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Abstract
Objectives:We explored the expression levels and clinical significance of human epidermal growth factor receptor 2 (HER2) in urothelial
carcinoma (UC) tissues.
Materials and methods: Patient data were reviewed, and 111 paraffin specimens of UC obtained from the Department of Urology,
Shandong Provincial Hospital Affiliated to Shandong First Medical University, from 2020 to 2021were collected. Immunohistochemistry
was used to detect HER2 protein expression in all UC tumor tissues. Theχ2 and Fisher exact tests were used to analyze the relationship
between HER2 protein expression and clinicopathological data (sex, age, histopathological diagnosis, invasiveness, histopathological
grade, maximum tumor diameter, muscle invasion, regional lymph node metastasis, and clinical stage).
Results: In this study, 92 cases (82.88%) showed HER2 protein expression, and there was a statistically significant difference in the
distribution of HER2 positivity (immunohistochemistry 2+ and 3+) according to the pathological grades of UC (p = 0.021). Human epi-
dermal growth factor receptor 2 positivity was not associated with sex, age, histopathological diagnosis, invasiveness, maximum tumor
diameter, muscle invasion, regional lymph node metastasis, or clinical stage (all p < 0.05).
Conclusions:Human epidermal growth factor receptor 2 protein is highly expressed in UC, and its expressionmay be closely related to
the high pathological grade of UC.
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1. Introduction

Urothelial carcinoma (UC) is a commonmalignant tumor affecting
the urinary system. It is the fourth most common cancer among
males in theUnited States, with a higher incidence rate inmales com-
pared with females. In 2020, more than 80,000 confirmed cases of
UC were reported.[1] Notably, 90% of UC occur in the bladder,
whereas 5% to 10% arise in the renal pelvis and ureter.[2] Typically,
UCoccurs in elderly patients 70 years and older. Risk factors include
genetic predisposition (eg, Lynch syndrome), chemical and environ-
mental exposure (eg, cyclophosphamide and aromatic amines),
smoking, and male sex.[3] For example, the GLOBOCAN 2020 re-
port indicated 85,000 new cases of bladder cancer in China and
39,000 related deaths.[1] Compared with other primary tumors,
UC exhibits unique characteristics, including its heterogeneous na-
ture, and diversity of clinical outcomes even among patients with
the same clinical stage and pathological grade, necessitating individ-
ualized treatments (doi: 10.1038/s41585-023-00847-7).
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The human epidermal growth factor receptor (HER, also known
as ERBB) family is a class of transmembrane receptor tyrosine ki-
nases, comprising HER1, HER2, HER3, and HER4, which play
an important role in cell development, proliferation, and differenti-
ation.[4] Specifically, research on HER2 is more comprehensive,
depicting its close association with the occurrence and develop-
ment of various malignant tumors. In recent years, anti–HER2-
targeted therapy demonstrated great success in breast and gastric
cancer treatments. Previous studies have found that 9.4% to
41.2% of UCs exhibit elevated HER2 expression.[5] Other studies
demonstrated that HER2 protein overexpression and gene amplifi-
cation may be closely associated with UC risk classification and
poor prognosis.[6] Therefore, clarifying the expression and clinico-
pathological correlation of HER2 protein in UC is particularly im-
portant for the effective clinical application of anti–HER2-targeted
therapy.[7–9] This study aimed to detect HER2 protein expression
levels in UC tissue using immunohistochemistry (IHC) and analyze
its clinicopathological relationship with UC. The investigation into
the clinical application of HER2 seeks to provide valuable insights
to guide the treatment of UC by targeting HER2.
2. Materials and methods

2.1. Study design and clinical samples
A total of 111 patients with a pathological diagnosis of UC be-
tween 2019 and 2021 at the Department of Urology and Pathol-
ogy, Shandong Provincial Hospital Affiliated to Shandong First
Medical University, were enrolled. Eligible patients were at least
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18 years old, with a histological or cytological diagnosis of UC,
exhibiting at least onemeasurable lesion,with anEasternCooperative
OncologyGroup performance score of ≤1, and complete clinical data.

