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Abstract

:

There is a well-documented problem of inferior outcome of muscle-invasive bladder cancer (MIBC) after radical cystectomy (RC) in women. However, previous studies were conducted before neoadjuvant chemotherapy (NAC) was widely adopted to multidisciplinary management of MIBC. In our study, we assessed the gender-related difference in survival between patients who received NAC and those who underwent upfront RC, in two academic centers. This non-randomized, clinical follow-up study enrolled 1238 consecutive patients, out of whom 253 received NAC. We analyzed survival outcome of RC according to gender between NAC and non-NAC subgroups. We found that female gender was associated with inferior overall survival (OS), compared to males (HR, 1.234; 95%CI 1.046–1.447; p = 0.013) in the overall cohort and in non-NAC patients with ≥pT2 disease (HR, 1.220 95%CI 1.009–1.477; p = 0.041). However, no gender-specific difference was observed in patients exposed to NAC. The 5-year OS in NAC-exposed women in ≤pT1 and ≥pT2 disease, was 69.333% 95%CI (46.401–92.265) and 36.535% (13.134–59.936) respectively, compared to men 77.727% 95%CI (65.952–89.502) and 39.122% 95%CI (29.162–49.082), respectively. The receipt of NAC not only provides downstaging and prolongs patients’ survival after radical treatment of MIBC but may also help to diminish the gender specific disparity.
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1. Introduction


According to population-based studies, women have better survival rates, compared to men, after diagnosis of most cancers [1]. However, no such phenomenon is observed in bladder cancer (BC). The risk of BC progression and mortality is higher in women than in men [2]. In contrast, men are more likely to develop BC than women [1]. This gap in oncological outcomes may be partially attributed to more advanced stage at presentation in women [3]. The initially higher T-stage is mainly explained by a longer delay in the diagnosis of BC in women than in men, whereby a urinary tract infection (UTI) might be regarded as the culprit of a misdiagnosis of BC due to association with hematuria and higher prevalence among women. Although UTIs are more common in women <40 years old, a limited assessment of a gross hematuria is still seen in older women [4]. The gender-related survival disparity is also observed in stage-to-stage comparisons between women and men and is particularly pronounced in advanced stages of BC; hence, higher presenting stage in women cannot fully clarify this phenomenon [3]. Moreover, differences in gender-specific survival persist after radical cystectomy (RC). This emphasizes the complexity of this issue and the potential impact of other factors, such as treatment availability and patterns, tobacco smoking, chemical exposure, and hormonal status [5]. An association of gender with long-term outcomes of RC has been extensively analyzed before the widespread adoption of neoadjuvant chemotherapy (NAC) [6,7]. Administration of NAC is the current standard of care for patients with muscle-invasive bladder cancer (MIBC) eligible for cisplatin therapy and provides up to 50% of downstaging to <ypT2N0, with complete remissions achievable in one-third of patients [8,9]. Moreover, NAC improves overall survival (OS) by 5–8% at 5 years, equivalent to a number needed to treat of 12.5 [10]. Besides NAC, currently there is an increasing number of promising precisely targeted agents which are assessing for use in neoadjuvant setting in BC. These agents might be use alone or in combination with traditional chemotherapy [11]. However, cisplatin-based combination chemotherapy remains a recommended treatment before RC. Nevertheless, data regarding the gender inequality in survival after RC in the NAC era are limited. Therefore, in this evolving landscape of treatment for MIBC, we decided to conduct a study which answers a question of whether the gender-related disparity in survival in patients undergoing upfront RC would still be observed after exposure to NAC.



In the present study, we hypothesized that the administration of NAC not only improves mid-term outcome after RC, but may as well diminish the survival disadvantage among women after RC. Hence, the objective of our study was to reassess the differences in gender-specific survival between chemotherapy pre-treated and chemotherapy-naïve patients undergoing RC in the NAC era.




