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Purpose

To assess the association of tumor architecture with cancer recurrence, metastasis, and cancer-specific survival (CSS) in patients treated with radical nephroureterectomy (RNU) for upper urinary tract urothelial carcinoma (UTUC) in Taiwan.



Materials and Methods

Data were collected from 857 patients treated with RNU between January 2005 and August 2016 in our hospital. Pathologic slides were reviewed by genitourinary pathologists. Propensity score weighting was performed for data analysis.



Results

Sessile growth pattern was observed in 212 patients (24.7%). Tumor architecture exhibited a significant association with bladder cancer history, chronic kidney disease (CKD), tumor stage, lymph node status, histological grade, lymphovascular invasion, concomitant carcinoma in situ, and the variant type [standardized mean difference (SMD) > 0.1 for all variables before weighting]. In the propensity score analysis, 424 papillary and sessile tumor architecture were analyzed to balance the baseline characteristics between the groups. Tumor architecture was an independent predictor of metastatic disease and CSS (p = 0.033 and p = 0.002, respectively). However, the associations of tumor architecture with bladder and contralateral recurrence were nonsignificant (p = 0.956 and p = 0.844, respectively).



Conclusions

Tumor architecture of UTUC after RNU is associated with established features of aggressive disease and predictors of metastasis and CSS. Assessment of tumor architecture may help identify patients who could benefit from close follow-up or early administration of systemic therapy after RNU. Tumor architecture should be included in UTUC staging after further confirmation.
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Introduction

Upper urinary tract urothelial carcinoma (UTUC), referred to as renal pelvic and ureteral tumors, comprises approximately 5% of all urothelial tumors and 10% of renal tumors (1–7). The incidence and biological behaviour of UTUC vary across ethnicities and geographic areas (8). Based on the Surveillance, Epidemiology and End Results database, the incidence of UTUC in the United States has been reported as low as 2.06 cases per 100,000 person-years (7). However, the incidence and disease presentation of UTUCs in the Asian population, particularly in Taiwan, differ from those in the Western population (9–12). First, UTUC accounts for 20%–30% of urothelial tumors and is more common in Asian than in Western populations (9, 12). Second, a high prevalence of non-organ confined (43%) and high-grade (82%) disease in Asiatic patients has been reported (10, 11). Third, UTUCs are more common in female than in male patients (9, 12, 13). Finally, in Asian countries, female patients with UTUC are less likely to develop late stage, large-sized tumor, and lymph node metastasis (LNM) than male patients, whereas this difference is not observed in Western countries (9).

Radical nephroureterectomy (RNU) with bladder cuff excision is the standard treatment for UTUC (1–7). For patients at high risk of treatment failure with RNU alone, adjuvant therapies are reasonable (6, 14). Of the total number of patients with UTUC, a substantial proportion of patients experience disease recurrence and 20%–55% may develop metastases and subsequently die from the disease (3, 6). The disease stage is the most important prognostic factor for UTUC (4). Identification of the clinical stage and prognosis are essential for accurate assessment and clinical decision-making for patients (1, 6).

Tumor stage, histologic grade, and LNM are the well-established and significant prognostic factors (1–3, 9). Several studies have evaluated the possible predictive factors for cancer recurrence and survival after RNU (1, 2, 6). The oncologic significance of other potentially relevant variables, such as tumor architecture, tumor site, tumor necrosis, lymphovascular invasion (LVI), and concomitant carcinoma in situ (CIS) remain to be confirmed (2, 6). The role of adjuvant chemotherapy was considered a new standard of care for patients with locally advanced UTUC to improve outcome (14). The sessile tumor architecture has been reported to be a predictor of poor outcomes in patients with bladder urothelial carcinoma (UC), and several studies have also investigated the significance of tumor architecture in patients with UTUC (3, 5, 6). Recognising these limitations, we report a large series from Taiwan, an endemic area of UTUC, to assess whether tumor architecture could be a valuable parameter for refining the prognosis of patients with UTUC.



Materials and Methods


Study Population

Between January 2005 and December 2016, a total of 1,077 patients with localized upper urinary tract cancer were administered surgical intervention at our institution. Of the total, we excluded 178 patients who underwent nephron-sparing surgery and 42 patients with non-UC histology. Overall, we included 857 patients who underwent nephroureterectomy with bladder cuff excision at our institution to assess the prognostic significance of tumor architecture in the clinical course of localized UT-UC. All enrolled patients underwent cystoscopy or computed tomography (CT) to preoperatively observe the presence of concurrent bladder disease or distant metastasis. We performed lymph node dissection only when lymph node was larger than 1cm from pre-operative imaging or suspicious lesions during operation. The percentage of negative lymph nodes was defined as negative pathological findings after lymph node dissection or patient did not underwent lymph node dissection, which was 85.1% in the papillary tumor architecture group and 75.5% in the sessile tumor architecture group. Perioperative data, such as age, sex, smoking history, and bladder cancer history, were obtained through chart review. This study was approved by the Institutional Review Board of Kaohsiung Chang Gung Memorial Medical Center (IRB number: 202000185B0).



Pathological Evaluation

UC was histologically confirmed in all specimens, and specimens with variant histology were also included in this study. Genitourinary pathologists, who were blinded to the clinical outcomes, reviewed all slides according to identical strict criteria. Tumors were staged according to the American Joint Committee on Cancer tumor–node–metastasis (TNM) classification. Tumor grading was assessed according to the 2004 and 2016 World Health Organisation/International Society of Urologic Pathology consensus classification (15–18). Tumor architecture was defined by a uropathologist at our institution based on the predominant feature (3, 19). Tumor stage, architecture, grade, necrosis, and concomitant CIS were also assessed in every representative slide.



Follow-Up Protocol and Definition of Oncological Event

Our institutional follow-up protocol included postoperative cystoscopy every 3 months. CT was performed annually to assess lymph node status and local or regional recurrence of the tumor. Elective bone scans, chest CT, and magnetic resonance imaging were performed when clinically indicated. Metastasis was defined as local failure in the operative site or regional lymph nodes or distant metastasis. Bladder and contralateral recurrences were considered separately in the analysis of recurrence-free survival. Treating physicians determined the cause of death by using chart review or by inspecting death certificates. Cancer-specific death was defined as death event due to concurrent UC metastases or progressive disease.



Statistical Analysis

Descriptive statistical analysis results of continuous variables were reported as mean and standard deviation, and data for categorical variables in the study cohort were summarized as n (%). To address systematic differences between sessile and papillary groups (i.e., the confounding baseline parameter factor), we applied the average treatment effect for the treated (ATT) units weighting analysis (also called weighting by odds).

ATT, a form of propensity-score analysis, can be used in outcome analysis to estimate the average treatment effect for the treated units (individuals who actually received the treatment) by weighting the control group to the treated group. The propensity score was calculated using logistic regression to model the tumor architecture in the baseline period by age at index date, sex, bladder cancer history, tumor location, chronic kidney disease (CKD) group, cancer stage, lymph node status, histology grade, lymphovascular invasion, CIS, tumor necrosis, variant type, and perioperative chemotherapy.

The algorithm combined weighted estimates across several parametric and nonparametric prediction modelling approaches based on the accuracy of predictions from the models to create an overall propensity score estimate, which increased the robustness of the analysis. Postweighting balance in covariates between treatment groups was evaluated using the standardised mean difference (SMD) approach. Imbalance was defined as a standardised mean difference (SMD) of >0.1.

Kaplan–Meier curves and log-rank tests were used to compare metastasis-free survival (MFS), cancer-specific survival (CSS), bladder recurrence-free survival, and contralateral recurrence-free survival between two tumor architecture groups with and without ATT weighting. All statistical tests were two-tailed and conducted at 5% significance level by using R version 3.6.3 and the IPW survival, tableone, survey, and hrIPW packages.




Results


Association of Tumor Architecture With Clinical and Pathologic Characteristics

Table 1 shows the association of tumor architecture with clinical and pathologic characteristics before and after propensity score matching (PSM). Of 857 patients, sessile and papillary growth patterns were present in 212 (24.7%) and 645 (75.3%) patients, respectively. The mean follow-up period of sessile group and papillary group was 39.34 ± 35.31 months and 47.10 ± 35.19 months, respectively. Tumor architecture exhibited significant association with bladder cancer history, CKD group, tumor stage, lymph node status, histological grade, LVI, concomitant CIS, and variant type (SMD > 0.1 for all variables before weighting). In total, 32 (5.0%) patients with papillary growth pattern and 36 (17.0%) patients with sessile growth pattern had received either neoadjuvant or adjuvant perioperative chemotherapy. In the propensity score analysis, 424 papillary and sessile tumor architecture were analysed. The baseline characteristics in the weighted groups were well balanced.


Table 1 | Association of tumor architecture with clinical and pathologic characteristics in patients treated with radical nephroureterectomy for upper tract urothelial carcinoma before and after propensity-score analysis.





Association of Tumor Architecture With Clinical Outcomes


Bladder Recurrence

Bladder and contralateral recurrences were considered separately for analysing the recurrence-free survival rate. The overall 2-, 5-, and 10-year bladder recurrence-free survival estimates in the papillary tumor architecture group were 76.6% ( ± 3.1%), 70.0% ( ± 3.9%), and 65.5% ( ± 5.4%), respectively. Similarly, the overall 2-, 5-, and 10-year estimates for bladder recurrence-free survival in the sessile tumor architecture group were 75.7% ( ± 3.2%), 71.7% ( ± 3.9%), and 61.1% ( ± 6.9%), respectively. No significant difference in bladder recurrence-free survival rate between the groups was found either after weighting (weighted log-rank test, p = 0.956, Figure 1) or before weighting (unweighted log-rank test, p = 0.353, Supplement 1).




Figure 1 | Average treatment effect for the treated (ATT) weighting Kaplan-Meier estimates for bladder recurrence-free survival rate. Numbers along x axis are the numbers of patients remaining in the risk set at each time point.





Contralateral Recurrence

The overall 2-, 5-, and 10-year contralateral recurrence-free survival estimates in the papillary tumor architecture group were 97.2% ( ± 1.3%), 90.2% ( ± 3.0%), and 75.5% ( ± 8.8%), respectively. By contrast, the overall 2-, 5-, and 10-year contralateral recurrence-free survival estimates in the sessile tumor architecture group were 96.5% ( ± 1.4%), 90.9% ( ± 3.2%), and 83.6% ( ± 6.0%), respectively. No significant difference in contralateral recurrence-free survival rate between the groups was found (weighted log-rank test, p = 0.844, Figure 2). The difference between the groups before weighting was also nonsignificant (unweighted log-rank test, p = 0.453, Supplement 2).




Figure 2 | Average treatment effect for the treated (ATT) weighting Kaplan-Meier estimates for contralateral recurrence-free survival rate. Numbers along x axis are the numbers of patients remaining in the risk set at each time point.





Metastasis

The overall 2-, 5-, and 10-year MFS estimates in the papillary tumor architecture group were 68.1% ( ± 3.3%), 63.3% ( ± 3.7%), and 62.5% ( ± 3.8%), respectively. Nevertheless, the overall estimates in the sessile tumor architecture group at 2, 5, and 10 year were 63.0% ( ± 3.5%), 56.3% ( ± 3.9%), and 49.7% ( ± 5.0%), respectively. Figure 3 demonstrates ATT weighted Kaplan–Meier estimates of MFS stratified by tumor architecture. The MFS rate was significantly lower in the sessile tumor architecture group both after (weighted log-rank test, p = 0.033) and before weighting (unweighted log-rank test, p < 0.001, Supplement 3).




Figure 3 | Average treatment effect for the treated (ATT) weighting Kaplan-Meier estimates for metastasis-free survival rate. Numbers along x axis are the numbers of patients remaining in the risk set at each time point.





Cancer-Specific Survival

The overall CSS estimates at 2, 5, and 10 years in the papillary tumor architecture group were 85.1% ( ± 2.6%), 73.9% ( ± 3.7%), and 71.7% ( ± 4.1%), respectively. Nevertheless, the overall estimates at 2, 5, and 10 years in the sessile tumor architecture group were 78.4% ( ± 3.0%), 63.6% ( ± 4.2%), and 58.0% ( ± 5.4%), respectively. Figure 4 demonstrates ATT weighted Kaplan–Meier estimates of CSS stratified by tumor architecture. The survival rate was significantly lower in the sessile tumor architecture group (weighted log-rank test, p = 0.002). Additionally, the CSS rate was significantly lower in the sessile tumor architecture group before weighting (unweighted log-rank test, p < 0.001, Supplement 4).




Figure 4 | Average treatment effect for the treated (ATT) weighting Kaplan-Meier estimates for cancer-specific survival. Numbers along x axis are the numbers of patients remaining in the risk set at each time point.







Discussion

First, this retrospective study supports the role of radical surgery for patients with localized UTUC. In our study, the 5-year bladder recurrence-free survival rate was 70% and 71.7% in papillary and sessile tumor architecture groups, respectively. The 5-year CSS rates in the papillary and sessile groups were 73.9% and 63.6%, respectively. Oncologic outcomes reported in our study were similar to those reported in other studies. In these studies, the recurrence rates in the bladder varied from 15% to 50% (20), and the 5-year CSS after RNU conducted in a 3-single-centre series ranged between 61% and 76% (2). Nevertheless, some patients experienced metastasis and cancer-related deaths after RNU. Therefore, we attempted to identify predictive factors for adverse outcomes and further develop the optimal therapeutic options.

The present study demonstrated that factors associated with the probability of tumor recurrence and death among patients with UTUC include pathological stage, histological grade, tumor architecture, lymphovascular invasion (LVI), and lymph node status (2, 3, 8, 9, 21). Additionally, neoadjuvant or adjuvant chemotherapy may influence the survival rate in this group of patients (2, 14). Consistent with previous studies, our data indicate the association of sessile tumor architecture with established features of biologically aggressive UTUC, such as advanced stage, high tumor grade, metastases to lymph nodes, and LVI (3, 5, 9). We also found a correlation of tumor architecture with bladder cancer history, CKD group, concomitant CIS, and the variant type. Notably, sessile tumor architecture was found to be associated with poor prognosis (3, 9, 22). We used propensity score weighting by ATT method to minimize the effect of confounding variables between two tumor architecture groups to precisely interpret the outcomes.

Approximately 24.7% of patients in our series exhibited sessile tumor growth pattern, whereas sessile architecture have been reported in 20%–28% of patients treated with RNU in other studies (2, 5). The rate of recurrence in the bladder after primary UTUC treatment has been reported to be 15%–50% (20). However, results indicating the association of tumor growth pattern with tumor recurrence are controversial. Some studies have concluded that tumor architecture is independently associated with disease recurrence (2–4, 23). Fan et al. reported a significantly lower recurrence-free survival (RFS) in patients with sessile architecture compared with those with papillary architecture, and the univariate and multivariate analyses have indicated that tumor architecture is an independent prognostic factor for RFS (6). Conversely, Fajkovic et al. (24) and Favaretto et al. (25) have not been able to establish the tumor architecture as a significant predictor for disease recurrence.

Several confounding factors, including patient-specific, tumor-specific, treatment-specific, and prognostic biomarkers have been shown to contribute to disease recurrence after RNU (6). The nonspecific relationships between tumor architecture and disease recurrence might account for negative findings in our study. In accordance with previous studies, we found that tumor architecture is significantly associated with the development of metastatic disease and an independent prognostic marker of CSS after RNU (2–4, 22). Indeed, tumor cell infiltration is a crucial step in tumor dissemination that facilitates further metastasis to distant organs (1). Similar to these studies, we found a strong association of tumor architecture with metastasis and CSS, indicating that sessile UTUC is more aggressive than papillary UTUC. Early diagnosis of these patients would allow a selective administration of adjuvant chemotherapy.

Studies have reported death of nearly 30% of patients with UTUC from metastasis within 5 years of RNU administration (2, 5). Early identification of patients at high risk of disease progression could therefore help tailor the follow-up protocols after surgery. In addition to well-known prognostic factors, such as stage, lymph node status, and grade, the tumor architecture may be a useful predictor for RNU outcomes. Moreover, the greatest advantage of this feature is that it can be accessed macroscopically during endoscopic examination. In a large multicentre series of more than 1,300 UTUC patients treated with RNU, Remzi et al. showed that macroscopic sessile architecture was independently associated with oncologic outcome. In a recent systemic review, sessile tumor architecture was considered to be a valuable biomarker for predicting prognoses of UTUC patients (3, 5, 26). Adequate risk-stratification is necessary for treatment selection, planning the follow-up, and enrolling patients into clinical trials for adjuvant therapy.

Our study has several limitations. First, because this was a retrospective, single-centre analysis, it has inherent limitations. Second, patients who had not received surgery were excluded. Third, the treatment of each patient by different physicians might have introduced differences despite the evaluation of specimens by pathologists specialized in urology; however, our findings are applicable because differences in practice patterns among the physicians in our study were reflective to those used in the real world. Finally, this study lacked the record of the number of lymph nodes removed and the operative method used. Furthermore, not all of the patients received lymph node dissection during surgery.

