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Background: Bladder cancer with high expression of human epidermal growth
factor receptor-2 (HER2) is related to pathological malignancy and poor
prognosis. The standard care for muscle-invasive urothelial bladder cancer
(MIBC) is neoadjuvant chemotherapy (NAC) followed by radical cystectomy
(RC) with pelvic lymph node dissection. For HER2-positive MIBC, the efficacy
of cisplatin-based NAC is unsatisfactory, and adverse reactions are inevitable or
even intolerable. New regimens with higher efficiency and lower toxicity need to
be explored in the neoadjuvant setting for this population.

Methods: HOPE-03 is a multi-center, open-label, single-arm, phase Ib/Il study
aiming to evaluate the safety and efficacy of RC48-ADC (disitamab vedotin (DV)),
a humanized anti-HER2 antibody conjugated with monomethyl auristatin E, and
tislelizumab (PD-1 antibody) as a novel neoadjuvant treatment combination in
patients with HER2-positive locally advanced urothelial MIBC. Fifty-one patients
with cT2-4bN0-3M0-1a pathology- and imaging-diagnosed HER2 positive
(immunohistochemistry status 3+ or 2+ or 14) MIBC were recruited. Of these
patients, six were enrolled in the dose-escalation phase (three patients in the
RC48-ADC 1.5 mg/kg group and three patients in the 2.0 mg/kg group), and 45
patients were enrolled in the phase Il study (the expected recommended phase II
dose for RC48-ADC was 2.0 mg/kg). Patients without disease progression
received radical cystectomy or bladder-sparing therapies as their preference
after neoadjuvant treatment. The primary endpoints were clinical complete
remission rate (cCR rate; TO/Ta/Tis), pathological complete remission rate
(pCR rate), and safety. The secondary endpoints were overall survival (OS),
local recurrence-free survival (LRFS), distant metastasis-free survival (DMFS),
and quality of life.

Discussion: The HOPE-03 trial provides a description of the safety profile of RC-
48 and tislelizumab combination in the neoadjuvant treatment of HER2-positive
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locally advanced urothelial MIBC, and the efficacy is explored as well in

this population.

Clinical trial registration: https://www.chictr.org.cn/showproj.html?proj=
137111, identifier ChiCTR2200060153.
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Introduction

Bladder cancer is the tenth most commonly diagnosed
malignancy worldwide, with an estimated 573,278 new cases and
212,536 deaths in 2020 (1). It is more common in men than in
women. For men, the estimated incidence and mortality rank fourth
and eighth among all cancer types in American in 2022, respectively
(2). Urothelial carcinoma accounts for approximately 90% of
bladder cancer, and more than 30% of bladder cancers are
muscle-invasive urothelial bladder cancer (MIBC) (3). Platinum-
containing neoadjuvant chemotherapy (NAC) followed by radical
cystectomy and pelvic lymph node dissection is a widely used
standard treatment for urothelial MIBC, with a 5-year overall
survival (OS) rate of approximately 50%-70% (4).

Notwithstanding the established position of NAC in urothelial
MIBC, there are many challenges in the implementation process. Meta-
analyses have shown there is a 5% absolute improvement in the OS at 5
years for NAC combined with local treatment compared with local
treatment alone (5). In clinical settings, the data are not satisfactory
enough, and NAC is dependent on some patients” surgical tolerance.
Hence, compliance with clinical guidelines in daily practice is as low as
20%. Additionally, approximately 50% of patients are not eligible for
cisplatin or neoadjuvant treatment because of risk comorbidities, such
as impaired renal function, heart failure, and hearing loss (4, 6).
Moreover, the situation is different when it comes to human
epidermal growth factor receptor-2 (HER2)-positive urothelial MIBC
patients, which opens the path for precision medicine.

HER2, as a member of the epidermal growth factor receptor family,
plays an important role in cell proliferation and differentiation through
tyrosine kinase activity (7). As is known, the amplification of the HER2
gene results in the overexpression of HER2 protein, which is related to
the growth of several tumors, such as breast cancer, gastrointestinal
cancer, and ovarian cancer. Therefore, HER2 is a promising target in
clinical cancer treatment. HER2 overexpression in urothelial bladder
cancer varies from 4% to 76%, which is one of the most prevalent
carcinomas (8-11). It is verified that the overexpression of HER2
protein is related to tumor progression and poor prognosis in bladder
cancer, and the efficacy of cisplatin-based NAC in HER2-positive
urothelial bladder cancer is unsatisfactory (12-14). However, the
exploration of the antitumor efficacy of HER2 antibodies and
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tyrosine kinase inhibitors (TKIs) in HER2-positive urothelial
carcinoma (UC) has encountered dilemmas (15, 16). Hence, new
regimens with better efficiency and lower toxicity need to be
explored in the neoadjuvant setting for this population.

