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Abstract. Estimation of HER2 membranous expression is routineld irséreast and gastric cancers, as both a prognostic and a
predictive factor. To date there is no evidence for simifgaiization of HER2 expression in colorectal cancer (CR@¥cén CRC,
HER2 is sometimes overexpressed in the cell membrane apaften in the cytoplasm. This study was conducted to detegmi
possible correlations between both membranous and cgroplic expression of HER2 in CRC cells and the outcome of the
disease. The prognostic significance of combined staimitensity in the cell membrane and cytoplasm in the entire CRIC

was also investigated. HER2 expression in resectableexikdradenocarcinoma cells was evaluated by immunohistoistry

in specimens taken from 202 patients. The percentage ofcamils with membranous or cytoplasmatic reactions and the
staining intensity of the reaction in the whole cell wereoreled. A membranous reaction was present in 27% of cases, and
cytoplasmatic reaction in 66% of cases. The total stainimgnisity in the entire cell was evaluated as moderate (28R#

of cases and strong (3+) staining in 15%. There was no ctioelfound between either membranous or cytoplasmatic HER2
expression and survival. Furthermore combined stainitensity did not provide any prognostic information. We dade that

HER2 expression in CRC does not correlate with prognosis.
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1. Introduction

Colorectal cancer (CRC) was the second most com-

mon malignant neoplasm in Europe in 2006. It is

apy [1,4,6]. EGFR [human EGF receptor (HER1)],
together with HER2, HER3 and HERA4, belongs to
subclass | of the receptor tyrosine kinase superfami-
ly. These factors are of great interest as antigens for

currently the second highest cause of cancer-related new targeted therapies in oncology [1,8,15]. Trastuzu-

deaths [3]. Better understanding of the biology of the
CRC has allowed improvement in treatment results by

mab is a monoclonal antibody that acts by blocking the
HER?2 receptor, and has become a standard treatment

adding targeted therapies to standard chemotherapy.for patients with breast and gastric cancer presenting

Monoclonal antibodies such as bevacizumab (which
blocks vascular endothelial growth factor receptor) and
cetuximab [directed against epidermal growth factor
receptor (EGFR)] have been introduced for CRC ther-
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with membranous HER2 overexpression [4,22]. HER2
overexpression in these tumors is a prognostic marker
of more aggressive disease [1,4]. CRC cells also show
expression of HER2 oncoprotein [11]. In laborato-
ry studies, trastuzumab inhibited colony formation of
colon cancer cells [13]. The frequency of HER2 has
been found to vary in colorectal tumors. There is al-
so ambiguity regarding the relationship between HER2
and the aggressiveness of colorectal tumors. A better
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Table 1
Clinicopathological characteristics of 202 colorectal@ar patients

Variable
Age (range in years)
Gender, number (%)

31-90 (mean 64.8, median 67)

Male 117 (58)
Female 85 (42)
Tumor location, number (%)

Colon 107 (53)
Rectum 95 (47)
Grading, number (%)

Gl 23 (11)
G2 140 (69)
G3 39 (20)
Depth of infiltration, number (%)

T1 3(2)

T2 31(15)
T3 146 (72)
T4 22 (11)
Regional lymph nodes, number (%)

NO 114 (56)
N1+N2 88 (44)
Distant metastases, number (%)

MO 182 (80)
M1 40 (20)

understanding of the role of HER2 in CRC cells is re-

quired for diagnostic and therapeutic purposes. The
aim of this study was to investigate the potential prog-
nostic significance of HER2 in CRC.

2. Material and methods
2.1. Patients

HER?2 expressionin resectable T1-T4 colorectal ade-
nocarcinoma cells was immunohistochemically evalu-
ated in specimens from 202 patients who underwent
surgery between 1998 and 2003 in the Oncological
Surgery Department, Medical University of Guk.
Patient characteristics are shown in Table 1.

Patients who received neoadjuvant treatment were
excluded from the study. Standard adjuvant therapy
with 5- fluorouracil and leucovorin was administered,

depending disease stage, to patients with colon and pa-

tients with stage IV rectal cancer. Postoperative ra-
dio(chemo)therapy in patients with stage Il and Ill rec-

tal cancer was administered according to standard pro-

tocol. The median time of follow-up was 3.9 years
(maximum 6.9 years). The median survival time was
5.3 years. The survival time of 188 patients was ana-
lyzed; 86 of this group had died. 14 patients could not
be contacted for follow-up.