2. Material and Methods


This non-randomized clinical follow-up study was exempt from further review by the Institutional Review Board (Bioethical Committee) of the Pomeranian Medical University, Szczecin, Poland (protocol number KB. 006.102.2022/Z-9521) and was conducted according to the regulations set forth by the Declaration of Helsinki. Consent for research participation was routinely obtained from all patients involved, namely, for the use of their anonymized treatment data collected during hospitalization. Consecutive patients who underwent RC and pelvic lymphadenectomy due to MIBC at two university centers—the Department of Urology and Urological Oncology of the Pomeranian Medical University, Szczecin, Poland, and the Department of Minimally Invasive and Robotic Urology, University Center of Excellence in Urology of Wroclaw Medical University, Poland—were enrolled in the study. Patients were treated between 1991–2021 and 2003–2021, in first and second participating department, respectively. Patients with metastatic disease, those who underwent cystectomy for palliative indications, those who underwent partial bladder resections, patients with a history of pelvic radiotherapy, and those with non-urothelial pathology were excluded from analysis. In total, 99 patients were excluded, and the data of 1238 patients were utilized for statistical analyses. The analyzed cohort was divided into two groups according to NAC administration. NAC was administered to 253 patients until the end of 2021. The remaining study population underwent upfront RC with eventual adjuvant treatment depending on the final pathologic stage (non-NAC group, n = 985). The NAC cisplatin-based chemotherapy was offered patients who meet all eligibility criteria, including Eastern Cooperative Oncology Group Performance Status (ECOG PS) 0–1, glomerular filtration rate (GFR) > 60 mL/min, audiometric hearing loss grade < 2, peripheral neuropathy grade < 2, and function of the heart according to the New York Heart Association Functional Classification < III. If patent did not fulfill all those criteria and ECOG PS was at least 2 and GFR was between 30–60 mL/min, then carboplatin-based chemotherapy was considered. However, if GFR was <60 mL/min and ECOG PS < 2 and the patient had adequate bone marrow reserve, then taxane-based chemotherapy was offered after individual assessment by oncological team. No patient was exposed to immuno-oncology therapy before RC. To identify differences between genders, we evaluated the association between gender and long-term oncological outcome in both groups according to the pathological stage (Figure 1). Data were reviewed for internal consistency. Descriptive statistics including mean ± standard deviation (SD) and median (interquartile range, IQR) were applied for normally distributed and skewed data, respectively. Single variables were compared using an independent t-test (parametric variables) and a chi-square test (non-parametric variables). If the Cochran’s assumptions for chi-square test were not met, the Fisher–Freeman–Halton test was applied. OS probabilities over time were presented using Kaplan–Meier survival estimates and univariate Cox models. The survival curves of different groups were compared using the log-rank test. Multivariable Cox proportional hazard models were applied to examine the impact of prognostic factors on survival, including age at the time of surgery, gender, the severity of comorbidities reflected by the American Society of Anesthesiologists (ASA) score, pathological T stage, cancer grade, and pathological lymph node status. To test for independence between residuals and time, an assessment of the proportional hazard assumption of final multivariable models was performed using scaled Schoenfeld residuals with time. The results of Cox proportional hazard models were presented as hazard ratios (HR) with their 95% confidence intervals (CIs). Additionally, because patients were not randomly assigned to administration of NAC, we performed propensity scores analyses. Logistic regression was used to calculate propensity scores to estimate the predictive probabilities of receiving NAC. We considered p value < 0.05 as statistically significant and all p values were two-sided. All tests were performed using Statistica software, version 13.5 (StatSoft, Inc., Tulsa, OK, USA) and R (version 4.2.2) and RStudio (version 2022.12.0) with R packages survival, survminer, drylr.




3. Results


Out of 1238 patients included in the study, 253 (20.4%) received NAC. The median follow-up time was 23.467 months (IQR, 8.800–52.233), and there were no significant differences between genders (women, 21.333 months [IQR, 8.783–50.667] vs. men, 23.967 months [IQR, 8.800–52.233]). Women were generally older at the time of surgery and had higher pathological cancer stage than men. Statistically, greater proportion of women had extravesical disease (65.98% and 57.14% respectively; p = 0.007). However, there were no significant differences in lymph node metastasis, tumor grade, and ASA score distributions (Table 1).



No significant difference between women and men was found regarding exposure to NAC (women 20.08% vs. men 20.52%), chemotherapy regimen, and number of NAC cycles administered (Table 1). NAC provided disease downstaging to <ypT2N0 in 86 (33.99%) patients, including complete responses (CR) in 43 (17.00%; Table 2). No significant differences between women and men were observed in response rates to NAC. Complete remissions were observed in 22.45% of women and 14.71% of men (p = 0.187), whereas partial responses (<ypT2N0) were noted in 34.69% of women and 30.39% of men (p = 0.560). However, there were significant differences in response to NAC between participating centers. In the Department of Urology and Urological Oncology in Szczecin, CR was achieved in 22% of patients, whereas the rate of complete remissions in the Department of Minimally Invasive and Robotic Urology in Wrocław reached only 12% (p = 0.043). Correspondingly, significant difference was observed in partial response rates (40.0% and 25.49% respectively, p = 0.015). Further heterogeneity was observed regarding preferred cytotoxic regimens. In Szczecin, 59 (59%) patients received dose-dense methotrexate, vinblastine, doxorubicin, and cisplatin (ddMVAC) regimen, as compared to 58 (37.9%) patients who were exposed to NAC in Wroclaw (p < 0.001). Furthermore, fewer patients received an optimal number of NAC cycles (≥3) in Wroclaw, as compared to Szczecin (55.6% versus 72.0%, p = 0.008).



Kaplan–Meier survival curves and Cox regression analyses were performed in the entire cohort and revealed that OS observed in women was inferior to that in men (HR, 1.234; 95% CI, 1.046–1.447; p = 0.013). The 5-year OS for women and men was 32.906% (95% CI, 26.215–39.597) and 41.819% (95% CI, 38.377–45.261), respectively. After stratification by pT stage, inferior OS was observed in women with ≥pT2 disease, as compared to men (HR, 1.218; 95%CI, 1.017–1.458; p = 0.032). The 5-year OS for women and men with ≥pT2 disease was 24.926% (95% CI, 18.267–31.585) and 32.596% (95% CI, 28.821–36.371), respectively. The difference was consistently observed in a subset of patients with ≥pT2 disease who did not receive NAC, with a 5-year OS of 25.511% (95% CI, 18.688–32.334) in women as opposed to 32.596% (95% CI, 28.821–36.371) in men (HR, 1.220; 95%CI, 1.009–1.477; p = 0.041). However, no gender-specific difference was observed across stage groups in patients who received NAC. The 5-year OS in the NAC group for women in ≤ypT1 and ≥ypT2 disease was 69.333% (95% CI, 46.401–92.265) and 36.535% (95% CI, 13.134–59.936), respectively as opposed to 77.727% (95% CI, 65.952–89.502) and 39.122% (95% CI, 29.162–49.082), in men (Figure 2). These findings were validated using a competing risk regression model. In multivariable analysis, the difference in OS was observed in the non-NAC ≥pT2 group (HR, 1.229; 95%CI, 1.013–1.492; p = 0.036). However, administration of NAC diminished gender-specific disparities in OS after RC also among patients who did not respond to neoadjuvant therapy (HR, 1.136; 95%CI, 0.630–2.046; p = 0.672; Table 3; Table S1). These results were confirmed in propensity scores analysis (Table S2).