RC48-ADC (disitamab vedotin (DV)), a humanized HER2
targeting antibody conjugated with monomethyl auristatin E
(MMAE), is a breakthrough treatment for metastatic UC that was
granted approval by the Food and Drug Administration (FDA) in
2020 based on the results of RC48-C005 and RC48-C009 studies, in
which RC48-ADC demonstrated a promising efficacy with a
manageable safety profile in HER2-positive locally advanced or
metastatic UC (mUC) patients with tumor progression after
platinum-based chemotherapy (3).

Meanwhile, immune checkpoint inhibitors (ICIs) targeting
programmed cell death protein 1 (PD-1) and programmed cell
death-ligand 1 (PD-L1) have significantly changed the treatment
landscapes of locally advanced/unresectable or metastatic UC (17).
Previous studies showed that the combination of RC48-ADC and
PD-1 antibody may have synergistic antitumor effects because ADC
linking to MMAE elicits immunogenic cell death (ICD) and has a
direct effect on dendritic cell (DC) maturation and activation, which
may enhance antitumor immunity (18, 19). Moreover, the
combination of RC-48-ADC and PD-1 antibody (toripalimab) in
a phase Ib/II trial (RC48-C014) confirmed a promising objective
response rate (ORR) of 73.9% for metastatic UC patients without
previous system treatment and a good tolerance (20).

Until now, the application of RC-48-ADC and PD-1 antibody
combination in UC is limited, and most of the safety and efficacy data
are from phase II trials. The combination effect may be varied with
different ICIs. Moreover, the safety and efficacy of this combination as
the neoadjuvant treatment for HER2-positive urothelial bladder cancer
are still unknown. Therefore, a multi-center, open-label, single-arm,
phase Ib/IT study was designed, which is the first study to explore the
safety and efficacy of RC48-ADC and tislelizumab (PD-1 antibody) as a
novel neoadjuvant treatment combination in patients with HER2-
positive locally advanced urothelial MIBC. Whether this setting can
achieve better efficacy and safety profile compared with platinum-based
NAC in the neoadjuvant treatment of HER2-positive MIBC patients
will be further explored in phase III randomized controlled clinical
studies after the preliminary results.
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Materials and methods
Study design

This was a multi-center, open-label, single-arm, phase Ib/II study.
Patients with cT2-4bN0-3MO0-1a pathology- and imaging-diagnosed
HER2-positive (immunohistochemistry status 3+ or 2+ or 1+) MIBC
were recruited. Of these patients, six were enrolled in the dose-
escalation phase (three patients in the RC48-ADC 1.5 mg/kg group
and three patients in the 2.0 mg/kg group), and 45 patients were
enrolled in the phase II study (the expected recommended phase II
dose for RC48-ADC was 2.0 mg/kg). RC48-ADC was given every 2
weeks with a maximum dose of 120 mg in 60 minutes of intravenous
infusion. Meanwhile, tislelizumab was given every 3 weeks at a dose of
200 mg in no less than 30 minutes of intravenous infusion. No
premedication was required. Treatment efficacy was performed by
imaging and transurethral multi-point biopsy after the neoadjuvant
therapy. Patients without disease progression received radical
cystectomy or bladder-sparing therapies as their preference
thereafter. For patients receiving radical cystectomy, tislelizumab was
given for a total of 1 year for patients with ypT2-4a or ypN+, and
adjuvant radiotherapy was considered in selected patients (ypT3-4,
positive nodes/margins). For patients who preferred bladder-sparing
therapies, pelvic radiotherapy was given, and tislelizumab was
continued for a total of 1 year. Patients who suffered from disease
progression during the neoadjuvant treatment received second-line
treatment. The flowchart of the study is presented in Figure 1.