The histological type of the tumor was evaluated ac-
cording to the WHO classification. Tubular adenocar-
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cinoma was diagnosed in 169 cases (84%), and muci-
nous adenocarcinomain 33 (16%). Histological differ-
entiation was classified as G1 in 23 cases (11%), G2 in
140 cases (69%), and G3 in 39 (20%). All mucinous
cancers were scored as grade 3. In 40 patients, (20%)
distant metastases were diagnosed before the primary
tumor resection.

2.2. Immunohistochemical analysis

Formalin-fixed, paraffin wax-embedded material re-
trieved from the archives of the Department of Patho-
morphology, Medical University of Gdesk were cut
into sections 4:m thick, and evaluated for for HER2 ex-
pression. Representative tissue samples without necro-
sis were chosen for immunohistochemistry. We used a
polyclonal antibody (A 0485; DAKO, Glostrup, Den-
mark) diluted 1:40. The LSAB kit (KO675; Dako) com-
posed of biotinylated secondary antibodies and strepta-
vidin conjugated to horseradish peroxidase was used to
detect antigen-antibody complexes, and diaminobenzi-
dine (DAB) was used as the chromogen. Immunohisto-
chemical procedures were performed according to the
manufacturer’s protocol. The sections were counter-
stained with Mayer's hematoxylin. Staining was eva-
luated at the tumor base, the point of the deepest tumor
infiltration. Adenocarcinomatous cells were evaluated
for HER2 expression, with membranous and cytoplas-
matic reactions independently evaluated in neoplastic
cells. Three parameters were recorded. (i) Percentage
of neoplastic cells with positive membranous reaction
(0—100%). A reaction (focal, linear continous, linear
discontinuous) in membrane of 20% of cells was
considered positive. (ii) Percentage of neoplastic cells
with positive cytoplasmatic reaction (0—100%). A re-
action in> 20% of cells in the cytoplasm was con-
sidered positive. (iii) Overall staining intensity (0, 1+,
2+, 3+), which is the integrated parameter of the inten-
sity of both membranous and cytoplasmatic reactions.
For estimation of staining intensity in the whole cell,
the intensity of membranous reaction was evaluated ac-
cording to a four-point scale & no membranous re-
action; 1+, focal membranous reaction; 2+, linear dis-
continuous membranous reaction or linear continuous
membranous reaction i1 30% of neoplastic cells; 3+,
linear continuous membranous reaction~n30% of
neoplastic cells.

These criteria are generally the same as the crite-
ria for evaluation of HER2 membranous expression in
breast cancer [23]. The final HER2 staining intensity
score was considered to increase by 1 point in the pre-
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Table 2
Staining intensity of HER2 in adenocarcinomatous cellsrohary
colorectal tumorsirf = 202)
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Table 3
HER2 staining intensity in relation to ‘tumor’ in TNM cladisation
(n = 202;p = 0.06)

Intensity scoré Number (%) of cases

0 47 (23.2)
1+ 60 (29.7)
2+ 64 (31.7)
3+ 31 (15.3)

*1+, focal membranous reaction; 2+, linear discontinuowsmra-
nous reaction or linear continuous membranous reacticn 80%
of neoplastic cells; 3+, linear continuous membranousti@a >
30% of of neplastic cells.

A cytoplasmatic reaction was considered to increase thedoue
of HER?2 staining intensity if seen iix 20% of neoplastic cells by 1
point, and by 2 points if seen in 50% of cells. However, maximum
score was 3+.

sence of cytoplasmatic reactionin20% of neoplas-
tic cells, and by 2 points if expression was seern-in
50% of cells. The maximum score was 3+ (our own
modification).

2.3. Statistical analysis

Data analysis was performed with the software pack-
age Statistica V. 7.0 (www.statsoft.com). The effect of
HERZ2 expression on survival time in the studied group

T Staining intensity

0 1+ 2+ 3+
T142, number 9 7 16 2
T34, NUMber 38 53 48 29

* 1+, focal membranous reaction; 2+, linear discontinuoesra-
nous reaction or linear continuous membranous reacticn 80%
of neoplastic cells; 3+, linear continuous membranousti@a >
30% of of neplastic cells.

A cytoplasmatic reaction was considered to increase thedotae
of HER2 staining intensity if seen iix 20% of neoplastic cells by 1
point, and by 2 points if seen i 50% of cells. However, maximum
score was 3+.

Table 4
HER2 membranous positivity in relation to lymph-node ségtnum-
ber’ in TNM classification) ¢ = 202;p = 0.05)

N Membranous staining
Negative Positive*

Ng, number 90 24

N142, number 58 30

* Reaction in membrane (focal, linear continous, linearcdrginu-
ous) of > 20% of cells was evaluated as positive.

