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Abstract

Background: The prognosis for urothelial carcinoma remains poor,
with limited therapeutic options, emphasizing the need for further re-
search into targeted therapies. The prognostic and predictive signifi-
cance of human epidermal growth factor receptor 2 (HER2) expres-
sion in urothelial carcinoma remains unclear, with previous studies
reporting conflicting results.

Methods: We conducted a retrospective analysis of advanced urothe-
lial carcinoma cases diagnosed between January 2017 and Decem-
ber 2022. HER2 status was prospectively determined using the Leica
CB11 antibody on available biopsy specimens. Patient data, tumor
characteristics, and survival outcomes were retrieved from hospital
records for analysis.

Results: Of the 84 patients initially identified with muscle-invasive
disease, HER2 immunohistochemistry (IHC) was performed on 50
samples. Among these, 54% exhibited HER2 scores > 1+, with 22%
classified as HER2-positive (3+ score by IHC), 10% as equivocal
(2+ score by IHC), and 22% as HER2-low (1+ score by IHC). The
distribution of HER2 score > 1+ tumors included 25.7% in the blad-
der, 20.0% in the renal pelvis, and none in the ureter. HER2-positive
(3+ score by IHC) tumors were all histological grade 3. Among these
patients, 13.4% presented with localized disease, 20% with locally
advanced disease, and 50% with metastatic disease at the time of
diagnosis. Notably, 42.8% of recurrent tumors originating from the
renal pelvis and 62.5% of those from the bladder exhibited HER2
scores > 1+. Among patients diagnosed with non-metastatic disease,
100% with renal pelvis tumors and 75% with bladder tumors expe-
rienced metastatic recurrence if they were HER2-positive (3+ score
by IHC). The overall survival for HER2-negative patients was 31.0
months (95% confidence interval (CI): 15.29 - 66.70) compared to
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13.0 months (95% CI: 7.32 - 18.68) in the HER2 score > 1+ popula-
tion (P = 0.0029).

Conclusions: In this cohort of Mexican patients with urothelial car-
cinoma, HER2 expression was observed in 54.4% of cases. HER2-
positive (+3 by IHC) tumors were associated with higher histological
grade and worse prognostic outcomes, including increased recur-
rence, progression, and mortality.
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Introduction

Despite recent advances in understanding the biology of
urothelial carcinoma and the introduction of novel treatments,
the prognosis for this disease remains poor, with therapeutic
options severely limited [1]. This highlights the urgent need
for research into more effective drugs, particularly those tar-
geting specific receptors [2].

One of the most extensively studied receptors in oncology
is the human epidermal growth factor receptor 2 (HER2), en-
coded by the ERBB2 gene on chromosome 17. HER2, a mem-
ber of the epidermal growth factor receptor (EGFR) family,
plays a pivotal role in activating multiple signaling pathways,
including MAPK, PI3K-PKB/AKT, and PKC, all of which are
crucial for regulating cell growth, differentiation, and survival
[3].

HER2-targeted therapies have revolutionized the man-
agement and prognosis of breast cancer, and they have also
demonstrated remarkable efficacy in the treatment of gastric
adenocarcinoma, establishing HER2 blockade as a standard
therapy for tumors expressing the HER2 receptor. Additional-
ly, antibody-based HER2 receptor blockade has shown statisti-
cally significant, albeit modest, improvements in the outcomes
of patients with endometrial carcinoma, colon adenocarcino-
ma, and salivary gland tumors. More recently, it has emerged
as a viable later-line treatment option for lung cancer [4].