4. Discussion


Gender-related survival differences in BC are well documented and more pronounced among patients undergoing RC [5,12,13,14]. These findings are surprising given that women generally have better disease-specific survival than men for most cancers affecting both sexes [15,16,17]. This phenomenon has not been fully elucidated, with current hypotheses including longer delay from presentation with hematuria to diagnosis in women, anatomic and hormonal differences, higher stage at presentation, and variation in tumor biology [4,11,18,19,20]. However, once diagnosed with MIBC, data on sex-specific responses to different treatment regimens and the influence on oncological outcomes is limited.



In our study, women undergoing RC due to MIBC showed inferior OS when compared with men, which is in line with previous reports [5,14]. However, the difference in our cohort was more significant. The HR in the overall cohort was 1.234 (95% CI, 1.046–1.447). According to Krimphove et al., who used data from the National Cancer Database, women presenting with MIBC accounted for only 4% and were slightly more likely to die than men (HR, 1.04; 95% CI, 1.00–1.07) [21]. The difference was even less pronounced in other studies [2,22]. Variations in observed outcomes between the studies may be attributed to the differences in sample size, period of treatment, and study design. Our cohort was more homogeneous than cohorts in previous studies as we excluded patients with pathological variants of BC other than urothelial carcinoma and included patients who underwent RC at academic centers. Moreover, the differences between gender may be related to the increasing prevalence of tobacco-related BC among women in Poland. The highest exposure to smoking, which reached 50%, was reported in generation of Polish women born between 1940 and 1960 [23]. Therefore, considering the latency time and cohort effect, the incidence and mortality due to BC in women showed an increasing trend, which may explain the higher disproportion in OS observed between genders in our study.



In the subgroup analysis of patients with ≥pT2 disease sex-related differences observed for all cohort persisted, with unadjusted and adjusted HR of 1.218 (95% CI, 1.017–1.458) and 1.219 (95% CI, 1.015–1.463), respectively. After further stratification of this group according to NAC exposure, the survival gap was evident in chemotherapy-naïve patients (HR, 1.229; 95% CI, 1.013–1.492), but was no longer found in patients who received NAC, in whom OS of women was comparable to that of men (HR, 1.136; 95% CI, 0.630–2.046). Equivalent results were presented in meta-analysis by Kimura et al. who analyzed the association between gender and oncologic outcomes in the NAC pretreated cohort. In their study, gender was not associated with overall mortality. Similarly, no correlation with CR or partial response was found. Of note, women undergoing NAC and RC were less likely to have tumor upstaging at the time of surgery than men [24].



Diminishment of gender-related OS gap in NAC pre-treated patients after RC may be partially explained at molecular level. According to the Cancer Genome Atlas, MIBC is divided into two main subgroups: luminal and basal-squamous. Each type is associated with distinct histopathological features, prognosis, and treatment implications [25]. Robertson et al. discovered that BC in women was mostly categorized as the basal-squamous subtype, which expressed high levels of CTLA4 and CD274 (PD-L1) immunomarkers and responded well to immune therapy [26]. Moreover, Seiler et al. highlighted that this molecular subtype showed greater response rate and survival improvement after NAC-RC, compared to other subtypes and cystectomy alone. Given higher proportion of basal-squamous subtype in women, we hypothesize NAC may yield better responses in female patients [27].



Another potential reason for comparable survival outcomes observed between sexes after NAC exposure may be related to difference in bladder wall thickness. The bladder wall is thinner in women than in men, which may facilitate more thorough transurethral resection of bladder tumor (TURBT) [28]. James et al. showed the association between maximal TURBT and improved survival and oncologic outcomes in a cohort of patients with MIBC. NAC pretreated patients who underwent maximal TURBT were more likely to achieve a complete pathologic response (odds ratio 3.17; 95% CI, 1.02–9.83) [29]. Similar results were reported by other authors [30].



Several NAC regimens were analyzed in this study. A significant proportion of patients were treated with ddMVAC regimen (46.25%), which may have affected our results. Haines et al. analyzed the association between gender and outcomes in patients with metastatic urothelial carcinoma and revealed a significantly longer survival in women than in men treated with MVAC (methotrexate, vinblastine, doxorubicin, and cisplatin), whereas no gender-related differences were observed in patients treated with gemcitabine and cisplatin regimens. However, these findings should be interpreted with caution given the small sample size of female patients treated with MVAC [31]. Therefore, an improved female response to ddMVAC is a hypothesis rather than a firm conclusion [9]. However, gender-related differences in response to particular regimens are not implausible.



