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Abstract

:

Simple Summary


Patients with locally advanced or metastatic urothelial carcinoma have a poor prognosis. Enfortumab vedotin, administered after cisplatin-based chemotherapy and followed by immune checkpoint inhibitors, is widely known to prolong overall survival (OS). However, the predictive factors of enfortumab vedotin treatment that prolong OS remain unclear. In this study, patients who received enfortumab vedotin with shrinking tumors showed a significant increase in OS compared to those who received chemotherapy other than enfortumab vedotin or those who did not receive any treatment. Multivariate analysis identified neutrophil-to-lymphocyte ratio and dysgeusia as potential predictors of OS. Patients without these factors had a significantly prolonged OS compared to those with both factors. In real-world practice, enfortumab vedotin therapy is effective for patients with locally advanced or metastatic urothelial carcinoma.




Abstract


Randomized phase III trial results have demonstrated enfortumab vedotin (EV), an antibody–drug conjugate (ADC) consisting of an anti-Nectin-4 human IgG1 monoclonal antibody and monomethyl auristatin E, is a useful treatment for patients with locally advanced or metastatic urothelial carcinoma (la/mUC) that progressed after immune checkpoint inhibitor (ICI) therapies. This multicenter retrospective cohort study aimed to identify predictive factors for the efficacy of EV therapy and prolonged overall survival (OS) of patients in clinical practice. This study included patients with la/mUC who received ICI treatment. Patients who subsequently received EV treatment, those who received non-EV chemotherapy, and those who received no treatment were defined as EV, non-EV, and best supportive care (BSC) groups, respectively. The median OS was 20, 15, and 7 months in the EV, non-EV, and BSC groups, respectively (p < 0.001). Patients with la/mUC who had a complete or partial response after EV treatment had a significantly prolonged OS compared with those with stable or progressive disease. Univariate analysis showed age, neutrophil-to-lymphocyte ratio (NLR), dysgeusia, and rash as independent predictors of OS improvement. NLR and dysgeusia were independent predictors of OS after EV in multivariate analysis. Patients without these factors had a significantly prolonged OS compared to those with both factors. In real-world practice, EV therapy is an effective treatment for patients with la/mUC after ICI treatment.
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1. Introduction


In the United States, an estimated 169,360 new cases and 32,350 deaths occur annually due to urinary tract-associated malignant tumors [1]. Of these, 83,190 new cases and 16,840 deaths were attributed to bladder cancer, the most frequent malignant neoplasm among urothelial carcinomas (UCs) [1]. Approximately 5% of patients with bladder cancer are estimated to have regional or distant metastases at the time of diagnosis [1]. Furthermore, approximately 10–30% of patients who undergo radical cystectomy with urinary diversion develop local recurrence or distant metastases postoperatively [2,3]. In patients with UC, including upper urinary tract and bladder cancers, the prognosis for metastatic or unresectable cases is extremely poor [4,5]. Platinum-based chemotherapy is currently the standard first-line treatment for locally advanced or metastatic UC (la/mUC) [6,7]. Therefore, several guidelines recommend platinum-based combination chemotherapy as the first-line therapy and immune checkpoint inhibitors (ICIs) targeting programmed cell death 1 (PD-1) or programmed cell death ligand 1 (PD-L1) as the second-line therapy for the treatment of la/mUC [3,8,9]. Nivolumab, an anti-PD-1 antibody, is a useful adjuvant therapy for patients who have undergone radical cystectomy after neoadjuvant cisplatin-based chemotherapy and have residual UC in the muscle layer or lymph node metastases [10]. In addition, avelumab, an anti-PD-L1 antibody, has been shown to be useful as a maintenance therapy for patients who show no progression after platinum-based chemotherapy for la/mUC [11]. Enfortumab vedotin (EV) is widely recognized as an effective treatment for patients with la/mUC that progressed after ICI treatment [12]. EV is an antibody–drug conjugate (ADC) consisting of an anti-Nectin-4 human IgG1 monoclonal antibody and monomethyl auristatin E (MMAE) with microtubule polymerization inhibitory activity covalently conjugated via a linker [12,13]. EV is taken up by the body after binding to Nectin-4, which is a Ca2+-independent immunoglobulin-like protein that is highly expressed on the surface of cancer cells; subsequently, MMAE is released into the cells to inhibit cell division, induce apoptosis, and exert its anti-tumor effect [12,13]. In 2024, the EV302 trial investigating the efficacy of pembrolizumab plus EV as a first-line therapy for untreated la/mUC reported a significant improvement in overall survival (OS) compared to conventional platinum-based chemotherapy [14]. Therefore, a combination therapy consisting of EV and pembrolizumab is expected to become the first-line therapy for la/mUC treatment in the future [14].



In clinical practice, the number of patients who can receive EV after ICI treatment is not very large, and a treatment strategy that allows the prompt administration of sequential treatment is necessary [5]. In addition, factors that predict the effectiveness of EV therapy remain unknown. Therefore, this multicenter, retrospective cohort study aimed to examine the efficacy of EV after pembrolizumab treatment in the real world and identify factors that predict prognosis in patients with la/mUC who received EV therapy.




2. Materials and Methods


2.1. Patients


This study was approved by the Institutional Review Board of Gifu University (approval number: 2023-144). Owing to the retrospective nature of the study, informed consent was not acquired from each eligible patient, and an opt-out was used alternatively. In accordance with the provisions of ethics committees and ethical guidelines in Japan, retrospective and cohort studies using existing documents and other materials do not require written consent since the research information is disclosed to the public. Details of this retrospective cohort study, available only in Japanese, can be accessed at the following URL: https://rinri.med.gifu-u.ac.jp/esct/publish_document.aspx?ID=2842 (accessed on 1 June 2024).