3.1. Results of survival time analy¢is = 188

was analyzed. Correlations between investigated pa-

rameters were tested by the Peargdntest with the
Yates exacttest correction, ane®.01 was considered
significant. Survival analysis(= 188) was performed
with the Kaplan—Meier method, and the differences
between curves were verified by log-rank system.

3. Results

A positive membranous reaction was present in 54

Observation time was 9 days to 82 months (me-
dian 47 months). In the studied group, 86 patients
died. The rate of overall survival according to Kaplan-
Meier analysis was 55.4%. Median survival time was
63 months. The results of univariate analysis did not
demonstrate significant differences in survival time in
groups with different HER2 expression. Neither mem-
branous/cytoplasmatic positivity nor staining intensity
in whole cells correlated with patient survival (Table 5).

cases (26.7%), and cytoplasmatic reaction in 134 casesMultivariate Cox analysis did not reveal an independent

(66.3%). According to previously established criteria,
HERZ2 staining intensity was negative in 47 primary tu-
mors (23%). Expression was considered weak (1+) in

prognostic value of HER2 staining intensity in CRC
(Table 6).

60 cases (30%), moderate (2+) in 64 (32%), and strong ) )
(3+) in 31 (15%) (Table 2). There were no significant 4 Discussion
correlations between the results of Her2 expression and

the chosen clinical and pathological parameters of age
gender, primary tumor localization, histological type of

the tumor, grading, and features of pathological tumor-
node-metastasis (pTNM) staging of neoplastic disease
A positive membranous reaction was seen more fre-
qguently in the group of patients with lymph-node metas-

The HER2 protein, a product 6fER2oncogene, is
found to be over expressed in some proportion of CRC
cells, and seems to be a potentially valid target of in-
_terest in the management of colorectal tumors [1,8,19].
One of the main obstacles to conducting relevant stu-
dies on HER2 as a predictive and/or prognostic factor is

tases, and both moderate (2+) and strong (3+) staining the infrequency of its overexpression in the membrane
intensity were seen more frequently in cases of higher of CRC cells, which is required for trastuzumab the-
local tumor advancement (T3 and T4). However, the rapy [9,16,19,21]. Unlike breast and stomach cancers,
differences were not significant & 0.06 ang = 0.05 membranous overexpression of HER?2 is usually found
respectively; Tables 3 and 4). in a very low percentage of patients with CRC [5,11,



210 W.J. Kruszewski et al. / Expression of HER2 in colorectakeamloes not correlate with prognosis

Table 5

Univariate analysis of investigated features=€ 188)

Parameter Relative risk ~ 95% confidence  Log-rank
of death interval p-value
Age, years
< 67 0.95 0.55-1.65 0.57
> 67 1.04 0.61-1.81
Gender
Male 1.29 0.75-2.21 0.006
Female 0.775 0.45-1.33
Tumor location
Colon 0.73 0.44-1.21 0.02
Rectum 1.375 0.82-2.3
WHO type
Adenocarcinoma 0.88 0.38-2.0 0.14
Mucinous adenocarcinoma 1.14 0.5-2.6
Grading
Gl+4+ G2 0.56 0.31-1.01 0.0007
G3 1.792 0.99-3.24
Depth of infiltration
T1+T2 0.96 0.49-1.87 0.77
T3+ T4 1.05 0.54-2.04
Regional lymph nodes
NO 0.49 0.29-0.83 0.0001
N1+ N2 2.032 1.21-3.42
Metastases
MO 0.47 0.26-0.83 < 0.001
M1 2.148 1.21-3.82
HER2 membranous positivity
0-20% 1.08 0.62-1.89 0.54
21%-100% 0.93 0.53-1.62
HER?2 cytoplasmatic positivity
0-20% 1.03 0.53-2.01 0.96
21%-100% 0.97 0.5-1.9
HER2 staining intensity
0/1+ 0.84 0.50-1.34 0.16
2+ 3+ 1.24 0.72-1.84
Table 6

Results of multivariate analysis in relation to stainingeisity of
HER2 (» = 188)

Investigated feature P-value

Log-rank Multivariate

analysis

Gender 0.006 0.003
Tumor location 0.02 0.014
Grading 0.0007 0.002
NO vs N1+ N2 0.00001 0.0009
MO vs M1 0.00000 0.00000
HER2 staining intensity 0.16 0.54
(0/1+ vs 2+/3+)

* 1+, focal membranous reaction; 2+, linear discontinuoesra-
nous reaction or linear continuous membranous reaction 80%
of neoplastic cells; 3+, linear continuous membranoustigam >
30% of of neplastic cells.