Exclusion criteria encompassed missing clinical data, such as the
lack of pretreatment computed tomography images and corre-
sponding laboratory test results (routine blood, urine, stool, liver
and kidney function, blood biochemistry, and electrocardiogram).
Patients with missing or undetectable HER2 expression in patho-
logical sections and those presenting with tumors merging with
other anatomical regions were excluded from the study. Informed
consent was obtained from all the patients, and the study was ap-
proved by the ethics committee of Shandong Provincial Hospital.

Surgical specimens for UC included transurethral resection of
bladder tumors, partial cystectomy, radical cystectomy, segmental
ureterectomy, and total ureteropelvic resection. Data on patient
sex, age, histopathological diagnosis and grade, invasiveness, max-
imum tumor diameter, muscle invasion, regional lymph node me-
tastasis, and clinical stage were collected.

2.2. Experimental method
Urothelial carcinoma tissue specimens were fixed in 10% neutral
formalin, embedded in paraffin, and sectioned at a thickness of
4 μm. Sections were incubated in the primary antibody overnight at
4°C. Subsequently, slides were washed 3 times with 1� phosphate-
buffered saline solution for 5 minutes, and then the secondary anti-
body was added dropwise and incubated at 37°C for 30 minutes.
The slides were then washed 3 times in 1� phosphate-buffered saline
solution for 5 minutes, and excess water around the tissue on the sec-
tion was absorbed. Strept avidin-biotin complex solution was added
dropwise and incubated at 37°C for 30 minutes. The diaminobenzi-
dine chromogenic solution was added dropwise, and the cells were
stained for less than 1 minute. Hematoxylin solution was added
dropwise and kept for 2 minutes. The MaxVision method (doi: 10.
19746/j.cnki.issn.1009-2137.2021.02.034) was used for immuno-
histochemical analysis. All sections served as positive controls,
whereas normal bladder urothelium, lymphocytes, and blood ves-
sels were used as negative internal controls.

2.3. Interpretation of results
Immunohistochemical results were independently read and interpreted
by 2 experienced senior pathologists using a double-blind method.
When there was a difference in the readings, a third senior pathol-
ogist made a second judgment to reach a consensus. The HER2
protein scoring standard is based on the 2021 edition of the Clini-
cal Pathological Expert Consensus on HER2 testing in UC in
China and is outlined as follows: (0: no staining or <10%of invasive
cancer cells with incomplete and weakly stained membranes; 1+:
≥10% of invasive cancer cells with incomplete and weakly stained
membranes; 2+: ≥10% of invasive cancer cells with weak-moderate
full membrane staining or <10% of invasive cancer cells with strong
staining of the intact cell membrane; 3+: ≥10% of invasive cancer
cells with strong staining of the intact cell membrane).[10]

Ki-67 was assessed by counting more than 500 tumor cells at high
magnification and counting the percentage ofKi-67 staining in tumor cell
nuclei, regardless of staining intensity. All other markers were analyzed
according to the Remmele and Stegner[4] immune response score.

2.4. Statistical methods
Statistical analyses were conducted using the SPSS software (SPSS
26.0; IBM Corp, Armonk, NY). The χ2 test was used to analyze
the relationship betweenHER2 and UCmyometrial invasion, clin-
ical stage, maximum tumor diameter, UC histopathological grade,
age, and sex. The adjustedχ2 test was used to analyze the relation-
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ship betweenHER2 and regional lymph nodemetastasis and Ki-67
proliferation index in UC. The relationship between HER2 and re-
gional lymph node metastasis and Ki-67 proliferation index in
bladder cancer was analyzed using Fisher exact test. p < 0.05 was
considered statistically significant.
3. Results

