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INTRODUCTION
According to the World Health Organisation (WHO), colorectal 
cancer is the most common type of gastrointestinal cancer. 
Colorectal adenocarcinoma is a malignant tumour originating 
from the epithelial cells in the large bowel, exhibiting glandular or 
mucinous differentiation. Adenocarcinomas account for 90% of 
colorectal cancers, with a majority occurring on the left side or in the 
rectum [1]. Colorectal carcinoma is the third most common cancer 
in both males and females and ranks second as a leading cause 
of cancer-related deaths. It is typically diagnosed in individuals 
in their sixth to seventh decades of life [2]. Colorectal carcinoma 
is a significant contributor to cancer mortality, with an estimated 
1,849,518 new cases recorded worldwide in 2018. According to 
the WHO, it is the second most common cancer in women and the 
third most common cancer in men [1].

A study by André T et al., suggests that chemotherapy is an 
effective adjuvant therapy but does not prevent recurrence [3]. 
Various studies have reported conflicting data on the expression 
of HER2/neu in colorectal carcinoma, with a range of 0-83% [4]. 
HER2/neu is a proto-oncogene located on Chromosome 17q21, 
encoding a transmembrane protein with tyrosine kinase activity. 
It plays a role in signal transduction pathways, cell growth, and 
differentiation. Overexpression of HER2/neu has been associated 
with increased cell survival and proliferation, as well as reduced 
apoptotic potential, leading to neoplastic transformation [5]. 
Amplification and overexpression of HER2/neu genes were initially 
discovered in breast cancer and were found to be associated with a 

poor prognosis [6]. HER2/neu expression has also been observed in 
other malignancies, including gastroesophageal and gastric cancer, 
colorectal carcinoma, ovarian carcinoma, prostate carcinoma, and 
lung carcinoma [7]. The grading and staging of colorectal carcinoma 
were performed according to the WHO classification of tumours of 
the digestive system, 5th Edition, 2019 [1].

The aim of present study was to understand the clinicopathological 
spectrum of colorectal cancers in a tertiary care hospital and 
determine histopathological grading and staging and also to study 
IHC expression of HER2/neu and assess the association between 
histological grades and HER2 expression in colorectal cancers.

MATERIALS AND METHODS
The study was a cross-sectional observational study conducted at 
the Department of Pathology in collaboration with the Department 
of Surgery at the Institute of Postgraduate Medical Education & 
Research in Kolkata, West Bengal, India, after obtaining approval 
from the Institutional Ethical Committee (IEC No. IPGME&R/
IEC/2021/559). A total of 50 patients undergoing surgery for 
colorectal cancer over an 18-month period (January 2020 to June 
2021) were selected.

Inclusion criteria: All surgically resected specimens of colorectal 
carcinoma and colonoscopic biopsy specimens were included in 
the study.

Exclusion criteria: Inflammatory conditions of colorectum, patients 
unwilling to undergo surgery and critically ill or debilitated patients 
were excluded from the study.
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ABSTRACT
Introduction: In many tumours, Human Epidermal Growth 
Factor Receptor 2 (HER2) expression and HER2 amplification 
are studied as therapeutic and prognostic factors. The 
incidence of HER2/neu expression and its consequences 
in patients with colorectal carcinoma has shown conflicting 
evidence.

Aim: To evaluate the utility of HER2/neu expression in colorectal 
carcinoma and to find any association between HER2/neu 
expression, histological grade, and stage of the tumour.

Materials and Methods: This cross-sectional study was 
conducted on 50 cases of colorectal carcinoma. Patients 
undergoing surgery for colorectal tumours were selected over 
an 18-month period (January 2020 to June 2021) in a tertiary 
care hospital in Kolkata, West Bengal, India. Various clinical 
and demographic parameters were obtained from the patients, 
and the specimens were subjected to Immunohistochemical 
(IHC) staining for HER2/neu. The results were analysed using 
Statistical Package for the Social Sciences (SPSS)software 
version 25.0 (IBM, Armonk, New York, USA).

