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Abstract
Background Phase II trials showed the efficacy of anti-HER2 RC48-ADC (disitamab vedotin) for HER2-positive metastatic 
urothelial carcinoma (UC). This study evaluated RC48 alone verses in combination with immunotherapy for locally advanced 
or metastatic UC using real-world data.
Methods This retrospective, multicenter, real-world study included patients with locally advanced or metastatic UC who 
received RC48 in five hospitals in China between July 2021 and April 2022. The outcomes were progression-free survival 
(PFS), overall survival (OS), objective response rate (ORR), disease control rate (DCR), and adverse events.
Results Thirty-six patients were included. The patients were 47–87 years, and 26 (72.2%) were male. Eighteen patients 
received RC48 alone, and 18 received RC48 combined with a programmed death-1 antibody. The median PFS was 5.4 months. 
The median OS was not reached. The 6-month and 1-year PFS rates were 38.8% and 15.5%, respectively. The 1-year OS 
rate was 79.6%. Fourteen (38.9%) patients achieved a partial response, and the ORR was 38.9%. Eleven patients had stable 
disease, and the DCR was 69.4%. The median PFS for patients who received RC48 combined with immunotherapy and 
those who received RC48 alone was 8.5 and 5.4 months, respectively. The main treatment-related adverse events included 
anemia, hypoesthesia, fatigue, and elevated transaminase. No treatment-related death occurred.
Conclusion RC48 alone or combined with immunotherapy might benefit patients with locally advanced or metastatic UC, 
regardless of impaired renal function.
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Introduction

Locally advanced or metastatic urothelial carcinoma (UC) 
has a poor prognosis despite discovering novel therapies 
[1]. Cisplatin-containing therapy remains the first-line 
therapy for metastatic UC, with an overall response rate 
(ORR) of 44.6% and median progression-free survival 
(PFS) and overall survival (OS) of 7.8 and 14.0 months, 
respectively [2]. Still, approximately 50% of the patients 
with metastatic UC are ineligible to receive cisplatin-
based chemotherapy due to impaired renal function, poor 
performance status, or comorbidities. The alternative 
therapies include carboplatin-based chemotherapy and 
immunotherapy, but the outcomes are unsatisfactory, with 
a lower ORR (at 28–36%) and shorter PFS for patients 
with metastatic UC [2–4].

Immune checkpoint inhibitors (ICIs) are the standard 
second-line treatment for patients with UC [2, 5], but only 
approximately 25% of the patients achieve a response to 
ICIs [6, 7]. The treatment of patients who progressed after 
platinum-based chemotherapy and ICIs mainly includes 
enfortumab vedotin (EV) and sacituzumab govitecan 
(SG) [8, 9], but neither EV nor SG is available in China. 
Therefore, effective treatment options are necessary for 
metastatic UC.

HER2 overexpression is commonly observed in UC and 
is associated with poor survival [10, 11]. Recently, anti-
HER2 antibody–drug conjugates (ADCs), including RC48 
(disitamab vedotin) and trastuzumab deruxtecan, showed 
certain efficacy in metastatic UC patients after platinum-
based chemotherapy and ICIs [9, 12, 13]. The phase II 
RC48-C005 trial reported the excellent antitumor activity 
of RC48-C005 monotherapy in patients with metastatic 
UC after failure to at least one line of systemic treatment, 
with an ORR of 51.2% and median PFS of 6.9 months 
[13]. In the RC48-C014 trial, 32 patients with metastatic 
UC treated with RC48 combined with toripalimab, an 
anti-programmed cell death-1 (PD-1) antibody, ORR was 
75% for overall population, and 80% for first-line previ-
ously untreated patients [14]. Therefore, RC48, available 
in China, might be an appropriate treatment option for 
metastatic UC, either as first- or further-line therapy.