3.1. Baseline of clinical patients
A total of 111 patients were included in this study, including 78
males and 33 females, with a median age of 66 (40–93) years.
The primary tumor sites were distributed as follows: 78 patients
(70.27%) had tumors in the bladder, 17 patients (15.32%) in the
ureter, and 16 patients (14.41%) in the renal pelvis. Among pa-
tients with the primary tumor located in the bladder (78 cases),
44 cases (56.41%) exhibited a tumor diameter ≥2 cm, whereas
34 cases (43.59%) had a tumor diameter <2 cm. Among the cases
with the primary tumor in the ureter (17 cases), 10 cases (58.82%)
had a tumor diameter ≥2 cm, and 7 cases (41.18%) had a tumor
diameter <2 cm.Among cases with primary tumors in the renal pel-
vis (16 cases), 12 cases (75.00%) presented with a tumor diameter
≥2 cm, and 4 cases (25.00%) presented with a tumor diameter
<2 cm. Based on the 2016 edition of the World Health Organiza-
tion urology pathology and genetics diagnostic criteria (doi: 10.
1016/j.eururo.2016.02.028), 82 cases were high grade (primary
bladder: 52 cases, primary ureter: 16 cases, primary renal pelvis:
14 cases), and 29 cases were low grade (primary bladder: 26 cases,
primary ureter: 1 case, primary renal pelvis: 2 cases). As for the in-
vasiveness, the study included 84 cases of invasive UC (primary
bladder: 54 cases, primary ureter: 16 cases, primary renal pelvis:
14 cases) and 27 cases of noninvasive UC (primary bladder: 24
cases, primary ureter: 1 case, primary renal pelvis: 2 cases). The his-
topathological diagnosis of each specimen was reviewed by 2 pa-
thologists and attending physicians. Among patients with primary
tumor located in the bladder, 49 patients underwent transurethral
resection of bladder tumor, 20 patients underwent radical cystectomy,
7 patients underwent partial cystectomy, and 2 patients did not un-
dergo surgical treatment or bladder drug instillation and received
only programmed cell death protein 1 inhibitor immunotherapy.
Among patients with primary tumors located in the ureter, 11 pa-
tients underwent radical nephroureterectomy, and 6 patients un-
derwent segmental ureterectomy. As for patients with primary tu-
mors located in the renal pelvis, 14 patients underwent radical
nephroureterectomy and partial cystectomy; 2 patients did not un-
dergo surgery and received programmed cell death protein 1 inhib-
itor immunotherapy. (Detailed clinicopathological data of patients
with UC are shown in Table 1 and in Fig. 1A–D.)

3.2. Expression of HER2 in UC
Among the 111 UC tissues, 92 (82.88%) showed HER2 protein
expression, of which 26 (23.42%) had HER2 expression 1+, 61
(54.95%) hadHER2 expression 2+, and 5 (4.50%) hadHER2 ex-
pression 3+. Among the 78 primary bladder tumor tissues, 70
(89.74%) had HER2 protein expression, of which 20 (25.64%)
had HER2 expression 1+, 45 (57.69%) had HER2 expression 2
+, and 5 (6.41%) hadHER2 expression 3+. Among the 17 primary
ureteral tumor tissues, 8 (47.06%) had HER2 protein expression,
of which 3 (17.65%) had HER2 expression 1+, and 5 (29.41%)
had HER2 expression 2+. As for the 16 primary renal pelvis tumor
tissues, 14 (87.50%) had HER2 protein expression, including 3
(18.75%) with HER2 expression 1+ and 11 (68.75%) with
HER2 expression 2+ (Figs. 2–4, respectively).
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Figure 1. Histomorphological spectrum of UC. (A) Low-grade invasive urothelial bladd
noninvasive urothelial bladder carcinoma; (D) high-grade noninvasive urothelial bladd

Table 1

Clinicopathological features of the analyzed cohort.

Bladder cancer Ureteral cancer Renal pelvis cancer

Total 78 17 16
Age, yr
Range 40–93 58–85 57–84
Median age 66 72 72.5

Gender
Male 65 10 3
Female 13 7 13

Invasiveness
Invasive 54 16 14
Noninvasive 24 1 2

Grading WHO 2016
High-grade 52 16 14
Low-grade 26 1 2

Tumor size, cm
≥2 44 7 12
<2 34 10 4

Muscle invasion
MIUC 21 13 12
NMIUC 57 4 4

pN
N1 2 3 2
N0 76 14 14

Stage
I 57 4 4
II 8 5 2
III 9 4 6
IV 4 4 4

MIUC =muscle-invasive urothelial cancer; NMIUC = non–muscle-invasive urothelial cancer; pN = primary
lymph node stage; WHO = World Health Organization.