Study organization, ethics approval, and
drug supply

The current trial was mainly initiated by West China Hospital,
Sichuan University, and three other institutions participated in the
study, including Sichuan Provincial People’s Hospital, the Affiliated
Hospital of Southwest Medical University, and the Affiliated Hospital
of North Sichuan Medical College. The treatment protocol was
approved by the medical ethics committee of West China Hospital,
Sichuan University, and the Chinese Ethics Committee of Registering
Clinical Trials (ChiECRCT20210564). Signed informed consent was
obtained before eligible patients were enrolled. Additionally, the study

10.3389/fonc.2023.1233196

was performed in accordance with the ethical standards put forth in the
1964 Declaration of Helsinki. RC48-ADC and tislelizumab were
provided free of charge by RemeGen Ltd. and BeiGene Ltd. for
clinical trial subjects, respectively.

Study population

The patients with HER2-positive urothelial MIBC were selected
according to the inclusion criteria and exclusion criteria (Table 1).
Patients who were suitable or not suitable for platinum-based NAC
were included in the study. Patients who were fit or had HER2 status of
1+, 2+, and 3+ as confirmed by immunohistochemistry (IHC) and/or
fluorescence in situ hybridization (FISH) were included in this study. A
standardized HER2 scoring system for urothelial carcinoma has not
been developed yet. The Tumor Pathology Committee of the Chinese
Anti-Cancer Association and Expert Committee on Urothelial
Carcinoma of the Chinese Society of Clinical Oncology published
“Clinical pathological expert consensus on HER-2 testing in urothelial
carcinoma in China” in 2021, and the scoring system was slightly
modified on the basis of breast cancer HER2 detection guidelines (21).
Therefore, the HER2 evaluation in the current study was based on this
consensus. The status of HER2 and PD-L1 expression were stratified as
analysis factors. The study was started on December 24, 2021.

Study endpoints and assessment

The primary endpoints were clinical complete remission rate (cCR
rate; TO/Ta/Tis), pathological complete remission rate (pCR rate), and
safety. The secondary endpoints were OS, local recurrence-free survival
(LRES), distant metastasis-free survival (DMEFS), and quality of life.

Imaging evaluation was performed based on the Response
Evaluation Criteria in Solid Tumors (RECIST v.1.1) and immune
Response Evaluation Criteria in Solid Tumors (iRECIST). For
patients with radical cystectomy, pCR was used as the main
endpoint, namely, no evidence of tumor cells in resected
specimens. For patients with bladder-sparing treatment, cCR was
applied as the primary endpoint, defined as undetectable tumor
existence after treatment by chest and abdominal computed
tomography (CT), bladder magnetic resonance (MR), cystoscopy of

Ib/Il, multi-center, open-label, single-arm study
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FIGURE 1
The flowchart of the HOPE-03 study.
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TABLE 1 Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

1. Pathologically confirmed
urothelial cancer

2. Imaging-diagnosed cT2-
4bN0-3MO0-1a muscle-
invasive urothelial bladder
cancer

3. Immunohistochemistry
status of HER2 was 3+ or
2+ or 1+

4. No prior systemic
chemotherapy

5. Age > 18 years, male
and female

6. Eastern Cooperative
Oncology Group (ECOG)
physical status 0 or 1

7. Sufficient functions of
heart, bone marrow, liver,
kidney, and other organs
8. Good compliance and

1. Pregnant women or breastfeeding

2. Uncontrolled infection disease that needs
systemic therapy

3. Diagnosed with other malignancies within 5
years

4. History of previous antitumor treatment,
including chemotherapy, immune checkpoint
inhibitor regimes, and radiotherapy

5. Active autoimmune disease or
immunodeficiencies, organ transplantation
history, or systematic use of immunosuppressive
drugs

6. Current severe cardiac disease, renal and/or
liver dysfunction

7. Severe neurological or mental illness

8. History of acute cardiac infarction or cerebral
ischemic stroke occurred within 6 months

9. Human immunodeficiency virus (HIV)
infection (i.e., HIV 1 to 2 antibody positive),
active syphilis infection, active pulmonary

tuberculosis infection

10. Active hepatitis B virus (HBV) or hepatitis C
virus (HCV) infection

11. Allergic to any component of the regimens

provided signed consent

12. Insufficient patient compliance

multi-point biopsy, and even positron emission tomography/
computed tomography (PET/CT) if previous imaging results were
unclear, which includes the clinical efficacy of T0/Ta/Tis. CT and MR
were performed using contrast. CT of the abdomen and pelvis with
contrast with excretory imaging was preferred. MRI included T2,
diffusion-weighted imaging (DWI), and dynamic contrast-enhanced
(DCE) sequences. The imaging evaluation was assessed by a
radiologist in a masked manner and investigator independently.
Adverse effects were evaluated every cycle of treatment and
recorded according to the Common Terminology Criteria for
Adverse Events (CTCAE) 4.0. OS was defined as the time from
enrollment to death. For patients who achieved pCR or cCR, LRFS
and DMFS were recorded, defined as the time from the evidence of
no existence of tumor to local recurrence or distant metastasis of
disease per RECIST 1.1 or death, respectively. Patients’ quality of
life was evaluated based on FACT-G scales at the end of the
neoadjuvant therapy and during every follow-up visit.