In conclusion, the tumor architecture of UTUC after RNU is associated with established features of aggressive disease and predictors of metastasis and CSS; however, it is not an independent risk factor for bladder or contralateral disease recurrence. For better appraisal of the course of UTUC, tumor architecture should be considered in a predictive model for disease progression and as a useful factor to identify patients who might benefit from close follow-up or early administration of systemic therapy. To reach any definitive conclusion regarding the prognostic value of tumor architecture, further confirmation using adequately designed prospective trials with larger sample sizes is required.
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Enfortumab vedotin is a Nectin-4 directed antibody-drug conjugate approved in metastatic urothelial carcinoma following progression on a platinum-containing chemotherapy and immune checkpoint blockade. On-target dermatologic toxicity may occur from Nectin-4 expression in the skin. We highlight a case of Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis following enfortumab infusions that was ultimately fatal. The second case describes an erythema multiforme-like rash with interface dermatitis related to enfortumab. Dermatologic findings, immunohistochemistry studies, and immune profiling are detailed. These cases demonstrate the potentially catastrophic outcomes in some patients treated with enfortumab. Patients must be monitored for cutaneous toxicities with early involvement of dermatology and dermatopathology.
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Introduction

Enfortumab vedotin (EV) is an antibody-drug conjugate approved by the Food and Drug Administration in locally advanced or metastatic urothelial carcinoma following progression on platinum-containing chemotherapy and programmed death receptor-1 (PD-1) or programmed death-ligand 1 inhibitor (PD-L1). The antibody is directed at Nectin-4 and is linked to monomethyl auristatin E (MMAE), a potent antimitotic payload that blocks tubulin polymerization. The approval was based on a phase II study showing an overall response rate of 44% and median duration of response of 7.6 months (1). Preliminary results from the ongoing phase III EV-301 trial comparing EV to chemotherapy in previously treated patients with urothelial carcinoma have the primary end point of overall survival benefit (2). Dermatologic adverse events have been cited due to on-target toxicity from Nectin-4 expression in normal skin (3). Details of these events are not available, and the specific pathologic and immunologic findings have not been described.

We present our experience with enfortumab by describing a case of rapidly progressing Stevens-Johnson Syndrome/Toxic Epidermal Necrolysis (SJS/TEN) and a case of an erythema multiforme (EM)-like rash with histopathologic features of interface dermatitis related to EV.



Case Description


Patient 1

A 71-year-old male developed painless gross hematuria that persisted for a month. His past medical history was notable for compensated liver cirrhosis secondary to non-alcoholic fatty liver disease with portal hypertension, atrial fibrillation, and hypertension. Non-oncologic medications included aspirin, propranolol, and losartan. A contrast-enhanced CT of the abdomen and pelvis revealed a left kidney mass (4.6 × 5.9 × 4.0 cm) with a small (0.8 cm) left paracolic lymph node and several sub centimeter bibasilar solid pulmonary nodules.

A CT-guided biopsy of the left kidney mass revealed high-grade urothelial carcinoma with invasion into the adjacent renal parenchyma. The lung nodules were suspicious for metastases, so he was started on cisplatin-based chemotherapy. He had a partial response after four cycles of treatment. He then received pembrolizumab IV 200 mg every 3 weeks and received a total of five cycles before discontinuation for disease progression. The patient enrolled on a clinical protocol with the combination of PD-1 antibody and an oral small molecule tyrosine kinase inhibitor targeting VEGFR2, KIT, TYRO3, AXL, and MER. Within one month, he developed grade IV pancreatitis which completely resolved with corticosteroid taper and cessation of therapy. He did not have any documented skin toxicity during this time. He initiated EV seven weeks from the last dose of immunotherapy and five weeks from the last dose of targeted therapy (Figure 1).




Figure 1 | Clinical timelines for Patient 1 and Patient 2.



He received EV 1.25 mg/kg on days 1 and 8 of the first cycle. Within 24 h of the day 8 infusion, he experienced diffuse pruritus. Four days after the infusion, he presented to the emergency department with fevers to 101°F and mouth pain but was otherwise hemodynamically stable with unremarkable cardiac and pulmonary exams. His dermatologic exam on admission revealed a small ulceration on the right lateral upper lip, well-demarcated erythema of the inferior tongue tip, and tender erythema of the axillae, flanks, inguinal region, and soles of feet (Figures 2A, B). He had flaccid ruptured bullae with approximately 11% of body surface area involvement that included the right heel, right posterior upper arm, and left forearm with positive Nikolsky sign. Eosinophil count and liver function tests were within normal limits. He was admitted and initiated on systemic steroids. Twelve days after treatment and 4 days after symptom onset, a punch biopsy of the left axillae confirmed subepidermal bulla with detached epidermis with scattered dyskeratotic cells and mixed dermal inflammatory infiltrate composed of lymphocytes, neutrophils, eosinophils, and macrophages (Figure 2C). The clinical and histologic findings were compatible with early changes of SJS/TEN.




Figure 2 | Clinicopathologic illustration of Patient 1. (A, B) Dusky erythematous patches and detachment of skin of the axillary vaults. (C) Patient 1 skin biopsy with epidermal detachment and blister cavity with scattered necrotic epidermal keratinocytes. An associated dermal superficial dermis shows interstitial and perivascular lymphohistiocytic infiltrate and few eosinophils and neutrophils (hematoxylin and eosin, original magnification, 40x). (D, E) Immunohistochemical studies show that the inflammatory infiltrates are composed of CD4+ T-cells with a subset of CD8+ T-cells (Immunohistochemistry, anti-CD4 and anti-CD8 x400). (F, G) Multiplex immunofluorescence (mIF) studies with immune-oncology toxicity panel of anti-CD3, anti-CD8, anti-FoxP3, anti-TBet, anti-Gata3, and anti-RORγT antibodies for patient 1. Stevens-Johnson syndrome/toxic epidermal necrolysis lesion shows inflammatory infiltrate in superficial dermis composed of CD3+ T-cells (orange) admixed with CD8+ T-cells (red). The infiltrate consists of increased numbers of Gata3+ cells (pink) and Th2 immunophenotype. Rare subsets of cells are positive for FoxP3 (cyan) and RORγT (green) corresponding to Tregs and Th17 immunophenotype, respectively.



The inflammatory infiltrate was composed of CD4+ and CD8+ T-cells admixed with MPO+ neutrophils and scattered CD68+ macrophages with absence of CD20+ B-cells (Figures 2D, E). Immune profiling with Vectra 3.0 spectral multiplex immunofluorescence (mIF) imaging system (PerkinElmer) and InForm 2.4.8 image analysis software were performed on the SJS/TEN skin biopsy utilizing a panel of antibodies to evaluate for the T-cell density (anti-CD3 and anti-CD4) and T helper (Th) cell immune response (Th1, anti-TBet; Th2, anti-Gata3; Th17, anti-RORγT; Tregs, anti-FoxP3). The density of skin infiltrating lymphocytes was composed predominantly of CD4+ T-cells with a subset of CD8+ T-cells (Figures 2F, G). There was absence of skin infiltrating lymphocytes in the epidermis. The Th immune profile consisted primarily of Th2 (Gata3+ cells) and Tregs (FoxP3+ cells) lymphocytes. A subset of CD4+ T-cells were Th17 (RORγT+ cells) and a minor population was Th1 (anti-TBet+ cells) (Figure 3).




Figure 3 | 
The density of skin infiltrating lymphocytes in the epidermis and skin biopsy by multiplex immunofluorescence (mIF) in patient 1 with Stevens-Johnson syndrome/toxic epidermal necrolysis SJS/TEN and patient 2 interface dermatitis toxicity (lesion 1) and bullous toxicity (lesion 2). (A) Skin infiltrating lymphocytes were absent in the epidermis in patient 1 with SJS/TEN. In patient 2, the interface dermatitis toxicity (lesion 1) and the bullous toxicity (lesion 2) exhibited CD3+ T-cells with variable density of CD8+ T-cells and Tregs and Th2 positive cells. (B) Examination of the total density of skin infiltrating lymphocytes by mIF analysis revealed that all three (SJS/TEN, interface dermatitis toxicity, and bullous toxicity) lesions analyzed consisted of CD3+ T-cells with a subset of CD8+ T-cells. All three lesions exhibited similar density of FoxP3+ cells and a minor population of TBet+ cells. The lesions from patient 2 exhibited higher density of RORγT+ cells compared to SJS/TEN lesion from patient 1.



ICU transfer with IV methylprednisolone treatment was initiated on day 3 for involvement of 18% total body surface area and high SCORETEN of 7. Antimicrobial therapy included cefepime, acyclovir, and mupirocin. He developed hypotension with a worsening rash, acute kidney injury, atrial fibrillation with rapid ventricular rate, hyponatremia, hyperglycemia, and anion-gap metabolic acidosis. Full thickness ulcers developed on the left upper arm, bilateral axillae, posterior ankles, right forearm, and scrotum with positive Nikolsky sign. He subsequently was transferred to the burn unit at a nearby hospital, but the patient expired several days later.



Patient 2

A 77-year-old male presented with gross hematuria and flank pain in the setting of a left renal mass and underwent left nephroureterectomy with pathology confirming high grade papillary urothelial carcinoma. Two months later, he was found to have recurrence in the left nephrectomy bed, liver, lungs, lymph nodes, and bones with cisplatin ineligibility. He had recently progressed following treatment with docetaxel and, more recently, pembrolizumab which was discontinued approximately 2 months prior to his visit with no adverse effects (Figure 1). He was initiated on EV and subsequently developed a rash 2 days after his third infusion with tender erythema in the axillae, scrotum, and inguinal folds. Pruritic papules and vesicles of the chest and back, and bullae on the dorsal 2nd and 3rd digits of the left foot were observed (Figure 4A). Eighteen days after his first infusion, skin biopsy of chest (Figure 4B) and inguinal fold (Figure 4H) revealed bullous formation and interface dermatitis with dyskeratosis respectively. There were associated eosinophils and some neutrophils. The clinical and pathologic findings were compatible with EV-associated drug toxicity.

Immunohistochemical studies revealed perivascular dermal infiltrates with CD4+ and CD8+ T-cells (Figures 4C, D, I, J) and scattered CD68+ macrophages with few MPO+ neutrophils in the blister cavity and an absence of CD20+ B-cells. mIF studies revealed primarily CD4+ T-cell lymphocyte density with Tregs (FoxP3+ cells) in both lesions (Figures 4E, F, K, L). The interface dermatitis toxicity in the inguinal fold biopsy (lesion 1) exhibited a higher density of CD8+ lymphocytes compared to the bullous toxicity in the chest biopsy (lesion 2). There was also higher density Th17 (RORγT+ cells) in lesion 1 compared to lesion 2. The Th1 subset (TBet+ cells) of lymphocytes comprised of a small population of skin infiltrating lymphocytes with higher density of Th1 subset in the interface dermatitis toxicity (lesion 1) compared to bullous toxicity (lesion 2). In contrast, the density of Th2 lymphocytes (Gata3+ cells) was greater in lesion 2 compared to the lesion 1 (Figure 3).




Figure 4 | Clinicopathologic illustration of Patient 2. (A) Crusted thin red papules on the chest. (B) Patient 2 skin biopsy with interface dermatitis toxicity (lesion 1) with scattered dyskeratotic cells and the superficial perivascular dermal inflammatory infiltrate with eosinophils (hematoxylin and eosin, original magnification, 40x). (C, D) Immunohistochemical studies show that the inflammatory infiltrates are composed of CD4+ T-cells with a subset of CD8+ T-cells (Immunohistochemistry, anti-CD4 and anti-CD8, x400). (E, F) Multiplex immunofluorescence (mIF) studies with immune-oncology toxicity panel of anti-CD3, anti-CD8, anti-FoxP3, anti-TBet, anti-Gata3, and anti-RORγT antibodies. Patient 2, interface dermatitis toxicity (lesion 1) shows dermal inflammatory infiltrate that exhibits Th2 immunophenotype with Gata3+ cells (pink). There is a subset of Tregs, Foxp3+ cells (cyan), and Th17, RORγT positive cells (green) in the inflammatory infiltrate. (G) Erythematous patches on the abdomen. (H) Patient 2 skin biopsy with bullous toxicity (lesion 2) with scattered dyskeratotic cells (white arrows) and the superficial perivascular dermal inflammatory infiltrate with eosinophils and few neutrophils [hematoxylin and eosin (H&E), original magnification]. (I, J) Immunohistochemical studies show that the inflammatory infiltrates are composed of CD4+ T-cells with a subset of CD8+ T-cells (immunohistochemistry, anti-CD4 and anti-CD8, x400). (K, L) Multiplex immunofluorescence (mIF) studies with immune-oncology toxicity panel for patient 2; bullous toxicity (lesion 2) shows similar Th2 immunophenotype with Gata3+ cells (pink) and subsets of Tregs, Foxp3+ cells (cyan), and Th17, RORγT positive cells (green) [Vectra 3.0 spectral multiplex immunofluorescence (mIF) imaging system (PerkinElmer) and InForm 2.4.8 image analysis software Colors: Blue, DAPI; Red, CD3; Orange, CD8; Cyan, FOXP3; Yellow, TBet; Pink, GATA3; Green, RORγT].



Eosinophils were within normal limits. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were elevated to 89 U/L and 99 U/L respectively. He had significant improvement in his rash and liver enzyme levels following 24–48 h of treatment with silver sulfadiazine cream, triamcinolone 0.1% ointment TID, and prednisone 60 mg daily. He continues EV without further complications.




Discussion

Metastatic urothelial carcinoma has a poor prognosis with a median overall survival of less than 12 months. Approximately half of patients respond to first-line platinum-based chemotherapy and many patients are platinum-ineligible due to comorbidities (4, 5). Anti-PD-1/L1 therapy has been approved post-platinum with objective response rates up to 21% in the second-line setting and 24% in the first-line setting for platinum-ineligible patients (6, 7). Some patients who progress following chemotherapy and immunotherapy and demonstrate an FGFR alteration have the option to receive the FGFR 1-4 inhibitor erdafitinib (8). For the vast majority of patients, no standard therapeutic options remain outside of EV. EV is a fully human monoclonal antibody conjugated to a microtubule-disrupting agent monomethyl auristatin E (MMAE). It targets Nectin-4 which is a transmembrane protein involved in oncogenesis and is highly expressed in urothelial carcinoma. It received accelerated approval by the Food and Drug Administration in December 2019 based on results from the phase II EV201 study (1).

Of note, Nectin-4 is weakly to moderately expressed in skin with rashes occurring as an on-target toxicity. EV201 noted dermatologic adverse events in 48% of patients (25% grade 3 or higher) with onset typically seen in the first treatment cycle, consisting of weekly dosing on day 1, day 8, and day 15 out of 28 days. Most were described as “low grade”, “maculopapular”, and “diffuse”. Events were typically manageable with topical corticosteroids, oral antihistamines, systemic corticosteroids, and/or dose reductions/delays. However, one patient experienced a grade 3 rash reported as SJS 4 days after the initial dose with resolution after EV discontinuation and steroid treatment. There were no drug related deaths reported (1). Application of the Naranjo algorithm indicates probable causality and relationship of skin toxicity to EV in our cases (9). The proposed mechanism is targeting of Nectin-4 by EV with delivery of the MMAE payload to the skin resulting in the observed keratinocyte apoptosis. Alternatively, the dermatologic sequalae observed could be attributed solely to the MMAE payload without Nectin-4 direction. This is supported by the common occurrence of skin rash as an adverse event in trials evaluating other antibody-drug conjugates that incorporate MMAE, occurring in 31% of patients with classical Hodgkin lymphoma treated with brentuximab vedotin monotherapy, 44% of patients treated with glemutumumab vedotin, and 13–31% of patients treated with polatuzumab vedotin (10). Lastly, dermatologic toxicities from prior immune checkpoint inhibitor treatment cannot be entirely ruled out as delayed onset of SJS/TEN >8 weeks following exposure have been cited (11, 12). The histomorphologic features exhibit interface dermatitis with dyskeratosis (3). The extent of damage to the DEJ and subsequent blister formation and clinical manifestation of SJS/TEN appear variable between patients and among lesions biopsied in a patient (e.g., patient 2). The composition of the immune infiltrate also appears variable among lesions though conclusions from this small sample size are limited. All lesions were composed of Th2 lymphocytes with a subset of Tregs and Th17 cells. All biopsies exhibited a subset of Th17 cells, which have been reported in peripheral blood and skin biopsies of patients with SJS/TEN, EM, and drug induced hypersensitivity reactions (13). Ex vivo expansion of skin infiltrating lymphocytes in patients with SJS/TEN, EM, and drug induced dermal hypersensitivity reaction (DHR) revealed the dynamic production of IL-17 with maximum concentration of IL-17 cells at 21 days after onset of skin reaction (13). Furthermore, increased Th17 cells in the peripheral blood and blister fluid of patients with SJS/TEN has been observed (14). Collectively, the composition of the immune infiltrate and Th17 cell subset may have a role in EV associated skin toxicities. The extent of skin infiltrating Th17 cells may be related to the timing of biopsy, onset of toxicity, and disease course.