Chang et al. � Volume 19 � Issue 3 � 2025 www.currurol.org

203
3.3. HER2 positivity (IHC 2+ and 3+) in invasive and
noninvasive UCs
TheHER2 IHCprotein–positive rate (IHC2+ and 3+) in the 84 inva-
sive UCs was 62% (52/84). The positivity rate of HER2 IHC protein
expression was 70% (38/54) in UCs originating from the bladder,
29% (5/16) in UCs originating from the ureter, and 64% (9/14) in
UCs originating from the renal pelvis. Therewas no significant differ-
ence in the HER2-positive rate between invasive and noninvasive
UCs (p = 0.355). Among UCs originating from the bladder, there
wasno significant difference in theHER2-positive rate between invasive
UC of the bladder and noninvasive UC of the bladder (p = 0.083).

3.4. HER2 positivity (IHC 2+ and 3+) in high- and low-grade UC
The HER2-positive rate (IHC 2+ and 3+) in high-grade UCs was
66% (54/82). The positivity rate of HER2 protein expression was
75% (39/52) in UC originating from the bladder, 31% (5/16) in UC
originating from the ureter, and 71% (10/14) in UC originating from
the renal pelvis. There was a statistically significant difference in the
HER2-positive rate between high- and low-grade UCs (p = 0.021).
Among UCs originating from the bladder, there was a statistically
significant difference in the HER2-positive rate between high- and
low-grade UCs of the bladder (p = 0.005).

3.5. Association of HER2 positivity with clinicopathological
features of UC
Among the 111 cases of UC investigated, a statistically significant
difference was depicted between HER2 positivity and high-grade
versus low-grade UCs (p = 0.021). No significant associations
were found with muscle invasion (p = 0.890), invasiveness
(p = 0.355), tumor size (cutoff value of 2 cm, p = 0.624), clinical
stage (I + II, III + IV, p = 0.944), gender (p = 0.267), age (cutoff value
of 55 years, p = 0.850), and regional lymph node metastasis
(p = 0.598). Among 78 cases of bladder cancer tissue, the difference
between HER2 positivity and high- and low-grade was statistically
significant (p = 0.005), and it was not associated with muscle
er carcinoma; (B) high-grade invasive urothelial bladder carcinoma; (C) low-grade
er carcinoma, original magnification �200. UC = urothelial carcinoma.
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Figure 2. HER2 expression levels in UC from different sources. HER2 = human
epidermal growth factor receptor 2; UC = urothelial carcinoma.
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invasion (p = 0.177), invasiveness(p = 0.083), tumor size (cutoff
value of 2 cm, p = 0.922), clinical stage (I + II, III + IV, p = 0.261),
gender (p = 0.073), age (cutoff value of 55 years, p = 0.549), and re-
gional lymph node metastasis (p = 0.534, 2-sided). There was a sta-
tistically significant difference between the primary site of HER2
positivity and UCs (p = 0.022, Tables 2, 3)
Figure 3. HER2 expression under different clinical and pathological characteristics.
HER2 = human epidermal growth factor receptor 2; MIUC = muscle-invasive
urothelial cancer; NMIUC = non–muscle-invasive urothelial cancer; UC = urothelial
carcinoma.
4. Discussion

4.1. Differential expression of HER2 in UC
There were significant differences in the positivity rates of HER2 in
different studies. Bellmunt et al.[11] found amplification of theHER2
gene in 20%ofHispanic patients with bladderUC and 4%ofGreek
patients with bladder UC. Jiang et al.[5] reported that 0% to 59% of
patients with bladder UCs exhibit HER2 gene amplification, and
0% to 89% present with HER2 protein overexpression. In Chinese
patients with bladder UC, or even in patients from different prov-
inces, the expression of HER2 is likely to differ from that in foreign
populations. The study populationwas distributed across Shandong
Province, China. The HER2 protein was expressed in 92 cases
(82.88%) of UC, and the HER2-positive rate (IHC 2+ and 3+)
was 59% (66/111). Among UCs originating from the bladder, 70
cases (89.74%) expressed HER2 protein, and the HER2-positive
rate (IHC 2+ and 3+) was 64% (50/78). Human epidermal growth
factor receptor 2 is a potential therapeutic target for UC, and its ex-
pression is important for treatment. Currently, HER2-targeting an-
tibody-drug conjugates have achieved good curative effects in some
clinical trials. However, the relationship between HER2 expression
levels, treatment effects, and disease prognosis requires further ex-
ploration. In this study, HER2 protein was highly expressed in both
UC and bladder cancer. In UC, the rate of HER2 overexpression
was significantly different from that reported previously. We believe
that this difference stems from the heterogeneity and diversity of
UCs, immobilization methods, antibody brands, and research and
evaluation methods.

