
Journal of the National Cancer Center 3 (2023) 121–128 

Contents lists available at ScienceDirect 

Journal of the National Cancer Center 

journal homepage: www.elsevier.com/locate/jncc 

Full Length Article 

Assessment of the expression pattern of HER2 and its correlation with 

HER2-targeting antibody-drug conjugate therapy in urothelial cancer 

Huizi Lei 1 , † , Yun Ling 

1 , † , Pei Yuan 

1 , Xieqiao Yan 

2 , Lin Wang 

3 , Yanxia Shi 4 , Xin Yao 

5 , 

Hong Luo 

6 , Benkang Shi 7 , Jiyan Liu 

8 , Zhisong He 

9 , Guohua Yu 

10 , Weiqing Han 

11 , 

Changlu Hu 

12 , Zhihong Chi 2 , Chuanliang Cui 2 , Lu Si 2 , Jianmin Fang 

13 , 14 , Jun Guo 

15 , 

Xinan Sheng 

15 , ∗ , Aiping Zhou 

3 , ∗ , Jianming Ying 

1 , ∗ 

1 Department of Pathology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking 

Union Medical College, Beijing, China 
2 Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education/Beijing), Department of Renal Cancer and Melanoma, Peking University Cancer 

Hospital & Institute, Beijing, China 
3 Department of Medical Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and 

Peking Union Medical College, Beijing, China 
4 Department of Medical Oncology, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-sen University 

Cancer Center, Guangzhou, China 
5 Department of Genitourinary Oncology, National Clinical Research Center for Cancer, Tianjin Key Laboratory of Cancer Prevention and Therapy, Tianjin’s Clinical 

Research Center for Cancer, Tianjin Medical University Cancer Institute and Hospital, Tianjin, China 
6 Department of Genitourinary Oncology, Chongqing University Cancer Hospital and Chongqing Cancer Institute and Chongqing Cancer Hospital, Chongqing, China 
7 Department of Urology, Qilu Hospital of Shandong University, Jinan, China 
8 Department of Biotherapy, Cancer Center, National Clinical Research Center for Geriatrics, West China Hospital of Sichuan University, Chengdu, China 
9 Department of Urology, Peking University First Hospital, Institute of Urology, National Urological Cancer Center of China, Peking University, Beijing, China 
10 Department of Medical Oncology, Weifang People’s Hospital, Weifang, China 
11 Department of Urology, Hunan Cancer Hospital/The Affiliated Cancer Hospital of Xiangya School of Medicine of Central South University, Changsha, China 
12 Department of Medical Oncology, Anhui Provincial Cancer Hospital, Hefei, China 
13 RemeGen Co., Ltd., Yantai, Shandong, China 
14 School of Life Science and Technology, Tongji University, Shanghai, China 
15 Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education/Beijing), Department of Genitourinary Oncology, Peking University Cancer 

Hospital & Institute, Beijing, China 

a r t i c l e i n f o 

Keywords: 

Urothelial carcinoma 

Anti-HER2-ADC 

HER2 

Fluorescence in situ hybridization 

Immunohistochemistry 

a b s t r a c t 

Background: Human epidermal growth factor receptor 2 (HER2) overexpression is related to anti-HER2 therapy 

in many tumors. RC48- antibody-drug conjugate (ADC) has shown promising efficacy in patients with HER2- 

positive locally advanced or metastatic urothelial carcinoma (UC). The characteristic expression and scoring 

systems of HER2 are nonexistent in UC. We aimed to explore HER2 status and its correlation with the efficacy of 

HER2-targeting ADC therapy in UC. 

Methods: A total of 137 and 43 patients were enrolled in cohort 1 and cohort 2, respectively, from March 2009 

to December 2018. The patients in cohort 2 were enrolled in a phase II study of RC48-ADC. UC samples were 

tested for HER2 status using immunohistochemistry (IHC) and/or fluorescence in situ hybridization (FISH). The 

2018 ASCO/CAP HER2 scoring system was adopted and modified to score HER2 expression in UC. 

Results: The HER2-positive (IHC 2 + or 3 + ) rate was 24.1% (33/137). In HER2 IHC 2 + or 3 + patients, the HER2 

gene amplification rate was 31% (13/42). The objective response rates (ORRs) in RC48-ADC-treated patients 

with IHC 3 + , IHC 2 + and FISH + , IHC 2 + and FISH- were 58.8%, 66.7% and 40%, respectively. The ORR showed 

a trend toward a better benefit for RC48-ADC therapy in patients with HER2 amplification than in those without 

∗ Corresponding authors. 