SJS/TEN represent a spectrum of febrile mucocutaneous drug reactions (15). Categories are delineated based on BSA involvement: 1) SJS <10% BSA; 2) SJS/TEN overlap >10 to <30% BSA; 3) TEN >30% BSA (16). Rashes tend to present as dusky, red skin macules and/or patches with progression to widespread bullae, skin sloughing, and mucosal erosions with positive Nikolsky sign and associated fevers. A skin biopsy can help differentiate from other possible entities though it mainly represents a clinical diagnosis. Most cases are associated with medications, typically antibiotics, but also with allopurinol and anticonvulsants (17). More recently, RAF and immune checkpoint inhibition may be associated with SJS/TEN (18). Lesions typically occur 7-21 days after drug exposure but can occur within 2 days upon re-exposure. Management requires discontinuation of the offending agent. Supportive care with fluid resuscitation, electrolyte replacement, and nutrition should be provided in an intensive care setting. Use of non-adherent dressings provides topical skin care. There is otherwise limited evidence for other therapeutic interventions such as IVIG, IV cyclosporine, IV corticosteroids, and/or TNF-α antagonist such as etanercept (19–22). Survival often results in sequelae of scarring, pigmentation changes, and ocular complications. There is a high mortality rate of 0–9% in SJS, 3.9–19.4% in SJS/TEN, and 15-23% for TEN (23, 24). The SCORTEN score within 24 hours of admission and again on day 3 of hospitalization can aid prognostication. The score ranges from 0 to 7 with one point for each of the following: 1) Age 40 y or older; 2) pulse 120 bpm or more; 3) comorbid malignancy; 4) 10% or more body surface involvement; 5) serum urea >28 mg/dl; 6) serum glucose >252 mg/dl; 7) serum bicarbonate <20 mEq/L (25).



Conclusion

With limited therapeutic options for patients with urothelial carcinoma following progression on platinum-based chemotherapy and immune checkpoint blockade, EV will see increased use. In patients with co-morbidities, low performance status, and laboratory values not acceptable for clinical trials, toxicity may be enhanced as compared to clinical trial participants. Since Nectin-4 is expressed in the skin, it is plausible that we will see increased skin toxicity from EV. Though it is not entirely clear if the catastrophic outcomes described in patient 1 are due to EV, vigilance is warranted in this subset of patients. These patients must be monitored to characterize the type of cutaneous toxicity with early involvement of dermatology and dermatopathology.
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Background

Programmed death 1/ligand 1 (PD-1/L1) inhibitors have acceptable antitumor activity in patients with platinum-resistant urothelial cancer (UC). However, the reliability and comparability of the antitumor activity, safety profiles and survival outcomes of different immune checkpoint inhibitors are unknown. Our objective was to compare the clinical efficacy and safety of anti–PD-1/PD-L1 therapies in platinum-resistant UC patients.



Methods

We reviewed the published trials from the PubMed, Embase and Cochrane Library databases up to August 2020. A well-designed mirror principle strategy to screen and pair trial characteristics was used to justify indirect comparisons. The primary end point was the objective response rate (ORR). The safety profile and survival outcomes were also evaluated. The restricted mean survival time (RMST) up to 12 months was calculated.



Results

Eight studies including 1,666 advanced or metastatic UC patients (1,021 patients with anti–PD-L1 treatment and 645 patients with anti–PD-1 treatment) met the study criteria. The ORRs of anti–PD-1 and PD-L1 therapy were 22% (95% CI, 18%–25%) and 15% (95% CI, 13%–17%) with all studies combined. The proportions of the treated population with a confirmed objective response (I2 = 0; P = 0.966; HR, 1.60; 95% CI, 1.23–2.07; P < 0.001) and disease control (I2 = 30.6%; P = 0.229; HR, 1.35; 95% CI, 1.10–1.66; P = 0.004) were higher with anti–PD-1 therapy than with anti–PD-L1 therapy. The treatment-related adverse events (AEs) (I2 = 78.3%; P = 0.003; OR, 1.09; 95% CI, 0.65–1.84; P = 0.741) and grade 3–5 treatment-related AEs (I2 = 68.5%; P = 0.023; OR, 1.69; 95% CI, 0.95–3.01; P = 0.074) of anti–PD-1 therapy were comparable to those of anti–PD-L1 therapy. The RMST values at the 12-month follow-up were 9.4 months (95% CI,: 8.8–10.0) for anti–PD-1 therapy and 9.3 months (95% CI, 8.8–9.7) for anti–PD-L1 therapy (z = 0.26, P = 0.794). There was no significant difference between patients in the anti–PD-1 and anti–PD-L1 groups (12-month overall survival (OS): 43% versus 42%, P = 0.765. I2 = 0; P = 0.999; HR, 0.95; 95% CI, 0.83–1.09; P = 0.474).



Conclusions

The results of our systematic comparison suggest that anti–PD-1 therapy exhibits better antitumor activity than anti–PD-L1 therapy, with comparable safety profiles and survival outcomes. These findings may contribute to enhanced treatment awareness in patients with platinum-resistant UC.





Keywords: immunotherapy, urologic neoplasms, review, programmed cell death 1 receptor, programmed cell death 1 ligand



Introduction

Advanced or metastatic urothelial cancer (UC) patients have a poor prognosis (1, 2), and platinum-based first-line chemotherapy is the standard treatment option for these patients (1, 3–5). However, the median overall survival (OS) of UC patients who benefit from combination chemotherapy regimens is only 14 to 15 months (1). When first-line chemotherapy resistance occurs, other regimens have limited efficacy, and these patients have an OS of approximately 6 months (3, 6, 7).

Immune checkpoint inhibitors including programmed death 1 (PD-1) and programmed death 1 programmed death ligand 1 (PD-L1) treatment represent a breakthrough in the treatment of advanced or metastatic UC (8, 9), and the safety and activity of anti–PD-1/PD-L1 therapy for advanced or metastatic UC patients have been confirmed (1). In a multicenter, phase 3 randomized trial (KEYNOTE-045), pembrolizumab showed encouraging survival benefits over chemotherapy in advanced/metastatic, platinum-refractory UC (10, 11). Atezolizumab was also confirmed to have a clinical benefit, as the survival of the immunotherapy group was higher than that of the chemotherapy group (12–15).

Studies have confirmed that the mechanism divergence in the inhibitory pathway influences the clinical effects of PD-1 and PD-L1 therapy (16–18). However, the differences between anti–PD-1 and anti–PD-L1 in advanced or metastatic UC patients have raised uncertainties. A network meta-analysis that compared the survival of patients with PD-1 versus PD-L1 blockade included only two studies, limiting the amount of data available for analysis (19).

In this meta-analysis, we used a well-designed mirror principle strategy that included screening and pairing trial characteristics to adjust for indirect comparisons (20). The durable response rates, survival, and tolerability of anti–PD-1/PD-L1 therapy in patients with platinum-resistant UC were strictly assessed.



Methods


Search Strategy


Literature Search Strategy

Following the Preferred Reporting Items for Systematic Review and Meta- Analyses (PRISMA) statement, the strategy of the study was determined in advance and uploaded to the PROSPERO online platform. PubMed, Embase, and the Cochrane Library were searched for studies published up to August 2020. The following medical subject heading (MeSH) terms and their combinations were searched in the [Title/Abstract] field: PD-1, PD-L1, programmed death receptor 1, programmed death receptor ligand 1, immune checkpoint inhibitors, and urothelial carcinoma.




Inclusion and Exclusion Criteria

Eligible studies included the following: (1) patients with advanced or metastatic UC; (2) anti–PD-1/PD-L1 treatment; (3) patients with platinum-resistant disease; (4) clinical trials (phase I, II or III); (5) ≥20 patients who reported responses; and (6) published in the English language. Studies including anti–PD-/PD-L1 treatment with other immunotherapies, anti–PD-/PD-L1 neoadjuvant treatment, and anti–PD-/PD-L1 as maintenance treatment and retrospective studies were excluded. For duplicate publications, only the most recent and complete publication was included.



Data Extraction

Xueying Li and Zaishang Li independently extracted and summarized the information. A senior researcher (Hui Han) served as the adjudication author and resolved any disagreements. Disagreements among all authors were resolved via discussion. The following information was extracted from the studies: first author, year of publication, phase of trials, National Clinical Trial number, clinical trial name, treatments, number of patients, sex, age, physical condition score, follow-up time, objective response rate (ORR), progression-free survival (PFS), OS, and adverse events (AEs). The level of evidence for the evaluated studies was assessed according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system and the Oxford system (21, 22).



Statistical Analysis

The mirror principle was applied to compare anti–PD-1 and anti–PD-L1 therapies (20). The studies were matched based on characteristics including immunotherapy drugs, therapeutic schedule, clinical trial phase, previous treatments, lines of treatment, PD-L1 expression level, Eastern Cooperative Oncology Group (ECOG) performance status, and sex ratio. Studies lacking a relevant variable, for example, the IMvigor130 trial, were also eligible for this study. Only successfully matched studies were further analyzed.

The primary outcome was the ORR. The secondary outcomes were the disease control rate (DCR), AEs, and OS. The AEs were evaluated according to human body systems. Survival data were reconstructed with Engauge software for direct comparisons (19, 23). Reconstructed survival data meta-analysis methods were used to estimate the restricted mean survival time (RMST) up to 12 months and assessed using the method described by Grambsch and Therneau (24–26). RMST analyses were conducted with R software (survRM2 and metafor packages).

The survival rate of affected patients was expressed as the hazard ratio (HR), and the presence of lymph node metastasis was expressed as an odds ratios (OR) (27). Stata version 12 (Stata Corp, College Station, TX, USA) was used for comparisons of the HR or OR and their 95% confidence intervals (CIs). Specified subgroup analyses were conducted for studies that included immune checkpoint inhibitors and other lines of treatment. Statistical heterogeneity between studies was assessed using the chi-square test with a random-effects model if the P value was <0.10; otherwise, a fixed-effects model was used. Sensitivity analyses were performed for high-quality studies. Funnel plots, and Begg’s and Egger’s tests were used to screen for potential publication bias.




Results


Study Selection and Characteristics

Eight studies including 1,666 advanced or metastatic UC patients (1,021 patients with anti–PD-L1 treatment and 645 patients with anti–PD-1 treatment) met the inclusion criteria (Figure 1). Detailed characteristics are summarized in Table 1. The JAVELIN Solid trial (dose-expansion cohort) (34), in which 90% of patients with ≥1% PD-L1 expression were given avelumab, was matched with the KEYNOTE-012 trial (30). The level of evidence according to the GRADE and Oxford systems for the evaluated studies is shown in Table 1. Table 2 shows the matched outcomes using the mirror principle (32).




Figure 1 | Flowchart of study selection.




Table 1 | The characteristics of included trials.




Table 2 | The indirect comparison of selected studies based on the mirror principle.



The studies included two anti–PD-1 drugs (two studies on pembrolizumab and two studies on nivolumab) and three anti–PD-1 trials (two studies on atezolizumab, one study on avelumab, and one study on durvalumab). The sensitivity analysis, Begg’s test and Egger’s test showed that no bias existed in the selected studies.



Antitumor Activity

The ORR of anti–PD-L1 therapy was 15% (95% CI, 13%–17%) for all studies combined (Figure 2A). The combined ORR of anti–PD-1 therapy was 22% (95% CI, 18%–25%) (Figure 2B).




Figure 2 | Meta-analysis of pooled odds ratios of an objective response to anti–PD-1 and anti–PD-L1 therapy. (A) anti–PD-1, (B) anti–PD-L1.



After matching, the proportion of the treated population with a confirmed objective response was higher with anti–PD-1 therapy than with anti–PD-L1 therapy (I2 = 0; P = 0.966; HR, 1.60; 95% CI, 1.23–2.07; P < 0.001) among advanced or metastatic UC patients after progression on platinum-based chemotherapy (Figure 3A). According to the subgroup analysis, the ORR was also higher with anti–PD-1 therapy than with anti–PD-L1 therapy in studies with a sample size >50 (I2 = 0%; P = 0.875; HR, 1.60; 95% CI, 1.22–2.08; P < 0.001).




Figure 3 | Meta-analysis of pooled odds ratios of a tumor response to anti–PD-1 versus anti–PD-L1 therapy. (A) ORR, (B) DCR.



The DCR was also higher with anti–PD-1 therapy than with anti–PD-L1 therapy in all included studies (I2 = 30.6%; P = 0.229; HR, 1.35; 95% CI, 1.10–1.66; P = 0.004. Figure 3B) and in studies with a sample size >50 (I2 = 0%; P = 0.404; HR, 1.40; 95% CI, 1.13–1.72; P = 0.002).

However, the progressive disease rate of the anti–PD-1 group was comparable to that of the anti–PD-L1 group (I2 = 41.7%; P = 0.162; HR, 0.82; 95% CI, 0.62–1.10; P = 0.189). The investigator-assessed antitumor activity and median duration of response are shown in Table 3.


Table 3 | Adverse events that occurred during the trial period.





Safety Analysis

The treatment-related AEs (I2 = 78.3%; P = 0.003; OR, 1.09; 95% CI, 0.65–1.84; P = 0.741) and grade 3–5 treatment-related AEs (I2 = 68.5%; P = 0.023; OR, 1.69; 95% CI, 0.95–3.01; P = 0.074) associated with anti–PD-1 therapy were comparable to those of anti–PD-L1 therapy. Various AEs are shown in Figure 4 and Table 3.




Figure 4 | Meta-analysis of pooled odds ratios of adverse events of anti–PD-1 versus anti–PD-L1 therapy. (A) adverse events with anti–PD-1 versus anti–PD-L1 therapy, (B) adverse events with an incidence ≥1% for anti–PD-1 versus anti–PD-L1 therapy.



No significant difference was found among treatment-related AEs leading to treatment discontinuation (I2 = 58.1%; P = 0.067; OR, 1.59; 95% CI, 0.70–3.60; P = 0.264) and AEs leading to death (I2 = 0; P = 0.524; OR, 2.27; 95% CI, 0.80–6.50; P = 0.127), as shown in Figure 4A. Among AEs with an incidence ≥1%, there were no AEs that occurred more frequently in the PD-1 group (Figure 4B).



Survival

The median OS times of patients with anti–PD-L1 therapy and anti–PD-1 therapy were 8.4 months (95% CI, 7.7–9.2), and 9.8 months (95% CI, 8.3–11.4), respectively, in all studies combined.

In an analysis that considered time separately, the number of anti–PD-1–treated patients at risk of death was similar to that of the anti–PD-L1-treated group at 6 months (I2 = 91.2%; P = 0; OR, 1.65; 95% CI, 0.76–3.57; P = 0.204). At 12 months, the number of anti–PD-1–treated patients at risk of death was higher than that of anti–PD-L1–treated patients (I2 = 87.8%; P = 0; OR, 2.17; 95% CI, 1.04–4.44; P = 0.033).

However, the RMST values at the 12-month follow-up were 9.4 months (95% CI, 8.8–10.0) for anti–PD-1 therapy and 9.3 months (95% CI, 8.8–9.7) for anti–PD-L1 therapy (z = 0.26, P = 0.794).

The reconstructed survival data were highly consistent with the published data. The Kaplan-Meier (KM) curves of patients in the anti–PD-1 and anti–PD-L1 groups were reconstructed at the common maximum follow-up time (12 months) for direct comparison (Figure 5A). No significant difference was observed between patients in the anti–PD-1 and anti–PD-L1 groups (12-month OS: 43% versus 42%, P = 0.765. I2 = 0; P = 0.999; HR, 0.95; 95% CI, 0.83–1.09; P = 0.474, Figure 5B).




Figure 5 | Pooled hazard ratio of survival. (A) meta-analysis of pooled hazard ratios of overall survival outcomes of anti–PD-1 versus anti–PD-L1 therapy, (B) overall survival of patients with immune checkpoint inhibitors using reconstructed survival data.






Discussion

In this study, we first used a well-designed mirror principle strategy that involved screening and pairing trial characteristics to minimize the potential bias in patients with platinum-resistant UC (20). The systematic review and meta-analysis was first adjusted for direct comparisons of anti–PD-1 and anti–PD-L1 therapy. The results suggested that anti–PD-1 therapy exhibited better antitumor activity than anti–PD-L1 therapy, with an acceptable safety profile.

Immune checkpoint inhibitors have remarkable clinical effects after progression with platinum-based chemotherapy (13, 33, 34). A meta-analysis showed that the ORR of immune-checkpoint inhibitors was 17.7% (95% CI, 16%–20%) (35). In another meta-analysis, the ORR of second-line or later treatment with immune checkpoint inhibitors was 18% (95% CI, 15%–22%) (8). Due to lack of head-to-head research or appropriate statistical methods, the difference in ORRs between patients treated with anti–PD-1 and anti–PD-L1 therapy has not been examined. Our results showed that the ORR of anti–PD-L1 therapy was 15% (95% CI, 15%–17%), and the ORR of anti–PD-1 therapy was 22% (95% CI, 18%–25%). Patient characteristics were matched using the mirror principle to minimize potential bias, and this method has been shown to be effective (20). With the mirror principle, the overall results showed that anti–PD-1 therapy exhibited better antitumor activity than anti–PD-L1 therapy in terms of the ORR and DCR.