This study found that the positivity rates were 64.1% (50/78) in
the bladder, 29.4% (5/17) in the ureter, and 68.8% (11/16) in the
renal pelvis. Urothelial carcinomas show differences in HER2 ex-
pression at different primary sites, with UCs originating from the
renal pelvis and bladder exhibiting higher HER2 expression rates
than those originating from the ureters. In this study, HER2 ex-
pression was the highest in UCs, whereas the positivity rate of
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HER2 in 3+ UCs was significantly lower than that in 1+ and 2+
UCs. In addition, HER2-negative lesions were frequently found
in specific areas of high-grade UC specimens, suggesting substan-
tial heterogeneity in UC, especially in high-grade and poorly differ-
entiated tumors. The differences in HER2 overexpression may be
related to tumor heterogeneity. Previous studies have highlighted a
higher heterogeneity within invasive UC tumors (35%) with HER2
3+ compared with invasive breast cancer (5%) with HER2 3+.[12,13]

This heterogeneity posed challenges for immunohistochemical analy-
sis, surpassing the complexity observed in breast cancer. The pattern
of the number of HER2-positive tumors more than advanced tumors
in breast cancer does not apply to UCs. Once UC invades the mus-
cle, the morphological diversity, molecular heterogeneity, and var-
ious tumorigenic pathways further complicate targeted therapeutic
approaches.

The frequency of HER2 protein overexpression is the result of
multiple factors, including ERBB2 mutation or amplification and
HER2 overexpression in different histological subtypes of UC,
which may lead to differences in tumor biology and prognosis. Ge-
nome profiling and IHC revealed high HER2 amplification, muta-
tion, and overexpression in UC.[14] However, gene amplification
does not perfectly correlate with the overexpression of cell surface
receptors, and genomic analysis may underestimate the extent of
protein overexpression.[15] Immunohistochemical evaluation of a
large clinical sequencing cohort of multiple tumor types revealed
that bladder cancer exhibited the highestHER2overexpression rel-
ative to all other tissues, including breast and gastric cancers.[16]

Kiss et al.[17] collected clinicopathological information from 127
muscle-invasive bladders and found that gene amplification was
not the only driver of HER2 overexpression in bladder cancer, with
ERBB2 amplification detected in some cases without HER2 overex-
pression, andHER2 overexpression detectedwithout ERBB2 amplifi-
cation in other cases. This suggests thatHER2overexpression in blad-
der cancer is regulated by mechanisms other than gene amplification.

The HER2 detection standard used in this study was based on
the 2021 edition of the Clinical Pathological Expert Consensus
on HER2 testing in UC in China. Before October 2021, the
Chinese UC HER2 detection standard was based on the evalu-
ation criteria used for breast cancer. Simultaneously, a clinical
trial (RC-48) evaluating an antibody-drug conjugate targeting
HER2 in the treatment of advanced UC revealed that the response
rates were not significantly different between fluorescence in situ hy-
bridization (FISH) + and FISH-IHC2+ tumors.[18] Thismay indicate
that the degree of HER2 overexpression does not exert the same im-
pact on the treatment efficiency in UC, as observed in breast cancer.
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Figure 4. HER2 in UC by IHC. Example of HER2-positive urothelial bladder carcinoma. (A) HER2 IHC scored 0+; (B) HER2 IHC scored 1+; (C) HER2 IHC scored 2+; (D)
HER2 IHC scored 3+, original magnification �200. HER2= human epidermal growth factor receptor 2; UC = urothelial carcinoma; IHC = immunohistochemistry.

Table 2

Relationship between HER2 positivity and some clinicopathological features of
UC.