Sample size

The main research purpose of this trial was to investigate the cCR
rate, and it was proposed to adopt a non-randomized controlled
observation study. With reference to the data in published clinical
studies or the previous treatment data of our institution, the cCR rate of
HER2-positive urothelial MIBC patients who received gemcitabine and
cisplatin combination with or without immunotherapy as a new
adjuvant treatment was approximately 23%. We expected that the
cCR rate of this research scheme would be increased to 40%, and 3
values of 0.2 and o values of 0.05 were applied in single-stage phase Ib/
I clinical trials and considered successful. The estimated lost interview
rate was 10%. As a result, 51 patients were enrolled, including six
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patients in the phase Ib stage: three patients in the RC48-ADC 1.5 mg/
kg combined tislelizumab group and three patients in the RC48-ADC
2.0 mg/kg combined tislelizumab group. A total of 45 patients were
enrolled in the phase II study. The planned enrollment time was 1-2
years. Considering the interference of other factors, we included as
many patients who met the inclusion criteria as possible.

Follow-up

Based on the study protocol, patients received regular
examinations at the baseline and end of the whole neoadjuvant
therapy and every visit during the follow-up. Laboratory
examinations were required before each cycle of neoadjuvant
treatment. Regular examinations consisted of chest and
abdominal CT, bladder MR, cystoscopy of multi-point biopsy,
blood cell counts, liver and kidney function test, urine routine
test, and FISH test. For patients who completed cystectomy or
radiotherapy, regular visits were conducted every 3 months in the
first 2 years and every 6 months in the next 3 years. The total
duration of the study was 5 years. All the results were explained by
the investigators according to their clinical practice from the
perspective of patients.

Discussion

Bladder cancer, one of the most common malignancies, has a
high global societal burden. Approximately half of locally advanced
MIBC patients will ultimately develop distant metastasis of disease
after radical cystectomy and pelvic lymph node dissection because
of the micro-metastases in the blood (22, 23). Hence, NAC followed
by local therapy plays a key role in reducing recurrence rate and
metastatic rate, as well as prolonging the overall survival (24).
Gemcitabine and cisplatin (GC) and dose-dense methotrexate,
vinblastine, doxorubicin, and cisplatin (dd-MVAC) have been
widely used in clinical practice as systematic treatment of locally
advanced MIBC, with a pCR rate varying from 36% to 42% (25).

In the past 10 years, the development of sequencing technologies has
deepened the understanding of the pathogenesis of bladder cancer and
widened the range of potential treatment options (4). On the basis of the
high mutation burden of bladder cancer genomic characterization, ICIs
have been recommended in the first-line and second-line treatments of
selected advanced urothelial cancer patients. Moreover, the expanded
applications in neoadjuvant, adjuvant, and bladder-sparing treatments
have been evaluated in advanced bladder cancer patients, in which
durable responses in a subset of patients have been achieved. The pCR
rate for single-agent ICI or two ICI combinations in the neoadjuvant
setting varied from 7% to 46%, including 42% of pembrolizumab in the
PURE-01 trial, 27% of atezolizumab in the ABACUS trial, and 43% of
durvalumab plus tremelimumab in the first reported dual ICI setting
(26-28). Additionally, the combination of chemotherapy and ICIs as an
optional neoadjuvant also has been explored with pCR rates varying
from 7% to 46%.