Although randomized controlled trials (RCTs) can 
prove the efficacy of a drug within strictly controlled 
experimental conditions, RCTs often suffer from selec-
tion biases (e.g., exclusion of older patients and those with 
comorbidities) that limit the applicability of their results. 
On the other hand, real-world studies provide important 
information on a drug’s efficacy and safety in the actual 
population of patients. The two types of studies are con-
sidered complementary [15, 16]. Unfortunately, real-world 
data on the role of RC48 in metastatic UC are lacking. 

Therefore, this study explored the RC48 alone or in combi-
nation with immunotherapy for locally advanced or meta-
static UC with real-world data.

Materials and methods

Study design and patients

This retrospective, multicenter, real-world study included 
patients with locally advanced or metastatic UC who 
received RC48 at the Sun Yat-Sen University Cancer Centre 
(SYSUCC), the First Affiliated Hospital of Sun Yat-Sen Uni-
versity, Sun Yat-Sen Memorial Hospital, Zhujiang Hospital 
of the Southern Medical University, and Hainan General 
Hospital between July 2021 and April 2022. The inclusion 
criteria were (1) histologically confirmed UC, (2) received 
RC48, (3) available response assessments, and (4) adequate 
cardiac, bone marrow, and hepatic functions apart from 
organ function affected by their disease. The study protocol 
was approved by the ethical committee of the Sun Yat-Sen 
University Cancer Centre (No. B2022-271-01). The require-
ment for individual informed consent was waived by the 
committee because of the retrospective nature of the study.

Data collection and definitions

The data were extracted from the medical charts and 
included the patients’ demographics, tumor characteris-
tics, treatment, standard laboratory tests, and image scans. 
Generally, the patients were treated with RC48 until disease 
progression, intolerable toxicity, or death. Dose modifica-
tion was made in case of treatment-related adverse events 
(TRAEs) until these events resolved to grade 0/1 or to base-
line. The use of a PD-1 antibody was at the physicians’ dis-
cretion and was given according to their experience. HER2 
expression was mainly detected by immunohistochemis-
try (IHC). The IHC scores were assessed according to the 
HER2 test guidelines for breast cancer [17]. The HER2 gene 
amplification could also be evaluated by fluorescence in situ 
hybridization (FISH), which was compliant with the HER2 
test guidelines for breast cancer [17]. Some patients were 
tested for HER2 gene mutation by next-generation sequenc-
ing (NGS).

The adverse events (AEs) were graded according to the 
Common Terminology Criteria for Adverse Events version 
5.0. The relation of each AE with RC48 and treatments was 
considered possibly, probably, or likely related to treatment 
and estimated as the proportion of all toxicity-evaluable 
cycles in which toxicity was observed.

The objective response was a response sustained for a 
minimum of two consecutive imaging evaluations at least 
4 weeks apart. The disease was evaluated using RECIST 
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version 1.1 for response assessment. CT was routinely per-
formed at baseline and every 6 weeks. Follow-up CT scans 
data were collected for 2 years or until progressive disease 
(PD).

Survival was measured from initiation of therapy until the 
event of interest (death or progression). The disease control 
rate (DCR), ORR, PFS, OS, and AEs were analyzed. The 
DCR was calculated as the proportion of patients achieving 
a complete response (CR), partial response (PR), or stable 
disease (SD). The ORR was calculated as the proportion of 
patients achieving a CR or a PR. The duration of response 
(DOR) is defined as the time from the first evaluation of CR, 
PR, or SD to PD. Creatinine clearance (CrCl) was obtained 
from the routine biochemistry examinations. Follow-up was 
censored on August 10, 2022.

Statistical analysis

SPSS 25.0 (IBM, Armonk, NY, USA), Prism 5.01 (Graph-
Pad Software Inc., San Diego, CA, USA), and R 4.0.2 (The 
R Project for Statistical Computing, www.r- proje ct. org) 
were used for statistical analysis. The study population for 
all analyses included the patients included in the study who 
had received at least one dose of RC48. Descriptive statistics 
were used to summarize patient characteristics, treatment 
administration, antitumor activity, and safety. OS and PFS 
were analyzed using the Kaplan–Meier method and Cox 
proportional hazard models. Two-sided P < 0.05 were con-
sidered statistically significant.