E-mail addresses: doctor_sheng@126.com (X. Sheng), zhouap1825@126.com (A. Zhou), jmying@cicams.ac.cn (J. Ying) . 
† These authors contributed equally to this work. 

https://doi.org/10.1016/j.jncc.2023.02.003 

Received 13 August 2022; Received in revised form 6 February 2023; Accepted 6 February 2023 

2667-0054/© 2023 Chinese National Cancer Center. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.jncc.2023.02.003
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jncc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jncc.2023.02.003&domain=pdf
mailto:doctor_sheng@126.com
mailto:zhouap1825@126.com
mailto:jmying@cicams.ac.cn
https://doi.org/10.1016/j.jncc.2023.02.003
http://creativecommons.org/licenses/by-nc-nd/4.0/


H. Lei, Y. Ling, P. Yuan et al. Journal of the National Cancer Center 3 (2023) 121–128 

amplification (61.5% vs. 44.8%,  

55.5% (15/27), and the ORR wa  

homogeneity. 

Conclusions: IHC testing should be  

There was a trend toward a better  

influence the drug efficacy. 
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. Introduction 

Human epidermal growth factor receptor 2 (HER2) abnormalities,

ncluding protein overexpression, gene amplification and mutation, play

n important role in the carcinogenesis and development of many can-

ers, including urothelial cancer. Gene amplification or protein overex-

ression of HER2 occurs in 15% − 20% of breast cancer cases, 1 10% − 30%

f gastric cancer cases, 20% − 30% of ovarian cancer cases 2 and 8%

f renal collecting duct carcinoma cases 3 ; it is associated with tumor

rogression and poor prognosis. In bladder carcinoma, HER2 overex-

ression is correlated with more aggressive behavior and poor out-

ome, with an overexpression [immunohistochemistry (IHC) 3 + ] rate

f 12.4% (59/475). 4 Anti-HER2 therapy represents an important op-

ortunity for HER2-positive urothelial cancer. 