This retrospective multicenter cohort study included patients with la/mUC who received ICIs such as nivolumab or pembrolizumab at 10 Japanese institutions between December 2017 and May 2023. All enrolled patients received platinum-based anticancer therapy and ICI therapy. Patients who were not evaluated for treatment response assessment after EV administration, those with missing data, and those who did not develop la/mUC progression after ICI treatment were excluded. Patient baseline information was obtained through anamnesis, physical examinations, and computed tomography (CT) scans of the chest-to-pelvic region. Clinical, laboratory, and tumor-related covariates were investigated, including age, sex, height, weight, body mass index, Eastern Cooperative Oncology Group Performance Status (ECOG-PS) [15], smoking history, primary tumor site, metastatic site, presence or absence of treatment for the primary tumor, hemoglobin (Hb) level, serum albumin (Alb) level, c-reactive protein (CRP), neutrophil count, lymphocyte count, neutrophil-to-lymphocyte ratio (NLR), presence of any neoadjuvant/adjuvant therapy, history of systemic therapy prior to ICI therapy (excluding neoadjuvant and adjuvant therapy), and treatment-related adverse events (AEs), including anemia, dysgeusia, peripheral neuropathy, fatigue, nausea, neutropenia, and rash. The severity of treatment-related AEs was assessed using the National Cancer Institute Common Terminology Criteria for AEs (CTCAE) version 5.0 [16]. Tumor staging for all patients was determined according to the 8th edition of the American Joint Committee on Cancer Staging Manual [17].




2.2. Treatment Schedule of EV Therapy


Patients who received EV therapy were treated with the same treatment schedule as that used in the EV301 study [12], namely, one cycle of 4 weeks, with EV administered at a dose of 1.25 mg/kg on days 1, 8, and 15. EV therapy was continued until imaging studies confirmed disease progression (PD), treatment refusal by the patient, or EV treatment was deemed intolerable due to advanced treatment-related AEs according to CTCAE version 5.0 [16].




2.3. Patient Evaluation


Imaging studies were scheduled at the discretion of each physician and continued until PD was confirmed. The best overall response after EV therapy was assessed using the Response Evaluation Criteria in Solid Tumors guidelines version 1.1 [18] and defined as complete response (CR), partial response (PR), stable disease (SD), or PD. The cutoff value of the clinical covariate based on the area under the receiver operating characteristic (ROC) curve (AUC) was defined as the minimum value of (1 − sensitivity)2 + (1 − specificity)2 [19].




2.4. Endpoints and Statistical Analysis


The primary endpoint of this study was to investigate the predictive factors for prolonged OS after EV treatment initiation. All enrolled patients were divided into three groups, including those who received EV as a third-line therapy (EV group), those who received non-EV chemotherapy (non-EV group), and those who were unable to continue treatment for any reason (best supportive care [BSC] group). OS was evaluated in the three groups, starting at the beginning of ICI and tertiary treatments, and the efficacy of EV was examined compared with other treatments. A log-rank test for clinical parameters was used to identify predictors of all-cause mortality after the initiation of EV treatment. In addition, univariate and multivariate analyses were performed using the Cox proportional hazards model to identify factors associated with mortality after EV treatment. Regarding the Cox proportional hazards model, the determination of cutoff values was based on the AUCs. The Kruskal–Wallis test was used for continuous variables, whereas Fisher’s exact test was used for categorical variables. All statistical analyses were performed using EZR version 1.56 (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface of R version 3.3.0 (The R Foundation for Statistical Computing, Vienna, Austria) [20].





3. Results


3.1. Patient Characteristics


Between December 2017 and May 2023, 295 patients with chemotherapy-refractory la/UC were treated with ICI, including adjuvant and maintenance therapies, at 10 Japanese institutions. Among them, 23 patients with missing data and 41 patients who received continuous ICI treatment due to a lack of PD were excluded from the analysis. Finally, 231 patients were enrolled in the final analysis. Figure 1 shows the number of patients in each group.



Table 1 shows the patient backgrounds and clinical and pathological data. For all patients, the median age at the start of ICI treatment was 72 years; similarly, the median age at the start of third-line treatment was 72 years. ECOG-PS was ≥1 in 67.5% of patients, 54.5% had bladder cancer as the primary tumor, and 77.5% had pure UC (PUC). Defensive therapy was performed at the primary site in 68.9% of the patients and in 67.4% of those who received neoadjuvant or adjuvant therapy. The median follow-up period was 8.0 months from the initiation of ICI treatment and 6.0 months from the initiation of the third-line treatment. The duration of ICI treatment was significantly longer in the third-line treatment groups than in the BSC group. Maintenance therapy with avelumab and adjuvant nivolumab was administered to 7.8% of patients, and these treatments were administered significantly more to patients in the EV group compared to those in the other groups (p = 0.007 and p < 0.001, respectively). Of the 27 patients in the non-EV group, 16 patients received gemcitabine and paclitaxel, 3 received gemcitabine and cisplatin, and 3 received gemcitabine and carboplatin. Additionally, one case each received irinotecan and cisplatin, docetaxel only, paclitaxel only, tegafur/uracil only, and gemcitabine only. The median Alb, neutrophil, lymphocyte, Hb levels, and NLR for all patients were 3.6 g/dL, 4395/µL, 1038/µL, and 10.8 g/dL, respectively. ECOG-PS and Alb, neutrophil, lymphocyte, and Hb levels were not available for the BSC group since data were collected only at the start of the ICI treatment.