The safety profiles of both therapies were acceptable. These immune checkpoint inhibitors were well tolerated in previous trials (13, 28, 31, 36). Grade 1–2 AEs were the most frequent treatment-related AEs and were manageable with expectant treatment (1, 15). In this analysis, the treatment-related AEs of anti–PD-1 therapy were comparable to those of anti–PD-L1 therapy. A network meta-analysis that included only two studies showed that pembrolizumab had advantages over atezolizumab in terms of serious AEs (9). However, we found that the incidence of treatment-related AEs and grade 3–5 treatment-related AEs associated with anti–PD-1 therapy were comparable to those of anti–PD-1 therapy.

In a previous study, immunotherapies had more obvious survival benefits than chemotherapy (9, 35). Even for monotherapy, immune checkpoint inhibitors also has delightful prognosis. The IMvigor130 trail provided evidence to support that anti–PD-L1 therapy plus chemotherapy can prolong the PFS of urothelial carcinoma patients (15). The Keynote-045 and IMvigor211 studies also demonstrated that the OS rate for pembrolizumab treatment was higher than that of chemotherapy in patients with platinum-resistant UC (11, 29). There were only two trials, which had insufficient power, that indicated no significant differences between PD-1 and PD-L1 blockade (19, 20). Using the same statistical methods, the median OS times with anti–PD-L/PD-L1 therapy were 8.4 months and 9.8 months, respectively, in all studies combined. At the common maximum follow-up time (12 months), although the rate of death of anti–PD-1–treated patients was lower, the OS of anti–PD-1–treated patients was comparable to that of anti–PD-L1–treated patients.

Differences exist in the mechanism of action between PD-1 and PD-L1 (16, 37, 38), which might explain the clinical differences in theory. PD-1 antibodies can bind to PD-1 to its ligands (PD-L1 and PD-L2), however, the interaction of PD-1 and PD-L2 remains intact, which may inhibit activation of T cells in PD-L1 antibodies (20). Therefore, the tumor might escape antitumor immune response through the PD-1/PD-L2 axis when being treated with anti–PD-L1, which may explain why patients receiving anti–PD-1 therapy had a better response rate than anti–PD-L1 therapy. Studies are ongoing and some patients had subsequent therapies that impact on survival outcomes. The results of this study may provide a reference for clinical studies that contributes to enhancing treatment awareness in patients with platinum-resistant UC.

Several limitations of this study should be noted. 1) Due to the lack of clinical trials, the trials included in this study were relatively limited after matching. However, this illustrates the importance and necessity of this research. 2) Because the details of all studies are not available, the study lacks individual patient data creates an important handicap when comparing and matching. The method used was an indirect comparison. However, the statistical methods were also confirmed (19, 20, 25). This study screened the research through the mirror matching method, which led to the inability of matching analysis of some cancer data. All analyses may be considered exploratory rather than hypothesis-tested in our study. 3) We could not distinguish the differences among various types of drugs. 4) Some information was incomplete. For example, AEs were classified into different systems instead of being analyzed individually. However, the main endpoint of ORR was a better comparison of the outcome than AEs in this study. For a few studies, a subgroup analysis of metastases or PD-L1 expression was not performed. We suggest that subgroup analyses including metastases or PD-L1 expression will provide information for future studies. 



Conclusion

In summary, the results of our systematic comparison suggest that anti–PD-1 therapy exhibits better antitumor activity than PD-L1 therapy in patients with platinum-resistant UC. The safety profiles and survival outcomes for PD-1 and PD-L1 treatment were comparable. These findings may contribute to enhancing treatment awareness in patients with platinum-resistant UC treatment.
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Background: Immune checkpoint inhibitor efficacy in advanced cancer patients remains difficult to predict. Imaging is the only technique available that can non-invasively provide whole body information of a patient's response to treatment. We hypothesize that quantitative whole-body prognostic information can be extracted by leveraging artificial intelligence (AI) for treatment monitoring, superior and complementary to the current response evaluation methods.

Methods: To test this, a cohort of 74 stage-IV urothelial cancer patients (37 in the discovery set, 37 in the independent test, 1087 CTs), who received anti-PD1 or anti-PDL1 were retrospectively collected. We designed an AI system [named prognostic AI-monitor (PAM)] able to identify morphological changes in chest and abdominal CT scans acquired during follow-up, and link them to survival.

Results: Our findings showed significant performance of PAM in the independent test set to predict 1-year overall survival from the date of image acquisition, with an average area under the curve (AUC) of 0.73 (p < 0.001) for abdominal imaging, and 0.67 AUC (p < 0.001) for chest imaging. Subanalysis revealed higher accuracy of abdominal imaging around and in the first 6 months of treatment, reaching an AUC of 0.82 (p < 0.001). Similar accuracy was found by chest imaging, 5–11 months after start of treatment. Univariate comparison with current monitoring methods (laboratory results and radiological assessments) revealed higher or similar prognostic performance. In multivariate analysis, PAM remained significant against all other methods (p < 0.001), suggesting its complementary value in current clinical settings.

Conclusions: Our study demonstrates that a comprehensive AI-based method such as PAM, can provide prognostic information in advanced urothelial cancer patients receiving immunotherapy, leveraging morphological changes not only in tumor lesions, but also tumor spread, and side-effects. Further investigations should focus beyond anatomical imaging. Prospective studies are warranted to test and validate our findings.

Keywords: artificial intelligence, immunotherapy, checkpoint inhibitors, urothelial cancer, treatment monitoring, imaging - computed tomography, response assessment, prognostication


INTRODUCTION

Durable clinical benefit to immune checkpoint inhibitors in metastatic setting led to approval in several malignancies (1–3). Unlike traditional cancer treatments, such as chemotherapy and radiotherapy, which are administered for a predefined amount of time, immunotherapy is generally administered until there are tangible clinical benefits or until progressive disease/adverse events deem it unsuitable—for a maximum of 2 years. To achieve this, an accurate treatment evaluation method is required.

Whole-body Computed Tomography (CT) provides information on the full-picture of the patient. Beyond tumor size dynamics, CT imaging allows assessment of immune-related side-effects and/or disease-related complications.

Therapy response evaluation following CT is measured according to the response evaluation criteria in solid tumor (RECIST) (4), or iRECIST, adapted for immunotherapy (5). This involves prospective tracking of preselected lesions by measuring 2-dimensional diameters. Various immune-related toxicities and cancer-related complications that inform clinical practice may also be identified on CT scans, but are not accounted for in current RECIST criteria. So far, a comprehensive quantitative approach that involves quantitative response evaluation and clinically relevant conditions is lacking.

Quantitative approaches, such as radiomics, have been explored in the past (6, 7). While these led to satisfactory results in the field of prognostication, these rely mostly on manual segmentations, which are time-consuming and prone to human operator error. A comprehensive non-invasive method that comprises the assessment of tumor size dynamics and side-effects or other cancer-induced conditions, in an automatic and precise quantitative manner, would be preferable.

Novel techniques of computational imaging and artificial intelligence (AI) can be the basis for quantitative methods for treatment monitoring (8). Specifically, AI algorithms can be seen as methods to capture, measure, and quantify complex highly-variable anatomical phenomena for prognostic purposes, in a robust and time-efficient manner. To this end, we have developed an AI algorithm that performs automated tracking and quantification of morphological changes based on longitudinal CT imaging in immunotherapy treated patients, allowing correlations with overall survival. We term our AI system the Prognostic AI-monitor (PAM). Recently, a similar pilot approach was tested in a study on chest imaging of a NSCLC cohort (8), demonstrating accurate response prediction and a correlation with overall survival. In this study, we aim to extend the model to thoracoabdominal imaging, and validate it on a cohort of metastatic urothelial cancer patients treated with anti-PD1/PDL1. The model accuracy will be assessed at various time points within the treatment timeline, and the explicability through qualitative investigation of AI-generated prognostic heatmaps.



MATERIALS AND METHODS


Study Cohort

We retrospectively included stage-IV urothelial cancer patients treated with anti-PDL1 or anti-PD1 monotherapy that had started follow-up imaging at the Netherlands Cancer Institute - Antoni van Leeuwenhoek hospital (NKI-AVL, Amsterdam, The Netherlands) between 07-2014 and 06-2018. Response evaluation was done using regular contrast-enhanced CT scans of the abdomen, chest, or both. For all patients, CT imaging scans acquired between 6 months prior to the start of immunotherapy, up to 2 years after, were collected. Inclusion criteria were high-resolution images (slice thickness ≤ 5 mm), and the presence of at least thorax or abdomen in the scan field. As we aim to use AI to track changes across follow-up, patients with <2 scans, at two different time points, could not be included. These criteria were verified automatically via the DICOM tag, or via the automatic localization algorithm proposed by Zhang et al. (9), respectively. For each patient, we recorded age at start of treatment, date of start of treatment, and date of death. Additionally, to compare PAM with current treatment monitoring standards, we collected parameters of radiological assessments (progression and response), as well as routine clinical blood analyses (hemoglobin, leukocyte count, thrombocyte count, and erythrocyte count). The entire dataset was divided into discovery and an independent test set based on the patients' ID (even IDs were assigned to the discovery set, odd IDs were assigned to the independent test set, creating a 50/50 split). The study was conducted at the NKI-AVL after approval of the local Institutional Review Board (IRBd19-083).



Data Harmonization

A data harmonization protocol was applied to mitigate heterogeneity from typical real-world imaging datasets. This consisted of isotropic linear resampling of the scans at 2 mm, clipping of the Hounsfield units between−120 (fat) and 300 (cancellous bone), and rescaling of the intensities between 0 and 1. All images were cropped and padded to 192 × 192 × 192 voxels (160 axial coordinate for chest imaging).



Prognostic AI-Monitor

PAM is composed of three AI-modules. The first module, termed localizer, consisted of a VGG-like convolutional network, tasked to crop out the chest and the abdomen in two separate images, each according to standardized anatomical locations. These were defined as the space between the lower neck and the lower diaphragm, and the space between the upper diaphragm and the lower pelvis, respectively. The second and third modules, termed trackers, consisted of two instances of the same convolutional network, one trained for chest imaging, and one for abdominal imaging, tasked to quantify morphological changes between pairs of images. We termed these modules the chest and abdominal tracker, respectively. Their architecture was based on radiological deep learning-based image-to-image registration. At its core, each tracker is tasked to match anatomical landmarks and shapes of two 3D radiological images. In doing so, the network learns to quantify anatomical differences between pairs of scans. We leveraged the tracker network knowledge (i.e., its latent representation) to extract quantitative imaging feature vectors representing morphological changes between follow-up scans of the same patient, and fed them into a classifier trained to predict survival. Time from start of treatment, and time between scans were also fed into the classifier, for temporal reference.



Localizer Module

The localizer module was designed following the research of Zhang et al. (9). The authors showed how a convnet trained to sort slices in a specific order (e.g., from head to toe) can be used for anatomical localization. The network followed a siamese learning scheme. It received a pair of CT slices from a single scan, and had to learn which of the two slices would be on top of the other in the original CT scan. The only way for the network to learn to perform this task would be for the network to assign to each anatomical location a number i that would increase from head to toe. Once the training was complete, we used the network to retrieve a specific location by searching for their assigned number (for example, in our case, the upper-most point of the diaphragm was always assigned to be around i = 25). This algorithm idea is particularly powerful, as the ground truth (i.e., the order of the slices) can be automatically extracted from the CT scan, and therefore it does not require any manual labeling.

Our localizer module was built largely based on Zhang's architecture design — the exact architecture we used is shown in Figure 1A. The network was trained following the same siamese learning scheme of the original research (9). Binary cross-entropy was the loss function chosen, the optimizer was Adam with an initial learning rate of 0.001, and the batch size was set to 8 (i.e., 8 random scans, one random pair of slices per scan). As it was difficult to set a number of epochs (considering it could be based either on the number of scans or on the number of slices), we chose to set a general number of iterations, namely 50,000. RANSAC regression (10) was used to model the relation between the network score and the actual slice number for each scan. We chose RANSAC for its robustness to irregularities provided by the localizer algorithm. Figure 1B shows the localizer network applied to a scan.


[image: Figure 1]
FIGURE 1. (A) Schematic representation of the localizer architecture and its training. The CT slices in input are axial slices taken from the same CT scan. Z1 and Z2 are the axial coordinates of each input slice, respectively. The red square symbolizes the binary cross entropy loss function used during training. (B) A use-case of the localizer. Each axial slice is processed through the network to generate a score. A linear relation between the scores and the axial coordinate is estimated. Cropping of the thorax and abdomen is done based on the anatomical scores, and corresponding axial slice.




Tracker Module

The tracker module was designed following the research of Balakrishnan et al. (11) and Zhao et al. (12), as well as our previous work on chest imaging in NSCLC (8). The network receives two images as input (i.e., a moving and fixed one) concatenated along the channel axis. The architecture of the network processes the input in two subsequent parts. The first part, consisting of VGG-like convnet, parses the images through a series of five subsequent convolutional blocks and two fully connected layers, to regress the 12 parameters of the affine transform. This is used to give a linear pre-alignment between the input images, correcting for different patient positions. The second part of the network follows a U-Net architecture (13), where the inputs (i.e., the affine warped moving image and the fixed image) are processed together to regress a displacement field. The displacement field specifies for each voxel a 3D vector. The vector indicates where the voxel in that location of the moving image would be displaced to, in order to match the corresponding anatomical structure in the fixed image. This part of the network consisted of an encoder with four convolutional blocks downsampling the images by half the size via striding, a convolutional latent space with stride of one, and four deconvolutional blocks each upsampling the inputs by double the size via striding. Skip connections were implemented between encoding and decoding layers following the implementation in the original paper. Both affine and deformable parameters are applied to the moving image through a spatial transformation layer.

The network was trained to minimize the correlation coefficient loss (11, 12). Three penalties were also employed to mitigate for unlikely morphological deformations: two on the affine loss (weighted 1/10), and one on the deformable loss (weighted 1/100). We decided to decrease the weight on the deformable loss to give to the model more freedom in modeling abdominal changes. Adam optimizer was used during training, with an initial learning rate of 3 × 10−4. A curriculum learning scheme was implemented during training, such that the loss would be computed on a decreasingly smoother version of the images. The smoothing was implemented via average pooling, starting with a kernel size of 9, and reduced by 3 at epochs 100, 150, and 175. Batch size was set to 2. To mitigate negative effects resulting from the small batch size, group normalization was employed instead of batch normalization (14). Figure 2A shows a detailed overview of the model and the loss used.


[image: Figure 2]
FIGURE 2. (A) Schematic representation of the tracker architecture and its training. (B) Use case of the tracker within PAM.


Both the localizer and trackers were unbiased toward both cancer and treatment, and could be trained on unlabeled data. Using The Cancer Imaging Archive (TCIA) (15), we collected1 all available radiological images, and excluded scans with non-axial acquisition, low resolution (> 5 mm), animals (e.g., mice, suine) and phantoms. Based on thorax-abdominal CT scans, we then trained the localizer module on a lymphadenopathy dataset and extracted abdomen slices from all archived CT scans. Next, the isolated set of abdominal CT scans (16–35) were employed to train the abdominal tracker PAM module. We kept a 10% hold out during training to control for overfitting (i.e., patients whose ID were multiples of 10 were held out). At each training iteration, we created a batch by randomly sampling pairs of TCIA's abdominal CT scans. This implies that the network learned, in principle, to register pairs (likely) composed of scans from different patients, or even different datasets. This auxiliary task represents a more complex problem than the one of matching follow-up scans of the same patient. Our goal was for the AI to learn to match corresponding imaging landmarks, and to cover a large set of possible variations while, simultaneously, containing its scope (or prior knowledge) to landmarks in the abdominal area. For the chest AI tracker module, we leveraged the trained weights from the NSCLC study (8). The code of both tracker and localizer have been added to the department AI repository2.



Association With Survival

In order to predict survival, we trained a logistic regression classifier based on the quantitative features extracted from the tracker. More specifically, we leveraged the feature maps in the deepest layer of the U-Net (this is shown in Figure 2A). To obtain a feature vector that can be used for the standard logistic classifier, we applied global average pooling. The resulting feature vector (96 entries or features) was fed into the logistic regression model to predict whether the patient would die within 1 year after the date of the latter scan, see Figure 2B. For simplicity, the higher resolution information flow in the skip layers and in the final deformation field were not utilized for prognostication. Time from start of treatment, and time between scans were also fed into the classifier, for temporal reference. For each patient, we employed any two scans that were at most 1 year apart from each other.



Comparison to Clinical Standards for Monitoring

We compared PAM against radiological assessments and blood values. For simplicity, we limited the analysis to PAM-scores of abdominal imaging. We employed both univariate and multivariate comparison. The large majority of scans included in the analysis of PAM did not have a corresponding radiological assessment, or blood exam done on the same day — in other words, there was no one-to-one matching for the majority of the cases. To overcome this limitation, we averaged the values of both radiological assessments and blood work over a window of 6 weeks, centered on the date of the CT scan analyzed by PAM. Since PAM leverages tracking of morphological changes, we applied the same principle to the blood values. Namely, we estimated the rate of change of each blood value over time, i.e., (vs – vp)/dt, where vp and vs is the blood values at prior and subsequent scan, respectively, and dt is the time in between.

