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Abstract

Background: HER2/neu is associated with increased tumor grade, and Ki-67 is related to tumor recurrence and stage
progression. This study aims to evaluate the clinical profile in patients with urothelial neoplasms and correlate the
expression of HER2/neu and Ki-67 in urothelial carcinomas.

Methods: This is a five-year retrospective study from June 2017 to May 2022 with forty cases from the Department
of Pathology. A microscopic examination was done to assess the tumor stage and histological grade.
Immunohistochemistry was performed with HER2/neu and Ki-67.

Results: 65% (26/40) of the cases were diagnosed as infiltrating urothelial carcinoma, 30% (12) of the cases as low-
grade non-invasive urothelial carcinoma, one case as a papillary urothelial neoplasm of low malignant potential
(PUNLMP), and one case as urothelial papilloma. 95.5% of infiltrating carcinomas and 84.5% of low-grade non-
invasive carcinomas were Ki-67-positive. A significant correlation was observed between the expression of Her-
2/neu and Ki-67 and the 2016 World Health Organization (WHO) grading system of urothelial carcinoma. Moderate-
to-strong HER2/neu overexpression (2+ or 3+) was observed in only 18% of cases.

Conclusion: The expression of ki-67 increased with an increase in the grade of tumor, which shows its prognostic
importance. The relation between Ki-67 expression and the histologic grade of the tumor and the presence of
lymphovascular invasion was significant. A significant correlation was observed between the grade of the carcinoma
and the immunohistochemical expression of HER2/neu, in which 19.3% of high-grade carcinoma cases showed
immunohistochemical expression of the HER2/neu marker. Further studies with a larger population group are
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required to establish the role of HER2/neu as a prognostic marker.

Highlights
What is current knowledge?

Immunohistochemical expression of HER2/neu and Ki-67 markers can be
used to assess high grade urothelial tumours, but the choice between low-
and high-grade urothelial tumors is crucial.

What is new here?

Ki-67 expression helps in discrimination between cases of bladder dysplasia
and carcinoma and it helps to identify the high-grade carcinoma. A
nonsignificant relation between HER2/neu positivity and Ki-67 expression
resulted in this study. A significant relation seen between Ki-67 expression
and presence of lymphovascular invasion and histologic grade of tumour.

Introduction

Urological cancer, also known as urinary bladder cancer, is the tenth most
prevalent cancer worldwide, and its prevalence is increasing in developed
countries (1). 90% of bladder cancer cases were caused by urothelial cells in the
bladder, although on rare occasions in the urinary system. Bladder cancer affects
men four times more than women. While bladder cancer is the 13th most lethal
cancer, it is estimated that approximately 200,000 people died from it in 2018,
accounting for 2.1% of all cancer deaths (2). Bladder cancer is most common in
older people. Tobacco use is the leading risk factor, accounting for 50-65% of
new cases yearly. Smoking has been shown to increase the risk of bladder cancer
by three to four times (3). The second preventable risk factor for bladder cancer
is occupational exposure to aromatic amines, polycyclic aromatic hydrocarbons,
and chlorinated hydrocarbons. Tumor stage and grade are critical predictive
indicators in clinical application. Urothelial (transitional) tumors are the most
frequent bladder tumors, such as non-invasive urothelial (transitional cell) tumors
and infiltrating urothelial carcinoma.

Several studies have found an association between the Ki-67 labeling index
and well-known prognostic variables such as grade and stage (5). Overexpression
of the HER2/neu protein and gene amplification have been observed in urothelial
carcinomas. A study discovered a link between the immunohistochemical
expression of HER2/neu and Ki-67 and the 2016 WHO grading system of
urothelial cancer (6).

No previous studies have been conducted on this topic in our region. Hence, the
current study aims to assess the immunohistochemistry expression of Ki-67 and
HER2/neu in urinary cancer and its correlation with clinicopathological data.

Methods

A five-year retrospective and prospective study was conducted on urothelial
samples collected in the Department of Pathology from June 2017 to May 2022.
The Institutional Ethical Committee, SVS Medical College, Mahabubnagar,
approved the study procedure.

Inclusion criteria: Radical cystectomy specimens and specimens diagnosed with
urothelial carcinoma.

Exclusion criteria: Surgical cystectomy specimens with different causes of urine
bladder.

Each block was stained with hematoxylin and eosin (H&E), and additional
slices were mounted on charged slides for immunohistochemical staining with a
monoclonal antibody against the Ki-67 antigen clone MIB-1 and a monoclonal
rabbit anti-human c-erbB-2 oncoprotein (HER2/neu).

Ready-to-use antibodies were wused, 1i.e., Anti-c-erbB2/Her2-neu
(CloneCB11) Mouse Monoclonal Antibody (Biogenex company) and Ki-67
(CloneMiB-1) Mouse Monoclonal Antibody (Biogenex company).