Currently, the prognostic significance of HER2 expres-
sion in urothelial carcinoma remains uncertain, with previous
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studies producing mixed results. Despite this lack of clarity,
HER2-targeted therapies such as trastuzumab, trastuzumab
emtansine (TDM1), apatinib, lapatinib, and neratinib have
shown limited efficacy in the management of urothelial car-
cinoma [5-7]. Moreover, there are no standardized criteria
for HER2 testing in urothelial carcinoma, and unlike breast
cancer, there are no established immunohistochemistry (IHC)
tests or validated antibody clones specific to this tumor type.
This absence of standardized testing contributes to variability
in the reported findings [8]. A systematic literature review by
Scherrer et al [9] revealed that the prevalence of HER2 expres-
sion in urothelial carcinoma ranged from 6.7% to 37.5% across
multiple studies, with a weighted average of 13.0% in cases of
locally advanced or metastatic disease. To address these gaps,
this study aims to evaluate the prevalence of HER2 expression
and its clinical implications in a cohort of Mexican patients
with urothelial carcinoma. Additionally, it seeks to correlate
HER2 status with demographic, clinical, and pathological
characteristics, as well as patient outcomes.

Materials and Methods

Within the Pathology Department database at our hospital,
we identified all patients diagnosed with urothelial carcinoma
confirmed by histological evaluation between January 2017
and December 2022. Our study included individuals aged 18
years or older with muscle-invasive urothelial carcinoma. The
dataset collected included detailed information on age at diag-
nosis, family history, tobacco and alcohol use, comorbid con-
ditions (specifically diabetes and hypertension), primary tu-
mor location, tumor grade, histological growth pattern, depth
of invasion, clinical stage at diagnosis, metastatic sites (either
at diagnosis or during recurrence), initial treatment adminis-
tered, treatment response, disease-free survival, progression-
free survival, and overall survival.

To maintain specificity, we excluded patients with non-
muscle invasive disease, those with non-urothelial bladder
cancers, and individuals whose tissue samples were unavail-
able for IHC testing or had incomplete clinical information in
the hospital records.

HER?2 status was determined using the Leica CB11 anti-
body (NCL-L-CB11 Leica Biosystems Newcastle) at a 1:250
dilution. The results were classified as positive (score 3+),
equivocal (score 2+), low (score 1+), or negative (score 0) ac-
cording to the criteria outlined in the “HER2 Testing in Breast
Cancer - 2023 Guideline Update” from the College of Ameri-
can Pathologists [10].

Ethical considerations

This research protocol was approved by the Hospital Ethics
Committee and was conducted in strict accordance with the
Mexican General Law for Healthcare Investigations, Chapter
1, Article 17, Section 1, “Health Investigation Without Harm”.
No additional tissue samples were obtained specifically for
this study. All required tests were prospectively performed on

existing biopsy tissues stored in the Pathology Department
repository. Clinical data were collected from hospital health
records, ensuring the privacy and confidentiality of patient in-
formation were maintained throughout the study.

Statistical analysis

Continuous variables were summarized using either the stand-
ard deviation or the median with interquartile ranges (25th and
75th percentiles) based on the data distribution, as determined
by the Shapiro-Wilk test. Inferential comparisons between
continuous variables were conducted using either Student’s #-
test or the Mann-Whitney U test, as appropriate. For categori-
cal variables, frequencies and proportions were calculated, and
intergroup comparisons were performed using the Chi-square
test. Median overall survival, with a 95% confidence interval
(CI) in months, was estimated using the Kaplan-Meier method,
with continuous variables dichotomized for analysis. Compar-
isons of median progression-free survival and overall survival
were assessed using the log-rank test. Hazard ratios (HRs) and
corresponding 95% Cls were calculated using a Cox propor-
tional hazards model. A P-value of < 0.05 was considered sta-
tistically significant. All statistical analyses were performed
using SPSS software version 29.0.01.

Results

Between January 2017 and December 2022, we identified 84
patients in the archives of the Pathology Department with a
diagnosis of advanced urothelial carcinoma, defined as at least
muscle-invasive disease. Of these, 34 patients were excluded:
two were reclassified as squamous cell carcinoma upon his-
tological review, and 32 had insufficient material for HER2
IHC testing. A total of 50 patients had adequate material for
HER?2 testing using the Leica CB11 antibody (NCL-L-CB11
Leica Biosystems Newcastle). Of these, 39 patients had com-
plete clinical data available for statistical analysis of clinical
outcomes.