3.2. Oncological Outcomes


At the end of the follow-up period, 150 (64.9%) patients had died, of whom 144 (62.3%) died from cancer-related causes, 1 (0.4%) from aspiration pneumonia, 1 (0.4%) from infection, and 4 (1.7%) from unknown causes. The median OS from ICI initiation in the EV, non-EV, and BSC groups was 20 (95% confidence interval [CI]: 17–34 months), 15 (95% CI: 7–18 months), and 7 months (95% CI: 6–10 months), respectively (Figure 2a). The 1-year OS rate from the initiation of ICI treatment was 78.4% (95% CI: 64.9–87.2%), 37.3% (95% CI: 28.7–45.8%), and 17.3% (95% CI: 10.4–25.6%) in the EV, non-EV, and BCS groups, respectively (Figure 2a). The median OSs from the start of treatment in the EV, non-EV, and BSC groups were 13 months (95% CI: 9–16 months), 9 months (95% CI: 3–14 months), and 3 months (95% CI: 2–4 months), respectively (Figure 2b). The 1-year OS rates from the initiation of EV were 53.8% (95% Cl: 36.9–68.0%), 43.3% (95% CI: 23.2–61.8%), and 22.1% (95% CI: 14.8–30.4%) in the EV, non-EV, and BSC groups, respectively.



In evaluating OS by treatment effect after EV administration, the median OS was 16 months (95% CI: 9–not applicable [NA]) for patients who achieved CR or PR and 10 months (95% CI: 5–13 months) for those who had SD or PD (p = 0.002; Figure 3). The 1-year survival rate was 71.7% (95% CI: 46.9–86.4%) for patients who obtained CR or PR and 33.9% (95% CI: 12.8–56.6%) for those who had SD or PD (Figure 3).



For subgroup analysis of OS, patients were divided into two groups based on ROC curves for age at the initiation of EV treatment (≥67 vs. <67 years) and NLR (≥4.18 vs. <4.18); the presence or absence of EV-related AEs such as dysgeusia and rash were also compared. A significantly longer OS was observed in patients with an age ≥67 years, NLR <4.18, dysgeusia, and rash (Figure 4).



Table 2 enumerates the treatment-related AEs after EV administration in the EV group. Although Grade ≥3 anemia, decreased neutrophil counts, and rash were observed, all of the patients’ symptoms improved with EV withdrawal.



Univariate and multivariate Cox proportional hazards model analyses were performed to investigate variables associated with OS (Table 3). In the univariate analysis, NLR, dysgeusia, and rash were predictors associated with OS, whereas multivariate analysis showed that NLR and dysgeusia were independent predictors associated with OS.



Using Kaplan–Meier curve analysis to evaluate OS, patients treated with EV were divided into three groups based on the total points of NLR ≥ 4.18 and positive dysgeusia as one factor each (Figure 5). The median OS from the date of EV initiation was NA (95% CI: 8–NA), 15 months (95% CI: 9–19 months), and 7 months (95% CI: 3–13 months) for patients with zero, one, and two factors, respectively. The 1-year OS rate was 88.9% (95% CI: 43.3–98.4%) in patients without any factor, 59.4% (95% CI: 27.1–81.2%) in those with one factor, and 31.0% (95% CI: 10.7–54.2%) in those with two factors.





4. Discussion


Patients with la/mUC are known to have unfavorable prognoses, and there is a need to establish useful sequential therapies to prolong OS and identify predictive parameters for therapeutic efficacy in these patients [4,5,21,22]. Currently, platinum-based chemotherapy is the standard treatment for patients with la/mUC [3,6,7], and the usefulness of ICI therapies as a second-line treatment has been reported [4,8]. Pembrolizumab is recommended as a second-line therapy for patients with disease progression after the first-line therapy or for those who relapsed within a short duration after neoadjuvant chemotherapy followed by definitive therapies, including radical cystectomy or radiation for the primary sites [3,4,8]. In a phase III randomized controlled KEYNOTE 045 trial, pembrolizumab significantly prolonged OS compared with other chemotherapies in patients with la/mUC who were refractory to platinum-based chemotherapy [8]. The median OS in the KEYNOTE 045 trial was 10.3 months (95% CI: 8.0–11.8) in the pembrolizumab group compared with 7.4 months (95% CI: 6.1–8.3) in the other chemotherapy group (hazard ratio [HR] for death: 0.73; 95% CI: 0.59–0.91; p = 0.002) [8]. Thus, only a limited number of patients receive subsequent treatment in real-world clinical practice, even though the combination of cisplatin-based anticancer therapy and ICI therapy may have some advantages in improving oncological outcomes, such as OS [5].



EV is an ADC consisting of an anti-nectin-4 human IgG1 monoclonal antibody covalently linked to MMAE that exerts its anti-tumor effect by binding to a nectin-4 antibody and being internalized by cells [12,13]. The open-label phase III EV301 trial in patients with la/mUC who received platinum-based chemotherapy and whose disease progressed during or after treatment with ICIs showed improved oncological outcomes with EV [12]. The median OS was 12.88 months in the EV group and 8.97 months in the non-EVchemotherapy group, with an HR for OS of 0.70 (95% CI: 0.56–0.89), indicating that treatment with EV significantly prolonged OS in patients with la/mUC (p = 0.001) [12]. In addition, the results of the EV302 study, which investigated the efficacy of pembrolizumab plus EV as a first-line therapy for untreated la/mUC, have been published [14]. The median progression-free survival (PFS) was 12.5 months in the EV–pembrolizumab group and 6.3 months in the non-EV chemotherapy group, showing significantly longer PFS (p < 0.001), with an HR of 0.45 (95% CI: 0.38–0.54) for PD or death [14]. The median OS was also 31.5 months in the EV–pembrolizumab group and 16.1 months in the non-EV chemotherapy group, with similar results as those for PFS (HR for death: 0.47; 95% CI: 0.38–0.58; p < 0.001) [14]. Based on these findings, combination therapy consisting of EV and ICI is expected to have a high potential to improve the oncologic outcome of la/mUC [14]. Although several reports have predicted the therapeutic efficacy of EV, no useful factors that can accurately predict the efficacy of EV therapy have been identified [23,24,25,26,27].



