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Abstract. In recent years, antibody-drug conjugate (ADC)
therapy targeting human epidermal growth factor receptor 2
(HER2) has been proven to be beneficial in patients with
advanced urothelial carcinoma of the bladder (UCB);
however, the role of HER2 in UCB remains obscure. Thus,
the present retrospective single-center study was performed
to evaluate the expression of HER2 in UCB and its prognostic
significance. The HER2 status of 108 patients with UCB who
underwent radical cystectomy was assessed using immuno-
histochemistry, and its association with the recurrence and
survival rates of patients was analyzed. HER2 overexpression
was observed in 57.4% of the patients; this was significantly
associated with higher tumor grades (P=0.006) and stages
(P<0.001). Kaplan-Meier analysis suggested that patients with
HER?2 overexpression had a shorter 5-year overall survival
rate (P=0.005) and recurrence-free survival rate (P=0.003).
Multivariate Cox regression analysis indicated that HER2
overexpression was a high-risk independent predictor of
UCB recurrence (hazard ratio, 3.61; 95% confidence interval,
1.07-12.18; P=0.039). On the whole, these findings demonstrate
that evaluating the HER?2 status may improve the prediction of
cancer recurrence and may thus guide the selection of patients
that will benefit the most from HER2-ADC therapies.

Introduction
Bladder cancer (BCa) is the 10th most prevalent malignancy

worldwide, with an estimated 573,278 new cases diagnosed
and 212,536-related deaths worldwide in 2020 (1). The most
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common type of BCa is urothelial carcinoma of the bladder
(UCB). While radical cystectomy (RC) provides the local control
of tumors for patients with muscle invasive BCa and high-risk
non-muscle invasive BCa (NMIBC), 30% of patients experi-
ence relapse following RC (2). Moreover, the survival rate is
only 12-15 months in patients with cancers of an advanced stage
undergoing classical cisplatin-based systemic chemotherapy (3).
However, the recent emergence of novel immunotherapies,
targeted agents and antibody-drug conjugate (ADC) thera-
pies have substantially broadened the treatment options for
UCB, with the overall survival (OS) currently approaching
2 years (4). Currently, based on the excellent efficacy of study
EV-201 (NCT03219333), TROPHY-U-01 (NCT03547973), and
NCTO03507166, three ADCs for UCB, enfortomab vedotin,
sacituzumab govitecan and disitamab vedotin, have respectively
been approved for application (5). The Cancer Genome Atlas
database provides data enabling mapping the comprehensive
molecular landscape of UCB, and accumulating evidence based
on these data demonstrate the presence of distinct molecular
subtypes of UCB, offering the potential to develop novel molec-
ularly targeted therapies (6,7). In this context, identifying more
specific tumor biomarkers would enable clinicians to assess
cancer risk, predict disease development, and guide treatment
more accurately in a personalized manner.

Human epidermal growth factor receptor 2 (HER2) is a
transmembrane receptor of tyrosine kinase encoded by the
HER2/neu oncogene, which participates in the processes of
cell proliferation and tumorigenesis. The oncogenic role of
HER?2 has been most extensively studied in breast and gastric
cancer, which has been confirmed as a poor prognostic factor;
accordingly, trastuzumab, a humanized monoclonal antibody
targeting HER?2, is currently the cornerstone drug of targeted
therapy for these types of cancer (8,9). In recent years, the
overexpression of HER?2 has also been detected in UCB,
prompting the initiation of several clinical trials assessing the
efficacy of HER?2 inhibitors, such as trastuzumab and lapa-
tinib, against this malignancy, with unsatisfactory results (10).
However, the recent success of ADC therapies has brought
HER?2 back into focus in clinical and basic research regarding
UBC.

Notably, there is no unified standard for the determination
of the HER?2 expression status in UCB, mainly due to issues
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Table I. Descriptive characteristics for the cohort of 108 patients with urothelial carcinoma of the bladder treated with radical

cystectomy.
HER?2 expression, n (%)

Variable Patients, n (%) Low High P-value

Total 108 (100) 46 (42.6) 62 (57.4)

Age, years 0.740
<65 52 (48.1) 23 (44.2) 29 (55.8)
>65 56 (51.9) 23 (41.1) 33 (58.9)

Sex 0.839
Female 11 (10.2) 5@455) 6 (54.5)
Male 97 (89.8) 41 (42.3) 56 (57.7)

Tumor size 0.147
<3 cm 57 (52.8) 28 (49.1) 29 (50.9)
>3 cm 51(472) 18 (35.3) 33 (64.7)