Radiological progression and response were assessed based on an increase in diameter of 20% or decrease of 30% in diameter, respectively, according to RECIST standards. Diameters were derived using d = [image: image](6V/π), where V is the tumor volume delineated by a radiologist (PA). As these assessments already represented longitudinal change, they were left untouched, allowing for the creation of two classes (i.e. “response” and “progression”).



Prognostic Heatmaps

In order to interpret the results from PAM, we employed an occlusion sensitivity method (36). With this method, we occluded a section (or patch) of the image to the AI, by setting its voxel intensities to zero. We collected the prediction made by the AI on the occluded image, and compared it with the prediction on the original image. The importance of that patch was defined as the absolute difference between the predictions made on the occluded and the prediction made on the original image. A heatmap was generated by scrolling the occluded patch through the image, and collecting the relative importance of each patch. We termed the resulting visualization the prognostic heatmap. The pseudo-code of the algorithm is presented in Algorithm 1. A board-certified radiologist (TNB, specialized in thoracic and abdominal oncologic imaging, blinded to the outcome) was tasked to visually analyse the prognostic maps for a subcohort of the validation set. These were patients that had both thoracic and abdominal imaging. We chose the first available scan pair closest to the start of treatment — namely baseline and first follow-up. The radiologist was tasked to identify the location of highlights on the heatmaps, as well as pathologies/anomalies that were not highlighted, i.e., “hotspots” and “coldspots,” respectively. Expert assessments were categorized based on whether they were hotspots or coldspots. This resulted in three classes of interest: hotspots on tumor lesions or therapy-related lesions, hotspots on seemingly healthy parenchyma, and coldspots on tumor or therapy-related lesions. Coldspots on healthy tissues are trivial, and therefore not accounted for.


Algorithm 1. A1. Generation of Heatmaps for Model Explainability.

[image: Algorithm 1]



Statistical Analysis

PAM aims to predict whether the patient will die within 1 year after the date of the latter scan. As this is done through a classification system, we evaluated the performance of the model using classical classification statistics. Namely, we assessed specificity, sensitivity, and area under the receiver operating curve (ROC-AUC). Statistical significance was assessed using the Mann-Whitney-U test. Confidence intervals were estimated via bootstrapping performed using sampling with replacement (1,000 times). Statistical comparison between ROC-AUC was performed via McNeils' test. Multiple hypothesis testing was corrected with the false discovery rate (FDR) method with alpha set at 10%. A generalized multivariate linear regression was employed to evaluate the significance of PAM against current clinical standards (radiology and blood work).




RESULTS


Study Cohort

A total of N = 103 patients were included in this study. Ten patients had only one scan available, making it impossible to model longitudinal changes, and therefore had to be excluded from the analysis. Nineteen patients did not have enough time between imaging date and censor date, and were excluded (see Figure 3A). The median age in this cohort was 65 years (IQR: 55 — 72). Upon stratification, N = 37 patients were assigned to the training set, and N = 37 in the validation set. In terms of overall survival, the median was reached in about 1 year (345 days).


[image: Figure 3]
FIGURE 3. (A) Consensus, (B) PAM Abdominal tracker performance compared to other standard factors used for treatment monitoring. Significance levels are reported for p < 0.001 (***), 0.01 (**), 0.05 (*), 0.1 (·) and n.s. for non-significant (C) PAM Abdominal and Thoracic monitoring performance, over time, with respect to the start of treatment, in weeks. The | indicates statistical significance after FDR correction (D) Example of the prognostic heat map overlaid on top of the original abdominal scan.


Imaging-wise, we included a total of N = 1,087 CT scans between 6 months before start of treatment and up to 2 years after. These were used to create the scan pairs needed for PAM to model morphological changes. In total, we found N = 2,339 abdominal, and N = 7,431 chest scan pairs. We further excluded all scan pairs of living patients whose time between the latest scan and censor was <1 year, and whose time between scans in the scan pair was more than 1 year. This resulted in N = 1,209 abdominal scan pairs, and N = 3,701 chest scan pairs in the discovery set and N = 614 and N = 1,937, in the validation set, respectively. We chose not to limit the analysis to only subsequent scans, as the time points of when they were taken, and the time interval between them might vary. We rather chose to include all feasible pairs, within a given time-interval.

With respect to the unlabelled data used for training, we retrieved a total of N = 37,573 CT scans from TCIA. The localizer was trained first, on N = 176 thoracoabdominal CT scans from the lymphadenopathy dataset. The abdominal tracker was trained on N = 3,137 abdominal CT scans, resulting from the automatic inclusion procedure.



Prognostic Performance

We assessed the ability of the classifier (trained on the imaging features of the tracker module) to predict 1 year survival after the latter scan of the scan pair. Across all scan pairs and treatment course (up to 6 months before and 2 years after start of therapy), the overall performance on the independent validation set was 0.73 AUC (CI: 0.69–0.76, p < 0.001) for abdominal images, and 0.67 AUC (CI: 0.64–0.69, p < 0.001) for chest images. Specificity and sensitivity were 0.74 (CI: 0.69–0.80) and 0.60 (CI: 0.56–0.64) for abdominal images; and 0.71 (CI: 0.68–0.74) and 0.58 (0.56–0.60) for chest images, respectively.

This results gives us an overview of the performance of PAM, independently from the treatment time point or interval between follow-up scans. To gain additional insights in the performance of PAM at different treatment time points, we employed a temporal analysis of the performance on a 6-months moving window. Particularly, we estimated the performance of PAM for all pairs acquired between day d and d + 6 months, with d moving forward by 7 days at each step. The analysis was run on temporal windows with at least 10 positive and 10 negative samples to limit statistical noise. For abdominal scans, the highest prognostic performance was reached in the first 6 months of treatment (7–189 days), with an ROC-AUC of 0.82 (CI: 0.72–0.89, P < 0.0001). In general, the temporal windows around and up to the first 8 months of treatment seem to be the ones carrying the highest predictive value, staying significant after correction for multiple hypothesis testing. Similar results were obtained for chest scans. The highest prognostic performance was reached later than the abdominal model, around 5–11 months after start of treatment, with a ROC-AUC of 0.83 (CI: 0.71–0.92, P = 0.0002). Unlike abdominal scans, which were observed to have a prognostic value both around and during treatment, chest scans carried much higher prognostic value during treatment rather than around the start date. Detailed results of the prognostic performance over time are shown in Figures 3B,C.

To investigate PAM as a biomarker, we analyzed the scans taken before the start of treatment. Namely, we investigated the abdominal scan pairs whose scans were taken between 12 weeks prior and start of treatment. This resulted in 31 scan pairs of 26 patients in the external validation set. Four patients had multiple scan pairs. We aggregated multiple scan pairs per patient by taking the average PAM prediction. This resulted in an AUC of 0.70 (CI: 0.50–0.88, p = 0.054) for the prediction of 1 year survival from the moment of start of treatment. Specificity and sensitivity were 0.69 (CI: 0.50–0.87) and 0.82 (CI: 0.58–1.00), respectively. Further analysis on PAM predicted survival at baseline showed a significant difference of >464 days between low- and high-risk patients (p = 0.012, log rank test), with the high-risk group had a median survival of 266 days, and the low-risk group did not reach median survival within the first 2 years of treatment. Combination of the abdominal and thoracic scores (i.e., average) yielded a lower performance in terms of classification (0.65 AUC, CI: 0.46–0.83, p = 0.118), and virtually unchanged results for the survival analysis (p = 0.012, log-rank test). The limited number of patients did not allow to explore more advanced methods for score combinations.



Comparison With Current Monitoring Standards

Univariate analysis for current monitoring standards showed significant performance for both radiological assessments, as well as laboratory (hemoglobine, erythrocytes, leukocytes, and thrombocytes) results. Radiological progression and response reached an AUC of 0.64 (CI: 0.58–0.70, p < 0.001) and 0.66 (CI: 0.62–0.69, p < 0.001), respectively. In terms of blood markers, increases in erythrocyte counts (0.57 AUC, CI: 0.51–0.62, p = 0.019), hemoglobin (0.62 AUC, CI: 0.57–0.66, p < 0.001), and leukocyte counts (0.55 AUC, CI: 0.49–0.61, p = 0.039) were all significant. None of these markers performed better than PAM. PAM performance remained statistically significant against these other biomarkers using multivariate analysis. Other factors that retained significance were radiological progression (p < 0.001), leukocyte count (p = 0.023), and age (p = 0.006). Hemoglobin and erytrocyten were displayed with a high correlation (0.92) and were averaged together. Their average, along with radiological response and thrombocyte count were not significant. Results of both univariate and multivariate are presented in Table 1 and Figure 3B.


Table 1. Prognostic performance of PAM against current monitoring tools.

[image: Table 1]



Visual Analysis of Abdominal Heatmaps

Results from visual analysis were classified based on highlighted areas (hotspots), and whether they were cancer lesions, cancer-spread complications, therapy-induced complications, or seemingly healthy tissue. If cancer lesions and cancer-spread or therapy-induced complications were not covered by a hotspot, these were flagged as coldspots. In total, N = 31 cases were analyzed. Table 2 shows a summary of the results. A heatmap example is shown in Figure 3D.


Table 2. Visual analysis of PAM generated prognostic maps.

[image: Table 2]

In the abdomen, primary bladder tumors (N = 13), involved lymph nodes (N = 18) and liver metastases (N = 10) were flagged as prognostic by the AI algorithm in most cases where they were present—namely, hotspots in 85, 83, and 80% of cases, respectively. Similar frequencies were observed for bone (N = 7) and peritoneal metastases (N = 7), having been flagged in 86 and 71% of cases. Rare occurrences of adrenal metastasis, as well as abdominal wall metastasis and a ureter mass were also found, both as hotspots and coldspots. Low occurrence was also observed for cancer spread-related complications. These were hydronephrosis (N = 5), ascites (N = 3) and pleural effusion (N = 1). Hydronephrosis and ascites were highlighted in 4 and 2 cases, respectively. Far more common were hotspots observed on seemingly healthy tissue, including the hip region (N = 27), pelvic bone (N = 26), spine (N = 25), liver and bowels (N = 20), kidneys (N = 17), and spleen (N = 16). It was further observed that, in the large majority of cases, only part of the tissue would be highlighted, but never the full organ.



Visual Analysis of Chest Heatmaps

In the thorax, 7 out of 11 lung lesions were highlighted (64%). The mediastinum, chest wall, and upper spine were the most common hotspots in seemingly healthy areas. Other lesion types, such as lymph node metastases and bone metastases, were also present but low in numbers. Observed cancer spread-related complications include pleural effusion (hotspot in 1 out of 2 cases), and ascites (coldspot). Pneumonitis and sarcoid-like disease were also present as therapy-related complication hotspots, but both as single cases. A summary of the results is shown in Table 2.




DISCUSSION

Advanced and non-invasive imaging methods for evaluation of treatment response, which would provide comprehensive and reliable information on how the patient responds to treatment, could improve accurate clinical decision making. Our aim was to assess the prognostic value of AI-enriched thoraco-abdominal CT response assessment in stage-IV urothelial cancer patients undergoing immune checkpoint inhibitors. We set up a fully-automatic AI-system that would track changes between follow-up thoraco-abdominal CT scans, and linked their quantitative descriptors to overall survival. We term this method prognostic AI-monitor (PAM).

Our findings showed that PAM reached significant predictive performance for both thoracic and abdominal CT, with AUCs of 0.67 and 0.73, respectively, for the prediction of 1-year overall survival from the moment of the scan. In-depth analysis revealed stark differences in the prognostic value of morphological changes depending on the time point of treatment, with the first 9 months of treatment being the most predictive and significant AUCs > 0.70, peaking to over 0.80 for both abdominal imaging, and thoracic imaging. Similar findings were observed in our previous study on NSCLC (8), where the changes recorded by the algorithm in the first 3 to 5 months of treatment were observed to have a higher prognostic value. In the present study, we extended the system to include both the thorax and abdomen, and trained with far larger datasets both in terms of pre-training as well as survival association. The AI algorithm designed in this study was significantly extended to a comprehensive AI-system (i.e., PAM), able to scan imaging data, identify the regions of interests, and analyze them for the purpose of monitoring and prognostication. By including abdominal images, we also showed that the previous system (8) can be extended to multiple parts of the human body.

To the best of our knowledge, this is one of the first studies employing artificial intelligence for prognostication in immunotherapy-treated urothelial cancer patients. In the study by Park et al. (37), the authors developed a radiomics model for the prediction of objective response and overall survival in a similar population. Machine learning was also employed on imaging (radiomics) features, however these were extracted via manually delineated lesions. The authors reported an AUC of 0.88 (CI: 0.65–0.97) for objective response prediction of bladder tumors in a cohort of N = 21 patients, with a significant difference in overall survival between (radiomics-identified) higher and lower risk groups. Our findings also showed significant differences in survival, but in contrast to the above study, we looked at the whole body changes, not only those of the tumoral lesions but also the non-tumoral treatment- or cancer-related changes (e.g., side-effects, organ compression, etc.). Our results are comparable to state-of-the-art methods based on time-consuming, error-prone, manual delineations (6, 7). Till now, single lesion analysis has allowed the field to develop, however, it has restricted the usage of the image only to selected areas-of-interest, accounting for <5% of the total data in the scan. While these methods have been refined to leverage known factors in cancer growth, including vascularity (38), oxygenation (39), and metabolic activity (40)—our approach is different. Not only do we offer a novel fully automatic procedure which completely eradicates the need of time-consuming segmentations, but it also makes use of the whole body image of the patient, to evaluate the patient's status and estimate survival.

We analyzed the PAM further, by means of visualization. More specifically, we employed a visualization method (36) to generate heatmaps, which highlighted regions of the image that carried higher predictive value, according to PAM. In our case, hotspots would correspond to gross morphological changes that the AI algorithm deemed of prognostic relevance. An expert radiologist was tasked to visually confirm these findings. Our findings show that changes in the primary tumor of the bladder, as well as metastases in lymph nodes, liver, peritoneum, and skeleton were among the most predictive for the algorithm.

Interestingly, there are similarities between our results, and the results from the NSCLC study (8). In both cases, the region of the primary tumor, as well as lymph nodes and bone lesions were closely inspected by the algorithm. Additionally, in the present study, the algorithm is also tracking changes in liver and peritoneal metastases. Unlike the present study however, the AI in the NSCLC cohort was working only on chest imaging, therefore unable to access the abdominal cavity.

There is evidence, in both studies, that bone lesions should be accounted for in imaging evaluation schedules. These are considered non-target lesions in the current response criteria and are notoriously difficult to assess (4, 5, 41). Both bladder and lung cancer generated evidence to support the further investigation for the inclusion of CT changes in the bone among the target lesions.

Generally speaking, these findings suggest an unequal effect of cancer lesions on survival. While this might seem trivial at first (e.g., brain metastases are known to have worse prognosis), all current imaging methods for response evaluation and prognostication [like the RECISTs (4, 5, 41)] do not distinguish between lesion types. RECIST methods are based on the change in the sum of diameters of a (limited) set of lesions. In other words, the growth of lesions in one organ is measured and weighed in the same way as the growth of another lesion in a different organ—no distinction is made. Our results however suggest that these factors should be accounted for, which would therefore require a more comprehensive evaluation scheme.

In this study, we proposed a method that is based on image-to-image registration, leveraging the properties of this technique in finding corresponding anatomical landmarks in pairs of images, and therefore constructing a model able to track not only tumors but also tumor- and therapy induced changes, as well as seemingly healthy parenchyma. Our method does not preclude the usage of other techniques and methods. As we have observed, commonly used clinical response evaluation tools also retained significance when compared against PAM, suggesting PAM as a complementary value to the current clinical standards. An optimal approach to the utilization of PAM would be integration of this method with other diagnostic tools currently available (42).

The study was limited to whole-body CT, which is the workhorse in standard clinical practice. As brain imaging is not part of the standard whole-body CT protocol, anatomical and functional changes in the brain as captured on MRI and PET/CT are yet to be explored. We envision a more comprehensive usage of this technique, where all available imaging during follow-up is leveraged for prognostication purposes. It is also yet to be confirmed whether the PAM approach would extend to other treatments and cancer types, and to which extent survival associations would be interchangeable. Further development of PAM should also focus on pre-treatment scans. In this study, we analyzed scans acquired up to 6 months before the start of treatment. Some patients had to be excluded, as they lacked follow-ups. We acknowledge that this could have introduced a bias toward patients with extensive treatment history, or against patients with the worse survival outcomes. An extension of PAM to include more of the treatment history would be beneficial in this sense, but it would require PAM to deal with the plethora of all different treatments, and combinations thereof, that nowadays oncological patients receive, hence beyond the scope of this study.