Results

Thirty-six eligible patients were included. The patients were 
aged from 47 to 87 years, with 14 (38.9%) being > 65 years, 
and 26 (72.2%) of them were male. Among the 27 (75%) 
patients who underwent primary surgery, eight (22.2%) 
relapsed within 1 year after neoadjuvant or adjuvant chemo-
therapy. HER2 expression was positive (IHC 3 +, or 2 +) in 
28 (77.8%) patients. In 17 (47.2%) patients with available 
PD-L1 detection results, the rate of PD-L1 positivity (> 1%) 
was 52.9%. Among the 36 patients, eight (22.2%) underwent 
NGS (Table 1).

Eighteen patients received RC48 alone, and 18 received 
RC48 combined with a PD-1 antibody, including toripali-
mab, tislelizumab, pembrolizumab, envafolimab, and sintili-
mab. Nine patients received RC48 as first-line therapy due 
to ineligible for cisplatin-based chemotherapy (5 patients), 
ineligible for both cisplatin and carboplatin (3 patients), 
and refusing to receive chemotherapy (1 patient) (Supple-
mentary Table S1). At the end of the follow-up, 13 (36.1%) 
patients were still on treatment. All 36 patients had at least 
one response evaluation, 14 (38.9%) achieved a PR, and 11 

Table 1  Characteristics of the patients

Characteristics Values

Male sex, n (%) 26 (72.2)
Age (years)

  Median (range) 62.4 (47–87)
HER2 expression, n (%)

  IHC 1 + 7 (19.4)
  IHC 2 + 23 (63.9)
  IHC 3 + 5 (13.9)
  IHC  0a 1 (2.8)

PD-L1 expression, n (%)
 ≥1% 9 (52.9)

  < 1% 8 (47.1)
  NA 19

Prior therapy, n (%)
  Median (range) 2.58 (0–6)
  RC48 as first-line therapy 9 (25.0)
  RC48 as second-line therapy 10 (27.8)
  RC48 after second-line therapy 17 (47.2)
  Prior PD-1 immunotherapy 22 (61.1)
  Prior platinum-based chemotherapy 23 (63.9)
  Relapsed within 12 months of neoadjuvant or  

adjuvant platinum-based chemotherapy
8 (22.2)

  Prior enfortumab vedotin 2 (5.6)
Baseline creatinine clearance

  ≥ 60 ml/min 20 (55.5)
  30–60 ml/min 11 (30.6)
  < 30 ml/min 5 (13.9)

ECOG PS
  0 4 (11.1)
  1 26 (72.2)
  2 6 (16.7)

Pathologic variants
  Urothelial carcinoma/transitional cell 30 (83.3)
  Urothelial carcinoma with squamous differentiation 5 (13.9)
  Urothelial carcinoma with glandular differentiation 1 (2.8)

Prior locoregional curative treatments, n (%)
  Surgery 27 (75.0)
  Radiotherapy 2 (5.6)

Prior neoadjuvant/adjuvant chemotherapy, n (%)b

  Yes 9 (33.3)
  No 18 (66.7)

Primary lesion, n (%)
  Renal pelvis 8 (22.2)
  Ureter 11 (30.6)
  Bladder 17 (52.8)

Metastasis site, n (%)
  Local relapse 18 (51.4)
  Brain 1 (2.8)
  Lymph node metastasis 27 (75.0)
  Lung 12 (33.3)
  Bone 13 (36.1)

http://www.r-project.org


2312 Cancer Immunology, Immunotherapy (2023) 72:2309–2318

1 3

patients had an SD. The ORR was 38.9%, and the DCR was 
69.4%. The ORRs of the patients treated with RC48 alone 
and RC48 combined with PD-1 were both 38.8%. The ORR 
was 60.0% (3/5), 39.1% (9/23), and 28.6% for patients with 
HER2 3 +, 2 +, 1 + expression, respectively. The ORR was 
44.4% (4/9) in patients positive for PD-L1 and 37.5% (3/8) 
in PD-L1-negative patients. For the nine patients received 
RC48 as first-line therapy, the ORR was 55.6% (5/9), com-
pared with 33.3% (9/27) in patients received RC48 as sec-
ond- and later-line therapy.