Our present study has limitations, and the results should be interpreted within the limitations of the observational study design. Firstly, we were unable to analyze unmeasured confounding factors, such as socioeconomic status, comorbidities using the Charlson Comorbidity Index, smoking status, clinical stage, and adjuvant chemotherapy, which may have influenced survival. Hence, we also could not have provided a rate of clinical understaging in patients who underwent upfront RC. Secondly, there were significant disparities between participating centers regarding chemotherapy regimens, number of administered cycles, and response to neoadjuvant treatment. A plausible explanation of this phenomenon may include different treatment periods. Patients from the Department of Urology in Szczecin were treated more recently, when the role of NAC in the treatment of MIBC was firmly established, whereas in Wroclaw, the analysis, spanning over a period of 30 years, included the early era of NAC [32]. This discrepancy may be one of reasons why more patients in Wroclaw received less optimal regimens. Thirdly, as data regarding cause of death was not always available, our survival analysis was limited to OS, which may have introduced additional bias due to concurrent mortality, potentially significant in this population. Lastly, we are aware that currently there are ongoing studies, investigating novel therapeutic opportunities in neoadjuvant setting in MIBC. Preliminary results of these trials suggested that using agents such as checkpoint inhibitors before RC has clear potential advantages, due to their acceptable tolerance and high efficacy. Hence, soon, we might see changes in the landscape of treatment of BC [33,34]. Moreover, currently observing gender-related disparities among patients who are not exposing to neoadjuwant therapy might not be observed as more patients will be eligible to multidisciplinary approach. Thus, only palliative cases will be treated with upfront cystectomy.



Despite these limitations, we believe that this study provides a reliable analysis of gender-specific outcomes of early multidisciplinary management of MIBC. One of the strengths of the present study is the novelty of results addressing diminishing gender-specific disparities in survival in patients regardless of response status to NAC. In previous reports addressing sex-specific disparities after NAC administration, a reduction of survival gap was only observed in patients with pT4 disease [35,36]. Our results highlighted that women who have no pathological response to NAC may benefit from multidisciplinary treatment. Administration of NAC may help to mediate influence of potential sex-related factors, such as delayed diagnosis, anatomical differences, higher stage at the time of diagnosis, or altered tumor biology, which likely contribute to differences in oncologic outcomes.




5. Conclusions


In summary, our results highlight that the administration of neoadjuvant chemotherapy helps decrease the gender-related survival gap after radical cystectomy. Thus, we believe that female patients may benefit from gender-specific counseling regarding perioperative therapeutic strategies and personalized medicine approaches to greater extent than male patients. However, lack of gender-associated disparities in the survival of patients with muscle invasive bladder cancer after multidisciplinary treatment cannot be entirely proven based on the limitations of the study and further large, prospective studies are needed. Furthermore, in the light of an ongoing era of immunotherapy in advanced bladder cancer, the gender-related disparities should be studied simultaneously with the efficacy of new agents.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm12041260/s1, Table S1: Multivariable regression analysis of factors predicting overall survival. Available at: https://osf.io/kr4w6. Table S2: Multivariable propensity-weighted regression analysis of factors predicting overall survival. Available at: https://osf.io/kqbgr.





Author Contributions


Conceptualization, K.K. and A.L.; methodology, K.K.; formal analysis, K.K. and A.L.; investigation, K.K. and A.L.; data curation, K.K., A.L., B.M., J.L. and A.G.; writing—original draft preparation, K.K. and A.L.; writing—review and editing, K.K. and A.L.; visualization, K.K.; supervision, M.S.; project administration, K.K., A.L., B.M. and M.S. 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 study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board (Bioethical Committee) of the Pomeranian Medical University, Szczecin, Poland (protocol number KB. 006.102.2022/Z-9521).




Informed Consent Statement


Subjects involved were routinely consented for scientific use of anonymized treatment data at the time of hospital stay.




Data Availability Statement


Source data available at: https://osf.io/bsnt5.




Acknowledgments


The authors would like to thank Barbara Zawisza-Lemińska and Marta Wiącek for their continuous support and contribution.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal ASiegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2021. CA Cancer J. Clin. 2021, 71, 7–33. [Google Scholar] [CrossRef] [PubMed]

	



Uhlig, A.; Hosseini, A.S.A.; Simon, J.; Lotz, J.; Trojan, L.; Schmid, M.; Uhlig, J. Gender Specific Differences in Disease-Free, Cancer Specific and Overall Survival after Radical Cystectomy for Bladder Cancer: A Systematic Review and Meta-Analysis. J. Urol. 2018, 200, 48–60. [Google Scholar] [CrossRef]

	



Waldhoer, T.; Berger, I.; Haidinger, G.; Zielonke, N.; Madersbacher SWaldhoer, T.; Berger, I.; Haidinger, G.; Zielonke, N.; Madersbacher, S. Sex differences of ≥pT1 bladder cancer survival in Austria: A descriptive, long-term, na-tion-wide analysis based on 27,773 patients. Urol Int. 2015, 94, 383–389. [Google Scholar] [CrossRef]

	



Johnson, E.K.; Daignault, S.; Zhang, Y.; Lee CTJohnson, E.K.; Daignault, S.; Zhang, Y.; Lee, C.T. Patterns of Hematuria Referral to Urologists: Does a Gender Disparity Exist? Urology 2008, 72, 498–502. [Google Scholar] [CrossRef] [PubMed]

	