Nature of Specimen: Transurethral resection of bladder tumor.

Microscopy was used to determine the tumor stage and histological grade.
Following the WHO classification, the TNM classification was used for tumor
staging (2016). The paraffin blocks represented urothelial carcinoma of the
bladder surgically removed by transurethral resection of the bladder tumor. H&E
stained sections of Smm thickness; some sections were placed on positively
charged slides and were immunohistochemically stained for her2/neu and Ki-67.
The H&E stained sections were examined for histological type, grading, and
staging of the tumors—Monoclonal Mouse Anti-Human antigen clone was used
for immunohistochemistry. Stained sections were evaluated under the light
microscope.

For Ki-67, a minimum of 1000 tumor cells were counted under 400
magnification from immunopositive regions. The proportion of positive cells was
computed as follows: 0 = 0-10% of tumor cells stained, 1 = 11-25% of cells
stained, 2 = 26-50% of cells stained, and 3 = >50% of cells stained.
Quantification: 0 = negative (1-2), 1+ = mild (3), 2+ = moderate (4), and 3+ =
strong (5-6).
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Brown membranous staining intensity and pattern were used to score

HER2/neu: 0 = no staining or less than 10% of tumor cells; 1+ = partial faint
membrane staining in more than 10% of tumor cells; 2+ = circumferential weak
to moderate staining in more than 10% of tumor cells; 3+ = circumferential strong
membrane staining in more than 10% of tumor cells (Table 1).
Statistical analysis: The data was analyzed using the Statistical Package for
Social Science Software (SPSS), version 16.0. Descriptive statistics were
employed to characterize variables; the mean and standard deviation were
utilized for quantitative variables. The chi-square test was used to compare
groups for qualitative factors. A p-value of less than 0.05 was considered
statistically significant.

Results

The patients' ages ranged from thirty to eighty years; the mean age was 59.2+8.9
years. Among forty cases, the majority (13 cases) were aged between 61-70 years
(32.5%), followed by 11 (27.5%) cases between 51-60, six (15%) cases between
41-50, six (15%) cases between 71-80, and four (10%) cases between 30-40. The
male-to-female ratio was 3:1.

Twenty-five cases had a smoking history. Occupational industrial exposure
was seen in five cases. Ninety percent of cases had painless hematuria, and only
10% had dysuria. Infiltrating urothelial carcinoma accounted for 65% of bladder
lesions, 30% of low-grade non-invasive urothelial carcinoma, 2% of PUNLMP,
and 3% of urothelial papilloma. HER-2/neu and Ki-67 immunohistochemical
expression showed no significant connection with age or gender. A significant
correlation was found between the expression of HER-2/neu and Ki-67 and the
WHO grading system of urothelial carcinoma (2016). Figure 1 depicts the
immunohistochemical results of urothelial carcinoma and its invasiveness.
Immunohistochemical analysis of urothelial carcinoma with Ki-67 nuclear and
HER2/neu staining and their findings is depicted in (Figure 2).

Figure 1. Immunohistochemical findings. a. high-grade muscle-invasive papillary urothelial
carcinoma (PUC). b. low-grade PUC
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Figure 2. Immunohistochemical findings. a. Ki-67 nuclear staining. b. HER2/neu
membranous staining

A significant correlation was observed between Ki-67 and Her2/neu and the
2016 WHO grading system of the tumor, especially for the Ki-67 marker (p<
0.001), with twenty-four out of twenty-six (92.3%) high-grade cases showing
positive immunohistochemical Ki-67-expression and nine out of 12 (75%) low-
grade cases showing positive immunohistochemical Ki-67-expression (Table 2).
A significant association was observed between the immunohistochemical
expression of HER2/neu and the 2016 WHO grading system of the tumor, with
five out of twenty-six (19.3%) high-grade carcinoma cases showing positive
immunohistochemical expression of the HER2/neu marker.

Table 2. Association of Ki-67 and Her2/neu expression and grade of urothelial carcinoma

Histochemic Ki-67 expression 14 HER?2 expression P
al diagnosis value value
with grade Positive Negative Positive Negative
Low grade- 9 (75%) 3(35%) 0 (0%) 12 (100%) <
non -invasive 0.001
urothelial
carcinoma <
Infiltrating 24 (92.3%) 2(7.7%) 0.001 5(193%) | 21(80.7%)
urothelial
carcinoma
Total 33 (86.9%) 5(13.1%) 5(13.2%) 33 (86.8%)
Discussion

The average age of the total patients in this study was 59.2, with a male-to-female
ratio of 3:1. In contrast, in a study by Badawia B Ibrahim et al. (7), the mean age
of'the patients was 59.579.39 years, with a range of twenty-eight to seventy-seven
years and a male to female ratio of 9:1.