The median PFS was 5.4 months, and the median OS was 
not reached. The 6-month and 1-year PFS rates were 38.8% 
and 15.5%, respectively (Fig. 1A). The 1-year OS rate was 
79.6% (Fig. 1B). The median PFS for patients who received 
RC48 combined with immunotherapy and those treated 
with RC48 alone was 8.5 and 5.4 months, respectively 
(HR = 1.15, 95% CI 0.46–2.88, P = 0.75) (Fig. 1C). The 
median PFS for patients with HER2 2 +/3 + expression and 

those with HER2 1 +/0 expression was 5.9 and 3.0 months, 
respectively (P = 0.11, HR = 0.34, 95% CI 0.09–1.28) 
(Fig. 1D). The PFS in patients received RC48 as first line 
was 6.6 months, compared with 4.2 months in those with 
second- and later-line treatment (P = 0.09) (Figure S1). The 
swimmer plot for all patients is shown in Fig. 2. For the 25 
patients who achieved SD or PR, the DOR was 4.0 months. 
Patient #6 showed the best tumor response of PR (Fig. 3A) 
and a DOR of 9.1 months, but she discontinued RC48 due to 
grade 2 hypoesthesia. Patient #10 relapsed 11 months after 
adjuvant cisplatin and gemcitabine and rapidly progressed 
after combination of EV and pembrolizumab. Then, he was 
treated with RC 48 monotherapy and achieved good PR with 
a DOR of 7.6 months (Fig. 3B).

NGS in eight patients showed that an FGFR amplifica-
tion or mutation was detected in four patients. Two patients 
had a TP53 mutation. One patient had a high tumor muta-
tion burden (TMB), while the others presented low TMB. 
HER-2 amplification was detected in one patient (#26) who 
had HER2 2 + by IHC. No HER-2 gene amplification was 
detected in the rest of them. A HER2 insertion mutation 
(Py772_A775dup) at exon 20 was detected in patient #14, 
who was HER2 0 + by IHC. This patient received RC48 and 
immunotherapy and achieved SD with significant symptom 
improvement (Table 2).

The AEs in patients treated with RC48 alone and com-
bined with immunotherapy are listed in Table 3. Overall, 
grade 3–4 AEs occurred in five (27.8%) patients received 
the combination treatment (including one grade 3 anemia, 
one grade 3 hypoesthesia, one grade 3 hypoalbuminemia, 
one grade 3 urinary tract infection, and one autoimmune 

IHC immunohistochemistry, PD-1 programmed cell death 1, PD-L1 
programmed cell death ligand, ECOG Eastern Cooperative Oncology 
Group, PS performance status
a This patient had HER2 insertion mutation (Py772_A775dup) at exon 
20
b Only for patients who had been underwent curative surgery

Table 1  (continued)

Characteristics Values

  Liver 15 (41.7)
  Adrenal gland 3 (8.3)
  Peritoneal or omental implantation 7 (19.4)

Fig. 1  Progression-free survival 
(PFS) (A) and overall survival 
(OS) (B) of the patients receiv-
ing RC48. PFS of the patients 
received RC48 alone and com-
bined with immunotherapy (C). 
PFS of the patients with HER2 
1 + compared with HER2 2 + 
and 3 + (D)
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encephalitis), compared with two (11.1%) patients treated 
with RC 48 alone (two grade 3 anemia). Neither grade 4 nor 
treatment-related death occurred in the all patients. The CrCl 

was < 50 mL/min in eight patients and < 30 mL/min in five 
patients before receiving RC48. The dosage and frequency 
remained the same as a regular treatment; renal function was 