In this study, we identified NLR and negative dysgeusia as useful prognostic factors in patients with la/mUC after EV administration. This suggests that the development of EV-related AEs may correlate with the response of patients with la/mUC to EV treatment. The NLR may reflect inflammation caused by urothelial carcinoma as well as other carcinomas [28,29,30], suggesting that patients with a lower inflammatory response may be more likely to have less aggressive cancer progression and thus may be more effectively treated with EVs. In a retrospective analysis of 109 patients with metastatic UC (mUC) who received EV, the CRP–albumin ratio (CAR), NLR, platelet–lymphocyte ratio, and lactate dehydrogenase were examined as predictors of treatment response after EV administration [31]. In a receiver operating characteristic curve analysis for predicting the treatment effect of EV, CAR was identified as a significant marker compared to other parameters [32]. Logistic regression analysis also identified ECOG-PS ≥ 1 (p = 0.04) and CAR ≥ 1 (p < 0.001) as independent predictors of a treatment effect for EV [32]. In a multicenter retrospective multicenter cohort study of 100 patients with mUC who received pembrolizumab or avelumab followed by EV, multivariate analysis revealed histological variant (p < 0.001), liver metastasis (p = 0.002), low serum albumin level (p = 0.003), and high CRP level (p = 0.011) were significantly associated with a poorer response to treatment of EV after ICI administration [31]. However, there have been no reports to date that NLR is a useful predictor of treatment effect after EV administration in patients with mUC.



In a study investigating the expression of Nectin-4 in normal human tissues and various cancer tissues, immunohistochemical analysis of 294 normal tissue specimens representing 36 human organs showed homogeneous weak-to-moderate staining mainly in human skin keratinocytes, skin appendages (sweat glands and hair follicles), transitional epithelium of the bladder, salivary glands (ducts), esophagus, breast, and stomach tissue [26]. Although the distribution of taste cells, nerves, and Nectin-4 in tongue tissue is unknown, Miyake et al. compared the incidence of dysgeusia between EV and other anticancer agents and showed that dysgeusia occurs more specifically with EV [27]. In addition, a longitudinal questionnaire survey using the chemotherapy-induced taste alteration scale (CiTAS) has been conducted in patients with la/mUC treated with systemic chemotherapy and/or immunotherapy [27]. Although platinum-based chemotherapy and treatment with ICIs did not significantly change the CiTAS, EV therapy induced significant dysgeusia, leading to the conclusion that EV therapy for la/mUC may induce severe dysgeusia that is not usually observed with other systemic therapies [27]. The relationship between Nectin-4 expression and EV efficacy was examined using Nectin-4-specific fluorescence in in situ hybridization to investigate the hypothesis that EV has a high affinity for Nectin-4 and, therefore, has higher efficacy in tumors with high Nectin-4 expression [23]. Compared to only 32% (24 of 74) in the non-amplified subgroup, 96% (27 of 28) of patients with Nectin-4 amplification had an objective response to EV (p < 0.001) [23]. A multivariate Cox analysis adjusted for age, sex, and Bellmunt risk factors reported that Nectin-4 amplification reduced the risk of death by 92% (95% CI: 0.02–0.34; p < 0.001) [23]. Using next-generation sequencing data from patients with la/mUC receiving EV treatment to investigate the relationship between the genetic characteristics of tumor tissue and clinical outcomes, patients with abundant mutations in TP53, KDM6A, and MDM2 showed a better response to EV treatment [24]. Patients with these changes, as well as combined TP53/MDM2 mutations, had better observed response rates (ORRs) with EV treatment than patients without these changes [24]. In univariate analysis, a baseline Alb level ≥3.0 g/dL and the presence of TP53/MDM2 composite change were associated with longer OS, and baseline ECOG 0/1, TP53 change, and TP53/MDM2 change were associated with longer PFS [21]. These results suggest that dysgeusia, which was identified as a prognostic factor in this study, can be easily assessed and may serve as a clinically useful biomarker.



Immunohistochemical staining for Nectin-4 was performed in 169 patients, including 86 patients with muscle-invasive bladder cancer, to investigate the expression of Nectin-4 in each UC subtype [25]. Overall, 50 (58.1%) muscle-invasive tumors were positive for Nectin-4 [25]. Nectin-4 positivity according to histological type was 68.2% in UC, 70% in squamous cell carcinoma, 66% in adenocarcinoma, 28% in patients with micropapillary variants, 50% in those with nested variants, 63% in those with plasmacytoid variants, and 10% in those with sarcomatoid carcinoma [25]. A study evaluating oncologic outcomes in patients with subtypes of UC (SUC) who received EV treatment for la/mUC compared to those with PUC regarding ORR, PFS, and OS has been reported [32]. Although the median PFS was 4.2 months for patients with PUC and 5.9 months for those with SUC (p = 0.045), the median OS was not significantly different between the two groups (7.3 months vs. 16.1 months; p = 0.065) [33]. However, even among patients with SUC who were evaluated as having CR or PR, the duration of treatment response to EV was significantly shorter compared to patients with PUC (median, 3.7 months vs. 7.3 months, p = 0.003) [33]. In this study, we did not examine the SUC in detail because of the small number of patients enrolled; however, we believe that this factor should be examined in the future.



This study has some limitations. First, this was a retrospective study using data from multiple institutions. Therefore, differences in the clinical diagnosis and treatment methods at each institution could have introduced bias in this study. Second, the number of patients enrolled in the study was relatively small and the follow-up period was relatively short. In particular, 28.2% of patients had an ECOG-PS of ≥2 in the EV group compared to 50% of those in the non-EV group, even though the difference was not statistically significant. Third, we did not examine the timing of AEs, such as rash or dysgeusia, after the initiation of EV administration. Fourth, we were unable to investigate the dose and duration of pretreatment medications, as well as the treatment response of EV to different pretreatments. Finally, we could not evaluate effective sequential therapy because of inadequate studies on oncological outcomes after the diagnosis of la/mUC.




5. Conclusions


In this multicenter retrospective cohort study, EV treatment appeared to prolong OS in patients with la/mUC who progressed after ICI therapy. NLR <4.18 and the absence of dysgeusia were independent predictors of prolonged OS after the initiation of EV therapy. A large multicenter prospective study is required to validate our results.