No. of tumors 0.577
1 19 (17.6) 7 (36.8) 12 (63.2)
>1 89 (82.4) 39 (43.8) 50 (56.2)

T stage 0.001
Ta, T1 38 (35.2) 27 (71.1) 11 (28.9)
T2 37 (34.3) 11 (29.7) 26 (70.3)
T3 20 (18.5) 6 (30.0) 14 (70.0)
T4 13 (12.0) 2(154) 11 (84.6)

G grade 0.006
G1/2 20 (18.5) 14 (70.0) 6 (30.0)
G3 88 (81.5) 32 (364) 56 (63.6)

Lymph node metastasis 0.156
Negative 100 (92.6) 45 (45.0) 55 (55.0)
Positive 8(74) 1(12.5) 7 (87.5)

Lymphovascular invasion 0.491
Negative 96 (88.9) 42 (43.8) 54 (56.3)
Positive 12 (11.1) 4(33.3) 8 (66.7)

Adjuvant chemotherapy 0.643
Negative 89 (82.4) 37 (41.6) 52 (58.4)
Positive 19 (17.6) 9(474) 10 (52.6)

with methodology (amplification detection vs. overexpres-
sion detection) and the diversity of available techniques
[polymerase chain reaction, in situ hybridization and immu-
nohistochemistry (IHC)]. A previous meta-analysis reported
that HER?2 levels in BCa varied from 9 to >80% as regards
protein overexpression and from 0 to 32% in terms of gene
amplification (11). Furthermore, previous studies investigating
various BCa-associated genetic variants obtained conflicting
results for the prognostic significance of HER2 status. Some
studies revealed that upregulation of HER2 was associated
with poor prognosis (12-17), whereas others indicated that
HER?2 status did not have prognostic significance (18-20). In
addition, Gandour-Edwards et al (21) reported an increased
cancer-specific survival of the HER2 (2+/3+) population in the
context of paclitaxel-based chemotherapy. These conflicting
findings mainly result from the different patient cohorts

between the studies, particularly regarding tumor stage and
histological grade, and the methods used to evaluate HER2
status, meanwhile, it underlines the need to gain a better under-
standing of the expression and potential role of HER2 in UCB.

Based on this background, the aim of the present study
was to evaluate the expression of HER2 in patients with
UCB, as assessed using THC, and to determine the associa-
tion of HER?2 status on recurrence-free survival (RFS) and
OS.

Patients and methods

Patient selection. The present retrospective study was
conducted following the approval from the Institutional Ethics
Committee of The First Affiliated Hospital of Chongqing
Medical University (approval no. 2022-K21; Chongqing,
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Figure 1. Immunohistochemical staining of urothelial carcinoma of the bladder illustrating different levels of human epidermal growth factor receptor 2
protein expression based on the allocated score. (A and B) low expression for HER?2 (score 0 and 1+, respectively). (C and D) high expression for HER2 (score

2+ and 3+, respectively) (magnification, x400; scale bar, 20 pm).

China), and written informed consent was signed by each
participant prior to sample collection. A total of 108 patients
who underwent RC and bilateral regional lymphadenectomy
for UCB at the Department of Urology of The First Affiliated
Hospital of Chongqging Medical University between 2015 and
2020 were included. None of the patients had received neoad-
juvant chemotherapy prior to surgery, and all samples were
subjected to pathological examinations that led to the identifi-
cation of the tumors as urothelial carcinomas. The clinical data
of the patients were collected from the medical record system
of the hospital and included the following: sex, age, tumor size,
number of tumors, pathological stage and grade, lymph node
metastasis, lymphovascular invasion and adjuvant chemo-
therapy. The pathological specimens were re-examined by two
experienced pathologists using the 2002 TNM system (22) for
pathological staging and the 1973 World Health Organization
system for pathological grading (23). The follow-up duration
was defined as the period from the date the patient underwent
RC until the date of recurrence of UCB, which was identified
using computed tomography imaging or the date of death of
the patient.