A cytoplasmatic reaction was considered to increase thedote
of HER?2 staining intensity if seen iix 20% of neoplastic cells by 1
point, and by 2 points if seen in 50% of cells. However, maximum
score was 3+.

troesophageal junction [4,7,11,14]. Itis still unknown
if HER2 expression in CRC correlates with tumor loca-
tion. Our study did not find any correlation between tu-
mor location (colonic versus rectal) and mode of HER2
overexpression.

Using polyclonal antibodies, we estimated the posi-
tivity rate of HER2 in membranes to be 27%. Howe-
ver, we could not find any correlations between HER2
membranous positivity and survival or with other cli-
nicopathological factors recognized as prognostic. A
positive membranous reaction was seen slightly more
frequently in patients with regional lymph node metas-
tases, but the difference was not significant( 0.05,
Table 4,p < 0.01 was statistically significant). Other
authors have reported correlation between a membra-
nous HER2 overexpression rate of 6% (measured by
monoclonal antibodies) and lack of nodal involvement,
but this had no influence on survival [12]. One paper re-

12,16-20]. In gastric cancer, HER2 membranous ex- ported a significantly worse prognosis in patients with a
pression is highest in intestinal-type tumors at the gas- membranous HER2 reaction of 2+/3+, found in 51% of
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a group of 74 patients with CRC. The authors used an
immunohistochemical assay (Herceptest; Dako) with a
cut-off point of 10% of cells [10]. Other authors using
similar criteria for estimation observed membranous
HER2 overexpression in only 5% of 96 colorectal tu-
mors. Those authors used a monoclonal antibody di-
rected against the cytoplasmatic domain of HER2. No
prognostic comparisons were made in the study, pro-
bably because of the small number of patients [5]. In
another study with 156 patients, a tendency to longer
survival in patients with membranous HER2 overex-
pression in CRC cells was observed. However, statisti-
cal analysis did not reveal any significant associations
between HER2 and clinical outcome. Positive expres-
sion of HER2 was detected by a polyclonal antibody in
15% of cases, of which only 4% stained with moderate
or strong intensity (2+/3+) [20]. Other studies found no
correlation between clinical outcome and membranous
HER?2 expression [2,9,24].

Where correlation between HER2 cytoplasmatic ex-
pression and CRC prognosis were found, the conclu-
sions were contradictory [2,18]. Some authors sug-
gested that cytoplasmatic HER2 overexpression is an
independent factor of worse prognosis in CRC. This
was demonstrated in a material from 146 CRCs with
69% of the patients showing cytoplasmatic HER2 over-
expression. Among independent prognostic factors
(HER2, lymph node metastasis, liver metastasis, tumor
size) HER2 cytoplasmatic overexpression was the fac-
tor with the highest risk ratio (1.82, = 0.008) [18].
Another report was based on colorectal tumor samples
from 170 patients; 87% cytoplasmatic HER2 positivity
significantly correlated with longer survival, and was
found to be an independent prognostic factor in Dukes
C stage CRC [2]. In a study on 96 CRC tumors, there
was a relationship between HER2 cytoplasmatic over-
expression (63.5% of the patients) and better histolo-
gical differentiation of the primary tumor, but not with
survival time or other prognostic factors. It was empha-
sized in that study that cytoplasmatic HER2 might have
an effect on shaping the morphology of neoplastic tis-
sue as a marker of tumor differentiation [5]. The rate of
cytoplasmatic HER2 expression (up to 87%) found by
other groups correlates well with our observations [2,
5,21]. In our study, we did not find any relationship
between HER2 cytoplasmatic expression and survival
or other recognized clinicopathological factors of prog-
nostic value, and we did not find any trend towards
this either. Other authors, using a receiver operating
characteristic (ROC)- based approach for HER2 esti-
mation, both membranous and cytoplasmatic, reported
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similar results. They demonstrated that the scoring sys-
tem based on the percentage of positive tumor cells is
very reproducible for HER2 estimation in CRC cells.
However, no prognostic relationship was found in their
study for HER2 estimation in CRC tumor samples [24].
In our study, we estimated overall staining intensity
according to our own modification. The staining inten-
sity of HER2 was evaluated as 3+ in 15% and as 2+
in 32% of the specimens (Table 2). There was only a
minor relationship between HER2 higher staining in-
tensity and local advancement of the disease, and the
difference was not statistically significant & 0.06)
(Table 3). The staining intensity did not indicate any
correlations with survival or several prognostic factors.
This study confirmed that HER2 staining intensity is
not useful as a potential prognostic marker in CRC [24].

5. Conclusions

Our material analysis does not indicate a prognostic
value of HER2 evaluation in patients with resectable
CRC. However, it may play a role as a predictive factor
for HER2 targeted therapy. Further studies are needed
to confirm this.
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