Author Contributions


Conceptualization, K.N. (Keita Nakane) and T.K.; methodology, K.N. (Keita Nakane) and T.K.; software, K.N. (Keita Nakane); investigation, K.N. (Keita Nakane); resources, K.T., M.N., T.E., T.Y., R.T.-I., K.N. (Kojiro Niwa), M.T., T.I., S.N., S.Y., T.T., M.K., K.K., K.I. and Y.T.; data curation, K.N.; writing—original draft preparation, K.N.; writing—review and editing, T.K.; visualization, K.N. (Keita Nakane); project administration, K.N. (Keita Nakane) and T.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The Institutional Review Board of Gifu University approved the study protocol (number: 2023-144, date of approval: 6 October 2023). All procedures performed in this study involving human participants complied with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was conducted in line with the ethical standards of the institutional and/or national research committee.




Informed Consent Statement


The requirement for formal consent was waived due to the retrospective nature of this study. In the case of retrospective and/or observational study using materials such as the existing documentation, study information is disclosed to the public. Therefore, written consent is not required in accordance with the provisions of the ethics committee and the ethics guidelines in Japan. The study information can be accessed at https://rinri.med.gifu-u.ac.jp/esct/publish_document.aspx?ID=2842 (accessed on 6 June 2024).




Data Availability Statement


Requests for the data presented in this study should be addressed to the corresponding author. The data are not publicly available for privacy and ethics reasons.




Acknowledgments


We thank Takashi Deguchi, Yoshito Takahashi, Naoki Komeda, Masahiro Uno, Kenichi Minoshima, Kazuya Yuhara, Hiromi Uno, Noriyasu Hagiwara, and Yasuaki Kubota for their invaluable assistance with data collection.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Siegel, R.L.; Giaquinto, A.N.; Jemal, A. Cancer statistics, 2024. CA Cancer J. Clin. 2024, 74, 12–49. [Google Scholar] [CrossRef]

	



Cancer Stat Facts: Bladder Cancer. NIH NCI: Surveillance, Epidemiology, and End Results Program. 2023. Available online: https://seer.cancer.gov/statfacts/html/urinb.html (accessed on 1 June 2024).

	



Bladder Cancer. NCCN Guidelines 2024. Available online: https://www.nccn.org/professionals/physician_gls/pdf/bladder.pdf (accessed on 1 June 2024).

	



Tomioka-Inagawa, R.; Nakane, K.; Enomoto, T.; Tomioka, M.; Taniguchi, T.; Ishida, T.; Ozawa, K.; Takagi, K.; Ito, H.; Takeuchi, S.; et al. The Impact of Neutrophil-to-Lymphocyte Ratio after Two Courses of Pembrolizumab for Oncological Outcomes in Patients with Metastatic Urothelial Carcinoma. Biomedicines 2022, 10, 1609. [Google Scholar] [CrossRef]

	



Yamada, T.; Nakane, K.; Enomoto, T.; Tomioka, M.; Taniguchi, T.; Ishida, T.; Ozawa, K.; Takagi, K.; Ito, H.; Takeuchi, S.; et al. Oncological Outcomes in Patients with Metastatic Urothelial Carcinoma after Discontinuing Pembrolizumab as a Second-Line Treatment: A Retrospective Multicenter Real-World Cohort Study. Biomedicines 2022, 10, 2243. [Google Scholar] [CrossRef] [PubMed]

	



von der Maase, H.; Hansen, S.W.; Roberts, J.T.; Dogliotti, L.; Oliver, T.; Moore, M.J.; Bodrogi, I.; Albers, P.; Knuth, A.; Lippert, C.M.; et al. Gemcitabine and cisplatin versus methotrexate, vinblastine, doxorubicin, and cisplatin in advanced or metastatic bladder cancer: Results of a large, randomized, multinational, multicenter, phase III study. J. Clin. Oncol. 2000, 18, 3068–3077. [Google Scholar] [CrossRef] [PubMed]

	



Sternberg, C.N.; de Mulder, P.H.; Schornagel, J.H.; Theodore, C.; Fossa, S.D.; van Oosterom, A.T.; Witjes, F.; Spina, M.; van Groeningen, C.J.; de Balincourt, C.; et al. Randomized phase III trial of high-dose-intensity methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) chemotherapy and recombinant human granulocyte colony-stimulating factor versus classic MVAC in advanced urothelial tract tumors: European Organization for Research and Treatment of Cancer Protocol no. 30924. J. Clin. Oncol. 2001, 19, 2638–2646. [Google Scholar]

	



Bellmunt, J.; de Wit, R.; Vaughn, D.J.; Fradet, Y.; Lee, J.L.; Fong, L.; Vogelzang, N.J.; Climent, M.A.; Petrylak, D.P.; Choueiri, T.K.; et al. Pembrolizumab as Second-Line Therapy for Advanced Urothelial Carcinoma. N. Engl. J. Med. 2017, 376, 1015–1026. [Google Scholar] [CrossRef] [PubMed]

	



Cathomas, R.; Lorch, A.; Bruins, H.M.; Comperat, E.M.; Cowan, N.C.; Efstathiou, J.A.; Fietkau, R.; Gakis, G.; Hernandez, V.; Espinos, E.L.; et al. The 2021 Updated European Association of Urology Guidelines on Metastatic Urothelial Carcinoma. Eur Urol. 2022, 81, 95–103. [Google Scholar] [CrossRef]

	



Bajorin, D.F.; Witjes, J.A.; Gschwend, J.E.; Schenker, M.; Valderrama, B.P.; Tomita, Y.; Bamias, A.; Lebret, T.; Shariat, S.F.; Park, S.H.; et al. Adjuvant Nivolumab versus Placebo in Muscle-Invasive Urothelial Carcinoma. N. Engl. J. Med. 2021, 384, 2102–2114. [Google Scholar] [CrossRef]

	