Results: On HER2/neu IHC examination, 30 cases (60%) 
showed a 3+ score, 4 cases (8%) showed a 2+ score, 7 cases 
(14%) showed a 1+ score, and the remaining 9 cases (18%) 
showed a score of 0. HER2/neu expression was found in 30 
cases (60%) of colorectal carcinoma. HER2/neu expression 
showed a significant association with the histological grade of 
the tumour (p-value=0.020). HER2/neu expression also showed 
a significant association (p-value<0.001) with histological 
subtypes of the tumour.

Conclusion: This study revealed a significant association 
between HER2/neu expression and histological subtypes and 
grade of the tumour. Moderately differentiated adenocarcinoma 
showed the highest expression, while mucinous adenocarcinoma 
and undifferentiated carcinoma showed minimal or absent HER2/
neu expression. Thus, HER2/neu can serve as a prognostic 
and therapeutic marker in colorectal carcinoma. In conclusion, 
surgery alone is not curative for patients with colorectal cancer, 
and additional forms of management may be required to improve 
patient survival. In such cases, HER2/neu expression can guide 
new adjuvant therapy.
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STATISTICAL ANALYSIS
All the data obtained and collected were properly maintained in a 
Microsoft Excel worksheet. Mean values with standard deviation 
were calculated for quantitative variables, while qualitative variables 
were represented by proportions. The Chi-square test was performed 
to assess the association between clinicopathological parameters. 
Statistical analyses were conducted using SPSS software version 
25.0 (IBM, Armonk, New York, USA). A two-tailed p-value of <0.05 
was considered statistically significant.

RESULTS
A total of 50 cases were analysed, with 31 cases (62%) being 
males and 19 cases (38%) being females. The age of patients 
ranged from 18 to 80 years, with a mean age of 49.64±14.274 
years. The most commonly affected age group was 41-60 years. 
The ascending colon was the most affected region, observed 
in 19 out of 50 cases (38%), 13 cases in sigmoid colon (26%), 
8 cases in rectum (16%), 5 cases in descending colon (10%), 
3 cases in transverse colon (6%) and 2 cases in caecum (4%). 
The most common histological subtype was Adenocarcinoma 
NOS, found in 38 out of 50 cases (76%), followed by Mucinous 
adenocarcinoma with eight cases (16%). Undifferentiated 
carcinoma and signet ring cell carcinoma were the least common, 
each accounting for two cases (4%). The majority of tumours 
were moderately differentiated, with 43 cases out of 50 (86%). 
Approximately 48% of the tumours (24 out of 50 cases) exhibited 
lymph node involvement, while 52% (26 out of 50 cases) showed 
reactive features in the lymph nodes. Invasion upto the muscularis 
propria was observed in 60% of cases (30 out of 50), followed by 
invasion up to the subserosa in 34% of cases (17 out of 50) and 
up to the serosa in 6% of cases (3 out of 50).

HER-2/neu IHC examination revealed that 30 cases (60%) had 
a 3+ score, four cases (8%) had a 2+ score, seven cases (14%) 
had a 1+ score, and the remaining nine cases (18%) had a 0 score 
[Table/Fig-4]. Significant associations were found between HER-2/
neu expression and histological subtypes of colorectal carcinoma 
(p-value <0.001). Adenocarcinoma NOS showed the highest 
expression. Among the mucinous carcinoma cases, five showed 
no expression and three showed 1+ expression of HER2/neu out 
of a total of eight cases. Both cases of signet ring cell carcinoma 
showed 1+ expression. Both cases of undifferentiated subtype were 
negative (0) for HER2/neu [Table/Fig-5].

Procedure
After resection, the specimens were sent to the Pathology 
Department for Hematoxylin and Eosin (H&E) staining. IHC staining 
was performed for HER2/neu expression in all cases of colorectal 
carcinoma. HER2/neu expression was also associated with the 
subtypes of colorectal carcinoma and other clinicopathological 
factors such as alcohol consumption, dietary fiber consumption, red 
meat consumption, smoking, tumour stage, tumour invasion, and 
lymphovascular invasion [1]. Four-micron sections were prepared 
from each formalin-fixed and paraffin-embedded tissue sample and 
stained with an antibody against HER2/neu (polyclonal rabbit anti-
human antibody against c-erbB-2 oncoprotein, Dako) [Table/Fig-
1,2]. A known HER2/neu-positive case of breast carcinoma was 
used as a positive control, and a negative control was achieved by 
omitting the primary antibody.