Dobruch, J.; Daneshmand, S.; Fisch, M.; Lotan, Y.; Noon, A.P.; Resnick, M.J.; Shariat, S.F.; Zlotta, A.R.; Boorjian, S.A. Gender and Bladder Cancer: A Collaborative Review of Etiology, Biology, and Outcomes. Eur. Urol. 2016, 69, 300–310. [Google Scholar] [CrossRef]

	



Soave, A.; Dahlem, R.; Hansen, J.; Weisbach, L.; Minner, S.; Engel, O.; Kluth, L.; Chun, F.; Shariat, S.; Fisch, M.; et al. Gender-specific outcomes of bladder cancer patients: A stage-specific analysis in a contemporary, homogenous radical cystectomy cohort. Eur. J. Surg. Oncol. (EJSO) 2014, 41, 368–377. [Google Scholar] [CrossRef] [PubMed]

	



Liu, S.; Yang, T.; Na, R.; Hu, M.; Zhang, L.; Fu, Y.; Jiang, H.; Ding, Q. The impact of female gender on bladder cancer-specific death risk after radical cystectomy: A meta-analysis of 27,912 patients. Int. Urol. Nephrol. 2015, 47, 951–958. [Google Scholar] [CrossRef]

	



Peyton, C.C.; Tang, D.; Reich, R.R.; Azizi, M.; Chipollini, J.; Pow-Sang, J.M.; Manley, B.; Spiess, P.E.; Poch, M.A.; Sexton, W.J.; et al. Downstaging and Survival Outcomes Associated with Neoadjuvant Chemo-therapy Regimens among Patients Treated with Cystectomy for Muscle-Invasive Bladder Cancer Supplemental content. JAMA Oncol. 2018, 4, 1535–1542. [Google Scholar] [CrossRef]

	



Lemiński, A.; Kaczmarek, K.; Byrski, T.; Słojewski, M. Neoadjuvant chemotherapy with dose dense MVAC is associated with improved survival after radical cystectomy compared to other cytotoxic regimens: A tertiary center experience. PLoS ONE 2021, 16, e0259526. [Google Scholar] [CrossRef]

	



Yin, M.; Joshi, M.; Meijer, R.P.; Glantz, M.; Holder, S.; Harvey, H.A.; Kaag, M.; Fransen van de Putte, E.E.; Horenblas, S.; Drabick, J.J. Neoadjuvant Chemotherapy for Muscle-Invasive Bladder Cancer: A Systematic Re-view and Two-Step Meta-Analysis. Oncologist 2016, 21, 708–715. [Google Scholar] [CrossRef]

	



Cheetham, P.J.; Petrylak, D.P. New Agents for the Treatment of Advanced Bladder Cancer. Oncology 2016, 30, 571–579, 588. [Google Scholar]

	



Mallin, K.; David, K.A.; Carroll, P.R.; Milowsky, M.I.; Nanus, D.M. Transitional Cell Carcinoma of the Bladder: Racial and Gender Disparities in Survival (1993 to 2002), Stage and Grade (1993 to 2007). J. Urol. 2011, 185, 1631–1636. [Google Scholar] [CrossRef]

	



Boffa, D.J.; Rosen, J.E.; Mallin, K.; Loomis, A.; Gay, G.; Palis, B.; Thoburn, K.; Gress, D.; McKellar, D.P.; Shulman, L.N.; et al. Using the National Cancer Database for Outcomes Research: A Review. JAMA Oncol. 2017, 3, 1722–1728. [Google Scholar] [CrossRef]

	



Kluth, L.A.; Rieken, M.; Xylinas, E.; Kent, M.; Rink, M.; Rouprêt, M.; Sharifi, N.; Jamzadeh, A.; Kassouf, W.; Kaushik, D.; et al. Gender-specific Differences in Clinicopathologic Outcomes Following Radical Cystec-tomy: An International Multi-institutional Study of More Than 8000 Patients. Eur. Urol. 2014, 66, 913–919. [Google Scholar] [CrossRef] [PubMed]

	



Afshar, N.; English, D.R.; Thursfield, V.; Mitchell, P.L.; Te Marvelde, L.; Farrugia, H.; Giles, G.G.; Milne, R.L. Differences in cancer survival by sex: A popula-tion-based study using cancer registry data. Cancer Causes Control 2018, 29, 1059–1069. [Google Scholar] [CrossRef] [PubMed]

	



Cook, M.B.; McGlynn, K.A.; Devesa, S.S.; Freedman, N.D.; Anderson, W.F. Sex Disparities in Cancer Mortality and Survival. Cancer Epidemiol. Biomark. Prev. 2011, 20, 1629–1637. [Google Scholar] [CrossRef] [PubMed]

	



Micheli, A.; Ciampichini, R.; Oberaigner, W.; Ciccolallo, L.; de Vries, E.; Izarzugaza, I.; Zambon, P.; Gatta, G.; De Angelis, R. The advantage of women in cancer survival: An analysis of EUROCARE-4 data. Eur. J. Cancer 2009, 45, 1017–1027. [Google Scholar] [CrossRef] [PubMed]

	



Lombard, A.P.; Mudryj, M. The emerging role of the androgen receptor in bladder cancer. Endocr.-Relat. Cancer 2015, 22, R265–R277. [Google Scholar] [CrossRef]

	