Powles, T.; Park, S.H.; Voog, E.; Caserta, C.; Valderrama, B.P.; Gurney, H.; Kalofonos, H.; Radulovic, S.; Demey, W.; Ullen, A.; et al. Avelumab Maintenance Therapy for Advanced or Metastatic Urothelial Carcinoma. N. Engl. J. Med. 2020, 383, 1218–1230. [Google Scholar] [CrossRef]

	



Powles, T.; Rosenberg, J.E.; Sonpavde, G.P.; Loriot, Y.; Duran, I.; Lee, J.L.; Matsubara, N.; Vulsteke, C.; Castellano, D.; Wu, C.; et al. Enfortumab Vedotin in Previously Treated Advanced Urothelial Carcinoma. N. Engl. J. Med. 2021, 384, 1125–1135. [Google Scholar] [CrossRef]

	



Chatterjee, S.; Sinha, S.; Kundu, C.N. Nectin cell adhesion molecule-4 (NECTIN-4): A potential target for cancer therapy. Eur. J. Pharmacol. 2021, 911, 174516. [Google Scholar] [CrossRef] [PubMed]

	



Powles, T.; Valderrama, B.P.; Gupta, S.; Bedke, J.; Kikuchi, E.; Hoffman-Censits, J.; Iyer, G.; Vulsteke, C.; Park, S.H.; Shin, S.J.; et al. Enfortumab Vedotin and Pembrolizumab in Untreated Advanced Urothelial Cancer. N. Engl. J. Med. 2024, 390, 875–888. [Google Scholar] [CrossRef]

	



Oken, M.M.; Creech, R.H.; Tormey, D.C.; Horton, J.; Davis, T.E.; McFadden, E.T.; Carbone, P.P. Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am. J. Clin. Oncol. 1982, 5, 649–655. [Google Scholar] [CrossRef] [PubMed]

	



Cancer Institute, N. Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0. Available online: https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf (accessed on 1 June 2024).

	



Paner, G.P.; Stadler, W.M.; Hansel, D.E.; Montironi, R.; Lin, D.W.; Amin, M.B. Updates in the Eighth Edition of the Tumor-Node-Metastasis Staging Classification for Urologic Cancers. Eur. Urol. 2018, 73, 560–569. [Google Scholar] [CrossRef] [PubMed]

	



Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.; et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228–247. [Google Scholar] [CrossRef] [PubMed]

	



Perkins, N.J.; Schisterman, E.F. The inconsistency of “optimal” cutpoints obtained using two criteria based on the receiver operating characteristic curve. Am. J. Epidemiol. 2006, 163, 670–675. [Google Scholar] [CrossRef] [PubMed]

	



Kanda, Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow Transplant. 2013, 48, 452–458. [Google Scholar] [CrossRef] [PubMed]

	



Shindo, T.; Hashimoto, K.; Fujino, K.; Takahashi, A.; Hotta, H.; Maeda, T.; Kunishima, Y.; Fukuta, F.; Ito, N.; Wanifuchi, A.; et al. Pre-first-line chemotherapy risk stratification for overall survival in advanced urothelial carcinoma in sequential therapy era. World J. Urol. 2024, 42, 307. [Google Scholar] [CrossRef]

	



Kita, Y.; Otsuka, H.; Ito, K.; Hara, T.; Shimura, S.; Kawahara, T.; Kato, M.; Kanamaru, S.; Inoue, K.; Ito, H.; et al. Real-world sequential treatment patterns and clinical outcomes among patients with advanced urothelial carcinoma in Japan. Int. J. Urol. 2024, 31, 552–559. [Google Scholar] [CrossRef]

	



Klumper, N.; Tran, N.K.; Zschabitz, S.; Hahn, O.; Buttner, T.; Roghmann, F.; Bolenz, C.; Zengerling, F.; Schwab, C.; Nagy, D.; et al. NECTIN4 Amplification Is Frequent in Solid Tumors and Predicts Enfortumab Vedotin Response in Metastatic Urothelial Cancer. J. Clin. Oncol. 2024, 42, 2446–2455. [Google Scholar] [CrossRef]

	



Jindal, T.; Zhu, X.; Bose, R.; Kumar, V.; Maldonado, E.; Deshmukh, P.; Shipp, C.; Feng, S.; Johnson, M.S.; Angelidakis, A.; et al. Somatic alterations of TP53 and MDM2 associated with response to enfortumab vedotin in patients with advanced urothelial cancer. Front. Oncol. 2023, 13, 1161089. [Google Scholar] [CrossRef] [PubMed]

	



Hoffman-Censits, J.H.; Lombardo, K.A.; Parimi, V.; Kamanda, S.; Choi, W.; Hahn, N.M.; McConkey, D.J.; McGuire, B.M.; Bivalacqua, T.J.; Kates, M.; et al. Expression of Nectin-4 in Bladder Urothelial Carcinoma, in Morphologic Variants, and Nonurothelial Histotypes. Appl. Immunohistochem. Mol. Morphol. 2021, 29, 619–625. [Google Scholar] [CrossRef] [PubMed]

	



Challita-Eid, P.M.; Satpayev, D.; Yang, P.; An, Z.; Morrison, K.; Shostak, Y.; Raitano, A.; Nadell, R.; Liu, W.; Lortie, D.R.; et al. Enfortumab Vedotin Antibody-Drug Conjugate Targeting Nectin-4 Is a Highly Potent Therapeutic Agent in Multiple Preclinical Cancer Models. Cancer Res. 2016, 76, 3003–3013. [Google Scholar] [CrossRef]

	



Miyake, M.; Nishimura, N.; Oda, Y.; Miyamoto, T.; Tomizawa, M.; Shimizu, T.; Hori, S.; Morizawa, Y.; Gotoh, D.; Nakai, Y.; et al. Dysgeusia in patients with advanced urothelial carcinoma receiving enfortumab vedotin, platinum-based chemotherapy, or immune check point inhibitors: Time-course assessment using chemotherapy-induced taste alteration scale. J. Chemother. 2024, 1–13. [Google Scholar] [CrossRef]