Fig. 2  Swimmer plot of the 
patients receiving RC48 alone 
and combined with immuno-
therapy (A). Swimmer plot of 
the patients with different HER2 
expressions (B). Swimmer plot 
of the patients with primary 
site located in lower and upper 
urinary tract (C)
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closely monitored before each cycle of treatment. Patient 
#1 showed increase of serum creatinine. She had a history 
of renal transplantation 2 years ago and still in treatment of 
immunosuppressed drugs. Her baseline CrCl was 29 mL/
min, and grade 1 increase of serum creatinine was observed 
during the first two cycle of RC48 monotherapy, then serum 
creatinine gradually slowed down, and CrCl remained 

approximate 30 mL/min during the subsequent treatment. 
This lady also showed a PR response. Patient #4 was diag-
nosed with autoimmune encephalitis and urinary tract infec-
tion. He was consulted for confusion and fever after the sec-
ond cycle of RC48 and tislelizumab. Magnetic resonance 
imaging showed no brain metastasis, and the tumor evalua-
tion was SD after two cycles. RC48 was discontinued; then, 

Fig. 3  Representative pre-treat-
ment and post-treatment images 
in patients #6 (A) and #10 (B)

Table 2  Summary of NGS results of eight patients

TMB tumor mutation burden, MSI microsatellite instability, NGS next-generation sequencing, PFS progression-free survival, MSS microsatellite 
stable

Patient # TMB MSI Major NGS results Treatment PFS (months)

3 Low MSS FGFR3 pY373C mutation RC48 12.9
10 Low MSS FGFR3 pS249C mutation RC48 and pembrolizumab 8.47
11 High MSS CDKN2A pD84N mutation, RB1 pK327 mutation, PTEN pP339K  

mutation
RC48 and tislelizumab 2.27

12 Low MSS TP53 pC176Y mutation, KEAP1 pR320Q mutation, MLL2 mutation, 
CSMD2 mutation, FGFR2 mutation, EPHA5 mutation, MAP2K1  
mutation, FLT3 amplification, PLT1 amplification, NBN amplification

RC48 2.40

13 Low MSS AKT1 pE17K mutation, RAF1 amplification RC48 1.80
14 Low MSS HER2 insertion mutation (Py772_A775dup) at exon 20, CDKN1A pD86fs 

mutation
RC48 and sintilimab 4.20

26 NA NA ERBB2 amplification and TP53 pR175H mutation RC48 and toripalimab 1.17
31 NA NA FGFR amplification RC48 2.07



2315Cancer Immunology, Immunotherapy (2023) 72:2309–2318 

1 3

he suffered from a femoral neck fracture and septic shock 
and was treated with the best supportive care.

Discussion

The results showed that RC48 alone or combined with 
immunotherapy showed excellent antitumor activity in 
patients with locally advanced or metastatic UC. The results 
suggest that RC48 might be safe even in patients with moder-
ate or severe renal impairment. The results could help delin-
eate the clinical benefits of RC48 in patients with locally 
advanced or metastatic UC and help define its indications.

Besides breast cancer, HER2 is a potential target in many 
solid tumors, including metastatic UC [18], gastric cancer 
[19], and non-small-cell lung cancer (NSCLC) [20]. Sev-
eral trials explored the efficacy of anti-HER2 therapy in 
metastatic UC. The HER2 tyrosine kinase inhibitors (TKI) 
(e.g., afatinib, lapatinib, and neratinib) showed an ORR of 
< 10% and unsatisfactory DCR [11, 21]. Although some case 
reports suggested durable remission with trastuzumab and 
chemotherapy in refractory patients, phase II RCTs failed 
to show the benefit of adding trastuzumab to chemotherapy 
[22–24]. Dual HER2 blockade of trastuzumab and per-
tuzumab showed an ORR of only 18% [25]. Therefore, it 
appears that anti-HER2 antibodies or TKIs have only limited 