Another limitation of the study is the monocentric nature of the analysis. While CT data is generally acknowledged to have higher level of reproducibility across vendors than MRI, it is yet to be seen whether this would hamper the association with survival, and to what extent. Nonetheless, we made sure to train the tracker and localizer modules on large publicly-available datasets that would, in theory, provide a larger pool of variations in image acquisition protocols. Future studies should be focused on including a larger cohort of patients. This would allow not only to increase the number of features used in deformation modeling (now limited to 96), but also the machine learning classifier used for predicting survival, which could in turn increase the performance of the model.

Finally, the readers were, just like the algorithm, blinded to the patient's full-history. This did not allow them, for example, to perform a complete RECIST assessment, which would require the computation of a nadir. Further investigations should also focus on a full-comparison of PAM and RECIST criteria (and iRECIST), on whether they are complementary or mutually exclusive, and what are the benefits of using one or the other.

As a future outlook, we envision an extended PAM-like algorithm to be set up as a clinical decision support system in tumor boards, providing continuous monitoring and prognostication information, in order to assist physicians in the treatment decision process.



CONCLUSIONS

In this study, we investigated the prognostic information of AI-derived whole-body imaging monitoring markers in advanced urothelial cancer receiving checkpoint inhibitors. We hypothesized that quantitative AI-derived features describing morphological changes happening during the course of treatment could hold prognostic information. To this end, we designed and implemented a prognostic AI-monitor (PAM). Our findings demonstrate that PAM is complementary to existing monitoring methods, while reaching comparable or superior accuracy. We argue that this could be the result of PAM's ability to analyze the whole body, including non-target cancer lesions and non-cancer lesions. Further investigation should focus on the development of a comprehensive pipeline beyond anatomical imaging, as well as on external validations.
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Background

Epidemiological studies have reported various results regarding whether FOXO3A is related to various carcinomas. However, the prognostic significance of FOXO3A in upper tract urothelial carcinoma (UTUC) remains unclear. The purpose of this study was to validate the correlation between FOXO3A expression and oncological outcomes in UTUC.



Methods

The expression levels of FOXO3A in 107 UTUC patients were examined by immunohistochemistry (IHC). We examined the prognostic role of FOXO3A by using the Cox proportional hazard model.



Results

The results indicated that FOXO3A expression was notably decreased in UTUC tissue compared with control tissue. Decreased expression of FOXO3A was also related to advanced pathologic stage (P = 0.026), lymph node metastasis (P = 0.040), lymphovascular invasion (P < 0.001), and adjuvant therapy (P = 0.048). In addition, UTUC patients with low FOXO3A expression had a significantly shorter survival time, including both overall survival (OS) [hazard ratio (HR) 2.382, P = 0.004] and recurrence-free survival (RFS) (HR 2.385, P = 0.004), than those with high expression. Multivariate analyses showed that FOXO3A was a significant predictor for OS (HR 2.145, P = 0.014) and RFS (HR 2.227, P = 0.010) in UTUC patients.



Conclusion

Our results indicate that FOXO3A may be involved in the recurrence of UTUC and that it has certain clinical value in the therapeutic targeting and prognostic evaluation of UTUC.





Keywords: FOXO3A, prognosis, overall survival, recurrence-free survival, upper tract urothelial carcinoma



Introduction

Urothelial carcinoma (UC) is the most common malignancy of the urinary tract. However, upper tract (renal pelvis and ureter) tumors account for only 5% to 10% of all UCs, and almost 60% of upper tract UCs (UTUCs) are invasive at diagnosis (1, 2). Currently available prognostic tools that utilize clinical and pathological parameters are limited for UTUC. Through the analysis of biomarkers in pathological specimens, we may strengthen the risk stratification and guide better prognostic evaluations for a more effective therapeutic strategy (3–5).

Forkhead box O 3a (FOXO3A) belongs to the FOXO protein family and is located on human chromosome 6q21 (6). FOXO3A activity and stability can be regulated by post−translational modifications, including phosphorylation, acetylation, ubiquitination and glycosylation, aside from its well-validated modifications in transcription (7). It has been highlighted as an important transcriptional regulator of crucial proteins participating in DNA damage repair (8), cell cycle regulation (9), apoptosis (10), angiogenesis (11), and cellular stress response (12). The function and detailed molecular mechanisms of FOXO3A in tumor progression remain elusive. FOXO3A is downregulated and functions as a tumor suppressor in several types of tumors, including urothelial carcinoma. Downregulation of FOXO3A expression promotes tumor occurrence, metastasis, and progression in breast cancer (13), gastric carcinoma (14), pancreatic ductal adenocarcinoma (15), cervical carcinoma (16), clear cell renal cell carcinoma (17), and urothelial carcinoma (18).

In contrast, it plays a more complex supportive role in various types of malignancies. For example, in glioblastoma multiforme, overexpression of FOXO3A is positively correlated with tumor progression and predicts a poor survival outcome (19). Some studies have reported that activation of FOXO3A can lead to the elimination of cancer stem cells (20–22). FOXO3A also enhances the invasive ability of tumor cells by regulating matrix metalloproteinases in a number of tumor cell types (23, 24). However, whether FOXO3A serves as a useful biomarker in UTUC has not been reported.

Herein, we first detected FOXO3A by immunohistochemical analysis of UTUC patients and then investigated any potential association between FOXO3A and clinicopathologic parameters in patients with UTUC. Moreover, we examined the prognostic role of FOXO3A and aimed to build a predictive model for UTUC.



Methods


Patients

The present study was carried out at Luohe Central Hospital, Luohe, China. Ethical approval for this study was obtained from the Institutional Ethics Committee of the Department of Pathology, Luohe Central Hospital, Luohe, China.

We collected UTUC samples between November 2004 and December 2015 from the archives for immunohistochemical and survival analysis. Finally, 107 UTUC patients who underwent surgery in the pathology department of Luohe Central Hospital were selected. The inclusion criteria were as follows: 1) patients with a diagnosis of UTUC who underwent radical nephroureterectomy and had clinicopathological data, 2) patients for whom concomitant bladder cancer was excluded on cystoscopy, and 3) patients without any other malignancies or severe chronic disease.

Regular follow-up had no standard protocol due to the retrospective nature of the study. Patients received clinical and radiological follow-up in accordance with final pathology, guidelines at that time, and physician judgement. Clinical data were extracted from medical records, including tumor number, pathological stage, histology grade, depth of invasion, lymph node metastasis (LNM) status, lymphovascular invasion (LVI), histological differentiation, adjuvant therapy and neoadjuvant chemotherapy. The clinical features of the UTUC patients are listed in Table 1.


Table 1 | Association between FOXO3A expression and UTUC clinicopathological parameters.





Immunohistochemistry

IHC staining for FOXO3a was performed following the manufacturer’s recommendations. Tissue section blocks were cut into 4-μm-thick slides, dewaxed and rehydrated. The antigen was recovered, and endogenous peroxidase activity was blocked. The slides were then incubated with anti-FOXO3a antibody (1:100 dilution; Abcam, Cambridge, UK) for 1 hour. The presence of brown chromophores in the nucleus and cytoplasm of target cells indicated positive immunoreactivity. Finally, the slide was examined by optical microscopy at 400× magnification. Negative and positive controls were scored to optimize staining.



Evaluation of the IHC Results

FOXO3A-positive cells were assessed irrespective of the intensity of staining, and intracytoplasmic staining of FOXO3A was subsequently evaluated. The methodology applied by Tian et al. (16) was used to evaluate the FOXO3A score.

The percentage of cells positive for FOXO3A in the tumor stroma was recorded by two observers (TJM and LZ) as 0 = no positive cells, 1 = 1–10% positive cells, 2 = 10–50% positive cells, 3 = 50–80% positive cells, and 4 = >80% positive cells. The same score obtained by more than two observers was counted as the final score. Each specimen received a score of 0, 1, 2, 3 or 4 according to the intensity of FOXO3A staining. The product of the intensity score and stained area percentage was added and used as the total score. The final scores ranged from 0 to 8 and were designated low (0–4) or high (5–8).



Statistical Analysis

The analysis of FOXO3A IHC staining between tumor tissue and adjacent normal tissues was assessed by the t-test or chi-square using GraphPad Prism 8 software. When FOXO3a IHC was deep sectioned, the tumor component of three of the 43 tumor tissues was lost, so the FOXO3a expression of these tumors could not be assessed; ultimately, these three tumor tissues were excluded from the analyses involving the tumor component expression. All 40 pairs of UTUC and adjacent normal tissues were considered in the remaining analyses.

The SPSS 26.0 software suite (SPSS Inc., Chicago, IL, USA) was utilized for all statistical analyses, and statistical significance was considered at P < 0.05. Associations between FOXO3A staining expression and clinicopathologic variables were estimated with Fisher’s exact test. Overall survival (OS) was defined as tumor-related death, and recurrence-free survival (RFS) was defined as any local recurrence or distant recurrence, whichever occurred first. The difference in OS and RFS between the FOXO3A-high and FOXO3A-low groups was assessed in univariable and multivariable settings. Variables such as FOXO3A expression, pathological tumor stage, and histological differentiation were grouped into two groups: high expression vs low expression of FOXO3A, early stage (Ta-T1) vs late stage (T2-4), and pure urothelial vs variant histology.




Results


Expression of FOXO3A Protein Is Decreased in UTUC Patients

Using the IHC staining method, the relative level of FOXO3A protein expression was assessed in 40 pairs of UTUC and adjacent normal tissues. Representative photographs of FOXO3A IHC are shown in Figures 1A–C. The scatter dot plot illustrated that the average immunoreactivity score of FOXO3A protein in 40 UTUC tissues was significantly downregulated compared with that of the 40 normal tissues (3.08 ± 0.43 VS 4.30 ± 0.44) (Figure 1D, P < 0.001). The expression of FOXO3A was lower in UTUC patients than in normal tissues (UTUC vs normal tissues: 13/40 vs. 22/40, P < 0.001).




Figure 1 | FOXO3a expression in UTUC tissues determined by immunohistochemical staining (original magnification, 200×). (A–C) Representative FOXO3a expression in tumor and normal tissues, with positive expression located in the nucleus. (D) Scatter dot plot showing the staining score (mean ± SEM) of FOXO3a in tumor and normal tissues using the paired t-test. *P<0.001.





FOXO3A Immunoexpression Is Associated With the Clinical Parameters of UTUC Patients

The correlations of the relative FOXO3A expression level with clinical criteria are shown in Table 1. The results showed that low expression of FOXO3A was significantly associated with aggressive pathological stage (P = 0.026), lymphovascular invasion (P < 0.001), lymph node metastasis (P = 0.040), and adjuvant therapy (P = 0.048).



Survival Analysis

In the Kaplan-Meier analyses, patients with low FOXO3A expression had markedly worse OS (P = 0.003; Figure 2A) and RFS (P = 0.003; Figure 2B) than those with high FOXO3A expression. Furthermore, log rank tests demonstrated a significant difference between the 5-year OS (83.6% in the high expression group vs. 60.7% in the low expression group) and RFS (83.5% in the high expression group vs. 61.4% in the low expression group) rates in these two groups.




Figure 2 | (A) Kaplan–Meier curves for the 5-year OS rate of patients with UTUC and OS based on FOXO3a in UTUC patients. (B) Kaplan–Meier curves for the 5-year RFS rate of patients with UTUC and RFS based on FOXO3a in UTUC patients. Error bar = SEM.



Univariate analyses determined that pathological stage (both P = 0.008), lymph node metastasis (both P < 0.001), lymphovascular invasion (both P = 0.028), adjuvant therapy (P = 0.025 and P = 0.015) and FOXO3a protein (both P = 0.004) were significantly correlated with both OS and RFS. Histologic grade (P = 0.049) was also associated with OS (Tables 2, 3). However, only pathological stage, lymph node metastasis and FOXO3A protein expression were ultimately determined to be predictors of the OS (P = 0.031, P = 0.006, P = 0.014) and RFS (P = 0.022, P = 0.004, P = 0.010) of UTUC patients in the multivariate analyses (Tables 2, 3).


Table 2 | Univariate and multivariable analyses assessing the association between predictor variables and overall survival mortality among 107 patients for UTUC.




Table 3 | Univariate and multivariable analyses assessing the association between predictor variables and recurrence among 107 patients for UTUC.






Discussion

Most recent studies have investigated whether FOXO3A plays a key role in UC. Shiota et al. (18) showed that FOXO3A inhibits UC invasiveness via Twist1, YB-1, and E-cadherin regulation. Zhuo et al. (25) reported that upregulation of CSTP1 expression suppresses IL-6 expression by regulating the Akt/FoxO3a signaling pathway in UC. Zhu et al. (26) showed that ATG7 overexpression promoted autophagic removal of FOXO3A in bladder carcinoma cells. Nevertheless, little is known about the prognostic role and clinicopathologic implications of FOXO3A in UTUC.

The results of our study reveal the following: (1) low FOXO3A expression predicts unfavorable survival and recurrence rates in UTUC patients; (2) FOXO3A expression is negatively associated with pathological stage, lymph node metastasis status, lymphovascular invasion, and adjuvant therapy in UTUC patients; and (3) FOXO3A expression is lower in UTUC tissue than in normal tissue. These findings indicate that FOXO3A is a prognostic factor for UTUC and that adjuvant therapy may be helpful in the high-risk subgroup of UTUC patients.

The biological mechanism of FOXO3A also illustrates its key role in the pathogenesis of UTUC. FOXO3A is part of a subfamily of winged-helix transcription factors, and its activity can be regulated by PI3K/AKT signaling (6). FOXO3A has been identified as a tumor suppressor because of its ability to promote cell cycle arrest (27) and DNA damage repair (28) and to inhibit tumor cell properties and tumorigenesis (22). Interestingly, several potential substrates for correlations between FOXO3A and tumor metastases have been described in previous studies (15, 29). In addition, FOXO3A has been implicated in epithelial mesenchymal transition, an important process during metastasis, and downregulation of FOXO3A promotes tumor cell migration and invasion (30–32).

This study is the first to evaluate the associations between FOXO3A expression and clinicopathological features and prognostic factors in UTUC by IHC. FOXO3A can be considered an anti-oncogene, and overexpression or pharmacological activation of FOXO3A inhibits tumor progression and improves prognosis. A previous study confirmed that downregulation of FOXO3a expression is associated with poor prognosis in bladder carcinoma patients by RT-PCR. Based on these data, we suggest that FOXO3A expression in UTUC tends to indicate a good prognosis.

However, there are still limitations to the study. 1) UTUC is rare, and the sample size was relatively small. 2) Determination of FOXO3A status is limited to IHC detection of the protein without integrated methodology or a scoring system. 3) The detailed molecular mechanism of FOXO3A in UTUC remains unknown. 4) Because this is a retrospective single-center study, potential bias exists and cannot avoid confounding factors and the absence of a standard for follow-up assessment. Therefore, larger patient groups are needed to further investigate the role of FOXO3A in UTUC and help us to better understand the molecular events involved in the pathogenesis of UTUC.

There is a complex crosstalk between FOXO3a/AKT signaling pathway and PD-L1 involved in tumorigenesis (26, 33). PD-L1 is a critical regulator in UC development and the level of functional PD-L1 plays a vital role in the effective immunotherapeutic treatments for UC (34, 35). Therefore, further exploration of the relationship between FOXO3a and PD-1 may have important implications for UTUC immunotherapy. FOXO3a activity is directly regulated by some miRNAs in UC (26, 36). This suggests that finding or synthesizing new chemotherapeutic drugs targeting these miRNAs may also be a promising strategy for the treatment of UTUC.

In conclusion, our results showed that FOXO3A may be a potential biomarker for determining UTUC diagnosis and prognosis and may serve as a tumor-suppressing gene. Moreover, clarification of the underlying molecular mechanisms of FOXO3A in UTUC progression could aid in the development of targeted therapies for UTUC patients.
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Objective

This study assessed the association between body composition and prognosis of patients with upper urinary tract urothelial carcinoma (UTUC) patients treated by radical nephroureterectomy.



Methods

We retrospectively collected baseline data on age, sex, body mass index (BMI), hypertension, diabetes, and tumor-related factors. Computed tomography (CT) scans were performed to measure body composition parameters such as muscle attenuation (MA), total abdominal muscle area (TAMA), visceral fat area (VFA), intermuscular fat area (IMF), and lateral/posterior perirenal fat thickness (L/P PNF), visceral fat density (VD), and subcutaneous fat density (SD). Patient follow-up was conducted via telephone or in the clinic. The endpoints of follow-up were all-cause death, local progression or distant metastasis. Survival analysis was analyzed using the Kaplan-Meier method, and risk factors associated with prognosis were identified using univariate and multivariate Cox proportional hazard analyses.



Results

Among the 273 UTUC patients (median age, 68 years) enrolled in our study, 102 had a BMI > 24.0, 100 suffered from diabetes, and 120 had hypertension. A large proportion of patients (189) had high grade tumors. Across all patients, 1- and 3-year rates for overall survival were 86.45% and 75.55%; local progression-free survival, 92.11% and 89.67%; and distant metastasis-free survival, 85.23% and 80.17%. Based on the Cox regression analysis, MA, IMF, TAMA, TPA, TPT, APT, SMI and PMI significantly reduced the risk of local progression (p < 0.05), while PPNF = 1 point reduced the risk of distant metastasis (p < 0.05). Overall survival was significantly associated with MA, TAMA, and SMI (p < 0.05).