Additionally, with the discovery of commonly expressed
molecular targets in bladder cancer, targeted therapies have been
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developed, such as antibody-drug conjugates of HER2 and fibroblast
growth factor receptor inhibitors. Several studies showed that the
overexpression of HER2 was associated with tumor progression and
poor prognosis (8). Additionally, compared with HER2-negative
MIBC patients, HER2 overexpression patients showed therapeutic
resistance to regular chemoradiation treatment (14). Based on the
real-world study of chemotherapy plus immunotherapy versus
chemotherapy alone as neoadjuvant treatment-guided bladder-
sparing therapy for localized MIBC of our group, we found that
the cCR rate was approximately 23% for HER2-positive urothelial
MIBC patients who received GC chemotherapy with or without
immunotherapy as a new adjuvant treatment, and related adverse
reactions were inevitable or even intolerable (29). Therefore, new
regimens with higher efficiency and lower toxicity need to be
explored in the neoadjuvant setting for this population.

Despite the unsuccessful clinical explorations of antibodies and
TKIs of HER2 in urothelial cancer, the advent of ADCs changes the
treatment landscape of advanced bladder cancer. ADCs consist of a
monoclonal antibody, a protease-cleavable linker, and a
chemotherapeutic drug. After the interaction of the antibody and
antibody target expressed on the surface of the tumor cells, the
cytotoxic agent will be released inside the cells after the
internalization of ADCs and cleavage of lysosomal linker, which
leads to the delivery of a high dose of the chemotherapy agent. Until
now, several proteins have been investigated as the ADCs’ targets,
including SLITRKS, Nectin-4, Trop-2, and Her-2 (30-32).

RC-48-ADC, with a highly selective HER2 affinity, elicited
promising antitumor effects in HER2-positive advanced or
metastatic urothelial cancer patients with disease progression of at
least one line treatment (3). In addition, the combination of RC-48-
ADC and PD-1 antibody (toripalimab) achieved a satisfactory ORR
of 73.9% in metastatic UC patients without previous system
treatment. It is worth verifying the disease control ability of
RC48-ADC and ICI combination in the neoadjuvant treatment of
locally advanced MIBC patients.

The current HOPE-03 trial is a multi-center, open-label, phase Ib/
1T study designed to figure out the safety and efficacy of RC48-ADC and
tislelizumab combination as neoadjuvant treatment in patients with
HER2-positive locally advanced urothelial MIBC. Pathology- and
imaging-diagnosed (immunohistochemistry status 3+ or 2+ or 1+)
cT2-4bN0-3MO0-1a MIBC patients were recruited, and the sample size
was 52. The enrollment is currently ongoing, and six patients have been
included until now. The median age is 62 years with clinical stages of
T3-4aN0-3MO. Five patients were HER2(2+), and one patient was
HER2(1+). Among them, four patients received a primary efficacy
evaluation. Three patients achieved T0, and one patient was Tis. Hence,
the cCR rate was 100%. Only one patient suffered from immune-
related grade 2 myositis and grade 1 elevated transaminase adverse
event, which led to treatment interruption. Additionally, RC48-ADC-
related toxicities were found in three patients, including grade 1
elevated transaminase, grade 1 erythema, and grade 1 paresthesia.
Until now, no treatment-related dose reduction has occurred. In terms
of toxicity, the RC48-ADC combination seems safer than other ADCs,
which gives us great confidence.

To conclude, neoadjuvant RC48-ADC combined with
tislelizumab in patients with HER2-positive locally advanced
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urothelial MIBC initially showed manageable toxicities and
satisfactory efficacy in the preliminary result, which will be verified
by the final analysis of this multi-center, phase Ib/II study. With the
implementation of HOPE-03, we want to find an optimal
neoadjuvant treatment for HER2-positive patients. Because of the
limited sample size, phase III, clinical, randomized control trials are
needed to further validate the efficacy of the combination therapy.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the medical
ethics committee of West China Hospital, Sichuan University and
the Chinese Ethics Committee of Registering Clinical Trials. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

YS and PZ contributed the concept and design of the study. FW
and TL were involved in the organization of the trial and drafting
the manuscript. All authors have given final approval of the version
of the protocol, and it was also approved by local investigators at the
participating centers.

Funding
National Natural Science Foundation of China, Grant/Award

Number: 81802445; Science & Technology Department of Sichuan
Province, Grant/Award Number: 2022NSFSC1564.