Urothelial carcinoma is a common cancer worldwide, with approx-

mately 80,000 estimated new cases and 17,100 estimated deaths per

ear. 5 Therefore, it is very important to test new drugs to improve

he prognosis of locally advanced or metastatic urothelial carcinoma

atients. The systemic treatment of urothelial carcinoma mainly in-

ludes neoadjuvant and adjuvant chemotherapy. Moreover, combina-

ion chemotherapy with immune checkpoint inhibitors has become a

tandard of care in the first-line setting for patients with metastatic

rothelial carcinoma. 6 Compared with standard chemotherapy, some

ecent trials have demonstrated a survival benefit in PD-L1-positive lo-

ally advanced or metastatic urothelial carcinoma patients receiving

mmune checkpoint inhibitors. 7 , 8 HER-2, mTOR and DNA damage re-

air genes have been found to be frequently altered in urothelial car-

inoma. 9 The anti-HER2 monoclonal antibody trastuzumab and the

yrosine kinase inhibitor lapatinib have been approved for the treat-

ent of HER2-positive breast cancer, and the use of continued anti-

ER2 therapy significantly improved the median overall survival in

atients with advanced HER2-positive breast cancer. 10 Although there

s no significant survival benefit from trastuzumab and lapatinib in

atients with HER2-positive metastatic urothelial cancer, 11 , 12 the pa-

ients who received dual HER2 blockade had an objective response

ate (ORR) of 18%. 13 T-DM1 is a HER2-targeting antibody-drug con-

ugate (ADC), a nonreducible thioether heterogeneous lysine conju-

ate of trastuzumab with an average drug approved not only for pa-

ients with HER2-positive metastatic breast cancer progressing after

rastuzumab and taxane, 14 but also for patients with HER2-positive

arly breast cancer with residual invasive disease after the comple-

ion of neoadjuvant therapy. 15 T-DM1 allows the delivery of a potent

ytotoxic agent specific to HER2-positive tumor cells, and a study in

reclinical models of HER2-positive bladder cancer cell lines showed

ignificant growth inhibition effects. 16 RC48-ADC is another novel hu-

anized anti-HER2 antibody conjugate, and a recent study showed that

C48-ADC has promising efficacy with a manageable safety profile in

ocally advanced or metastatic urothelial carcinoma patients with HER2

verexpression. 17 

The efficacy of RC48-ADC has prompted studies on its clinical ben-

fit in urothelial carcinoma, and effectively screening the potential

enefits of HER2-ADCs has become a new challenge. Nevertheless, a

ER2 scoring system for urothelial carcinoma has yet to be developed.

he present study aimed to develop a validated HER2 scoring system

or urothelial carcinoma to identify patients suitable for HER2-ADC

reatment. 
122 
P = 0.059). The heterogeneity of HER2 expression in the primary tumor was

s not significantly different between patients with tumor heterogeneity and

 performed to assess the HER2 status before the initiation of HER2-ADC therapy.

 benefit for patients with HER2 amplification, and tumor heterogeneity did not

. Materials and methods 

.1. Case selection 

A total of 137 patients and 43 patients in two studies were en-

olled in cohort 1 and cohort 2, respectively. The patients in cohort

 were enrolled at the Department of Pathology, Cancer Hospital,

hinese Academy of Medical Sciences (CAMS) from March 2009 to De-

ember 2016, including 25 biopsy specimens and 112 surgical resection

pecimens. Specimens in this cohort were used to analyze the expres-

ion status of HER2 in urothelial carcinoma. Cohort 2 consisted of pa-

ients with HER2 + (IHC 3 + or 2 + ) locally advanced (27/43, 62.8%)

r metastatic urothelial carcinoma (16/43, 37.2%) who progressed af-

er systemic chemotherapy. Patients in this cohort were enrolled in an

pen-label, multicenter, phase II study of RC48-ADC conducted by our

roup from December 2017 to November 2018 (ClinicalTrials.gov iden-

ifier: NCT03507166) ( Fig. 1 ). 17 Cohort 2 is a clinical validation cohort

f cohort 1. All archived pathological slides were reviewed by two se-

ior pathologists (J.Y. and H.L.) according to the 2016 World Health

rganization (4th edition) classification of urinary tumors. 18 Tumor

rade was included as one of the observed variables and was defined

s low-grade or high-grade. The primary endpoints were the ORR and

rogression-free survival (PFS). The clinicopathologic characteristics of

hese urothelial carcinoma patients were obtained from their medical

ecords. 

.2. IHC 

Tissue samples were routinely fixed in 10% formalin for approxi-

ately 24 h at 10 times the volume of the tissue liquid and then embed-

ed in paraffin. Consecutive 4- 𝜇m-thick sections and wax rolls were pre-

ared for IHC staining. IHC testing was performed using an anti-HER2

B5 antibody (Roche) on a Ventana Benchmark Ultra (Roche) according

o the manufacturer’s instructions, and staining was performed with the

ltra View Universal DAB Detection Kit (Roche). 

.3. Fluorescence in situ hybridization 

Fluorescence in situ hybridization (FISH) was performed only in

ohort 2. Gene amplification of HER2 was evaluated by FISH. Ac-

ording to the manufacturer’s instructions, FISH staining was per-

ormed using the PathVysion HER2 DNA Probe Kit (PathVysion, Ab-

ott Molecular, Des Plaines, Illinois, USA). The kit contains LSI HER2

robes and chromosome enumeration probe 17 ( CEP17 ). The 20 nu-

lear signals of HER2 and CEP17 in at least two different tumor ar-

as were counted using a Zeiss AxioImager M2 epifluorescence micro-

cope (Carl Zeiss, Oberkochen, Germany) equipped with a 100 × oil im-

ersion objective and 4 ′ ,6 ′ -diamidino-2-phenylindole (DAPI)/Spectrum

reen/Orange single and triple bandpass filters. 