efficacy in metastatic UC. Nevertheless, HER2-based ADC 
showed promising results. Indeed, trastuzumab deruxtecan, 
in combination with nivolumab, demonstrated an ORR of 
36.7% and PFS of 6.9 months in HER2-positive metastatic 
UC [26]. In two prospective studies of RC48, the ORR was 
51.2–75% [13, 14]. Nevertheless, in the RC48-C005 trial, 
72.1% of the patients had received only one line of prior 
systemic therapy, while more than half of the patients in the 
RC48-C014 trial were systemic therapy-naïve. In the present 
real-world study, almost 50% of the patients received at least 
two lines of prior therapy, and 52.8% had visceral metasta-
sis, supporting the favorable and durable efficacy of RC48 
in patients with refractory and resistant metastatic UC after 
multiple lines of therapy. Notably, among the nine patients 
who received RC48 as first-line treatment, eight were cispl-
atin or platinum ineligible and the achieved ORR of 55.6% 
and PFS time of 6.6 months were promising. Actually, a 
phase 3 study of RC48 combined with toripalimab for first-
line treatment of mUC is undergoing (NCT05302284).

Anticancer therapy for patients with impaired renal func-
tion is extremely complicated [27, 28], especially for patients 
with metastatic UC. The patients with metastatic UC with 
a performance status ≥ 2, impaired renal function (CrCl 
30–59 mL/min), and grade 2 or worse hearing loss were 
considered cisplatin-intolerant. Carboplatin, EV, and immu-
notherapy are alternative treatments for cisplatin-ineligible 

Table 3  Summary of the 
adverse events

Events, n (%) Patients (n = 36) Patients treated with 
RC48 alone (n = 18)

Patients treated with 
RC48 combined 
with immunotherapy 
(n = 18)

Any grade Grade 3–4 Any grade Grade 3–4 Any grade Grade 3–4

Any adverse event 36 (100) 6 (16.7) 18 (100) 2 (11.1) 18 (100) 5 (27.8)
Anemia 20 (55.6) 3 (8.3) 8 (44.4) 2 (11.1) 12 (66.7) 1 (5.6)
Leukopenia 5 (13.9) 0 1 (5.6) 0 4 (22.2) 0
Thrombocytopenia 1 (2.8) 0 1 (5.6) 0 0 0
Fatigue 12 (33.3) 0 7 (38.9) 0 5 (27.8) 0
Hypoesthesia 12 (33.3) 1 (2.8) 8 (44.4) 0 4 (22.2) 1 (5.6)
Dyspepsia 9 (25.0) 0 6 (33.3) 0 3 (16.7) 0
Nausea 4 (11.1) 0 2 (11.1) 0 2 (11.1) 0
Diarrhea 2 (5.6) 0 0 0 2 (11.1) 0
Constipation 6 (16.7) 0 3 (16.7) 0 3 (16.7) 0
Serum creatinine increased 2 (5.6) 0 1 (5.6) 0 1 (5.6) 0
Elevated transaminases 8 (22.2) 0 3 (16.7) 0 5 (27.8) 0
Hypoalbuminemia 15 (41.7) 1 (2.8) 8 (44.4) 0 7 (38.9) 1 (5.6)
Hyponatremia 6 (16.7) 0 3 (16.7) 0 3 (16.7) 0
Urinary tract infection 3 (8.3) 1 (2.8) 0 0 3 (16.7) 1 (5.6)
Pruritus 2 (5.6) 0 1 (5.6) 0 1 (5.6) 0
Immune-related AEs
Autoimmune encephalitis 1 (5.6) 1 (5.6) – – 1 (5.6) 1 (5.6)
Myositis 1 (5.6) 0 – – 1 (5.6) 0
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patients [2]. Unfortunately, EV is not available in China. 
In the present study, only two patients received EV with 
one participation in the EV 203 clinical trial. In addition, it 
was reported that > 60% of the patients treated with EV had 
treatment-related skin reactions, and about 50% had periph-
eral sensory neuropathy; therefore, the toxicity of EV is an 
important issue [12]. Immunotherapy, including PD-1 and 
PD-L1 inhibitors, has a more favorable safety and tolerabil-
ity profile than chemotherapy (e.g., carboplatin-based regi-
mens), but the ORR is only 20–30% [4]. In the RC48-C005 
and RC48-C014 trials, an inclusion criterion was serum cre-
atinine ≤ 1.5 folds the upper normal limit or CrCl ≥ 50 mL/
min, as calculated by the Cockcroft Gault equation [13, 14]. 
Still, many patients suffer from renal insufficiency because 
of platinum based-chemotherapy, disease progression, or 
nephrectomy. The treatment of these patients is difficult and 
under case-by-case exploration. The present study suggested 
that RC48 was safe in patients with impaired renal function. 
Five patients with a borderline CrCl of 30 mL/min achieved 
a durable response and stable renal function. Based on the 
pharmacokinetics of RC48, the serum concentration is low 
[29], and the CrCl does not influence the pharmacokinetics 
and pharmacodynamics of RC48. Thus, it is suggested that 
the administration of RC48 is safe among patients with mod-
erate or even worse renal impairment. Besides, our study 
also enrolled several elderly patients over 75 years old, and 
six patients with performance status of 2; all these patients 
tolerated RC48 very well, supporting the good tolerance of 
this drug.