Interpretation of hEr2/neu Immunostaining: The interpretation 
of HER2 immunostaining was done according to the guidelines 
[Table/Fig-3] [8]. For HER2 immunostaining interpretation, a 
low-power objective (100X) was used, and immunostaining was 
observed in a homogeneous membranous population of tumour 
cells. IHC was used to evaluate the membranous protein expression 
of HER2/neu in cancer cells. Both the intensity and percentage of 
staining were assessed using scores ranging from 0 to 3+. A score 
of 0 or 1+ was considered negative for HER2/neu expression. A 
score of 2+ was considered equivocal and required confirmation 
with Fluorescent in situ Hybridisation (FISH) or other available in situ 
hybridisation techniques.

hEr2/
neu 
Score

hEr2 Pattern of 
staining in surgical 

specimen
hEr2 pattern of staining 

in biopsy specimen

assessment 
of hEr2/neu 
expression

0
No reactivity or 
membranous reactivity 
in <10% of cancer cells

No reactivity or no 
membranous reactivity in 
any cancer cell

Negative by IHC

1+

Faint or barely 
perceptible 
membranous reactivity 
in ≥10% of cancer 
cells; cells are focally 
membrane positive/
reactive

Malignant cell cluster* 
with a faint and barely 
perceptible membranous 
reactivity irrespective of 
percentage of cancer cells 
positive

Negative by IHC

2+

Weak to moderate and 
complete, basolateral, 
or lateral membranous 
reactivity in ≥10% of 
tumour cells

Malignant cell cluster* with 
a weak to moderate and 
complete, basolateral, 
or lateral membranous 
reactivity irrespective of 
percentage of cancer cells 
positive

Equivocal by 
IHC

3+

Strong and complete, 
basolateral, or lateral 
membranous reactivity 
in ≥10% of cancer cells

Malignant cell cluster* with 
a strong and complete 
basolateral, or lateral 
membranous reactivity 
irrespective of percentage 
of cancer cells positive

Positive by IHC

[Table/Fig-3]: Interpretation of HER2/neu staining [8].
*: malignant cell cluster consisting of ≥5 neoplastic cells; IHC: Immunohistochemical

[Table/Fig-1]: a) Picture showing histology of moderately differentiated adeno-
carcinoma (X400); b) Picture showing histology of mucinous carcinoma (X400); 
c) Picture showing histology of signet ring cell carcinoma (X400); d) Picture showing 
histology of undifferentiated carcinoma (X400).

[Table/Fig-2]: a) Picture showing HER-2/neu IHC 3+in moderately differentiated 
adenocarcinoma (X400); b) Picture showing HER-2/neu IHC 3+in well differentiated 
adenocarcinoma (X400); c) Picture showing HER-2/neu IHC in mucinous adenocarci-
noma (X400); d) Picture showing HER-2/neu IHC in adenocarcinoma with mucinous 
component (X400).



www.njlm.net Sudeshna Nandi et al., HER2/Neu in Colorectal Carcinoma

National Journal of Laboratory Medicine. 2024 Jan, Vol-13(1): PO33-PO36 3535

DISCUSSION
Present study examined HER2/neu expression in 50 cases of 
colorectal carcinoma. IHC staining was performed, and the results 
were interpreted based on the intensity, pattern, and percentage of 
HER2/neu staining, following the ToGA guidelines for scoring [8]. 
HER2/neu can serve as a predictor of the outcome and response 
to adjuvant chemotherapy in colon carcinoma. Overexpression of 
HER2/neu is associated with a poor prognosis, and those who 
overexpress HER2/neu may respond to Trastuzumab (Herceptin) 
therapy [9,10]. Ghaffarzadegan K et al., conducted a study 
on 69 cases of colon carcinoma to assess HER2/neu protein 
expression. They observed positive HER2/neu staining in 59.4% of 
cases, cytoplasmic staining in 65.9% of cases, and membranous 
cytoplasmic staining in 34.1% of cases. They did not find any 
association between HER2/neu expression and the site or type 
of the tumour [11]. Half E et al., analysed HER2/neu expression in 
colorectal carcinoma cells, examining protein expression, HER2/neu 
amplification, and mRNA levels. They found strong membranous 
staining in 5% of colorectal carcinomas and cytoplasmic staining 
in 63.5% of carcinomas. They also found a significant association 
between cytoplasmic staining and tumour differentiation [12]. The 
frequency of HER2/neu expression in colorectal cancer has been 
reported to range from 0-83% in some literature [13,14]. This wide 
range of HER2/neu overexpression may be attributed to varying 
staining patterns (cytoplasmic, membranous, or both), differences 
in tissue fixation intensity, and variations in the antibodies and IHC 
procedures used.