.4. Scoring of IHC and FISH 

HER2 IHC scores and FISH status were assessed according to

he 2018 American Society of Clinical Oncology/College of American

athologists (ASCO/CAP) guidelines 19 , 20 with minor modifications (0,

o staining or membrane staining that is incomplete and faint/barely
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Fig. 1. Diagram of the cohort 2 study design. ADC, antibody-drug conjugates; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; UC, 

urothelial carcinoma. 
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erceptible and in < 10% of tumor cells; 1 + , incomplete membrane

taining that is faint/barely perceptible and in ≥ 10% of tumor cells;

 + , weak to moderate complete membrane staining observed in ≥ 10%

f tumor cells or circumferential membrane staining that is complete, in-

ense, and in < 10% of tumor cells; and 3 + , circumferential membrane

taining that is complete, intense, and in ≥ 10% of tumor cells). Ac-

ording to HER2 status, the samples were classified into two categories:

ER2 heterogeneity and HER2 homogeneity. HER2 heterogeneity was

efined as membranous staining 2 + and 3 + in 10% − 90% of tumor cells

n this study. 21 

.5. Statistical analysis 

The statistical analysis was carried out using SPSS version 24.0 soft-

are (IBM, New York, US). Frequencies of data were analyzed using

isher’s exact test. The Kaplan-Meier estimate was employed to calcu-

ate and plot survival curves. All tests were two-sided, and P values of

 0.05 were considered statistically significant. 

. Results 

.1. Patient characteristics 

The clinicopathological characteristics of the patients in cohort 1 and

ohort 2 are listed in Table 1 and Supplementary Table 1. The distribu-

ion of 137 HER2 IHC results was as follows: 75.9% (104/137) IHC 0 or

 + , 17.5% (24/137) IHC 2 + , and 6.6% (9/137) IHC 3 + . The expression

f HER2 protein showed a tendency towards a male predominance ( P

 0.05). According to the 2016 World Health Organization classifica-

ion of the urinary system, 18 15 (10.9%) and 122 (89.1%) patients had

ow-grade and high-grade invasive urothelial carcinoma, respectively.

linical features were compared among the HER2 (3 + ), HER2 (2 + ) and

ER2 (0 or 1 + ) groups. No significant differences were found in the

ajority of the parameters ( P > 0.05) ( Table 1 ). 
123 
.2. HER2 heterogeneity 

We observed HER2 protein expression heterogeneity in 27 primary

umors of cohort 2, of which 55.5% (15/27) had HER2 IHC score het-

rogeneity ( Fig. 2 ). Among the 13 patients with HER2 FISH amplifica-

ion, 5 patients (38.4%) had heterogeneous HER2 FISH status, and the

emaining 8 patients (61.6%) had HER2 homogeneity. 

.3. Staining pattern of HER2 in urothelial carcinoma 

We observed that most samples showed membrane staining (70%,

0/43), but some samples had both membranous and cytoplasmic ex-

ression of HER2 in urothelial carcinoma (30%, 13/43); the latter was

onfirmed by FISH to be positive ( Fig. 3 A and B). However, the case

ith only cytoplasmic staining was considered negative. We noticed that

ER2 was negative (0) or low (1 + ) in the glandular differentiation re-

ion ( Fig. 4 A and B) and negative (0) in the squamous differentiation

egion ( Fig. 4 C and D). There was no significant difference between pri-

ary tumors and distant metastases tissues in HER2 protein expression.

.4. Correlation between HER2 gene status and HER2 protein expression 

In cohort 2, HER2 protein expression and HER2 gene amplification

tatus were determined by IHC and FISH in 27 primary tumors and 16

istant metastases (including lymph nodes, liver, bone, and lung). Ex-

ept for one case in which FISH was unevaluable, all 42 appreciable

ases were HER2 IHC 3 + or 2 + . The HER2 amplification rate was 31%.

mong the cases with IHC 3 + , 58.8% (10/17) had HER2 amplification;

mong the cases with IHC 2 + , 12% (3/25) had HER2 amplification (Sup-

lementary Table 2). 

.5. Correlation between HER2 and ORR 

All cohort 2 patients ( n = 43) participated in a phase II clinical trial of

C48-ADC. By the data cutoff date, one patient remained on treatment.
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Table 1 

Clinicopathological features of cohort 1 urothelial carcinomas. 

HER2 IHC, No. 