The majority of cases (90%) had painless hematuria. Smoking accounted for
75% of cases among risk factors. According to Fortuny et al. (8), patients with a
history of tobacco smoking were at a higher risk of urinary tract cancer, and 72%
of patients presenting with urothelial- neoplasms had a smoking history.

Out of forty patients, twenty-six had infiltrating urothelial carcinoma, 12 had
minimal grade non-invasive urothelial- carcinoma, one had PUNLMP, and one
had urothelial papilloma.

Identifying prognostic indicators in urothelial cancer has received significant
attention around the world. HER2/neu is among the most often increased
oncogenes in bladder cancer. It appears to play a role in tumor etiology;
nevertheless, its expression varies between studies (9).

HER2/neu expression was detected in five cases (13.2%) in our investigation.

According to Badawi B Ibrahim et al. (7), positive HER2/neu expression was
detected in 63.3% of cases and negative in 36.7% of cases. Of sixty instances,
35% have high Ki-67 expression, 33.33% have moderate, 23.3% have mild, and
8.3% have negative Ki-67 expression.

A study of 111 bladder cancer samples found HER2/neu over-expression in 22%
of the samples (10). Another study found HER2/neu over-expression in 74% of
this number.

Except for perineural invasion, the relationship between HER2/neu
expression and the clinicopathologic characteristics was negligible in this
investigation (11). In the present study, a significant correlation was found
between Ki-67 and Her2/neu and the 2016 WHO tumor grading system,
especially for the Ki-67 marker (p 0.001), with twenty-four out of twenty-six
(92.3%) high-grade cases showing positive immunohistochemical Ki-67
expression and nine out of 12 (75%) low-grade cases showing positive
immunohistochemical Ki-67 expression. A significant link was found between
the immunohistochemistry expression of HER2/neu and the 2016 WHO tumor
grading system, with five out of twenty-six (19.3%) high-grade carcinoma cases
showing positive immunohistochemical expression of HER2/neu marker.

In the study by Noora Ali Jawad et al., a significant correlation was observed
between Ki-67 and HER2/neu and the 2004 WHO grading system of the tumor,
with twenty-one out of twenty-five (84%) high-grade cases showing positive
immunohistochemical Ki-67 expression and 10 out of 20 (50%) low-grade cases
showing positive immunohistochemical Ki-67 expression. This correlation was
also significant for the immunohistochemical expression of HER2/neu (p =
0.015), with twenty out of twenty-five (80%) high-grade carcinoma cases
showing positive immunohistochemical expression of the HER2/neu marker and
nine out of twenty (45%) low-grade cases showing positive expression (12).

According to Abid A et al.'s study, eight cases were identified as low-grade
non-invasive urothelial carcinoma, 78% as infiltrating urothelial carcinoma, and
one as a PUNLMP. Ki-67 positivity was seen in 96.8% of infiltrating carcinomas
and 87.5% of low-grade non-invasive carcinomas (13).

Therefore, Ki-67 expression is useful for distinguishing between bladder
dysplasia and carcinoma cases and detecting high-grade cancer cases (14). Ki-67
is now used by 90% of pathologists worldwide to identify bladder cancer (15).
Several studies have found a link between Ki-67 expression and the tumor grade,
as well as the occurrence of lymphovascular invasion. They also found a non-
significant association between Ki-67 expression and HER2/neu positivity (16).
A biopsy or transurethral resection reveals a different grade than what is
discovered in the operative specimen (17). The grading system is designed for
non-invasive urothelial neoplasms and lacks discriminatory power when applied
to invasive components. Infiltrating carcinomas act like high-grade carcinomas.
In the present study, 92.3% of infiltrating carcinomas and 75% of low-grade non-
invasive carcinomas were positive for Ki-67. Jawad et al. found a similar result
(12). Elkady et al. discovered a substantial correlation between Ki-67 and the
tumor grade (18). In the present study, the Ki-67 score was high (3+) in all higher-
stage tumors (pT2) and lower in pTa and pT1. The Ki-67 value and the tumor
stage were shown to be significantly correlated.
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According to Zambelli et al. (19), the Ki-67 score substantially correlates
with the tumor's histological grade and clinical stage. Suwa et al. (20) discovered
a link between Ki-67 expression and the grade and stage of urothelial cancer. In
the study by Sentiirk et al., Ki-67 expression in bladder cancer increased with the
pathological stage and histological grade (21).

Conclusion

Ki-67 expression was elevated with tumor grade, indicating its prognostic
significance. Ki-67 expression was found to be significantly associated with the
tumor histologic grade and the existence of lymphovascular invasion. A
significant association was observed between the immunohistochemistry
expression of HER2/neu and the tumor grade, with 19.3% of high-grade
carcinoma patients showing positive immunohistochemical expression of the
HER2/neu marker. More research with a broader demographic group is needed
to establish the role of HER2/neu as a prognostic indicator.
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