Block EJ et al., conducted a study and reported that HER2/neu 
expression can occur both in the membrane and cytoplasm of 
colorectal carcinoma cells [15]. Studies have also shown that HER2/
neu expression in colon carcinoma can serve as a marker for poor 
prognosis. Additionally, some literature supports the association 
between cytoplasmic HER2/neu expression in colorectal carcinoma 
and survival prognosis [15]. In present study, the positive HER2/
neu expression in the membrane was 60%. In a larger group of 
colorectal carcinoma cases, HER2/neu expression was reported in 
81.8% of the total number of patients [16]. These variations may 
be attributed to factors such as sample size, heterogeneity in the 
study population, racial differences, and technical differences in IHC 
performance [17,18]. Present study evaluated the results according 
to the Trastuzumab for GAstric cancer (ToGA) Trial for Scoring 
HER2 Expression by IHC in Gastric and Gastroesophageal Junction 
Adenocarcinoma [Table/Fig-3]. Detection of HER2 (ERBB2) gene 
amplification in colorectal carcinoma was performed according to 
the American Society of Clinical Oncology/College of American 
Pathologists (ASCO/CAP) guidelines, which are similar to those 
used in breast cancer. HER2 (ERBB2) amplification is defined as a 
HER2 (ERBB2): CEP17 ratio of ≥2 [19].

The National Comprehensive Cancer Network (NCCN) panel 
recommends using FISH only for cases with HER2/neu 2+ 
expression. The NCCN guidelines also suggest adding trastuzumab 
with chemotherapy only for patients with IHC 3+ expression or IHC 
2+ expression with evidence of HER2/neu amplification by in situ 
hybridisation (HER2 (ERBB2): CEP17 ratio ≥2). Trastuzumab is not 
recommended if the HER2/neu score is 0 or 1+ [20]. Two other 
phase II trials, TRIUMPH and TAPUR, confirmed the activity of 
trastuzumab plus pertuzumab. The TAPUR trial aimed to describe 
the efficacy and safety of available targeted anticancer drugs in 
patients with advanced cancer. In the cohort of HER2-amplified 
mCRC, which included 28 patients, the overall response rate 
(ORR) was 14%, and the disease control rate for at least 16 weeks 
was 50% [21]. Another ongoing phase II study, DESTINY-CRC02 
(study of trastuzumab deruxtecan), aims to determine the safety 
and efficacy of two doses (5.4 mg/kg and 6.4 mg/kg) in patients 
with HER2/neu overexpression, RAS wild-type variant, or mutant 
metastatic colorectal carcinoma [22]. All these studies shed light on 

Prognostic 
parameters

hEr2/
neu 

Score 0

hEr2/
neu 

Score 1

hEr2/
neu 

Score 2

hEr2/
neu 

Score 3
p-

value

Age (years)

1-20 0 1 0 0

0.179
21-40 3 1 1 7

41-60 5 4 2 16

61-80 1 1 1 7

Gender
M 7 3 2 19

0.511
F 2 4 2 11

Lymphovascular 
invasion

Involved 8 4 3 18
0.32

Not involved 1 3 1 12

Tumour stage

I 3 4 2 14

0.742
II 0 0 0 3

III 4 3 2 11

IV 2 0 0 2

Tumour 
invasion

Serosa 1 0 0 2

0.701

Upto 
muscularis 

propria
5 4 4 17

Upto 
subserosa

3 3 0 11

[Table/Fig-4]: Association between HER2/neu expression and clinicopathological 
factors.