Clinicopathological features Total, No. 0 or 1 + 2 + 3 + c 2 value P value 

Cohort size 137 104 24 9 

Sex 6.241 0.035 

Male 108 77 23 8 

Female 29 27 1 1 

Age, years 1.267 0.536 

< 65 70 55 12 3 

≥ 65 67 49 12 6 

Smoking 3.114 0.209 

No 79 63 10 6 

Yes 58 41 14 3 

Pathologic grade 0.394 0.889 

Low grade 15 11 3 1 

High grade 122 93 21 8 

Pathologic T stage 2.736 0.247 

T1/T2 79 56 16 7 

T3/T4 58 48 8 2 

Pathological subtype 14.82 0.082 

Pure conventional UC 108 82 19 7 

UC with squamous differentiation 10 10 0 0 

UC with glandular differentiation 11 7 3 1 

UC with squamous and glandular differentiation 4 4 0 0 

Mixed micropapillary carcinoma 3 1 2 0 

Plasmacytoid carcinoma 1 0 0 1 

Vessel cancer embolus 4.013 0.174 

Present 26 19 3 4 

Absent 111 85 21 5 

Nerve invasion 2.566 0.138 

Present 20 18 1 1 

Absent 117 86 23 8 

Abbreviations: HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; UC, urothelial carcinoma. 

Fig. 2. HER2 protein heterogeneity. (A) One case of urothelial carcinoma (HER2 staining, original magnification 20 ×). (B) HER2 3 + (original magnification 400 

×). (C) HER2 2 + (original magnification 400 ×). (D) HER2 1 + (original magnification 400 ×). HER2, human epidermal growth factor receptor 2. Scale bar, 50 𝜇m. 

124 
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Fig. 3. Both membranous and cytoplasmic expression of HER2 in urothelial carcinoma. (A) HER2 IHC 3 + and FISH amplification (IHC original magnification 400 

×). (B) HER2 IHC 2 + and FISH amplification (IHC original magnification 400 ×). FISH, fluorescence in situ hybridization; HER2, human epidermal growth factor 

receptor 2; IHC, immunohistochemistry. Scale bar, 50 𝜇m. 

Fig. 4. HER2 expression in the glandular differentiation region and squamous differentiation region. (A) One case of UC with glandular differentiation (hematoxylin- 

eosin staining, original magnification 40 ×). (B) HER2 IHC 3 + in the conventional UC region and negative or low expression (1 + ) in the glandular differentiation 

region (original magnification 40 ×). (C) A tumor with a squamous differentiation region (C1) and a conventional UC region (C2) (hematoxylin-eosin staining, 

original magnification 40 ×). (D) The former case consisted of HER2 negativity (0) in the squamous differentiation region (D1) and HER2 IHC 2 + in the conventional 

UC region (D2) (original magnification 400 ×). HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; UC, urothelial carcinoma. Scale bar, 

50 𝜇m. 

125 
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Fig. 5. (A) The correlation of the ORR and HER2 status in all patients ( n = 42). (B) The correlation of the ORR and IHC heterogeneity in the primary tumor. (C) 

Kaplan-Meier estimates of PFS according to HER2 IHC heterogeneity and homogeneity. FISH, fluorescence in situ hybridization, HER2, human epidermal growth 

factor receptor 2; IHC, immunohistochemistry; ORR, objective response rate; PFS, progression-free survival. 
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atients with HER2 IHC 3 + derived more benefits than those with HER2

HC 2 + . The ORRs of patients with IHC 3 + , IHC 2 + and FISH + , and IHC

 + and FISH- were 58.8%, 66.7% and 40%, respectively ( Fig. 5 A). For

he ORR, there was a trend ( P = 0.059) toward a better benefit from

C48-ADC therapy in patients with HER2 amplification compared with

hose with nonamplification (61.5% vs. 44.8%). The location of HER2

rotein staining does not affect the ORR of the patients. Moreover, there

as no significant difference between primary tumors and distant metas-

ases tissues in the ORR of the patients. The ORR and PFS were similar

etween patients with IHC heterogeneity and those with IHC homogene-

ty in the primary tumor (ORR, 47% vs. 50%; PFS, P = 0.48) ( Fig. 5 B

nd C). PFS was not significantly different between FISH-positive and

ISH-negative patients and/or between IHC 2 + and IHC 3 + patients.

e also noticed some special cases. First, patients with urothelial carci-

oma with glandular differentiation ( n = 1) and squamous differentia-

ion ( n = 1) had a shorter PFS (1.5 months and 1.2 months, respectively)

han the median PFS (6.9 months). Second, patients with HER2 IHC3 +
nd FISH- ( n = 3) had a shorter PFS than the median PFS. Third, patients

ith urothelial carcinoma mixed with micropapillary carcinoma ( n = 1)

ad a shorter PFS (2.7 months) than the median PFS. 