Cohn, J.A.; Vekhter, B.; Lyttle, C.; Steinberg, G.D.; Large, M.C. Sex disparities in diagnosis of bladder cancer after ini-tial presentation with hematuria: A nationwide claims-based investigation. Cancer 2014, 120, 555–561. [Google Scholar] [CrossRef]

	



Hollenbeck, B.K.; Ms, R.L.D.; Ye, Z.; Hollingsworth, J.M.; Skolarus, T.A.; Kim, S.P.; Montie, J.E.; Lee, C.T.; Wood, D.P.; Miller, D.C. Delays in diagnosis and bladder cancer mortality. Cancer 2010, 116, 5235–5242. [Google Scholar] [CrossRef]

	



Krimphove, M.J.; Szymaniak, J.; Marchese, M.; Tully, K.H.; D’Andrea, D.; Mossanen, M.; Lipsitz, S.R.; Kilbridge, K.; Kibel, A.S.; Kluth, L.A.; et al. Sex-specific Differences in the Quality of Treatment of Muscle-invasive Bladder Cancer Do Not Explain the Overall Survival Discrepancy. Eur. Urol. Focus 2021, 7, 124–131. [Google Scholar] [CrossRef] [PubMed]

	



Williams, S.B.; Huo, J.; Dafashy, T.J.; Ghaffary, C.K.; Baillargeon, J.G.; Morales, E.E.; Kim, S.P.; Kuo, Y.F.; Orihuela, E.; Tyler, D.S.; et al. Survival Differences among Bladder Cancer Patients Ac-cording to Gender: Critical Evaluation of Radical Cystectomy Use and Delay to Treatment. Urol. Oncol. 2017, 35, 602.e1. [Google Scholar] [CrossRef]

	



Jobczyk, M.; Pikala, M.; Różański, W.; Maniecka-Bryła, I. Years of life lost due to bladder cancer among the inhabitants of Poland in the years 2000 to 2014. Central Eur. J. Urol. 2017, 70, 338–343. [Google Scholar] [CrossRef]

	



Kimura, S.; Iwata, T.; Abufaraj, M.; Janisch, F.; D’Andrea, D.; Moschini, M.; Al-Rawashdeh, B.; Fajkovic, H.; Seebacher, V.; Egawa, S.; et al. Impact of Gender on Chemotherapeutic Response and Oncologic Out-comes in Patients Treated with Radical Cystectomy and Perioperative Chemotherapy for Bladder Cancer: A Sys-tematic Review and Meta-Analysis. Clin. Genitourin. Cancer. 2020, 18, 78–87. [Google Scholar] [CrossRef] [PubMed]

	



Choi, W.; Porten, S.; Kim, S.; Willis, D.; Plimack, E.R.; Hoffman-Censits, J.; Roth, B.; Cheng, T.; Tran, M.; Lee, I.-L.; et al. Identification of Distinct Basal and Luminal Subtypes of Muscle-Invasive Bladder Cancer with Different Sensitivities to Frontline Chemotherapy. Cancer Cell 2014, 25, 152–165. [Google Scholar] [CrossRef]

	



Robertson, A.G.; Kim, J.; Al-Ahmadie, H.; Bellmunt, J.; Guo, G.; Cherniack, A.D.; Hinoue, T.; Laird, P.W.; Hoadley, K.A.; Akbani, R.; et al. Comprehensive Molecular Characterization of Mus-cle-Invasive Bladder Cancer. Cell 2017, 171, 540–556.e25. [Google Scholar] [CrossRef]

	



Seiler, R.; Ashab, H.A.D.; Erho, N.; van Rhijn, B.W.; Winters, B.; Douglas, J.; Van Kessel, K.E.; van de Putte, E.E.F.; Sommerlad, M.; Wang, N.Q.; et al. Impact of Molecular Subtypes in Muscle-invasive Bladder Cancer on Predicting Response and Survival after Neoadjuvant Chemotherapy. Eur. Urol. 2017, 72, 544–554. [Google Scholar] [CrossRef]

	



Volikova, A.I.; Marshall, B.J.; Yin, J.M.A.; Goodwin, R.; Chow, P.E.; Wise, M.J. Structural, biomechanical and hemodynamic assessment of the bladder wall in healthy sub-jects. Res. Rep. Urol. 2019, 11, 233–245. [Google Scholar]

	



James, A.C.; Lee, F.C.; Izard, J.; Harris, W.P.; Cheng, H.H.; Zhao, S.; Gore, J.; Lin, D.W.; Porter, M.P.; Yu, E.Y.; et al. Role of Maximal Endoscopic Resection Before Cystectomy for Invasive Urothelial Bladder Cancer. Clin. Genitourin. Cancer 2014, 12, 287–291. [Google Scholar] [CrossRef]

	



Pak, J.S.; Haas, C.R.; Anderson, C.B.; DeCastro, G.J.; Benson, M.C.; McKiernan, J.M. Survival and oncologic outcomes of complete transurethral resection of bladder tumor prior to neoadjuvant chemotherapy for muscle-invasive bladder cancer. Urol. Oncol. Semin. Orig. Investig. 2021, 39, 787.e9–787.e15. [Google Scholar] [CrossRef]

	