The demographic characteristics of the patients are sum-
marized in Table 1. Among the study population, 74% were
male and 26% were female, yielding a male-to-female ratio
of 2.8:1. The median age at diagnosis was 79 years (range:
54 - 89). Approximately 50% of patients reported a family
history of cancer, most commonly lung cancer, followed by
gastric cancer, although no patients reported a family history
of urothelial carcinoma. Half of the patients reported regular
alcohol consumption, with 16% consuming more than four
standard drinks per week. Additionally, 68% of the patients
had a history of smoking, with a median of 30.7 pack-years
(range: 1 - 120 pack-years). Only one patient (2%) reported
recognized occupational exposure, specifically in car painting.

The most reported comorbidities were diabetes mellitus
(34%) and hypertension (42%), with a median duration of 14.2
years for each condition. Furthermore, 22% of patients were
diagnosed with a second primary cancer, either synchronously
or metachronously, and one patient (2%) was diagnosed with a
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Table 1. Patient and Tumor Characteristics

Table 1. Patient and Tumor Characteristics - (continued)

Patient and tumor characteristics

n (%)/median (range)

Patient and tumor characteristics

n (%)/median (range)

Age 79 (54 - 89)
Sex
Male 37 (74%)
Female 13 (26%)
Familial history of urothelial cancer 0 (0%)
Familial history of non-urothelial cancer 25 (50%)
Lung 6 (12%)
Gastric 5 (10%)
Colon 5 (10%)
Prostate 4 (8%)
Hodgkin lymphoma 2 (4%)
Breast 2 (4%)
Pancreas 2 (4%)
Biliary tract 2 (4%)
Central nervous system 1 (2%)
Body mass index 23.81 (13 -42)
Alcohol intake 25 (50%)
Median standard drinks per week 6.4 (2 -50)
> 4 standard drinks per week 8 (16%)
Smoking history 34 (68%)
Median pack-years 34 (1-120)
0-10 7 (14%)
11-20 7 (14%)
21-30 10 (20%)
31-70 6 (12%)
71 - 100 2 (4%)
> 101 2 (4%)
Occupational exposure 1 (2%)
Type 2 diabetes 17 (34%)
Median years from diagnostic 14.1 (2 - 40)
Chronic hypertension 21 (42%)
Median years from diagnostic 14.2 (1 - 40)
Second primary cancer 11 (22%)
Breast 3 (6%)
Prostate 3 (6%)
Lung 1 (2%)
Larynx 1 (2%)
Cervical 1 (2%)
Melanoma 1 (2%)
Primary tumor
Bladder 35 (70%)
Renal pelvis 13 (26%)
Ureter 2 (4%)

Co-existence of carcinoma in situ

Histological grade

9 (18%)

Grade 1 6 (12%)
Grade 2 0 (0%)
Grade 3 44 (88%)
Histological variant
Papillary 36 (72%)
Undifferentiated 3 (6%)
Squamous cell 3 (6%)
Not specified 3 (6%)
Solid 2 (4%)
Sarcomatoid 2 (4%)
Micropapillary 2 (4%)
Second histological variant 8 (16%)
Clinical stage at diagnosis
Localized 22 (44%)
Locally advanced 15 (30%)
Metastatic 6 (12%)
Unknown 7 (14%)

third primary cancer.

The primary tumor locations at diagnosis were as follows:
70% (n = 35) in the bladder, 26% (n = 13) in the renal pelvis,
and 4% (n = 2) in the ureter. The most prevalent histological
variant was papillary, observed in 70% (n = 35) of cases, with
squamous cell differentiation seen in 16% (n = 13) of tumors.
Additionally, 88% (n = 44) of tumors were classified as grade
3, and 18% (n =9) had coexisting carcinoma in situ.