.6. Specific histological types 

Overexpression of HER2 (HER2 3 + ) was observed in a micropap-

llary urothelial carcinoma patient with partial response. In cohort 2,
126 
wo patients with urothelial carcinoma with squamous differentiation

ere IHC 2 + and FISH-, in which all areas of squamous differentiation

ere HER2 negative. According to the follow-up, one patient experi-

nced progression, and the other patient remained on treatment. 

. Discussion 

HER2 overexpression is strongly associated with a poor prognosis

n urothelial cancer. 22 , 23 As HER2-targeting ADCs demonstrate efficacy

nd safety with curative effects in HER2-positive urothelial carcinoma

atients, the standard detection for HER2 status has become more im-

ortant. The result might change when the 2013 and 2018 HER2 report-

ng guidelines are applied in the same patient. 24 However, there is no

tandard for HER2 evaluation in urothelial carcinoma. 

This study showed that the updated 2018 HER2 testing scoring sys-

em in breast cancer with minor modifications could be applied to

rothelial carcinoma to accurately determine the HER2 status. 

First, we noticed that some samples had both membranous and cy-

oplasmic expression of HER2 in urothelial carcinoma, which was fur-

her confirmed by FISH to be HER2 positive. In addition, unlike gastric

ancer and colorectal cancer, in which HER2 staining is incomplete,

embranous and preferentially basolateral (U shaped), 25 , 26 complete

embranous staining is required for positivity in urothelial carcinoma.

Second, the effectiveness of HER2-ADC was shown in both IHC 2 +
nd 3 + patients. In patients with HER2 IHC 2 + , 88% (22/25) did not
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H

how amplification. The ORRs of the IHC 2 + and FISH-negative groups

ere slightly lower than those of the IHC 3 + group and the IHC 2 +
nd FISH-positive group. The HER2 amplification rate of HER2 IHC 2 +
ases was similar to that in the study of Anissa Moktefi et al., 27 but lower

han that in breast cancer, gastric cancer and colorectal cancer. 25 , 26 , 28 

ER2 amplification analysis by FISH can accurately and promptly iden-

ify breast cancer patients who might benefit from anti-HER2 therapy.

n urothelial cancer, the ORR had a trend toward a better benefit from

C48-ADC therapy in patients with HER2 amplification compared with

hose with nonamplification (61.5% vs. 44.8%, P = 0.059). This result

uggested that FISH detection could not completely guide the clinical ap-

lication of RC48-ADC in urothelial carcinoma, but patients with HER2

mplification seemed to derive more of a benefit. Considering that HER2

HC 2 + patients have a low FISH amplification rate and that the ORR

as not significantly different between the amplification and nonam-

lification groups, we recommend that patients with locally advanced

r metastatic urothelial carcinoma should undergo IHC testing to assess

ER2 status before the initiation of HER2-ADC therapy. The significance

f detecting HER2 gene amplification remains to be further discussed. 

Latif et al. 29 showed that for patients with invasive urothelial blad-

er cancer, the HER2 gene amplification rate was much lower than the

rotein overexpression rate, which suggested that HER2 gene amplifi-

ation is uncommon. Other molecular mechanisms may account for the

igh rate of protein overexpression. HER2 gene mutations exist in many

ancers and play an important role in carcinogenesis and development.

he rate of HER2 gene mutation is 12% in urothelial carcinoma, 30 and

ER2 gene mutation is more frequent in urothelial carcinoma than in

ny other common cancer. 31 In urothelial carcinoma, S310F and S310Y

utations were the most commonly observed mutations (183/3,753,

.8%). HER2 exon 20 insertion occurred in 0.53% of cases (20/3,753). 32 

owever, the correlation between HER2 gene mutation and the drug ef-

ect of anti-HER2 therapy in urothelial carcinoma is still unclear. 