Acknowledgments
We would like to thank RemeGen Ltd. and BeiGene Ltd. for

providing clinical trial subjects with RC48-ADC and tislelizumab
free of charge, respectively.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1233196
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wen et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA: Cancer J Clin (2021) 71(3):209-49. doi: 10.3322/caac.21660

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA: Cancer |
Clin (2022) 72(1):7-33. doi: 10.3322/caac.21708

3. Sheng X, Yan X, Wang L, Shi Y, Yao X, Luo H, et al. Open-label, multicenter,
phase II study of RC48-ADC, a HER2-targeting antibody-drug conjugate, in patients
with locally advanced or metastatic urothelial carcinoma. Clin Cancer Res (2021) 27
(1):43-51. doi: 10.1158/1078-0432.CCR-20-2488

4. Patel VG, Oh WK, Galsky MD. Treatment of muscle-invasive and advanced
bladder cancer in 2020. CA: Cancer J Clin (2020) 70(5):404-23. doi: 10.3322/caac.21631

5. Advanced Bladder Cancer Meta-analysis C. Neoadjuvant chemotherapy in
invasive bladder cancer: update of a systematic review and meta-analysis of
individual patient data advanced bladder cancer (ABC) meta-analysis collaboration.
Eur Urol (2005) 48(2):202-5. doi: 10.1016/j.eururo.2005.04.006

6. Dash A, Pettus J, Herr HW, Bochner BH, Dalbagni G, Donat SM, et al. A role for
neoadjuvant gemcitabine plus cisplatin in muscle-invasive urothelial carcinoma of the
bladder: a retrospective experience. Cancer (2008) 113(9):2471-7. doi: 10.1002/
cncr.23848

7. Jiang ], Li S, Shan X, Wang L, Ma J, Huang M, et al. Preclinical safety profile of
disitamab vedotin: a novel anti-HER2 antibody conjugated with MMAE. Toxicol Lett
(2020) 324:30-7. doi: 10.1016/j.toxlet.2019.12.027

8. Zhao J, Xu W, Zhang Z, Song R, Zeng S, Sun Y, et al. Prognostic role of HER2
expression in bladder cancer: a systematic review and meta-analysis. Int Urol Nephrol
(2015) 47(1):87-94. doi: 10.1007/s11255-014-0866-z

9. Sanguedolce F, Russo D, Mancini V, Selvaggio O, Calo B, Carrieri G, et al. Human
epidermal growth factor receptor 2 in non-muscle invasive bladder cancer: issues in
assessment methods and its role as prognostic/predictive marker and putative
therapeutic target: A comprehensive review. Urol Internationalis (2019) 102(3):249-
61. doi: 10.1159/000494359

10. Yan M, Schwaederle M, Arguello D, Millis SZ, Gatalica Z, Kurzrock R. HER2
expression status in diverse cancers: review of results from 37,992 patients. Cancer
Metastasis Rev (2015) 34(1):157-64. doi: 10.1007/s10555-015-9552-6

11. Meric-Bernstam F, Johnson AM, Dumbrava EEI, Raghav K, Balaji K, Bhatt M,
et al. Advances in HER2-targeted therapy: novel agents and opportunities beyond
breast and gastric cancer. Clin Cancer Res (2019) 25(7):2033-41. doi: 10.1158/1078-
0432.CCR-18-2275

12. GanK, GaoY, Liu K, Xu B, Qin W. The clinical significance and prognostic value
of HER2 expression in bladder cancer: A meta-analysis and a bioinformatic analysis.
Front Oncol (2021) 11:653491. doi: 10.3389/fonc.2021.653491

13. Kolla SB, Seth A, Singh MK, Gupta NP, Hemal AK, Dogra PN, et al. Prognostic
significance of Her2/neu overexpression in patients with muscle invasive urinary
bladder cancer treated with radical cystectomy. Int Urol Nephrol (2008) 40(2):321-7.
doi: 10.1007/s11255-007-9283-x

14. Inoue M, Koga F, Yoshida S, Tamura T, Fujii Y, Ito E, et al. Significance of
ERBB2 overexpression in therapeutic resistance and cancer-specific survival in muscle-
invasive bladder cancer patients treated with chemoradiation-based selective bladder-
sparing approach. Int ] Radiat Oncol Biol Physics (2014) 90(2):303-11. doi: 10.1016/
j.ijrobp.2014.05.043

15. Powles T, Huddart RA, Elliott T, Sarker SJ, Ackerman C, Jones R, et al. Double-blind,
randomized trial that compared maintenance lapatinib versus placebo after first-line
chemotherapy in patients with human epidermal growth factor receptor 1/2-positive
metastatic bladder cancer. J Clin Oncol (2017) 35(1):48-55. doi: 10.1200/JC0O.2015.66.3468