At diagnosis, disease staging revealed that 44% (n = 22)
of patients presented with localized disease, 30% (n = 15) with
locally advanced disease, and 12% (n = 6) with metastatic dis-
ease. Clinical stage data were unavailable for 14% (n = 7) of
patients. Among patients with metastatic recurrence or meta-
static disease at diagnosis, the median number of metastatic
sites was 2.6 (range: 1 - 5). The most common sites of me-
tastasis were the lung (52.6%, n = 10), liver (52.6%, n = 10),
non-regional lymph nodes (42.1%, n = 8), bone (42.1%, n =
8), soft tissue (31.5%, n = 6), peritoneum (21.05%, n = 4), and
bone marrow (5.2%, n=1).

HER2 expression

HER2 status was determined using IHC in 50 patients. Among
these, 54% (n =27) had a HER2 score > 1+, with 22% (n=11)
classified as HER2-positive (score 3+), 10% (n=5) as equivo-
cal (score 2+), and 22% (n = 11) as HER2-low (score 1+). The
remaining 46% (n = 23) had a score of 0, indicating no HER2
expression.
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Patient characteristics and HER2 expression

In patients with a HER2 score > 1+, the median age at diagno-
sis was 68.6 years (range: 59 - 81 years). This group included
21.6% of males and 23.1% of females. Among patients with
a family history of non-urothelial cancer, 20.8% had a HER2
score > 1+, while 23.1% of patients with no familial history
exhibited a HER2 score > 1+. Among regular alcohol consum-
ers, 16% had a HER2 score > 1+, compared to 28.0% among
non-drinkers. HER2 expression was seen in 11.8% of smokers
and 43.8% of non-smokers.

Tumor characteristics and HER2 expression

HER2 scores > 1+ were observed in 25.7% (n = 9) of blad-
der tumors, 20.0% (n = 3) of renal pelvis tumors, and 0% (n
= 0) of ureteral tumors. Among grade 3 tumors, 25% (n = 11)
exhibited HER2 expression, while no grade 1 tumors (n = 0)
showed HER2 expression.

Of the nine patients with invasive tumors coexisting with
carcinoma in situ, 44.4% (n = 4) had HER2 expression. HER2
positivity (score 3+) was observed in 19.4% (n = 7) of papil-
lary tumors, 100% (n = 2) of micropapillary tumors, and 0%
(n = 0) of solid or sarcomatoid variant tumors. HER2 positiv-
ity (score 3+) was identified in 13.4% (n = 4) of patients with
localized disease, 20% (n = 3) with locally advanced disease,
and 50% (n = 3) with metastatic disease.

Clinical outcomes

Among patients diagnosed with localized or locally advanced
disease, 36% (n = 13) experienced metastatic recurrence. This
included 27.5% (n = 8) of patients with bladder tumors and
53.8% (n = 7) with renal pelvis tumors, while none of the pa-
tients with ureter tumors experienced recurrence. Among six
patients with renal pelvis tumors and HER2 scores > 1+ who
had non-metastatic disease at diagnosis, 50% (n = 3) experi-
enced systemic recurrence. Of these recurrent renal pelvis tu-
mors, 66.6% (n = 2) were HER2-positive (score 3+), while
33.3% (n = 1) were equivocal (score 2+). HER2 expression
was identified in 42.8% of all recurrent tumors originating
from this site. In patients with bladder tumors and HER2
scores > 1+, 40% (n = 6) experienced systemic recurrence.
Among recurrent bladder tumors, 60% (n = 4) were HER2-
positive (score 3+), 20% were equivocal (score 2+), and 20%
were HER2-low (score 1+). HER2 positivity was associated
with 62.5% of all recurrent bladder tumors.

