of positivity.

while no patient showed 3+ expression for HER-2/
neu (Figure 1). Both patients with 2+ HER-2/neu ex-
pression had moderately differentiated tumors with 
lymph node metastases (stage C1 and C2). Although 
the majority of HER-2/neu negative tumors had no 
lymph node involvement (67.3%), this correlation 
was not significant (p=0.12). There was no apparent 
association between HER-2/neu expression and pa-
tients’ age, gender, tumor location, tumor grade, OS 
and DFS (Table 2, Figure 2). 

Discussion
Overexpression of the transmembrane HER-2/neu 
protein has proved to be a significant ally in breast can-
cer treatment [8,9]. The role of this biological marker 
has also been examined in several solid tumors with 
variable results [10-13]. In the present study HER-2/
neu overexpression was detected in 3.9% of patients 
with colorectal cancer. No correlation could be found 
between HER-2/neu overexpression and any clinical 
or prognostic variable.

In concordance with our results a retrospective 
study by Schuell et al. involving 77 specimens of colo-
rectal cancer lesions, and using the Hercep-Test Kit 
showed scores of 2+ and 3+ membrane staining in 
only 1% and 3% of the patients, respectively. No re-
lationship was found between membranous HER-2/
neu expression and patients’ clinicopathological data 
or survival [14]. Similarly, according to Nathanson et 
al. among 139 cases HER-2/neu overexpression was 
seen in 5 cases (3.6%) and HER-2/neu gene ampli-
fication was observed in 4 (2.4%) out of 169 tumor 
specimens. Neither HER-2/neu overexpression nor 
gene amplification were correlated with any clinico-
pathologic features or patients’ survival [15]. A study 
by Kavanagh et al. in 132 colorectal cancer patients 
showed moderate membranous staining in 9 (8%) 
patients and strongly positive in 2 (2%); there was 
no correlation with gender, age, grade, Dukes stage, 
TNM stage, time to recurrence and 5-year survival 
[16].

In disagreement with the aforementioned data a 
study by Park et al. reported that 65 (47.4%) out of 
137 colorectal cancer patients overexpressed HER-2/
neu protein; although no relationship was found with 
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BMC Cancer 2009;9:1-6.

17.  Park DI, Kang MS, Oh SJ et al. HER-2/neu overexpression is 

The limitations of the present study should be not-
ed. The number of participating subjects was small; 
nevertheless, the results were comparable to those of 
larger series [14-16,25]. The present study focused 
only in the immunohistochemical overexpression of 
HER-2/neu .Given the vulnerability of immunohis-
tochemistry to various technical issues, fluorescence 
in situ hybridization (FISH) has been proposed as an 
alternative or adjunct method for the evaluation of 
HER-2/neu [26]. In breast cancer HER-2/neu gene 
amplification by FISH has been highly correlated to 
immunohistochemical overexpression and is a vali-
dated prognostic factor [27,28]. On the contrary, in 
colorectal cancer HER-2/neu overexpression is great-
er than predicted by gene amplification data, suggest-
ing that overexpression in these tumors may not be 
due to gene amplification [13,15,17,25]. Furthermore, 
FISH is not commonly found in many pathology lab-
oratories, and requires a fluorescence microscope and 
significant interpreter’ expertise [29]. 

Overexpression of HER-2/neu was detected in a 
small proportion of colorectal cancer patients; there 
was no apparent association with age, gender, clini-
cal stage or patients’ survival. It appears that HER-2/
neu expression rarely presents within the therapeutic 
range (2+ and 3+), a finding supported by previous 
researchers including a multi-institutional phase II 
trial regarding the combination of trastuzumab with 
standard chemotherapeutics in patients with ad-
vanced disease [30]. Although these data undermine 
the importance of HER-2/neu in colorectal cancer, 
the lack of sufficient sample size and consensus on 
immunohistochemical staining interpretation among 
published studies, highlights the need for further in-
vestigations. 
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