IHC. Tissues were fixed with 10% formalin at room tempera-
ture for 24 h and were embedded in paraffin. Subsequently,
paraffin-embedded tumor sections (4 ym) were successively
subjected to dewaxing, antigen retrieval (achieved by boiling
the sample in 0.01 mol/l sodium citrate buffer, pH 6.0, for
30 min), incubation with 3% hydrogen peroxide (IHC Kkit;
cat. no. SP-9000; OriGene Technologies, Inc.) for 10 min
at room temperature, and blocking with 10% goat serum
(cat. no. SP-9000; OriGene Technologies, Inc.) for 15 min at
room temperature. Subsequently, the slides were incubated
with anti-HER?2 polyclonal antibody (cat. no. 18299-1-AP;
ProteinTech Group, Inc.; 1:50 dilution) at 4°C overnight, washed
with phosphate-buffered saline three times, and incubated with
the biotinylated goat anti-mouse/rabbit IgG secondary antibody
(cat. no. SP-9000; OriGene Technologies, Inc.) for 20 min at
room temperature. Then, sections were incubated with horse-
radish enzyme-labeled streptavidin working solution (cat.
no. SP-9000; OriGene Technologies, Inc.) for 20 min at room
temperature. Finally, the slides were stained using a 3,3'-diami-
nobenzidine kit (cat. no. ZLI-9018; OriGene Technologies, Inc.)
for 1 min at room temperature, counterstained with hematoxylin
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(cat. no. G1080; Beijing Solarbio Science & Technology Co.,
Ltd.) for 30 sec at room temperature, dehydrated and mounted
in dibutylphthalate polystyrene xylene.

The samples were scored based on previous literature and
according to the modified 2018 American Society of Clinical
Oncology HER?2 testing in breast cancer guideline (14,24).
[HC staining was scored as follows: 0, no staining or <10%
staining of tumor cells; 1, faint and partial membrane staining
in >10% of cells; 2, weak to moderate, complete membrane
staining in >10% of cells; or 3, strong, complete membrane
staining in >10% of tumor cells. An THC score of 2+ or 3+
was defined as a high expression or overexpression of HER2,
while a score of O or 1+ was defined as a low expression. The
scoring was performed by two pathologists who were blinded
to the clinical data.

Statistical analysis. The Pearson's and continuous calibration
Chi-squared tests were used to evaluate the association between
HER?2 expression status (overexpression vs. low expression)
and clinicopathological parameters. A Kaplan-Meier curve
was constructed to assess the prognostic significance of HER2
expression on RFS and OS, and differences between groups
were statistically analyzed using the log-rank test. A Cox
regression model was used for univariate and multivariate
survival analyses. P<0.05 was considered to indicate a statisti-
cally significant difference. All analyses were performed using
SPSS version 22.0 software (IBM Corp.).

Results

Among the 108 patients included in this study, IHC scores of
0, 1+, 2+, and 3+ were observed in 6, 40, 47 and 15 patients,
respectively. A total of 62 patients (57.4%) were found to have
a high expression of HER2 (IHC 2+/3+). HER2 overexpres-
sion was significantly associated with a high tumor grade
(P=0.006) and an advanced stage (P<0.001); however, it was
not significantly associated with the patient's age (P=0.740),
sex (P=0.839), tumor size (P=0.147), the number of tumors
(P=0.577), lymph node metastasis (P=0.156), or lymphovas-
cular invasion (P=0.491). The baseline characteristics of the
patients are presented in Table I and representative images
of the THC staining intensities for the four different levels if
scoring are presented in Fig. 1.

At the time of data analysis and with a median follow-up
of 31.5 months [95% confidence interval (CI), 28-40)],
24 patients (22.2%) experienced relapse and 22 succumbed
to the disease (20.4%). Kaplan-Meier analysis revealed
that patients with HER2 overexpression had a shorter OS
(P=0.005) and RFS (P=0.003) than those with low levels of
HER?2 expression (Fig. 2). Univariate Cox regression analysis
also revealed that HER2 overexpression was significantly
associated with a poor RFS [hazard ratio (HR), 4.37; 95% CI,
1.49-12.79; P=0.007) and OS (HR, 4.12; 95% CI, 1.39-12.21;
P=0.011) (Table II). In multivariate Cox regression analyses
controlling for the effects of standard clinicopathologic
variables, such as HER2 expression, pathological stage, path-
ological grade, lymph node metastasis and lymphovascular
invasion, HER2 expression (HR, 3.61; 95% CI, 1.07-12.18;
P=0.039), pathological stage (P=0.003) and adjuvant chemo-
therapy (HR, 0.09; 95% CI, 0.01-0.79; P=0.029) remained
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Figure 2. Kaplan-Meier plots of survival as regards HER2 expression.
Patients with a high expression of HER2 (green curve) had a significantly
higher risk of (A) mortality (P=0.003) and (B) recurrence (P=0.005) than
those with a low expression of HER2 (blue curve). HER2, human epidermal
growth factor receptor 2.

independent predictors of UCB recurrence. However,
HER2 expression was not significantly associated with OS
(HR, 3.03; 95% CI, 0.95-9.74; P=0.062) (Table III).