Survival analysis

The median overall survival for the entire cohort was 24
months (range: 2.3 - 45.6 months). Among HER2-positive pa-
tients (3+ score by IHC), the median overall survival was 9.0
months (95% CI: 6.08 - 11.92), compared to 31.0 months (95%
CI: 10.73 - 51.26) for HER2-negative, HER2-low, and HER2-

equivocal patients (scores 0, 1+, and 2+, respectively) (P=0.13).
For HER2-negative patients, the median overall survival was
31.0 months (range: 15.29 - 66.70), whereas it was 13.0 months
(range: 7.32 - 18.68) in the HER2 > 1+ population (P = 0.029)
(Fig. 1). In the subgroup analysis, the median overall survival
was 41.0 months (95% CI: 15.2 - 66.7) for HER2-negative pa-
tients, 15.0 months (range: 11.01 - 18.98) for HER2-low (score
1+), 12.0 months (range: 0.0 - 28.0) for HER2-equivocal (score
2+), and 9.0 months (range: 6.07 - 11.92) for HER2-positive
(score 3+) patients (P = 1.174) (Fig. 2).

Discussion

Globally, the understanding of the prognostic implications of
HER?2 expression in urothelial carcinoma continues to evolve
[11]. To the best of our knowledge, this study represents the first
comprehensive report of HER2 expression prevalence and clini-
cal outcomes in a cohort of Mexican and Latin American pa-
tients, correlating these findings with demographic factors (such
as sex, family history of cancer, smoking, and alcohol use) and
tumor characteristics (histological grade, variant, primary local-
ization, and stage at diagnosis). Our cohort displays the typical
characteristics associated with urothelial carcinoma: older age,
heavy smoking, bladder as the most common primary site, and
the expected natural history of the disease [12].

HER2 expression rates in urothelial carcinoma vary wide-
ly depending on geographic population, clinical stage, and
testing criteria, as well as the specific antibodies used for test-
ing [13]. In a 2008 study by Kolla et al involving 90 Indian
patients with metastatic urothelial carcinoma, the BioGenex
CBI11 antibody detected HER2 scores > 1+ in 55.6% of cases
[11]. In contrast, Necchi et al reported a prevalence of 46.2%
using the Envision FLEX antibody in an Italian cohort [14].
More recently, Grigg et al found a prevalence of only 10.6%
using the Ventana PATHWAY antibody in an American cohort
restricted to metastatic cases [15]. It is important to note that
discrepancies in HER2 expression reports often arise from the
use of non-validated antibodies and inconsistent criteria for
HER?2 positivity. Standardized testing protocols for HER2 in
urothelial carcinoma, such as those in place for breast cancer,
have yet to be established [13]. In our cohort, HER2 expression
(scores > 1+) was observed in 54% of cases, with 22% clas-
sified as HER2-positive (score 3+), and 10% of cases deemed
equivocal (score 2+). Due to the limited resources of our study,
fluorescence in situ hybridization (FISH) testing was not per-
formed to further stratify equivocal cases into HER2-low or
HER2-positive categories.

HER?2 plays a pivotal role in activating signaling path-
ways such as MAPK, PI3K/AKT, and PKC, which regulate
critical processes like cell growth and survival. The overex-
pression of HER2 may drive aggressive behavior in urothelial
carcinoma, as seen in other cancers such as breast and gastric
cancer. Interestingly, HER2 expression appears more prevalent
in advanced stages of disease, potentially reflecting its role in
tumor progression and metastasis [15].

In our study, HER2 expression did not differ significant-
ly by sex, family history of non-urothelial cancers, or alco-
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Figure 1. Comparative overall survival (OS) in human epidermal growth factor receptor 2 (HER2) negative and HER2 score > 1+.

hol consumption. However, non-smokers exhibited a higher
prevalence of HER2 expression (43.8%) compared to smok-
ers (11.8%). We also evaluated HER2 expression based on
the primary tumor site, with 26.5% of bladder tumors and
15.4% of upper tract tumors exhibiting HER2 expression.
This differs from the findings of Li et al, who reported a
higher prevalence (68.85%) in upper tract urothelial carci-
noma [16]. Histological variant analysis revealed that HER2
expression was highest in micropapillary tumors, with 100%
showing HER2 positivity. In contrast, no HER2 expression
was observed in the solid or sarcomatoid variants, though the
small sample size for these subtypes limits the ability to draw
definitive conclusions.