Haines, L.; Bamias, A.; Krege, S.; Lin, C.-C.; Hahn, N.; Ecke, T.H.; Moshier, E.; Sonpavde, G.; Godbold, J.; Oh, W.K.; et al. The Impact of Gender on Outcomes in Patients with Metastatic Urothelial Carcinoma. Clin. Genitourin. Cancer 2013, 11, 346–352. [Google Scholar] [CrossRef] [PubMed]

	



Porter, M.P.; Kerrigan, M.C.; Donato, B.M.; Ramsey, S.D. Patterns of use of systemic chemotherapy for Medicare beneficiaries with urothelial bladder cancer. Urol Oncol. 2011, 29, 252–258. [Google Scholar] [CrossRef] [PubMed]

	



D’Andrea, D.; Black, P.C.; Zargar, H.; Zargar-Shoshtari, K.; Zehetmayer, S.; Fairey, A.S.; Mertens, L.S.; Dinney, C.P.; Mir, M.C.; Krabbe, L.M.; et al. Impact of sex on response to neoadjuvant chem-otherapy in patients with bladder cancer. Urol. Oncol. Semin. Orig. Investig. 2020, 38, 639.e1–639.e9. [Google Scholar]

	



Venkat, S.; Khan, A.I.; Taylor, B.L.; Patel, N.A.; Al Hussein Al Awamlh, B.; Calderon, L.P.; Fainberg, J.; Shoag, J.; Scherr, D.S. Does neoadjuvant chemotherapy diminish the sex disparity in bladder cancer survival after radical cystectomy? Urol. Oncol. Semin. Orig. Investig. 2022, 40, 106.e21–106.e29. [Google Scholar] [CrossRef] [PubMed]

	



Barone, B.; Calogero, A.; Scafuri, L.; Ferro, M.; Lucarelli, G.; Di Zazzo, E.; Sicignano, E.; Falcone, A.; Romano, L.; De Luca, L.; et al. Immune Checkpoint Inhibitors as a Neoadju-vant/Adjuvant Treatment of Muscle-Invasive Bladder Cancer: A Systematic Review. Cancers 2022, 14, 2545. [Google Scholar] [CrossRef] [PubMed]

	



Iacovino, M.L.; Miceli, C.C.; De Felice, M.; Barone, B.; Pompella, L.; Chiancone, F.; Di Zazzo, E.; Tirino, G.; Della Corte, C.M.; Imbimbo, C.; et al. Novel Therapeutic Opportunities in Neoadjuvant Setting in Urothelial Cancers: A New Horizon Opened by Molecular Classification and Immune Checkpoint Inhibitors. Int. J. Mol. Sci. 2022, 23, 1133. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 12 01260 g001 550] 





Figure 1. Flowchart of the study. NAC: neoadjuvant chemotherapy; RC: radical cystectomy. 
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Figure 2. Kaplan–Meier analysis of overall survival in chemotherapy-naïve and chemotherapy pre-treated patients who underwent radical cystectomy stratified according to tumor stage. 
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Table 1. Baseline patients’ characteristics according to gender.
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	Variable
	Female
	Male
	p Value





	Totals, No. (%)
	244 (19.71)
	994 (80.29)
	



	Age, years
	
	
	0.006



	 Mean
	66.709
	64.79
	



	 SD
	9.88
	8.64
	



	ASA score, No. (%)
	
	
	0.082



	 1
	17 (6.97)
	99 (9.96)
	



	 2
	169 (69.26)
	611 (61.47)
	



	 3
	58 (23.77)
	277 (27.87)
	



	 4
	0 (0.00)
	7 (0.70)
	



	Pathological T stage, No. (%)
	
	
	0.007



	 pT0
	23 (9.43)
	80 (8.05)
	



	 pTis/Ta/T1
	22 (9.02)
	153 (15.39)
	



	 pT2
	38 (15.57)
	193 (19.42)
	



	 pT3
	95 (38.93)
	288 (28.97)
	



	 pT4
	66 (27.05)
	280 (28.17)
	



	Pathological N stage, No. (%)
	
	
	0.319



	 pN0
	151 (61.89)
	649 (65.29)
	



	 pN+
	93 (38.11)
	345 (34.71)
	



	Cancer grade, No. (%)
	
	
	0.213



	 Low grade
	12 (4.92)
	71 (7.14)
	



	 High grade
	232 (95.08)
	923 (92.86)
	



	Neoadjuvant chemotherapy, No. (%)
	
	
	0.878



	 No
	195 (79.92)
	790 (79.48)
	



	 Yes
	49 (20.08)
	204 (20.52)
	



	Chemotherapy regimen, No. (%)
	
	
	0.515



	 ddMVAC
	21 (8.61)
	96 (9.66)
	



	Gemcitabine-cisplatin
	27 (11.07)
	92 (9.26)
	



	 Gemcitabine-carboplatin
	0 (0.00)
	5 (0.50)
	



	 Gemcitabine-paclitaxel
	1 (0.41)
	11 (1.11)
	



	Cycles of chemotherapy, No, (%)
	
	
	0.894



	 <3
	19 (7.79)
	77 (7.75)
	



	 ≥3
	30 (12.30)
	127 (12.78)
	



	Department, No. (%)
	
	
	0.044



	 Szczecin
	117 (47.95)
	406 (40.85)
	



	 Wrocław
	127 (52.05)
	588 (59.15)
	