Discussion

In the present study, it was found that HER2 was upregu-
lated in 57.4% of patients with UCB, which is within the
range of 27.8 to 85.2% reported previously (11). The wide
range and discrepancies in the reported frequency of HER2
overexpression in UCB may be related to the combination of
cases, varying definitions of ‘positive’, and the application of
different evaluation techniques among studies (25). Although
the present study did not perform fluorescence in situ
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Table II. Univariate Cox regression model of pathological features for the prediction of RFS and OS in 108 patients with
urothelial carcinoma of the bladder treated with radical cystectomy.

RFS oS

Variable HR (95% CI) P-value HR (95% CI) P-value
Age 2.15(0.92-5.04) 0.078 2.27 (0.93-5.50) 0.071
Sex 0.92 (0.27-3.09) 0.893 0.86 (0.25-2.93) 0.809
Tumor size 2.19 (0.96-5.01) 0.064 2.21(0.94-5.19) 0.068
No. of tumors 0.77 (0.29-2.06) 0.602 0.58 (0.21-1.57) 0.281
G grade 1.89 (0.56-6.32) 0.304 6.86 (0.92-51.10) 0.060
T stage trend <0.001* 0.001*

T2 vs.Ta, T1, Tis 0.94 (0.24-3.76) 0.929 1.27 (0.36-4.57) 0.711

T3 vs.Ta, T1, Tis 11.45 (3.59-36.51) <0.001* 7.88 (2.35-26.45) 0.001*

T4 vs. Ta, T1, Tis 5.00 (1.33-18.76) 0.017* 5.55 (1.36-22.68) 0.017*
Lymph node metastasis 13.49 (5.04-36.12) <0.001* 13.76 (4.77-39.65) <0.001*
Lymphovascular invasion 2.70 (1.01-7.23) 0.049* 3.30 (1.28-8.51) 0.013*
Adjuvant chemotherapy 0.15 (0.02-1.13) 0.066 0.34 (0.09-1.21) 0.096
HER?2 expression 4.37 (1.49-12.79) 0.007* 4.12 (1.39-12.21) 0.011*

“Denotes statistically significant differences (P<0.05). RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio; 95% CI,

95% confidence interval.

Table I1I. Multivariate Cox regression model of pathological features for prediction of RFS and OS in 108 patients with urothelial

carcinoma of the bladder treated with radical cystectomy.

RFS (ON)

Variable HR (95% CI) P-value HR (95% CI) P-value
HER?2 expression 3.61 (1.07-12.18) 0.039* 3.03 (0.95-9.74) 0.062
G grade 0.68 (0.18-2.60) 0.569 4.85 (0.56-41.66) 0.150
T stage trend 0.003* 0.108

T2 vs.Ta, T1, Tis 0.74 (0.17-3.14) 0.683 1.54 (0.40-5.96) 0.533

T3 vs. Ta, T1, Tis 7.28 (1.83-29.00) 0.005 4.96 (1.08-22.82) 0.040

T4 vs. Ta, T1, Tis 4.20 (0.94-18.80) 0.062 5.24 (1.01-27.11) 0.048
Lymph node metastasis 2.91 (0.70-12.01) 0.140 2.13 (0.46-9.82) 0.332
Lymphovascular invasion 1.65 (0.40-6.84) 0.489 349 (0.97-12.51) 0.055
Adjuvant chemotherapy 0.09 (0.01-0.79) 0.029* 0.13 (0.03-0.59) 0.008*

“Denotes statistically significant differences (P<0.05). RFS, recurrence-free survival; OS, overall survival; HR, hazard ratio; 95% CI,

95% confidence interval.

hybridization (FISH) to confirm the expression levels in the
cases showing an IHC score of 2+, the main aim of the study
was to assess the expression of HER2 in UBC as a preliminary
analysis of an evaluation method for selecting potential ADC
candidates and to compare the findings with similar reports on
this topic, which have largely used THC.