HER2 mutations are detected in 5–14% of patients 
with metastatic UC [30]. The most common mutation of 
HER2 is S310F, accounting for 23% [30]. Still, few reports 
focused on the efficacy of anti-HER2 treatment in patients 
with HER2-mutated metastatic UC. In the present study, 
one patient with a HER2 insertion mutation at exon 20 
was treated with RC48. The symptoms rapidly improved 
but gradually aggravated, indicating a difficult case. The 
proper treatment and the role of HER2-targeted therapy for 
patients with HER2 mutation are uncertain. The HER-2 
overexpression was not completely consistent to HER-2 
gene amplification. The concordance between HER2 IHC 
3 + and gene amplification by FISH was approximately 
70% in UC [31]. One study reported that HER2 gene 
amplification by NGS or FISH was detected in only 15 
patients among 41 patients with HER2 IHC 2 + [32]. The 
concordance between HER2 IHC and NGS was also not 
completely consistent in our study. Further exploration 
in our future study was warranted. Combining ADC and 
immunotherapy seems promising, but more evidence for 
the synergistic effect needs exploration [33]. The combina-
tion of EV and pembrolizumab showed a promising PFS of 
12.3 months in first-line cisplatin-ineligible patients [34], 
while similar PFS was observed between SG monotherapy 

or combined with pembrolizumab in the TROPHY-U-01 
trial [9, 35]. The synergistic effect of HER2 ADC and 
PD-1 inhibitor varied among studies. The combination 
of trastuzumab deruxtecan (T-DXd) with nivolumab pre-
sented an ORR of 36.7% [26], while the combination of 
RC48 and toripalimab in the RC48-C014 trial showed an 
ORR of 75.0% [14]. Nevertheless, the comparison between 
RC48-ADC alone and the combination of immunotherapy 
is lacking. In the present study, the addition of immuno-
therapy might present a longer PFS compared with RC48-
ADC alone, but the differences did not reach statistical 
significance. Therefore, a future study might focus on the 
proper combination strategy, potential benefits, and which 
patient population might benefit the most.

The limitations of this study lie in its retrospective nature 
and the heterogeneity in baseline characteristics and treat-
ment factors, which might lead to potential bias. Further-
more, only eight out of the 36 patients underwent NGS, and 
more genomic information is needed in the future. The main 
strength of the present study was that it analyzed the efficacy 
and safety of RC48 alone or in combination with immuno-
therapy in advanced UC, especially in patients with impaired 
renal function. Therefore, more prospective clinical trials for 
RC48 in a larger sample size are warranted for confirmation.

In conclusion, RC48 alone or combined with immuno-
therapy showed excellent antitumor activity in patients with 
locally advanced or metastatic UC. RC48 might be safe even 
in patients with moderate or severe renal failure. A phase 
III RCT is warranted to compare RC48-ADC alone and in 
combination with immunotherapy.
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