	Follow-up, months
	
	
	0.746



	 media
	21.333
	23.967
	



	 IQ
	8.783–50.667
	8.800–52.233
	







ASA score: American Society of Anesthesiologists score; IQR: interquartile range; SD standard deviation.
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Table 2. Baseline patients’ characteristics according to expose to neoadjuvant chemotherapy.
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	Variable
	non-NAC
	NAC
	p Value





	Totals, No. (%)
	985 (79.56)
	253 (20.44)
	



	Age, years
	
	
	0.431



	 Mean
	65.27
	64.77
	



	 SD
	9.13
	8.11
	



	Gender, No. (%)
	
	
	0.878



	 Female
	195 (19.80)
	49 (19.37)
	



	 Male
	790 (80.20)
	204 (80.63)
	



	ASA score, No. (%)
	
	
	0.084



	 1
	96 (9.75)
	20 (7.91)
	



	 2
	633 (64.26)
	147 (58.10)
	



	 3
	251 (25.48)
	84 (33.20)
	



	 4
	5 (0.51)
	2 (0.79)
	



	Pathological T stage, No. (%)
	
	
	<0.001



	 pT0
	60 (6.09)
	43 (17.00)
	



	 pTis/Ta/T1
	132 (13.40)
	43 (17.00)
	



	 pT2
	177 (17.97)
	54 (21.34)
	



	 pT3
	330 (33.50)
	53 (20.95)
	



	 pT4
	286 (29.04)
	60 (23.72)
	



	Pathological N stage, No. (%)
	
	
	0.161



	 pN0
	627 (63.65)
	173 (68.38)
	



	 pN+
	358 (36.35)
	80 (31.62)
	



	Cancer grade, No. (%)
	
	
	<0.001



	 Low grade
	81 (8.22)
	2 (0.79)
	



	 High grade
	904 (91.78)
	241 (99.21)
	



	Chemotherapy regimen, No. (%)
	
	
	



	 ddMVAC
	n/a
	117 (9.44)
	



	 Gemcitabine-cisplatin
	n/a
	119 (9.60)
	



	 Gemcitabine-carboplatin
	n/a
	5 (0.40)
	



	 Gemcitabine-paclitaxel
	n/a
	12 (0.97)
	



	Cycles of chemotherapy, No, (%)
	
	
	



	 <3
	n/a
	96 (7.75)
	



	 ≥3
	n/a
	157 (12.68)
	



	Department, No. (%)
	
	
	0.326



	 Szczecin
	423 (42.94)
	100 (39.53)
	



	 Wrocław
	562 (57.06)
	153 (60.47)
	



	Follow-up, months
	
	
	0.155



	 median
	21.77
	29.40
	



	 IQR
	8.00–53.27
	10.43–49.57
	







ASA score: American Society of Anesthesiologists score; IQR: interquartile range; SD standard deviation.
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Table 3. Impact of female sex on overall survival in univariable, multivariable and propensity-weighted regression analysis stratified by pT stage and receipt of neoadjuvant chemotherapy.
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UNIVARIABLE

	
MULTIVARIABLE *

	
PROPENSITY SCORE **




	

	
HR

	
Lower CI

	
Upper CI

	
p

	
HR

	
Lower CI

	
Upper CI

	
p

	
HR

	
Lower CI

	
Upper CI

	
p






	
All patients




	
all

	
1.234

	
1.046

	
1.447

	
0.013

	
1.103

	
0.926

	
1.314

	
0.271

	
1.171

	
0.974

	
1.408

	
0.093




	
<pT2

	
0.830

	
0.440

	
1.567

	
0.566

	
0.844

	
0.430

	
1.659

	
0.624

	
0.777

	
0.401

	
1.505

	
0.454




	
≥pT2

	
1.218

	
1.017

	
1.458

	
0.032

	
1.219

	
1.015

	
1.463

	
0.034

	
1.226

	
1.011

	
1.486

	
0.038




	
non-NAC




	
all

	
1.244

	
1.034

	
1.496

	
0.021

	
1.162

	
0.963

	
1.402

	
0.118

	
1.168

	
0.958

	
1.425

	
0.125




	
<pT2

	
0.584

	
0.252

	
1.353

	
0.210

	
0.726

	
0.314

	
1.680

	
0.454

	
0.555

	
0.232

	
1.331

	
0.187




	
≥pT2

	
1.220

	
1.009

	
1.477

	
0.041

	
1.229

	
1.013

	
1.492

	
0.036

	
1.241

	
1.011

	
1.524

	
0.039




	
NAC




	
all

	
1.151

	
0.706

	
1.877

	
0.572

	
1.228

	
0.732

	
2.059

	
0.437

	
1.228

	
0.732

	
2.059

	
0.437




	
<ypT2

	
1.683

	
0.596

	
4.748

	
0.325

	
1.852

	
0.603

	
5.690

	
0.282

	
1.852

	
0.603

	
5.690

	
0.282




	
≥ypT2

	
1.090

	
0.624

	
1.904

	
0.762

	
1.136

	
0.630

	
2.046

	
0.672

	
1.136

	
0.630

	
2.046

	
0.672








* Addjusted for age, gender, severity of comorbidities reflected by American Society of Anesthesiologists, pathological T stage, pathological N stage, tumor grade, neoadjuvant chemotherapy. ** Weighted for age, gender, severity of comorbidities reflected by American Society of Anesthesiologists. CI: confidenceinterval; HR: hazard ratio; NAC: neoadjuvant chemotherapy.
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