16. Hussain MH, MacVicar GR, Petrylak DP, Dunn RL, Vaishampayan U, Lara PN
Jr., et al. Trastuzumab, paclitaxel, carboplatin, and gemcitabine in advanced human
epidermal growth factor receptor-2/neu-positive urothelial carcinoma: results of a
multicenter phase II National Cancer Institute trial. J Clin Oncol (2007) 25(16):2218-
24. doi: 10.1200/JC0O.2006.08.0994

17. Khaki AR, Agarwal N, Pal SK, Grivas P. Immunotherapy-based combination
strategies for advanced urothelial cancer: A long quest. Cancer (2020) 126(20):4446-50.
doi: 10.1002/cncr.33068

Frontiers in Oncology

06

10.3389/fonc.2023.1233196

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

18. Menon S, Parakh S, Scott AM, Gan HK. Antibody-drug conjugates: beyond
current approvals and potential future strategies. Explor Targeted Anti-tumor Ther
(2022) 3(2):252-77. doi: 10.37349/etat.2022.00082

19. Gerber HP, Sapra P, Loganzo F, May C. Combining antibody-drug conjugates
and immune-mediated cancer therapy: What to expect? Biochem Pharmacol (2016)
102:1-6. doi: 10.1016/j.bcp.2015.12.008

20. Xinan Sheng LZ, He Z, Guo H, Yan X, Li S, Xu H, et al. Preliminary results of a
phase Ib/Il combination study of RC48-ADC,a novel humanized anti-HER2 antibody-
drug conjugate (ADC)with toripalimab,a humanized IgG4 mAb against programmed
death-1(PD-1)in patients with locally advanced or metastatic urothelial carcinoma(La/
mUC). ASCO (2022).

21. Tumor Pathology Committee of Chinese Anti-Cancer A and Expert Committee
on Urothelial Carcinoma of Chinese Society of Clinical O. Clinical pathological expert
consensus on HER-2 testing in urothelial carcinoma in China. Zhonghua Zhong Liu Za
Zhi (2021) 43(10):1001-6. doi: 10.3760/cma.j.cn112152-20210809-00597

22. Stein JP, Lieskovsky G, Cote R, Groshen S, Feng AC, Boyd S, et al. Radical
cystectomy in the treatment of invasive bladder cancer: long-term results in 1,054
patients. ] Clin Oncol (2001) 19(3):666-75. doi: 10.1200/JC0.2001.19.3.666

23. Yafi FA, Aprikian AG, Chin JL, Fradet Y, Izawa ], Estey E, et al. Contemporary
outcomes of 2287 patients with bladder cancer who were treated with radical
cystectomy: a Canadian multicentre experience. BJU Int (2011) 108(4):539-45. doi:
10.1111/§.1464-410X.2010.09912.x

24. Sonpavde G, Goldman BH, Speights VO, Lerner SP, Wood DP, Vogelzang NJ,
et al. Quality of pathologic response and surgery correlate with survival for patients
with completely resected bladder cancer after neoadjuvant chemotherapy. Cancer
(2009) 115(18):4104-9. doi: 10.1002/cncr.24466

25. Pfister C, Harter V, Allory Y, Radvanyi F, Culine S, Investigators VT. Design of a
randomized controlled phase III study of dose dense methotrexate, vinblastine,
doxorubicin and cisplatin (dd-MVAC) or gemcitabine and cisplatin (GC) as peri-
operative chemotherapy for patients with locally advanced transitional cell cancer of
the bladder. The French GETUG/AFU V05 VESPER trial. Contemp Clin Trials
Commun (2020) 17:100536. doi: 10.1016/j.conctc.2020.100536

26. Necchi A, Anichini A, Raggi D, Briganti A, Massa S, Luciano R, et al.
Pembrolizumab as neoadjuvant therapy before radical cystectomy in patients with
muscle-invasive urothelial bladder carcinoma (PURE-01): an open-label, single-arm,
phase II study. J Clin Oncol (2018) 36(34):3353-60. doi: 10.1200/JCO.18.01148

27. Powles T, Kockx M, Rodriguez-Vida A, Duran I, Crabb SJ, van der Heijden MS,
et al. Clinical efficacy and biomarker analysis of neoadjuvant atezolizumab in operable
urothelial carcinoma in the ABACUS trial. Nat Med (2019) 25(11):1706-14. doi:
10.1038/541591-019-0628-7

