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Bladder cancer is a lethal malignancy and a majority of bladder cancer arise from urothelial cells. Infiltration and metastasis are barriers for the radical cystectomy to achieve favored outcome and are the main cause of death. Systemic therapy, including chemotherapy, targeted therapy, and immunotherapy, is fundamental for these patients. erbB/HER receptors are found to be overexpressed in a subgroup of urothelial carcinoma, targeting erbB/HER receptors in these patients was found to be an efficient way in the era of genetic testing. To evaluate the role of erbB/HER receptors in bladder cancer, we reviewed the literature and ongoing clinical trials as regards to this topic to unveil the context of erbB/HER receptors in bladder cancer, which probably help to solidate the theoretical basis and might instruct further research.
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INTRODUCTION
Globally, there were an estimated 573,278 new cases of bladder cancer in 2020 and causes 212,536 deaths. Bladder cancer has been ranked the 10th frequently diagnosed cancer and more men were diagnosed than women in all region included (Sung et al., 2021). A majority of urinary bladder cancer that arise from translational epithelium are termed urothelial carcinoma, the other types of bladder cancer, including squamous cell carcinoma, adenocarcinoma, small cell carcinoma, and sarcoma, only account for a small proportion (<5%) in together and usually apply to a different therapy principle from urothelial carcinoma. Among all urothelial bladder carcinoma, 80% of patients are non-muscle invasive, routine transurethral resection of tumor followed by a single dose of intravesical chemotherapy or intravesical BCG is sufficient for these patients, yet around 20% of them are muscle invasive at the time of diagnose, which will probably lead to metastasis or recurrence after a radical surgical resection, dramatically decrease 5-year survival rate from 82–100–11.6% (Slojewski, 2000). Systemic therapy for locally advanced or metastatic urothelial bladder cancer is essential to improve survival. A platinum-based chemotherapy is still the standard therapy for metastatic urothelial carcinoma but lack long-term effectiveness and tolerance in elderly patients (Galsky et al., 2018). Regiment of chemotherapy and checkpoint PD-1/PD-L1 inhibitors are challenging a better survival in these patients.
Bladder cancer is a highly heterogenic tumor and need a precise therapy individually, thus, it is necessary to comprehensively consider the specific clinical condition, pathological classification, immune and molecular feature of the patient and develop a personalized treatment plan. For localized advanced and metastatic urothelial carcinoma patients, systemic therapy is fundamental to achieve a better survival. Therefore, more and more medications were discovered and used as single agent or combined regiment in the past decades. Along with the development of precision medicine, targeted therapy is coming to the center stage of systemic therapy, finding valuable therapeutic targets is hotspot of the current research. Studies have shown that the abnormal expression of ErbB/HER receptors in bladder cancer is similar as in breast cancer and non-small cell lung cancer (Roskoski, 2014). This study systematically reviewed the relevant literature on ErbB/HER receptors and bladder cancer, to better understand the role of the four ErbB/HER receptors in bladder cancer and its effectiveness as a therapeutic target. It is also expected that the literature review can provide necessary information for further clinical research.
ERBB/HER FAMILY MEMBERS IN BLADDER CANCER
ErbB/HER Family Signaling Pathway
The ErbB/HER family of tyrosine kinase receptors comprises four family members: HER1/EGFR/erbB1, HER2/erbB2/neu, HER3/erbB3, and HER4/erbB4 (Lemmon and Schlessinger, 2010). The family members share similar molecular structure including an extracellular domain (ECD) with two cysteine-rich regions, a single transmembrane of membrane-spanning region, a juxta-membrane cytoplasmic domain, and an intracellular kinase with multiple C-terminal tyrosine residues (Yarden and Sliwkowski, 2001; Oda et al., 2005). Heterodimerization of ErbB/HER family receptors induces the autophosphorylation of tyrosine residues within the cytoplasmic domain of the heterodimer and trigger a complex pathway system leading to cellular proliferation and tumorigenesis (Jin and Esteva, 2008). Many studies have unveiled the mechanism of EGFR receptors/ligand interaction in the tumor origination and progression (Normanno et al., 2006; Galsky and Hall, 2010). Three main signaling pathways are found to be the downstream of EGFR: the Ras/Raf/MAPK pathway, the PI3K/AKT/mTOR pathway, and the STAT pathway (Jorissen et al., 2003; Su et al., 2007), aberrant activation of these pathways responds to tumorigenesis in several solid tumors including bladder cancer.