histological features

hEr2/neu

χ2 p-value0 1 2 3

Adenocarcinoma NOS 2 2 4 30

46.867 <0.001
Mucinous adenocarcinoma 5 3 0 0

Signet ring cell carcinoma 0 2 0 0

Undifferentiated type 2 0 0 0

Total 9 7 4 30

[Table/Fig-5]: Association of HER2/neu with histological subtypes (n=50).
NOS: Not otherwise specified

histological grade

hEr2/neu

χ2 p-value0 1 2 3

Well differentiated 0 0 0 2

19.663 0.020
Moderately differentiated 6 5 4 28

Poorly differentiated 1 2 0 0

Undifferentiated 2 0 0 0

Total 9 7 4 30

[Table/Fig-6]: Association of HER2/neu with histological grade of the tumour 
(n=50).

Additionally, a significant association was found between 
HER2/neu expression and the histological grade of the tumour 
(p-value=0.020) [Table/Fig-6]. Among the different histological 
grades of the tumour, moderately differentiated adenocarcinoma 
showed the highest expression, with 28 out of 50 cases (56%) 
exhibiting 3+ positivity. Four cases out of 50 (8%) showed 
equivocal expression (2+), while 11 cases out of 50 (22%) 
showed negative expression. Two cases of well-differentiated 
adenocarcinoma showed positive expression (3+). All cases 
of poorly differentiated adenocarcinoma and both cases of 
undifferentiated type showed negative expression of HER-2/neu 
(score 0).

No significant association was found between HER-2/
neu expression and TNM staging, tumour invasion, or 
Lymphovascular Invasion (LVI) status. Additionally, no statistical 
associations were found between the histopathological 
diagnosis of the tumour and alcohol consumption, smoking, 
excessive red meat consumption, or dietary fiber consumption. 
No association between the marker and the disease stage was 
observed.
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the importance of focusing on the pattern and intensity of HER2/
neu staining in colorectal carcinomas. The recent approval of 
lapatinib, an intracellular kinase inhibitor, for trastuzumab resistance 
in breast cancer patients suggests that it may also have potential 
in the treatment of colorectal carcinoma [23]. This is especially 
relevant considering the role of cytoplasmic HER2/neu expression 
in the pathogenesis of colorectal carcinoma, similar to that in breast 
cancer. Conradi LC et al., conducted a study on 225 resection 
specimens of advanced rectal carcinomas after neoadjuvant 
radiochemotherapy and found that HER2/neu-positive tumours had 
better survival (CSS; p<0.03) after five years compared to negative 
cases. They concluded that HER2/neu-positive tumours may have 
a better 5-year Cancer Specific Survival (CSS) than HER2/neu-
negative tumours [24].

Limitation(s)
However, there are some limitations. Firstly, since it was conducted 
in a single institute and the total number of cases was limited, 
it may not be possible to generalise the findings to the entire 
population. This study can be considered as a part of a larger 
study to reach a definitive conclusion. Secondly, due to the short 
study period, follow-up and survival analysis were not possible. It 
would be recommended to gather data on follow-up to evaluate 
the prognostic utility of these markers and their ability to determine 
tumour behaviour. Lastly, authors were unable to evaluate any 
markers in the study using gene amplification techniques due to 
financial constraints.

CONCLUSION(S)
This study revealed a significant association between HER2/neu 
expression and the histological subtypes and histological grade 
of the tumour. Adenocarcinoma NOS showed strong HER2/neu 
expression, while mucinous adenocarcinoma and undifferentiated 
carcinoma had minimal or absent HER2/neu expression. These 
findings highlight the importance of routine evaluation of HER2/neu 
expression in colorectal carcinoma, along with other prognostic 
parameters. It is important to note that surgery alone is not 
curative in patients with advanced colon cancer, and additional 
forms of therapy may be required to improve patient survival. 
HER2 overexpression could serve as a guideline for targeted 
trastuzumab therapy in these patients, similar to its use in breast 
carcinoma.
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