Characteristics HER2 χ2 p

Muscle invasion 0.019 0.890
MIUC 27/46 (58.7%)
NMIUC 39/65 (60.0%)

Invasiveness 0.857 0.355
Invasive UC 52/84 (62.0%)
Noninvasive UC 14/27 (51.9%)

Stage 0.005 0.944
I + II 48/81 (59.3%)
III + IV 18/30 (60.0%)

Tumor size, cm 0.240 0.624
≥2 38/66 (57.6%)
<2 28/45 (62.2%)

Gender 1.230 0.267
Male 49/78 (62.8%)
Female 17/33 (51.5%)

Age, yr 0.036 0.850
≤55 8/14 (57.1%)
>55 58/97 (59.8%)

Grading WHO 2016 5.324 0.021
High-grade 54/82 (65.9%)
Low-grade 12/29 (41.4%)

pN 0.277 0.598
N1 3/7 (42.9%)
N0 63/104 (60.6%)

Primary tumor 7.638 0.022
Bladder 50/78 (64.1%)
Ureter 5/17 (29.4%)
Renal pelvis 11/16 (68.8%)

HER2 = human epidermal growth factor receptor 2; MIUC = muscle-invasive urothelial cancer;
NMIUC = non–muscle-invasive urothelial cancer; pN = primary lymph node stage; UC = urothelial car-
cinoma; WHO = World Health Organization.
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Therefore, in the cases with HER2 2+, additional evidence is re-
quired to substantiate the potential impact of further improvement
in FISH staining to guide the treatment of UC, similar to consider-
ations in breast cancer.

4.2. HER2-positive rate of UC correlates with invasiveness
and clinical stage
There were no statistically significant differences in HER2 positiv-
ity, invasiveness, or muscle invasiveness in this study. Notably, the
correlation between HER2 positivity and invasiveness was greater
in UCs originating in the bladder. Moreover, no significant differ-
encewas depicted in the distribution ofHER2positivity among dif-
ferent clinical stages of UC.Human epidermal growth factor receptor
2 positivity was associated with the invasive characteristics of UC
cells; however, there was no significant difference in muscle invasion
or clinical stage distribution, suggesting that other factors may play a
role in the progression of UC. Eltze et al.[19] found that HER2 ampli-
fication was not related to the primary tumor stage or lymph node
status in 153 bladder cancer tumor tissues.Human epidermal growth
factor receptor 2 overexpression is thought to be an early event in
urothelial tumorigenesis and rarely occurs in subsequent tumor de-
velopment. Therefore, there may be a lack of correlation between
tumor stage and the depth of myometrial invasion.[20]

4.3. The correlation between HER2-positive rate and
pathological grade in UC
High-grade UCs had a higher HER2-positive rate in this study,
which is consistent with the results of several previous studies.[5,21]

It should be noted that high-grade tumors have both histological
types with better prognoses and histological types with poor prog-
noses. Zhao et al.[22] found thatHER2 expressionwas significantly
associated with tumor grade (high- vs. low-grade). In 2 different
cohort studies, El-Moneim et al.[23] reported that HER2 overex-
pression was statistically associated with high-grade tumors but
did not find any association with the clinical stage. Similarly, in a
205
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Table 3

Relationship between HER2 positivity and some clinicopathological features of
bladder cancer.

Characteristics HER2 χ2 p

Muscle invasion 1.825 0.177
MIBC 16/21 (76.2%)
NMIBC 34/57 (59.6%)

Invasiveness 2.996 0.083
Invasive BC 38/54 (70.4%)
Noninvasive BC 12/24 (50.0%)

Stage 1.264 0.261
I + II 40/65 (61.5%)
III + IV 10/11 (90.9%)

Tumor size, cm 0.010 0.922
≥2 28/44 (63.6%)
<2 22/34 (64.7%)

Gender 3.220 0.073
Male 45/65 (69.2%)
Female 5/13 (38.5%)

Age, yr 0.359 0.549
≤55 8/14 (57.1%)
>55 42/64 (65.6%)

Grading WHO 2016 8.051 0.005
High-grade 39/52 (75.0%)
Low-grade 11/26 (42.3%)

pN 0.534 (2-sided)
N1 2/2 (100.0%)
N0 48/76 (63.2%)

BC = bladder cancer; HER2 = human epidermal growth factor receptor 2; MIBC = muscle-invasive bladder cancer;
NMIBC = non–muscle-invasive bladder cancer; pN = primary lymph node stage; WHO =World Health Organization.
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study including 138 patients with bladder cancer, Krüger et al.[24]

found that HER2 overexpression was more common in the high-
grade cancer group than in the low-grade cancer group.