HER2 expression was more prevalent in advanced dis-
ease stages in our cohort, with rates of 13.6% in localized dis-
ease, 20% in locally advanced disease, and 50% in metastatic
disease. This contrasts with findings by Scherrer et al, who
reported higher HER2 expression in localized disease (60%)
and lower rates in advanced disease (13%) [9].

In terms of overall survival, patients with HER2 scores
> 1+ had significantly shorter survival compared to HER2-
negative patients. The median overall survival for HER2 > 1+
patients was 13 months, compared to 41 months for HER2-
negative patients (P = 0.029). However, these survival com-
parisons did not account for differences in disease stage or
treatment. HER2-positive (score 3+) patients had a median

overall survival of 9 months compared to 31 months for the
HER2-negative, low and equivocal group (scores 0, 1+, 2+),
though this difference did not reach statistical significance (P
= 0.133). This aligns with prior studies, which have reported
heterogeneity in HER2 expression between primary tumors
and metastatic lesions in urothelial carcinoma [15].

Our study focused on HER?2 testing at a single time point,
offering a snapshot of HER?2 status in the disease course. It re-
mains unclear whether HER2 expression in metastatic disease
represents early-stage HER2 positivity or an acquired resist-
ance mechanism, as seen in breast cancer [17]. This dynamic
nature of HER2 expression warrants further study. Notably,
one patient in our cohort underwent both IHC and next-gener-
ation sequencing (NGS). This patient exhibited HER2 positiv-
ity (score 3+) alongside ErbB2 mutations (S310F and D769Y),
as well as mutations in TP53, TERT, and BRAF, highlighting
the complex genetic landscape of urothelial carcinoma. While
ErbB2 amplification is common in breast cancer, this case sug-
gests that distinct mechanisms may drive HER2 alterations in
urothelial carcinoma [18].

Future studies should focus on the dynamic nature of
HER2 expression throughout disease progression. Longitudi-
nal studies assessing HER2 status from localized disease to
metastatic stages may reveal whether HER2 overexpression
arises as an adaptive mechanism or a primary driver. Addition-
ally, the evaluation of antibody-drug conjugates (ADCs), such
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Figure 2. Overall survival (OS) comparison among diverse human epidermal growth factor receptor 2 (HER2) scores.

as trastuzumab deruxtecan, in HER2-expressing urothelial car-
cinoma could provide novel therapeutic options. Trastuzumab
deruxtecan, has demonstrated activity in HER2-positive, HER2-
low, and even HER2-ultralow and HER2-negative tumors [19-
21]. The ongoing phase II Destiny-PanTumor02 trial, which
includes patients with HER2-positive urothelial carcinoma, has
shown an overall response rate of 56.3% [22, 23]. These find-
ings highlight the potential of ADCs to reshape treatment para-
digms for HER2-expressing urothelial carcinoma.

Limitations

Although our sample size is comparable to other series re-
ported globally, certain subgroups within the cohort had lim-
ited patient numbers, making direct comparisons and conclu-
sive findings challenging in these specific groups. This study
is also limited by its single-center design, which may affect
the generalizability of the results. Additionally, due to the in-
vestigator-funded nature of the research, equivocal HER2 re-
sults were not further analyzed using FISH, which may have
impacted the classification of some cases. Future efforts will
focus on expanding the patient cohort and conducting further
analyses to provide updated and more comprehensive insights

into HER2 expression in urothelial carcinoma.
Conclusions

In this cohort of Mexican patients from a single center, the
prevalence of HER2 expression in urothelial carcinoma was
54.4%. Tumors expressing HER2 were associated with poorer
prognostic outcomes in terms of recurrence, progression, and
mortality, across all primary tumor locations within the urinary
tract. While HER2 expression has yet to be definitively es-
tablished as a predictive biomarker, the development of novel
HER2-targeted therapies offers promising potential to reshape
the treatment landscape for these patients soon.
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