28. Gao J, Siefker-Radtke AO, Navai N, Campbell M, Tidwell R, Guo C, et al. A pilot
presurgical study evaluating anti-PD-L1 durvalumab (durva) plus anti-CTLA-4
tremelimumab (treme) in patients (pts) with high-risk muscleinvasive bladder carcinoma
(MIBC) who are ineligible for cisplatin-based neoadjuvant chemotherapy (NAC). J Clin
Oncol (2019) 37(15 suppl):4551. doi: 10.1200/JCO.2019.37.15_suppl.4551

29. Feng Wen TL, Zhang P, Shen Y. Real-world study of chemotherapy plus
immunotherapy versus chemotherapy alone as neoadjuvant treatment guided
bladder-sparing therapy for localized muscle-invasive bladder cancer. J Clin Oncol
(2022) 40( no. 6_suppl(no. 6_suppl (February 20, 2022):499-. doi: 10.1200/
JCO.2022.40.6_suppl.499

30. Morrison K, Challita-Eid PM, Raitano A, An Z, Yang P, Abad JD, et al.
Development of ASG-15ME, a novel antibody-drug conjugate targeting SLITRKS6, a
new urothelial cancer biomarker. Mol Cancer Ther (2016) 15(6):1301-10. doi: 10.1158/
1535-7163.MCT-15-0570

31. Takahashi S, Uemura M, Kimura T, Kawasaki Y, Takamoto A, Yamaguchi A,
et al. A phase I study of enfortumab vedotin in Japanese patients with locally advanced
or metastatic urothelial carcinoma. Investigational New Drugs (2020) 38(4):1056-66.
doi: 10.1007/s10637-019-00844-x

32. Fenn KM, Kalinsky K. Sacituzumab govitecan: antibody-drug conjugate in
triple-negative breast cancer and other solid tumors. Drugs Today (2019) 55(9):575—
85. doi: 10.1358/d0t.2019.55.9.3039669

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21708
https://doi.org/10.1158/1078-0432.CCR-20-2488
https://doi.org/10.3322/caac.21631
https://doi.org/10.1016/j.eururo.2005.04.006
https://doi.org/10.1002/cncr.23848
https://doi.org/10.1002/cncr.23848
https://doi.org/10.1016/j.toxlet.2019.12.027
https://doi.org/10.1007/s11255-014-0866-z
https://doi.org/10.1159/000494359
https://doi.org/10.1007/s10555-015-9552-6
https://doi.org/10.1158/1078-0432.CCR-18-2275
https://doi.org/10.1158/1078-0432.CCR-18-2275
https://doi.org/10.3389/fonc.2021.653491
https://doi.org/10.1007/s11255-007-9283-x
https://doi.org/10.1016/j.ijrobp.2014.05.043
https://doi.org/10.1016/j.ijrobp.2014.05.043
https://doi.org/10.1200/JCO.2015.66.3468
https://doi.org/10.1200/JCO.2006.08.0994
https://doi.org/10.1002/cncr.33068
https://doi.org/10.37349/etat.2022.00082
https://doi.org/10.1016/j.bcp.2015.12.008
https://doi.org/10.3760/cma.j.cn112152-20210809-00597
https://doi.org/10.1200/JCO.2001.19.3.666
https://doi.org/10.1111/j.1464-410X.2010.09912.x
https://doi.org/10.1002/cncr.24466
https://doi.org/10.1016/j.conctc.2020.100536
https://doi.org/10.1200/JCO.18.01148
https://doi.org/10.1038/s41591-019-0628-7
https://doi.org/10.1200/JCO.2019.37.15_suppl.4551
https://doi.org/10.1200/JCO.2022.40.6_suppl.499
https://doi.org/10.1200/JCO.2022.40.6_suppl.499
https://doi.org/10.1158/1535-7163.MCT-15-0570
https://doi.org/10.1158/1535-7163.MCT-15-0570
https://doi.org/10.1007/s10637-019-00844-x
https://doi.org/10.1358/dot.2019.55.9.3039669
https://doi.org/10.3389/fonc.2023.1233196
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	RC48-ADC combined with tislelizumab as neoadjuvant treatment in patients with HER2-positive locally advanced muscle-invasive urothelial bladder cancer: a multi-center phase Ib/II study (HOPE-03)
	Introduction
	Materials and methods
	Study design
	Study organization, ethics approval, and drug supply
	Study population
	Study endpoints and assessment
	Sample size
	Follow-up

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