	



Nakane, K.; Watanabe, H.; Naiki, T.; Takahara, K.; Yasui, T.; Miyake, H.; Shiroki, R.; Koie, T. Trends in the Use of Second-Generation Androgen Receptor Axis Inhibitors for Metastatic Hormone-Sensitive Prostate Cancer and Clinical Factors Predicting Biological Recurrence. Diagnostics 2023, 13, 1661. [Google Scholar] [CrossRef] [PubMed]

	



Iinuma, K.; Kameyama, K.; Kawada, K.; Fujimoto, S.; Takagi, K.; Nagai, S.; Ito, H.; Ishida, T.; Kawase, M.; Kawase, K.; et al. Efficacy and Safety of Nivolumab and Ipilimumab for Advanced or Metastatic Renal Cell Carcinoma: A Multicenter Retrospective Cohort Study. Curr. Oncol. 2021, 28, 1402–1411. [Google Scholar] [CrossRef]

	



Wang, J.; He, W.; Li, C.; Ma, Y.; Liu, M.; Ye, J.; Sun, L.; Su, J.; Zhou, L. Focus on negatively regulated NLRs in inflammation and cancer. Int. Immunopharmacol. 2024, 136, 112347. [Google Scholar] [CrossRef]

	



Hirasawa, Y.; Adachi, T.; Hashimoto, T.; Fukuokaya, W.; Koike, Y.; Yata, Y.; Komura, K.; Uchimoto, T.; Tsujino, T.; Nishimura, K.; et al. Comparison of the efficacy of enfortumab vedotin between patients with metastatic urothelial carcinoma who were treated with avelumab or pembrolizumab: Real-world data from a multi-institutional study in Japan. J. Cancer Res. Clin. Oncol. 2024, 150, 182. [Google Scholar] [CrossRef]

	



Uchimoto, T.; Matsuda, T.; Komura, K.; Fukuokaya, W.; Adachi, T.; Hirasawa, Y.; Hashimoto, T.; Yoshizawa, A.; Saruta, M.; Hashimoto, M.; et al. C-Reactive Protein-Albumin Ratio Predicts Objective Response to Enfortumab Vedotin in Metastatic Urothelial Carcinoma. Target. Oncol. 2024, 19, 635–644. [Google Scholar] [CrossRef]

	



Minato, A.; Furubayashi, N.; Nagata, Y.; Tomoda, T.; Masaoka, H.; Song, Y.; Hori, Y.; Kiyoshima, K.; Negishi, T.; Kuroiwa, K.; et al. Prognostic Impact of Histologic Subtype and Divergent Differentiation in Patients with Metastatic Urothelial Carcinoma Treated with Enfortumab Vedotin: A Multicenter Retrospective Study. Curr. Oncol. 2024, 31, 862–871. [Google Scholar] [CrossRef]








[image: Cancers 16 02648 g001] 





Figure 1. Flow diagram of the patient selection process. 






Figure 1. Flow diagram of the patient selection process.



[image: Cancers 16 02648 g001]







[image: Cancers 16 02648 g002] 





Figure 2. Kaplan–Meier analysis was used to compare the overall survival (OS) of the enfortumab vedotin (EV) group (patients treated with EV), non-EV group (patients treated with anticancer therapy other than EV), and BSC group (patients who were unable to continue treatment. (a) Median OS from the initiation of immune checkpoint inhibitor therapy was 20 months (95% confidence interval [CI]: 17–34 months), 15 months (95% CI: 7–18 months), and 7 months (95% CI: 6–10 months) in the EV, non-EV, and BSC groups, respectively (p < 0.001). (b) Median OS from the initiation of the third-line therapy was 13 months (95% CI: 9–16 months), 9 months (95% CI: 3–14 months), and 3 months (95% CI: 2–4 months) in the EV, non-EV, and BSC groups, respectively (p < 0.001). 






Figure 2. Kaplan–Meier analysis was used to compare the overall survival (OS) of the enfortumab vedotin (EV) group (patients treated with EV), non-EV group (patients treated with anticancer therapy other than EV), and BSC group (patients who were unable to continue treatment. (a) Median OS from the initiation of immune checkpoint inhibitor therapy was 20 months (95% confidence interval [CI]: 17–34 months), 15 months (95% CI: 7–18 months), and 7 months (95% CI: 6–10 months) in the EV, non-EV, and BSC groups, respectively (p < 0.001). (b) Median OS from the initiation of the third-line therapy was 13 months (95% CI: 9–16 months), 9 months (95% CI: 3–14 months), and 3 months (95% CI: 2–4 months) in the EV, non-EV, and BSC groups, respectively (p < 0.001).



[image: Cancers 16 02648 g002]







[image: Cancers 16 02648 g003] 





Figure 3. Kaplan–Meier analysis of OS by treatment response to EV. Median OS for patients with complete or partial response and stable or progressive disease after EV administration was 16 months (95% CI, 9–not applicable [NA]) and 10 months (95% CI: 5–13 months), respectively (p = 0.002). 
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Figure 4. Kaplan–Meier analysis was used to compare OS in various covariables. (a) Median OS for patients aged ≥67 years and <67 years was 16 months (95% CI: 12–NA) and 9 months (95% CI: 5–14 months), respectively. (b) Median OS for patients with NLR <4.18 and NLR ≥4.18 was not reached (95% CI: 9–NA) and 12 months (95% CI: 7–16 months), respectively. (c) Median OS for patients with or without dysgeusia was 19 months (95% CI: 9–NA) and 0 months (95% CI: 5–14), respectively. (d) Median OS for patients with or without a rash was 16 months (95% CI: 8–NA) and 9 months (95% CI: 7–12 months), respectively. 
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Figure 5. Kaplan–Meier analysis was performed in the EV group for patients who had neither of the two factors, namely neutrophil-to-lymphocyte ratio ≥4.18 and positive dysgeusia, as the 0 factor group, those who had either of the two factors as the 1 factor group, and those who had both factors as the 2 factor group. The median OS from the date of EV administration in the 0, 1, and 2 factor groups was NA (95% CI: 8–NA), 15 months (95% CI: 9–19 months), and 7 months (95% CI: 3–13 months), respectively. 
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Table 1. Patient background comparison among three groups.
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Covariates