ErbB/HER Family Members in Bladder Cancer
ErbB1/HER1, known as EGFR, was discovered as an oncogenic target in NSCLC, glioblastoma, and basal-like breast cancers. Overexpression of HER1 and its relevance to bladder cancer was at first reported in 1997 by Liukkonen et al. (1997), Liukkonen et al. (1999). HER1 was found positive in 75% of primary bladder cancer and relevant metastases were positive in 86% of the HER1-positive tumor cases (Carlsson et al., 2015). Protein shedding of HER2 in urine was reported to be a prognostic biomarker for urothelial bladder carcinoma (Bryan et al., 2015). Moreover, HER1 expression of cancer cell prompt disease progression in muscle invasive bladder cancer patients after chemotherapy (Kim et al., 2014; Daizumoto et al., 2018; Wang et al., 2020).
HER2, receptor tyrosine-protein kinase erbB-2, is a member of the ErbB/HER family of receptor tyrosine kinases. Overexpression of HER2 results in the autophosphorylation of tyrosine residues within the cytoplasmic domain of the heterodimer and initiates a variety of signaling pathways leading to proliferation and tumorigenesis (Yarden and Sliwkowski, 2001). HER2 is an established prognostic and therapeutic target for a variety of malignances such as breast cancer, gastric cancer et al (Krüger et al., 2002). Unlike breast cancer, where the role of HER2-targeting agents has been well established in both metastatic and adjuvant settings for decade, the efficacy of HER2-targeting agents in bladder carcinomas still lack large-scale clinical research. Due to the relevance of appropriate patient selection to therapy efficacy, the accurate assessment of HER2 status is fundamental. In a multicenter randomized phase II trial, addition of trastuzumab to platinum-based chemotherapy with gemcitabine show no better response and survival in unselected local-advanced and metastatic bladder cancer population (Oudard et al., 2015). Accordingly, HER2-targeted therapies need to be tested in patients with bladder cancer harboring HER2 overexpression, and/or amplifications or other mutations of ERBB2 which encodes HER2. Based on published studies, HER2 overexpression was observed in 9.2–12.4% of invasive bladder carcinoma and 5.1% of that were proven having a HER2 gene amplification (Laé et al., 2010; Oudard et al., 2015; Yan et al., 2015). Moreover, HER2 alterations were higher in the luminal than in the basal subtypes, higher in metastases than primary tumors (Fleischmann et al., 2011). However, the expression of HER2 in protein level probably represents as hint for effective binding with monoclonal HER2 antibody for targeted therapy (Kiss et al., 2017).
The function of HER3 and HER4 in bladder cancer are still lacking sufficient research up to date. Prognostic value of HER3 and HER4 is preliminary studied in bladder cancer, higher soluble HER3 expression is associated with improved survival in bladder cancer, which may attribute to that sHER3 inhibits cancer cell growth and migration (Memon et al., 2004; Memon et al., 2018). Similar to HER3, bladder cancer tumors expressing specific HER4 isoform demonstrate improved patient survival in the absence of ER-α (Junttila et al., 2003; Memon et al., 2004), further research indicate that ER-α inhibition may be a useful treatment for bladder cancer patients with overexpression of both ER-α and HER4 (Munk et al., 2013). Interestingly, HER4 may rely on an interaction with HER4 to delay the tumor progress, metastasis, and the resistance to trastuzumab therapy. Like the situation in bladder cancer, presence of HER4 expression was also independent predictor of favored outcome in breast cancer and the head and neck squamous cell carcinoma (Barnes et al., 2005; Machleidt et al., 2013; De Pauw et al., 2018). However, HER4 expression correlate with an unfavorable clinical outcome in patients with colorectal cancer (CRC) and gastric cancer (Yun et al., 2018; Jia et al., 2020). The role of HER4 and its isoforms were still to be furtherly explored. The expression of HER3, HER4, may correlate with HER1 and HER2 to impact the signal transduction of HER1/HER2 function (Memon et al., 2006).
ERBB/HER TARGETED THERAPY IN BLADDER CANCER
Small Molecule EGFR Tyrosine Kinase Inhibitors Therapeutics in Urothelial Cancer
EGFR Tyrosine kinase inhibitors (TKI) bind to the tyrosine kinase domain in the epidermal growth factor receptor and undermine the EGFR function of cancer cell to cure the cancer. There is high risk of drug resistance for TKI, especially first-generation EGFR-TKI (Erlotinib, Gefitinib) when the combination to the target is reversible. The second-generation EGFR-TKI (Afatinib, Dacomitinib) has improved the molecular structure to lower the risk of drug resistance. In addition to reversibly binding to the ATP binding site on EGFR, it can also be alkylated or covalently bonded with EGFR-specific amino acid residues which is an irreversible bond. The new generation of EGFR TKIs, such as Osimertinib, furtherly target in several new mutants which is found in drug-resistance cases to improve the overall survival. Many EGFR TKIs are explored as efficient therapeutics for breast cancer, NSCLC or gastric cancer, however, only a few of them are further investigated in bladder cancer. Emerging studies focus on the precision therapy after genetic screening before deciding suitable targeted therapy, for instance, the MATCH trial (NCT:02465060).