In addition, heterogeneity is associated with unfavorable clinico-

athologic factors and a poor prognosis. In our study, the FISH ampli-

cation rate was 12% (3/25) in IHC 2 + patients, and of the three IHC

 + and FISH + patients, two had HER2 heterogeneity. The heterogeneity

f HER2 protein expression in urothelial carcinoma was 55.5%, which

as similar to that in gastric cancer (69.4%) 33 but much higher than

hat in breast cancer (18%). 34 The breast cancer scoring system refers

o 10% as the cutoff in FISH, but our study showed no significant ORR

ifference when HER2 FISH heterogeneity cutoffs of 5% and 10% were

sed ( P = 0.77). A similar result was observed in the IHC methodol-

gy; patients with small cohesive HER2 + clones can also benefit from

C48-ADC. This may be because RC48-ADC has a bystander effect and

s beneficial in treating tumors with HER2 heterogeneity. This result

uggests that HER2-directed ADCs can be used for patients with HER2

eterogeneity. 

According to the literature on HER2 overexpression rates in urothe-

ial carcinoma, the median HER2 positivity rate of 7 IHC studies was

4% (range 11% − 56%, Supplementary Table 3). The median HER2 pos-

tivity rate of 6 FISH studies was 21.5% (range 10% − 30%, Supplemen-

ary Table 4). The HER2-positive rate was similar to that in our study

24.1%). In patients with HER2 IHC 3 + or 2 + , the HER2 amplifica-

ion rate was 31%, similar to that in the literature. 27 , 35 Several studies

ave shown that HER2 protein expression and gene alterations could

e related to the histological type in urothelial carcinoma. A large co-

ort study that analyzed urothelial carcinoma mixed with micropapil-

ary carcinoma reported that in addition to genetic alterations shared

ith conventional urothelial carcinoma, alterations in the HER2 gene

ccurred at higher frequencies. 35 Bohyun Kim et al. 36 showed that plas-

acytoid urothelial carcinoma has high HER2 overexpression (83%)

nd amplification (50%). In this study, we observed that two patients

ith urothelial carcinoma with squamous differentiation were IHC 2 +
nd FISH-, but all areas of squamous differentiation were HER2 neg-

tive. Michael Rose et al. 37 found that there are some genetic alter-

tions in the ERBB signaling pathway in squamous bladder cancer, and
127 
e speculated that our finding may be related to this phenomenon.

ang Li et al. 38 demonstrated that patients with squamous differenti-

tion of urothelial carcinoma had lower survival rates than those with

ure conventional urothelial carcinoma. With increasingly intensive re-

earch on HER2, HER2-low expression and HER2 antibody-drug conju-

ates have become the focus of research. Therefore, higher requirements

re needed for the accuracy of HER2 testing and evaluation. Cancer tis-

ue obtained via surgical resection or biopsy is the main method for de-

ecting HER2 expression. Some studies have attempted to detect HER2

xpression in circulating tumor cells. 39 Based on this, we can reasonably

peculate that precision detection and evaluation may become future re-

earch hotspots. 

Of course, there are still several limitations in our study. First, we

id not explore the efficacy of RC48-ADC in patients with IHC 0–

 + to reversely evaluate the feasibility of HER2 testing for screen-

ng potential beneficiaries of HER2-targeted therapy. Second, the re-

ationship between HER2 gene amplification or mutations and the

otential benefit of HER2-ADCs in urothelial carcinoma still needs

ore thorough research. Third, due to our strict inclusion criteria for

he phase II study, the number of enrolled patients was small, and

uture studies with a large sample size are needed to verify these

esults. 

. Conclusions 

In conclusion, we suggest that the ASCO/CAP guidelines currently

sed in breast cancer could be widely applied to urothelial carcinoma

ith minor modifications. Patients with HER2 amplification seemed to

erive more of a benefit. The ORR was similar between patients with

umor heterogeneity and other patients. As the HER2-ADC showed ef-

cacy in both IHC 2 + and 3 + patients, the significance of HER2 gene

mplification in guiding the use of HER2-ADCs still needs more investi-

ation in evidence-based medicine. 
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