4.4. Association of HER2 positivity with prognosis in UC
In recent years, several studies have found that the expression of
HER2 may be associated with the prognosis of breast and gastric
cancers. The HER2-overexpressing subtype accounts for 20% to
30% of breast cancers, and HER2 receptor overexpression is
caused by mechanisms such as HER2 gene amplification. Patients
with HER2-overexpressing breast cancer have a poor prognosis.[25]

Monoclonal antibodies and small-molecule inhibitors targeting
HER2 have been widely used for the clinical treatment of HER2-
positive metastatic breast cancer. The binding of monoclonal anti-
bodies to HER2 extracellular receptors, which block HER2 signal-
ing, can significantly improve the prognosis of patients with HER2-
positive breast cancer.[26] In gastric cancer, the study showed that
the positivity rate of HER2 is different across various gastric cancer
types and locations, and the expression ofHER2 in tumors of the same
patient is different, similar to that of UC. According to the ToGA test,
the overall positive rate of HER2 expression in gastric cancer was
22.1%, of which intestinal-type gastric cancer and gastroesophageal
junction cancer had the highest positive rates (31.8% and 32.2%,
respectively), and diffuse and distal tumors had lower positive rates
(6.1% and 21.4%, respectively).[27] Similar to UC, gastric exhibits
marked heterogeneity.[28]With further understanding of gastric can-
cer, it was found that HER2-positive gastric cancer has a worse
prognosis, and HER2 heterogeneity is a poor prognostic factor.[29]

In recent years, the relationship between the prognosis of pa-
tients with UC and HER2 expression has been controversial.
Indeed, previous reports suggest that HER2 status, alone or in
combination with HER3 or epidermal growth factor receptor in
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non–muscle-invasive and muscle-invasive cancers, is negatively
correlated with prognosis.[30,31] However, data on this association
are not conclusive. In a retrospective single-institution study, patients
withHER2 gene amplification had shorter survival than patients with
HER2-negative UC.[32] Bolenz et al.[31] studied 198 patients who un-
derwent lymphadenectomy for radical bladder cancer and found
that HER2 positivity provided independent prognostic information
for recurrence and death in patients with bladder cancer. Schneider
et al.[33] found that HER2 amplification as a prognostic factor was
significantly associated with increased cancer-specific mortality;
however, this association was not found in a less-studied case se-
ries.[34] Based on these results, it has been suggested that HER2 sta-
tus may be a tool for preoperative risk stratification in patients
with bladder cancer. However, the prognostic value of HER2 pos-
itivity in bladder cancer remains controversial. Some studies sug-
gest that HER2 cannot be used as a basis for judging prognosis,
whereas others suggest that HER2 positivity is associated with
poor cancer prognosis,[35] and few believe that it is associated with
better prognosis.[36] These findings suggest that further differentia-
tion ofHER2-positive patients is needed to screen for patients who
would benefit from HER2-targeted therapy.

In recent years, antibody-drug conjugate drugs targeting HER2
have shown therapeutic effects inHER2-positiveUC.However, var-
iations inHER2 expression in UC across studies can be attributed to
differences in interpretation standards and experimental techniques.
Whereas previous studies havemostly referred to theHER2 detection
standards for breast cancer, this study utilized standard staining tech-
niques andwas basedon the 2021ChinaHER2detection forUCclin-
ical pathology expert consensus. The purpose of this studywas to clar-
ify the relationship between HER2 expression and clinical pathology
in patients with UC, offering guidance for HER2-targeted therapy.
However, this study had certain limitations. This was a single-center
clinical pathological study including 111 patients. The relatively small
sample size may introduce errors, necessitating a larger population
analysis in the future. Moreover, this study lacks information on
patient prognosis and its associationwithHER2 expression. These
limitations provide directions for future research.
5. Conclusions

Human epidermal growth factor receptor 2 is highly expressed inUC,
and HER2 expression may be closely related to the high pathological
grade of UC. Elevated HER2 expression in patients with UC is a po-
tential target for tumor therapy.
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