The first generation of TKIs are not broadly studied as surrogate of chemotherapy in advanced urothelial cancer. Only a small number of clinical trials tested the usefulness of Erlotinib as an neoadjuvant- or adjuvant therapy in muscle-invasive bladder cancer, Pruthi et al. (2010), reported that Erlotinib can benefit the surgical pathology and short-term outcomes in patients undergoing radical cystectomy, five of twenty patients with clinical stage T2 disease were found to be pathological complete response after the neoadjuvant Erlotinib therapy. However, further big-scale randomized trials are still needed to maximize oncological outcome and avoid overtreatment. For Gefitinib, few study was executed in bladder cancer patients, limited preclinical research shows that Gefitinib can inhibit cell proliferation of bladder cancer cell (Deng et al., 2019; Rose et al., 2020).
Afatinib and Dacomitinib represent the second generation of EGFR-TKIs. Both are highly selective TKIs that covalently bind to HER1, HER2, and HER4 to irreversibly inhibit tyrosine kinase autophosphorylation and downregulate HER signaling (Modjtahedi et al., 2014). Afatinib and Dacomitinib show anti-tumor effect and synergism with radiation therapy in preclinical research (Grivas et al., 2013; Tsai et al., 2015), nevertheless, few positive results have been achieved in clinical trial.
Lapatinib is a small molecule dual tyrosine kinase inhibitor, targeting both the epidermal growth factor receptor, HER1 and HER2. It can across the blood-brain barrier and can be used in combination with trastuzumab or as a single reagent. Preclinical results found that activation of HER2 predict a greater response to Lapatinib (de Martino et al., 2014). However, the phase III randomized trial comparing Lapatinib maintenance versus placebo after first-line chemotherapy in patients with HER1 or HER2 positive metastatic bladder cancer, Lapatinib arm shows no significant improvements in outcome comparing with the placebo arm, like the results from previous phase II trial (Wülfing et al., 2009; Powles et al., 2017).
ErbB/HER Receptors-Targeted Monoclonal Antibodies and Antibody-Drug Conjugates (ADC) Therapeutics in Urothelial Cancer
Cetuximab (also known as IMC-C225) is the most advanced clinically advanced anti-EGFR human/rat chimeric monoclonal antibody, which binds to epidermal growth factor receptors (EGFR) with high specificity and has been developed as therapeutic reagent to multiple solid tumors in preclinical trials. It has been shown to be effective for a variety of tumors, including head and neck squamous cell carcinoma, non-small cell lung cancer and colorectal cancer. Cetuximab activity is related to PI3K/AKT and KRAS/RAF/MAPK signaling pathways functionality and its activity has been shown to be higher in wild-type KRAS tumors. However, mutation of KRAS have been reported in 10–15% of urothelial carcinoma (Juanpere et al., 2012), which restrict the application of Cetuximab in bladder cancer as a single reagent (Wong et al., 2012), the regimen including Cetuximab and chemotherapy or immunotherapy may be a promising trying for further trial.
In 2007, a multicenter phase II trial showed that a regimen of Trastuzumab, Paclitaxel, Carboplatin, and Gemcitabine (TPCG), among the 44 HER2-positive patients, 31 patients (70%) got a partial or complete response (Hussain et al., 2007). To determine the true contribution of Trastuzumab in this regimen, Oudard et al. (2015) initiate a multicenter randomized phase II trial of gemcitabine plus platinum with or without Trastuzumab in advanced or metastatic urothelial carcinoma overexpressing HER2, finding that HER2-positive patients account for only 13.3% of 563 screened patients, moreover the comparison showed no significant difference in median mPFS, ORR, and mOS.
Combination of Trastuzumab and chemotherapy was found efficient in recurrent urothelial bladder carcinoma with HER2 GENE amplification in a case report as a second-line regimen, the patient got a clinically complete remission (CR) for 34 months after five cycles of trastuzumab 6 mg/kg every 3 weeks after a loading dose of 8 mg/kg and cisplatin 75 mg/m2 every 3 weeks (Jiang et al., 2020). A similar recurrent and metastatic urothelial carcinoma case received Trastuzumab and Gemcitabine as an experimental third-line treatment also acquire a complete tumor remission after 8 cycles of therapy (Wezel et al., 2018). However, the most efficient way to screen out suitable patients for this treatment combination is still unclear. To evaluate the HER2-targeted therapy for recurrent bladder cancer patients with HER2 amplification (≥7 copy numbers) based on genetic testing, the phase II MATCH trial included recurrent bladder cancer patients that have progressed following at least one line of standard treatment of for which no agreed upon treatment approach exists.