Conclusion

Our findings illustrate that body composition parameters can act as independent predictors of prognosis in UTUC patients who underwent RNU. These results can help improve stratification of patients and optimize postoperative treatment.
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Introduction

Urothelial cancer is an aggressive disease associated with high recurrence and progression rates (1). Upper urinary tract urothelial carcinoma (UTUC) accounts for approximately 10% of all renal tumors and 5-10% of all urothelial carcinomas; about 60% of UTUCs are invasive at diagnosis (1). The standard treatment for UTUC is radical nephroureterectomy (RNU) along with excision of the bladder cuff (1).

Body mass index (BMI) is an international indicator of body weight and thinness, as well as of an individual’s health status. Studies have reported a strong correlation between BMI and prognosis in tumor patients (2, 3). However, individuals with the same BMI can have distinct body compositions, due to differences in body structure and functioning (4). The human body consists of lean tissue (i.e. muscle tissue), and adipose tissue, which stores fat. BMI is a relatively crude measure that does not take into account the individual effects of lean tissue, bones, and adipose tissue, nor does it describe the distribution of fat in the body (5–7). Studies have reported differences in BMI based on ethnicity (8), which therefore has confounded efforts to examine the association between BMI and prognosis. Additionally, muscles and adipose tissue are increasingly being recognized as separate organs, since they play important, but unique roles in the occurrence, progression, prognosis, and other aspects of diseases (5–7).

Apart from its effect on disease prognosis, body composition is also associated with risk of surgical complications, therapeutic efficacy, and treatment-related side effects (9). In this study, we retrospectively analyzed whether individual body composition parameters, including muscle and adipose tissue, are associated with prognosis of UTUC patients treated by RNU.



Materials and Methods


Study Population

We retrospectively collected relevant data on UTUC patients registered in our hospital information system between January 2014 and June 2017. We included patients who received a pathological diagnosis of UTUC and had undergone RNU treatment at our hospital. We excluded patients who showed signs of other malignant neoplasms and those with metastatic tumors at local lymph nodes or distant organs at initial diagnosis. We collected data on baseline and clinical characteristics, including age, sex, weight, height, BMI, body composition parameters (see below), diagnosis of hypertension and diabetes, as well as various tumor characteristics (stage, primary site, laterality, grade, and maximum diameter). Due to the retrospective nature of this study, no information on alcohol intake, diet and exercises could be obtained, except for smoking

This study was approved by the Ethics Committee of our hospital.



Computed Tomography Scans and Body Composition Measurements

For each patient, results of computed tomography (CT) scan using a 64-slice multi detector CT scanner (Somatom Definition Flash, Siemens AG, Erlangen, Germany) was obtained from the database of our center, and conducted segmentation of the CT data using Volume. We followed previously described methods to measure body composition parameters.

We measured total abdominal muscle area (TAMA), which includes the rectus abdominis, intra‐abdominal oblique, external oblique, transverse abdominis, paraspinal, and psoas muscles. We also measured total psoas muscle area (TPA), visceral fat area (VFA), subcutaneous fat area (SFA), visceral fat density (VD) and subcutaneous fat density (SD). Mean muscle attenuation (MA) and intermuscular fat tissue were measured at the level of the L3 inferior endplate, while the axial/transversal psoas thickness (APT/TPT) and subcutaneous fat thickness (SCF) were measured at the level of the umbilicus. Perirenal fat area (PFA) and lateral/posterior perirenal fat thickness (L/P PNF) were measured at the level of the renal vein (< 1 cm = 0 points, 1.1-1.9 cm = 1 point, > 2 cm = 2 points) (10). Tissue was defined as fat if its CT value fell within a range from -150 to -50 Hounsfield units, or as muscle if its CT value fell within a range from -29 to 150 Hounsfield units (10, 11).



Data Standardization and End Points of Study

Using data collected on fat and muscle area, we derived height-normalized indices (reported as cm2/m2) for subcutaneous fat (SFI), intermuscular fat (IFI), visceral fat (VFI), skeletal muscle (SMI), and psoas muscle (PMI) using data collected on fat and muscle area. Similarly, psoas muscle thickness, expressed as standardized APT and TPT, was normalized to height and reported as mm/m.

Based on previous literature, we calculated a VFA to SFA ratio (V/S) to provide a single measure of abdominal fat: an elevated V/S indicated higher visceral fat than subcutaneous fat content, and a V/S ≥ 0.4 was used to define visceral obesity (12). The endpoints of our study were overall survival (OS), defined as all-cause death; local progression (local metastasis or recurrence); and distant metastasis.



Patients Follow up

Follow-up was conducted based on the risk stratification of patients using EAU guidelines (1). Cystoscopy was conducted for low-risk patients at three months after RNU. If no reccurence was found in the bladder, subsequent cystoscopy was performed after one year and repeated annually. High-risk patients underwent cystoscopy and cytology every three months for the first two years, then every six months thereafter until five years, when checkups were done annually. In the case of high-risk patients, CT urograms and chest CTs were performed every six months for two years, then annually.



Statistical Analyses

All statistical analyses were performed using Empower 2.0. Differences in baseline characteristics were assessed using a chi-squared test. Continuous data were presented as median (min-max) and categorical data as frequency (%).Patient survival was analyzed using the Kaplan-Meier method. Further, a univariate Cox proportional hazard model was used to analyze OS, local progression-free survival (LPFS), and distant metastasis-free survival (DMFS). After adjusting for tumor stage, grade, tumor size (maximum diameter cut off at 3cm) and lymph node invasion, we included all significant variables (p < 0.05) in a multi-variate Cox proportional hazard analysis.




Results


Baseline Characteristics

Among the 273 UTUC patients enrolled in this study, who were aged 30 to 92 years (median 68), 102 patients were considered as overweight (BMI > 24). Many of these patients also suffered from diabetes (n = 100) and hypertension (n = 120). A large proportion of these patients had tumors diagnosed as high-grade based on pathology (n = 189), including 90 patients with T3 tumors and 27 with T4 tumors. Further details on baseline characteristics are provided in Table 1.


Table 1 | Baseline characteristics of study cohort.






Patient Survival

During follow-up, we found that 24 (9.56%) patients experienced local progression after RNU, 48 (19.13%) suffered distant metastasis, and 59 (23.51%) died. Kaplan-Meier analysis indicated OS rates of 86.45% at 1 year and 75.55% at 3 years (Figure 1A). The corresponding LPFS rates 92.11% and 89.67% (Figure 1B), while DMFS rates were 85.23% and 80.17% (Figure 1C).




Figure 1 | (A) Overall survival of all patients; (B) Local progression free survival of all patients; (C) Distant metastasis free survival of all patients.





Prognostic Factors

The uni-variate Cox proportional hazard analyses showed that higher values of MA, TAMA, TPT, SMI, and standardized TPT were associated with lower OS in patients (p < 0.1; Table 2). An increase in PMI, MA, TAMA, TPA, TPT, or APT was associated with lower incidence of local progression, while MA, TPA, PPNF =1 point, PMI, and standardized TPT was negatively associated with risk of distant metastasis.


Table 2 | Univariate cox proportional hazard analysis for risk factors of patients’ prognosis.



After adjusting for confounding factors, the results of the adjusted model analysis showed that there was a significant association between MA, TAMA, SMI and OS (P<0.05). Additionally, MA, IMF, TAMA, TPA, TPT, APT, SMI and PMI were found to be inversely related to the risk of local progression, while PPNF = 1 point was associated with significantly lower risk of distant metastasis (Table 3).


Table 3 | Multivariate cox proportional hazard analysis for risk factors of patients’ prognosis.






Discussion

Although both UTUC and bladder cancer involve malignant tumors in the urinary epithelium, UTUC has typically invaded the muscle layer by the time it is diagnosed. Therefore, UTUC patients have a significantly worse prognosis than those with bladder cancer, and they remain at high risk of tumor recurrence and metastasis even after RNU (1). Few studies have examined the combined prognostic effect of muscle and fat tissues, particularly in the Chinese population. To our knowledge, this is the first study examining the relationship of muscle and fat-related parameters with survival outcomes in UTUC patients treated with RNU. We found that muscle quality, muscle quantity, and perirenal fat thickness correlated significantly with survival of UTUC patients after RNU.

Studies involving UTUC patients have typically focused on various factors affecting disease prognosis, including tumor-related factors such as pathology stage and grade, or clinical factors such as physical status and smoking history (1). Age, tumor grade, location, T stage, growth pattern, lymphovascular invasion, and histological variation can affect the prognosis of UTUC patients treated with RNU (1). However, these factors depend on postoperative pathological examinations. Few large studies have examined preoperative factors that may help predict prognosis of UTUC patients.

Fat and muscle are two important components of the body that play distinct, yet significant roles in the management of diseases (2, 6). Clinical imaging has proved to be reliable for the assessment of the quantity and distribution of muscle and fat in the body (13, 14). The analysis of CT scans at the level of the third lumbar spine vertebra is considered the gold standard for measuring body composition parameters in muscle and adipose tissue. Among cancer patients undergoing chemotherapy, molecular-targeted therapy or immunotherapy (3, 9, 15), the loss of muscle mass or quality has been associated with decreased OS, increased incidence of surgical complications, as well as increased frequency and severity of adverse reactions. The prognostic effects of adipose tissue parameters vary based on the tumor type (2, 6).

Body composition parameters associated with skeletal mass (SMI and MA) have been identified as prognostic factors in lung cancer, esophageal cancer, gastric cancer, and pancreatic cancer (3, 9, 15, 16). MA is used to measure muscle quality, while SMI is used to measure body muscle mass (17, 18). However, it is unclear whether muscle mass (SMI) or quality (MA) is more suitable to understand disease prognosis in tumor patients (18). For example, in patients with non-small cell lung cancer and pancreatic cancer, only MA is a prognostic factor for OS. Low MA is associated with obesity, diabetes, loss of exercise and muscle atrophy. Studies have found that the attenuation density of skeletal muscle positively correlates with muscle quality and strength, and negatively correlates with muscle fiber fat content. Indeed, attenuation density of skeletal muscle varies inversely with the lipid drop content in muscle fibers (19). The mechanisms underlying these changes in muscle appear to affect its quality earlier, or more severely, than its quantity.

Based on the observed effects of muscle mass and quantity on prognosis, preoperative targeted intervention of muscle state may be an effective way to improve outcomes. Our results argue for preoperative efforts to improve muscle mass of UTUC patients. Studies have reported that resistance training alone does not significantly improve musclemass (17). Further studies are necessary to identify approaches, perhaps combining exercise, nutrition, and drugs, that can effectively build muscle mass in UTUC patients.

Based on previous studies, we analyzed the prognostic effects of psoas muscle parameters (PMI and standardized TPT) on UTUC patients treated with RNU (20, 21). Patients with higher MA, TAMA and SMI values tended to be at lower risk of all-cause death. MA, IMF, TAMA, TPA, TPT, APT, SMI and PMI were associated with a reduction in local progression of the tumor; PPNF = 1 point was also associated with a reduced risk of distant metastasis. Our findings support the idea that psoas characteristics serve as markers of sarcopenia (20, 21).

Studies have reported that fat parameters (VFA, SFA, SCF, IFA, SD, VD) measured at the third lumbar vertebra were associated with prognosis of patients with adenoma-derived tumors, including renal cancer, colorectal cancer, or gastric carcinoma (11, 22). We found that these parameters had no effect on the prognosis of UTUC patients. This can be due to the small sample size in our study, or the differences between urothelial carcinoma and adenocarcinoma at the cellular level: adenocarcinoma cells contain large amounts of lipid droplets, while urothelial carcinoma cells do not, and so lipid metabolism may not play a significant role in the latter cancer. Meanwhile, our results also suggest that perirenal or periureteral adipose tissue may significantly influence urothelial carcinoma invasion and progression.

Our results must be interpreted with caution in the light of certain limitations. The retrospective design of the study and the relatively small cohort are potential sources of bias. It was impossible to retrospectively obtain data on important diagnostic factors associated with sarcopenia, such as grip strength, walking speed, and patient self‐report of the SARC-F questionnaire (23). Additionally, we did not have sufficient imaging data to compare changes in body composition before and after RNU treatment. Future work should focus on validating and extending these results.



Conclusion

Our findings show that preoperative assessment of body condition that is more finely grained than BMI can help predict prognosis of UTUC patients after RNU. We found that body composition parameters associated with muscle quality and muscle mass, can independently predict prognosis in such patients. Our results may help improve risk stratification of patients and their postoperative management.
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Purpose

The purpose of this study was to summarize the existing evidence and develop a comprehensive systematic review of the impact of androgen suppression therapy (AST) on the incidence or clinical outcomes of bladder cancer.



Methods

We systematically searched the PubMed and Embase databases from inception to June 20, 2021 to identify all observational studies examining the incidence or clinical outcomes of bladder cancer in patients who received AST. AST is defined as the use of 5-alpha reductase inhibitors (5-ARIs) or androgen deprivation therapy (ADT).



Results

A total of 18 observational studies were included. Our results showed that AST was not significantly associated with a reduced risk of BCa incidence (OR: 0.92, 95% CI: 0.68–1.24) compared with the lack of AST. The subgroup analysis revealed that finasteride use was significantly associated with a reduction in the risk of BCa incidence (OR: 0.75, 95% CI: 0.64–0.88). Recurrence-free survival (RFS) was improved among AST users compared with nonusers (HR: 0.68, 95% CI: 0.48–0.95), while no significant difference between AST users versus nonusers was identified for cancer-specific survival (CSS), overall survival (OS) or progression-free survival (PFS).



Conclusion

Current evidence indicates that therapy with finasteride may represent a potential strategy aimed at reducing BCa incidence. Moreover, AST has a beneficial effect on the recurrence of bladder cancer. Further well-designed randomized trials or cohort studies with better characterized study populations are needed to validate our preliminary findings.



Systematic Review Registration

International Prospective Register of Systematic Reviews database [https://www.crd.york.ac.uk/PROSPERO/], identifier CRD42021261685.





Keywords: androgen suppression therapy, bladder cancer, incidence, recurrence, meta-analysis



Introduction

Bladder cancer (BCa), predominantly urothelial carcinoma, is a common malignant genitourinary tumor (1, 2). Men are 3 to 4 times more frequently diagnosed with bladder cancer than women; however, women tend to be diagnosed with more advanced disease at presentation and have less favorable outcomes after treatment (1, 3–5). Female patients with urothelial carcinoma of the bladder have been shown to have worse cancer specific survival, overall survival and recurrence-free survival (5, 6). Recent studies question why there are differences, and the effects of sex hormones and its receptors, especially androgens, have become widely researched (1, 5–7).

Sex hormones and corresponding receptors are relevant modulators of cancer onset and progression in nonreproductive organs, particularly the lung, colorectal, bladder, stomach, kidney, pancreas, and thyroid gland (8). The excessive or reduced expression of these receptors, and the changes in their upstream or downstream pathways are closely related to the outcomes of BCa (8, 9). Numerous studies have focused on the role of androgen receptor (AR) and androgens in the development of bladder cancer. In vitro and vivo evidence highlights a crucial role for AR in BCa development, progression, recurrence and resistance to standard therapies such as chemotherapy, radiotherapy, and Bacillus Calmette Guerin (BCG) (2, 4, 8, 10–14). Emerging clinical evidence also suggests that the manipulation of androgen signaling may affect BCa behavior. Previous meta-analyses included limited clinical literature and some unreported relative risks in studies, suggesting that androgen suppression therapy (AST) consisting of 5-alpha reductase inhibitors (5-ARIs) or androgen deprivation therapy (ADT) can reduce BCa incidence, recurrence and specific mortality (15, 16). However, various results regarding the impact of AST on the incidence and recurrence of bladder cancer have been widely reported recently, and there are disputes among them. Therefore, with the increase in original research on this topic, an updated summary needs to be presented.

Herein, the aim of our study is to summarize the available evidence and develop a comprehensive systematic review of the effect of AST on the incidence of bladder cancer and the clinical outcomes of patients with bladder cancer.



Methods

The protocol of this study has been registered in the International Prospective Register of Systematic Reviews database (CRD42021261685).


Search Strategy and Eligibility Criteria

The PubMed and Embase databases were searched from inception to June 20, 2021. The following search terms were used: “bladder cancer,” “urothelial carcinoma,” or “bladder neoplasms”; one of “androgen suppression therapy” or “5 alpha reductase inhibitor” or “5α-reductase” or “5ARI” or “finasteride” or “dutasteride “ or “androgen deprivation therapy” or “anti-androgen” or “bicalutamide” or “enzalutamide” or “abiraterone” or “GnRH agonist” or “GnRH antagonist” or “castration” or “nilutamide” or “flutamide” or “apalutamide” or “darolutamide”. The titles and abstracts of articles were screened initially to identify relevant studies. Then, the full texts of potentially relevant studies were carefully read to determine those that met the eligibility criteria. Retrospective and prospective studies evaluating the effect of AST (5-ARI or ADT) on BCa incidence, recurrence, or survival were included in the analysis. Articles that did not report AST in patients with BCa were excluded. Reviews, letters, editorials, replies from authors, case reports, conferences and articles not published in English were excluded. Two authors screened the search results and any disagreements were resolved.