	
EV Group

(n = 64)

	
Non-EV Group

(n = 27)

	
BSC Group

(n = 140)

	
p






	
Age for starting third-line treatment

(median, year, IQR)

	
72.0

(66.0–77.0)

	
72.0

(68.0–77.0)

	
74.0

(70.5–79.0)

	
0.384




	
Sex (number, %)

	

	

	

	
0.686




	
 Male

	
48 (75.0)

	
22 (81.5)

	
103 (73.6)




	
 Female

	
16 (25.0)

	
5 (18.5)

	
37 (26.4)




	
Body mass index

(median, kg/m2, IQR)

	
21.0

(19.5–23.4)

	
21.9

(20.1–24.9)

	
21.2

(18.7–24.1)

	
0.532




	
ECOG-PS (number, %)

	

	

	

	




	
 0

	
21 (32.8)

	
1 (6.2)

	
NA

	
0.126




	
 1

	
25 (39.1)

	
7 (43.8)

	
NA




	
 2

	
12 (18.8)

	
6 (37.5)

	
NA




	
 3

	
5 (7.8)

	
2 (12.5)

	
NA




	
 4

	
1 (1.6)

	
0

	
NA




	
Primary tumor site (number, %)

	

	

	

	
0.930




	
 Bladder

	
32 (50.0)

	
16 (59.3)

	
78 (55.7)




	
 UUT

	
23 (35.9)

	
8 (29.6)

	
45 (32.1)




	
 Bladder + UUT

	
9 (14.1)

	
3 (11.1)

	
17 (12.1)




	
Histopathology

	

	

	

	
0.328




	
 pure UC

	
51 (79.7)

	
24 (88.9)

	
104 (74.3)




	
 UC with any histological subtype

	
13 (20.3)

	
3 (11.1)

	
36 (25.7)




	
Surgical resection of the primary site

(number, %)

	
38 (59.4)

	
18 (66.7)

	
88 (62.9)

	
0.790




	
Patients receiving neoadjuvant therapy (number, %)

	
22 (50.0)

	
10 (50.0)

	
36 (34.3)

	
0.130




	
Patients receiving adjuvant therapy (number, %)

	
12 (27.3)

	
9 (47.4)

	
23 (23.2)

	
0.116




	
Radiation therapy to the primary site

	
3 (5.2)

	
2 (8.0)

	
9 (6.9)

	
0.863




	
Follow-up period after initiation of second-line therapy (months, median)

	
14.00

(8.0–20.0)

	
15.00

(6.0–17.5)

	
6.00

(2.0–14.0)

	
<0.001




	
Follow-up period after initiation of third-line therapy (months, median)

	
6.0

(3.0–11.25)

	
5.0

(2.5–14.0)

	
7.0

(7.0–7.0)

	
0.976




	
Albumin (g/dL, IQR)

	
3.6 (3.0–3.8)

	
3.7 (3.44.1)

	
NA

	
0.058




	
Neutrophil count (/µL, IQR)

	
4800

(3515–6092)

	
4000

(2805–5023)

	
NA

	
0.083




	
Lymphocyte count (/µL, IQR)

	
1037

(723–1379)

	
1099

(785–1292)

	
NA

	
0.738




	
NLR (IQR)

	
4.40

(2.86–7.63)

	
3.32

(2.62–3.96)

	
NA

	
0.064




	
Hemoglobin (g/dL, IQR)

	
10.8

(9.0–12.4)

	
11.1

(9.7–12.3)

	
NA

	
0.684








EV, enfortumab vedotin; BSC, best supportive care; IQR, interquartile range; ECOG-PS, Eastern Cooperative Oncology Group performance status; UUT, upper urinary tract; UC, urothelial carcinoma; NA, not applicable; NLR, neutrophil-to-lymphocyte ratio.













 





Table 2. Treatment-related adverse events in patients receiving enfortumab vedotin.
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	Clinical Characteristics
	All Grades
	Grade ≥ 3





	Anemia
	22 (34.4)
	8 (12.5)



	Dysgeusia
	20 (31.2)
	0 (0.0)



	Fatigue
	20 (31.2)
	0 (0.0)



	Nausea
	6 (9.4)
	0 (0.0)



	Decreased neutrophil count
	6 (9.4)
	5 (7.8)



	Peripheral neuropathy
	28 (43.8)
	0 (0.0)



	Rash
	25 (39.1)
	2 (3.1)










 





Table 3. Uni- and multivariate analysis with OS in patients receiving enfortumab vedotin.
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Univariate

	

	
Multivariate

	




	
Variables

	
HR

	
95% CI

	
p

	
HR

	
95% CI

	
p






	
Gender (female vs. male)

	
1.59

	
0.642–3.954

	
0.314

	
1.38

	
0.514–3.731

	
0.519




	
Age at initiation of EV therapy (≥67 vs. 67> years)

	
3.29

	
0.990–10.970

	
0.051

	
2.72

	
0.802–9.285

	
0.108




	
NLR (>4.18 vs. 4.18>)

	
3.10

	
1.340–7.201

	
0.008

	
2.50

	
1.031–6.077

	
0.042




	
Dysgeusia (yes vs. no)

	
0.22

	
0.082–0.626

	
0.041

	
0.30

	
0.096–0.945

	
0.039




	
Rash (yes vs. no)

	
0.44

	
0.198–0.992

	
0.047

	
1.38

	
0.514–3.731

	
0.519








CI, confidence interval; NLR, neutrophil-to-lymphocyte ratio.
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