The preclinical and a phase II trial find that these patients can benefit from HER2-targeted Trastuzumab or Trastuzumab-emtansine (T-DM1), an ADC consisting of trastuzumab linked to the tubulin-binding agent DM1 via a stable thioether linker (Hayashi et al., 2015). Except for DM1, another cytotoxic payload monomethyl auristatin E (MMAE) (Sheng et al., 2021) is also established linking to the HER2 antibody. Comparing with other ADCs targeting Nectin-4 and TROP2, which are expecting results from phase III trials, HER2-targeted ADCs (Trastuzumab Emtansine, RC48-ADC) are still in earlier stage of development, but more promising ADCs are emerging and will be competitive as basic therapy for advanced urothelial cancer (Mollica et al., 2020; Sarfaty and Rosenberg, 2020).
Pertuzumab, also a recombinant humanized anti-HER2 IgG1 monoclonal antibody, binds to the extracellular dimerization domain of HER2 and inhibits the ligand induced HER2 heterodimerization. Pertuzumab has a synergistic effect with Trastuzumab in multiple types of cancer. Investigation of Pertuzumab as a therapeutic option in bladder cancer patients with HER2 mutant is still ongoing (NCT02091141).
CONCLUSION
Recently, the systemic therapy of urothelial cancer developed rapidly, including chemotherapy, immunotherapy, targeted therapy, antibody-conjugated therapy, and other treatment methods. The novel treatment rapidly entered the first-line metastatic urothelial carcinoma (mUC) candidate list after the success as a second line option, then furtherly entered the exploration of the perioperative treatment of MIBC. Various treatments for mUC have achieved great success. In recent years, the FDA has approved immunotherapy, FGFR inhibitors, and ADC drugs (EV) for the second-line treatment of mUC.
However, except for pembrolizumab, most of these approved second-line treatments lack the overall survival (OS) benefit data of the Phase III study, so they need to be treated with caution in clinical application. The standard first-line treatment of mUC patients is still cisplatin-based chemotherapy. For patients who are intolerant to cisplatin, immunotherapy can be used as the first-line treatment. The combination of chemotherapy and immunotherapy has theoretical advantages, and small-sample studies have confirmed its effectiveness, but there is still a lack of phase III clinical data to support this treatment strategy to achieve better OS. Fortunately, the PD-L1 antibody avelumab was used as a maintenance treatment for patients with effective first-line chemotherapy and reported the benefits of OS. Therefore, the prospect of combination therapy is still relatively broad, but further research is needed to select the appropriate population.
In patients with urothelial carcinoma without metastasis, neoadjuvant therapy has become a hot area of research interest. At present, a series of studies have been carried out on the neoadjuvant treatment of MIBC, and the pathological complete response rate of the neoadjuvant therapy is 31–46% to achieved satisfied tumor control. However, the final purpose of neoadjuvant treatment before radical cystectomy is to prolong OS. The OS data in these studies is not solid for that the OS is influenced by the surgical technique, lymph node dissection range, postoperative adjuvant treatment, and subsequent treatment after metastasis or recurrence. Therefore, the impact of these new treatment strategies on OS needs to be further confirmed by the Phase III study.
The therapy targeting the HER receptors has shown a promising clinical outcome in some small-sample trials, a genetic testing before the targeted therapy is essential for patient selection and the combination of HER-targeted therapy and chemotherapy probably will obtain better survival. HER2-targeted therapy has shown promising result in several trials, the development of HER2 monoclonal antibody and antibody-drug conjugates is emerging and will probably challenge the first-line therapy in patients with positive HER2 expression.
We went through the clinicaltrials.gov and found some early stage trails concerning HER family and bladder cancer (see Table 1). Still, more phase 3/4 trails are ungently needed to make a final conclusion on the role of HER receptors in bladder cancer. According to the new updated data from American Society of Clinical Oncology (ASCO) conference abstracts, more ADC drugs spring up and we can expect better survival outcomes of these drugs.
TABLE 1 | Results from clinical trials of HER2-targeted antibodies or ADC drugs.
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ABBREVIATIONS
ADC, antibody-drug conjugate; Akt Protein kinase B; EGFR, epidermal growth factor receptor; HER, human epidermalgrowth factor receptor; KRAS, Kirsten rate sarcoma viral oncogene; PD-1, Programmed Cell Death 1; PD-L1, Programmed Cell Death Ligand 1; RAF, Rapidly Accelerated Fibrosarcoma; MAPK, Mitogen-activated protein kinase; MIBC, muscle-invasive bladder cancer; MMAE, monomethyl auristatin E; mTOR, Mechanistic target of rapamycin; NSCLC, non-small cell lung cancer; ORR, objective response rate; OS, overall survival; PI3K, Phosphoinositide 3-kinase; PFS, Progression-free survival; TKI, Tyrosine kinase inhibitor; T-DM1, Trastuzumab-emtansine; UC, urothelial cancer.
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