Based on the overexpression of HER2, two HER2-ADC
drugs, T-DM1, and DS-8201a, were successively approved
by the United States Food and Drug Administration (FDA)
mainly for the treatment of advanced HER2-positive (IHC 3+,
and/or FISH positive) breast cancer, and the efficacy of these

treatments was demonstrated in the pivotal trials, EMILIA,
TH3RESA and DESTINY-BreastO1 (26-28). In contrast to
research on breast and gastric cancer, the current clinical trials
for UCB mainly highlight the assessment of HER2 expres-
sion using THC, rather than FISH, which is attributed to the
particular pharmacological characteristics of HER2-ADC.
A phase 1b trial (NCT03523572) combining DS-8201a with
nivolumab for the treatment of advanced breast or urothelial
cancer is currently open for enrollment, and the main inclu-
sion criterion is patients exhibiting any degree of expression
of HER2 based on THC (scores of 1+, 2+, 3+) or FISH
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positivity (5). Another novel ADC drug, RC48-ADC, has
exhibited outstanding efficacy and survival benefits when
used in the treatment of patients with locally advanced and
metastatic urothelial carcinoma with HER2 overexpression
(IHC 2+/3+) who had failed systematic chemotherapy (29).
This drug was then given accelerated approval by the National
Medical Products Administration of China and FDA in June,
2020 and is currently used in routine clinical applications.

The association between clinical outcomes and HER2
expression in UCB has been reported in several single-center
studies; however, the overall result remains controversial.
Recently, Gan ef al (30) comprehensively analyzed 14 studies
that included a total of 1,398 patients with BCa with regard to
the HER?2 status determined using IHC. They found that the
overexpression of HER2 was strongly related to an advanced
pathological stage, high tumor grade and tumor recurrence,
but not to OS, disease-specific survival, or progression-free
survival. By contrast, a previous meta-analysis indicated that
HER?2 expression was associated with a poor disease-specific
and disease-free survival (11). Consistent with the results of
the study by Gan et al (30), the present study also found that
the overexpression of HER2 was significantly associated with
an advanced tumor stage and a high grade. In addition, the
Kaplan-Meier curves and Cox regression analysis suggested
a significant association between HER2 overexpression and
disease recurrence. Although HER?2 overexpression was found
to be associated with a higher risk of mortality, this effect was
not statistically significant, which may be attributable to the
insufficient sample size and the inclusion of patients with
NMIBC, who generally have improved survival rates.

HER?2 can be activated through hetero- or homodimeriza-
tion. The formation of heterodimers and subsequent HER2
activation are temporally and spatially controlled in normal
cells and tissues, but the associated pathway is dysregulated
in cancer cells, where upregulated expression of HER2 or
HERI1 offers a growth advantage (31). HER2 regulates the
expression of multiple genes, such as those related to prolif-
eration, differentiation and angiogenesis, mainly through the
PI3K/AKT and MAPK/ERK signaling pathways (31). HER2
has also been identified as a metastasis-promoting factor; HER
family members have been reported to play an essential role
in promoting the metastatic potential of tumors, owing to their
ability to enhance the release of matrix metalloproteases (32).
These results may explain why UCB with HER2 overexpres-
sion tends to show malignant phenotypic characteristics and is
associated with a poorer prognosis.

The present study has several limitations. The first is
the technical restrictions of IHC, including the lack of stan-
dardization, semi-quantitative output and subjective scoring
system. The present study opted to use IHC, as it is the
first-level technique for HER?2 detection in clinical practice.
Nevertheless, since UCB presents unique characteristics of
HER?2 expression, the evaluation of HER?2 alterations at the
DNA, RNA and protein expression levels may provide a
more exhaustive analysis and new insight into the relevance
of HER2 as a tumor driver and potential therapeutic target
in UCB. The second limitation refers to the assessment of
lymph nodes. Previous studies have confirmed a strong
association between HER2 overexpression and lymph node
metastasis, which has also been found to be stronger than

that of the matched primary tumors (17,33). The present
study was not able to verify this association owing to the
small number of cases involving lymph node metastasis and
the limitations of the available specimens. Despite these
limitations, it is considered that the findings of the present
study add to the mounting evidence demonstrating worse
clinical outcomes for patients with UCB exhibiting HER2
overexpression. Additionally, these findings may prove to
be useful in identifying patients who are at an increased
risk of disease recurrence and would likely benefit from
HER2-targeted therapies.

In conclusion, the overexpression of HER?2 is related to
the pathological malignancy of UCB and may serve as an
independent prognostic factor for recurrence in patients with
UCB following RC. The present study provides a reference
for the pre-treatment evaluation of HER2 as a therapeutic
target for UCB; however, further prospective, large-scale,
multi-detection studies are warranted to confirm these find-
ings.
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