Data Extraction and Quality Assessment

Data extracted from the eligible studies included study characteristics (e.g., study type, data source, study period, sample size,median of follow-up), patient characteristics (e.g., patient age, AST type), outcomes (e.g., BCa incidence, BCa recurrence), adjusted risk estimates with 95% confidence interval (CI) for outcomes, and potentially confounding factor adjustments (e.g., age, race, smoking, comorbidities tumor stage and grade, intravesical therapy). The main outcomes were ① incidence of BCa when AST was initiated before diagnosing BCa and ② recurrence-free survival (RFS), progression-free survival (PFS), overall survival (OS) or cancer-specific survival (CSS) when AST was initiated after diagnosing BCa. We used the Risk of Bias in Nonrandomized Studies of Interventions (ROBINS-I) tool to assess methodological quality and summarized the results in Supplementary Table 1.



Statistical Analysis

The meta-analysis was performed by the Review Manager Version 5.3 software. Due to the observational nature of the included studies, we extracted adjusted hazard ratios (HRs) and odds ratios (ORs) with 95% CIs from the multivariate logistic regression analysis to calculate the cumulative effect size (17). Moreover, HRs and incidence density ratios can be regarded as relative risks (RRs) directly (18, 19). Additionally, ORs are close to RRs because of the low incidence of outcome (<10%) (20). The Cochrane Q test and I2 were used to determine the level of heterogeneity among studies. In the case of heterogeneity (p < 0.10 or I2 > 50%), the random effects model was used; otherwise, a fixed effects model was used. A p value < 0.05 was considered statistically significant. In addition, according to the type of AST, we performed a subgroup analysis of the effect of AST on BC incidence. Finally, publication bias was assessed by using a funnel plot when there were more than 10 studies that reported a specific outcome.




Results


Characteristics of Included Studies and Patients

Overall, according to the screening criteria, the systematic review and meta-analysis included 18 studies with a total of 414 007 male patients (21–38) (Figure 1). Eight studies evaluated the effect of AST on bladder cancer incidence (22, 27, 28, 30, 32–34, 38). Ten studies examined the effect of AST on bladder cancer recurrence, progression and survival (21, 23–26, 29, 31, 35–37). The characteristics of the selected studies were summarized in Table 1. The search strategy was presented in Supplementary Table 2. 




Figure 1 | Flow diagram of the study.




Table 1 | Characteristics of the included studies.





Effect of AST on Bladder Cancer Incidence

Eight studies with 393 907 participants evaluated whether AST reduced the incidence of bladder cancer diagnosis. The results from these studies are summarized in Table 2. Three studies reported a protective effect of AST on bladder cancer incidence, four reported no association, and one reported an increased risk. The meta-analysis of studies revealed a nonsignificant reduction in BCa incidence (OR: 0.92, 95% CI: 0.68–1.24) (Figure 2). Evidence of statistically significant heterogeneity was found in selected studies (I2 = 90%, p < 0.001). When stratified by the type of AST, we found a statistically lower incidence of bladder cancer among men with finasteride (OR: 0.75, 95% CI: 0.64–0.88), while no statistically significant effect was seen with ADT (OR: 1.00, 95% CI: 0.46–2.15) vs. nonusers. In particular, Chen et al. (22) showed that only patients who received finasteride > 6 months had a lower risk of BCa. In the study of Morales et al. (27), the risk reduction was only observed in well-differentiated and moderately differentiated tumors, while the diagnosis of poorly differentiated or undifferentiated tumors was not reduced. Zhu et al. (38) indicated that the use of finasteride was associated with significant reductions in the risk of high-grade BCa and non-muscle invasive BCa. In addition, a decrease in the risk of BCa was shown only in Caucasians and Hispanics but not among African Americans.


Table 2 | The effect of androgen suppression therapy on bladder cancer incidence.






Figure 2 | Forest plots showing the effect of AST on bladder cancer incidence. AST, Androgen suppression therapy; 5-ARI, 5-alpha reductase inhibitor; ADT, Androgen deprivation therapy.





Effect of AST on Bladder Cancer Recurrence and Progression

Ten studies including 20 100 participants reported the impact of AST on patients diagnosed with bladder cancer (Table 3). Five studies evaluated patients with non-muscle-invasive bladder cancer (NMIBC), and five included all patients with bladder cancer. The manipulation of the androgen signaling pathway involved the use of 5-ARIs in 4263 patients and ADT in 233 patients. For the analysis of RFS, a meta-analysis of seven studies with corresponding HRs was conducted. Compared with nonusers, AST users had significantly improved RFS (HR: 0.68, 95% CI: 0.48–0.95) (Figure 3A). The pooled analysis for RFS detected significant heterogeneity (I2 = 90%, p < 0.001). Similarly, Kufukihara et al. (24) revealed that the rate of bladder tumor recurrence was significantly lower in the ADT group than in the counterpart (p = 0.027). However, McMartin et al. (26) failed to find a significant difference in RFS between patients undergoing therapy with 5-ARIs and controls.


Table 3 | The effect of androgen suppression therapy on bladder cancer recurrence and progression.






Figure 3 | (A) Forest plots showing the effect of AST on RFS in bladder cancer. (B) Forest plots showing the effect of AST on CSS in bladder cancer. (C) Forest plots showing the effect of AST on OS in bladder cancer. AST, Androgen suppression therapy; RFS, Recurrence-free survival; CSS, Cancer-specific survival; OS, Overall survival.



For the analysis of CSS, a meta-analysis of three studies was conducted. Pooled data for CSS confirmed a nonsignificant difference in patients undergoing therapy with 5-ARIs compared to controls (HR: 0.89, 95% CI: 0.73–1.09) (Figure 3B). The pooled analysis found significant heterogeneity (I2 = 78%, p = 0.01). Similarly, in the study by McMartin et al. (26), there was no significant difference in CSS between patients undergoing therapy with 5-ARIs and controls. Two studies reported OS in patients with 5-ARIs treatment after diagnosing BCa; there was no significant reduction in OS in these patients (HR: 0.69, 95% CI: 0.27–1.73) (Figure 3C). High heterogeneity for OS was observed (I2 = 84%, p = 0.01). Owing to a paucity of HR data from PFS, we performed a descriptive analysis. PFS was investigated in 4 studies, and no differences between AST users and nonusers were found (21, 24, 31, 37).




Discussion

In this comprehensive meta-analysis, we did not find evidence to support the previous hypothesis that the AST is associated with a lower incidence of bladder cancer. Interestingly, subgroup analysis in patients receiving finasteride showed a decreased risk of BCa incidence (OR: 0.75, 95% CI: 0.64–0.88), while ADT had no effect on reducing BCa incidence. In addition, AST significantly reduced RFS in patients with bladder cancer but had no significant effect on CSS, OS or PFS.

Contrary to results of a previous meta-analysis (16), the clinical evidence in this review shows that there is no significant difference in the incidence of BCa between patients with AST and patients without AST. The earlier systematic review and meta-analysis included only three retrospective cohort studies to evaluate the impact of AST on bladder cancer incidence. Obviously, earlier conclusions are easily influenced by the results of newly published studies. In the subgroup analysis based on the type of AST, 5-ARIs exposure was significantly correlated with a decreased risk of subsequent BCa; however, ADT was not significantly correlated with the risk of subsequent BCa. Thus, it seems that suppressing the AR axis more effectively will not yield greater benefits. Nonetheless, we believe that more studies are needed to better evaluate the true benefits of ADT, as this treatment may only affect patients whose BCa does express AR (28). Notably, only a study from Van Hemelrijck et al. (33) indicated an increased risk of bladder cancer associated with ADT use. The authors calculated standardized incidence rates comparing the incidence of second primary malignancies (including bladder cancer) in the prostate cancer (PCa) patient group vs. the general male population in Zurich. However, compared with the general male population, patients with PCa may be monitored more carefully and contact doctors more frequently, thereby increasing the detection rate of bladder cancer and leading to detection bias (39). In our review, bicalutamide was not fully investigated due to limited use of included studies.

The pooled data for RFS in this review show that the risk of BCa recurrence is significantly reduced in patients undergoing hormonal manipulation with AST, which is consistent with the results of previous meta-analyses (15, 16). Creta et al. (15) and Kourbanhoussen et al. (2) indicated that low-grade and low-risk NMIBC may benefit more from the use of AST. This benefit was well reflected in studies including only NMIBC or studies with a high proportion of NMIBC and low-grade patients (23, 29, 31, 37). However, the pooled data for CSS, OS and PFS do not support a protective role of ADT and/or 5-ARIs in terms of BCa progression and survival in the subjects evaluated. Interestingly, Wu et al. (37) indicated that therapy with ADT or 5-ARIs may be associated with lower progression rates in patients with low/intermediate-risk BCa but not in their high-risk counterparts. The negative finding for PFS may be due to the small sample size and the number of events during follow-up, rather than a true lack of correlation. Moreover, the included studies contained many high-risk NMIBC and MIBC patients. It has been reported that these tumor types can reduce dependence on the AR signaling pathway, which may partly explain the lack of association between AST and BCa progression (37, 40–42). As expected, given the prevalence of urinary symptoms in older men, most studies have investigated the role of 5-ARIs in BCa, and only a few studies have investigated the role of ADT in BCa. Because the number of individual studies is insufficient for comparison, it is not clear whether more effective inhibition of the AR axis will yield greater benefits.

Zhu et al. (38) first demonstrated that after using finasteride, although Hispanic men have a similar reduced risk of bladder cancer compared with Caucasian men, African-American men do not. A possible biological explanation for this observation might be the structural variations in the AR protein across different races. African Americans are more likely to contain polymorphisms in AR, which causes their AR to become active and independent of DHT binding (38). The role of AST is not limited to the androgen axis. Clinically, 5-ARIs can increase serum estrogen levels (43, 44). With more effective anti-androgens, the reflex of estrogen increases even higher (2, 45, 46). Estrogens play important roles in BCa development and progression by exerting both stimulatory and inhibitory actions via estrogen receptor α (ERα) and ERβ (2, 8). Overall, it appears that estrogens may protect against or inhibit BCa development, but later—at more advanced stages—they might support tumor progression (8). The estrogen-signaling pathway during AST may still partially explain the observed effects in AST.

The number of included studies for meta-analysis was too small to fully assess the publication bias of the effects of AST on incidence or recurrence. Some of heterogeneities were too high. We speculate that several observational studies included in the present meta-analysis did not adjust for potential confounders such as age, race/ethnicity and smoking history, which may bias the pooled effect estimate and may affect heterogeneity. Moreover, differences in AST type, AST exposure time, follow-up duration and demographic characteristics of the included studies are also important reasons for the heterogeneity of results. The proportion of participants receiving 5-ARIs in the currently included studies is obviously higher than that of participants receiving ADT, making the overall effect of outcomes of AST more inclined to 5-ARIs. In most of the included studies, the average age of participants in the AST group was slightly higher than that in the non-AST group. The AST exposure time and follow-up duration of the included literature vary, although it was mostly longer than 2 years. Compared with a duration of less than 6 months, it seems that the use of 5ARIs for greater than 6 months can lead to more significant benefits (22), but the benefits have not been accumulated with years of 5-ARIs use (25). Most of the original studies did not mention the detailed characteristics of BCa, including grade, stage, and cancer cell type, which further limited the pooled analysis. We still do not know very clearly which types of BCa have a lower incidence and which types of BCa have a low recurrence rate after AST. Although the available preclinical evidence demonstrates that AST can interfere with the sensitivity of BCa to BCG or other therapies, its benefit is not observable when given in clinical studies (2, 15, 21). Further research is needed to better evaluate the role of androgen suppression in specific subgroups of BCa patients, to compare the effects of 5-ARIs and ADT and to better clarify androgen manipulation strategies for patients with BCa undergoing BCG, radiation or chemotherapy.



Conclusion

Our systematic review and meta-analysis identified 18 studies that evaluated androgen suppression on clinical outcomes in BCa patients. AST was not associated with a lower risk of BCa incidence, but a subgroup analysis showed that patients receiving 5-ARIs had a reduced risk of BCa incidence. In addition, AST has a beneficial effect on the recurrence rates of bladder cancer. We did not observe any significant differences in AST on CSS, OS or PFS when compared with the control. Further well-designed prospective studies adjusted for the major and common confounding factors are needed to validate our findings.
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Background

The tumor microenvironment (TME) regulates the proliferation and metastasis of solid tumors and the effectiveness of immunotherapy against them. We investigated the prognostic role of TME-related genes based on transcriptomic data of bladder urothelial carcinoma (BLCA) and formulated a prediction model of TME-related signatures.



Methods

Molecular subtypes were identified using the non-negative matrix factorization (NMF) algorithm based on TME-related genes from the TCGA database. TME-related genes with prognostic significance were screened with univariate Cox regression analysis and lasso regression. Nomogram was developed based on risk genes. Receiver operating characteristic (ROC) curve and decision curve analysis (DCA) were used for inner and outer validation of the model. Risk scores (RS) of patients were calculated and divided into high-risk group (HRG) and low-risk group (LRG) to compare the differences in clinical characteristics and PD-L1 treatment responsiveness between HRG and LRG.



Results

We identified two molecular subtypes (C1 and C2) according to the NMF algorithm. There were significant differences in overall survival (OS) (p<0.05), progression-free survival (PFS) (p<0.05), and immune cell infiltration between the two subtypes. A total of eight TME-associated genes (CABP4, ZNF432, BLOC1S3, CXCL11, ANO9, OAS1, FBN2, CEMIP) with independent prognostic significance were screened to build prognostic risk models. Age (p<0.001), grade (p<0.001), and RS (p<0.001) were independent predictors of survival in BLCA patients. The developed RS nomogram was able to predict the prognosis of BLCA patients at 1, 3, and 5 years more potentially than the models of other investigators according to ROC and DCA. RS showed significantly higher values (p = 0.047) in patients with stable disease (SD)/progressive disease (PD) compared to patients with complete response (CR)/partial response (PR).



Conclusions

We successfully clustered and constructed predictive models for TME-associated genes and helped guide immunotherapy strategies.
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Introduction

Bladder urothelial carcinoma (BLCA) is the pathological type of bladder cancer with the highest percentage, about 90% (1). There were globally approximately 550,000 new patients and 200,000 deaths in 2018 (2). Despite significant advances in the treatment of BLCA with radiotherapy, surgery, and targeted therapy, the prognosis of BCLA patients remains poor, with 30% of them having muscle-invasive bladder cancer (MIBC) at initial consultation (3). However, patients with MIBC are characterized by rapid disease progression and low survival, with a 5-year tumor-specific mortality rate of >50% (4). Therefore, a validated prognostic risk model can help guide individualized treatment of BLCA patients to improve their prognosis.

At present, the 8th edition of the TNM staging method published by the Union International Center of Cancer (UICC) is one of the most valuable indicators to determine the prognosis of patients with BLCA (5). However, due to the heterogeneity of BLCA, the prognosis of patients with the same TNM stage may vary considerably (6–8). In addition, multiple comprehensive BLCA molecular typing based on genetic analysis can forecast the overall survival (OS) of individuals, such as ferroptosis-associated gene signature (9), autophagy-associated gene signature (10), and RNA binding protein-associated gene signature (11). Therefore, we considered the use of gene signatures as biomarkers that could predict individual prognosis and drug responsiveness, thus improving clinical outcomes in BLCA patients.

The tumor microenvironment (TME) includes solid tumor cells, vascular network, extracellular matrix, secreted factors (cytokines, chemokines), and distantly recruited cells such as activated B cells and macrophages (12). Overall, this homeostatic system supports the progression and recurrence of malignancies and has important implications in chemoresistance and immunotherapy (13, 14). Mesenchymal cells such as fibroblasts within TME are associated with the T-cell efflux phenotype in bladder cancer (15). In addition, the non-immune cellular components of TME also influence the therapeutic response, for example, the secretion of TGF-β by fibroblasts can lead to efflux of immune cells or resistance to chemotherapeutic agents, and therefore the therapeutic effect of the tumor varies with the degree of stromal cell infiltration (16). Therefore, tumor tissue gene expression profiles can reflect the relationship between TME and patient prognosis.

In summary, TME-associated gene signature can enhance the reliability of forecasting patient prognosis. Therefore, we aimed to design a prediction model combining TME-related gene signatures and patient clinical characteristics and develop a nomogram to forecast the prognosis of BLCA patients at 1, 3, and 5 years.



Materials and Methods


Data Download and Preprocessing

We downloaded transcriptome data and clinical annotations from the Genomic Data Commons. The TCGA-BLCA (The Cancer Genome Atlas-Bladder Cancer) cohort consisted of 433 RNA sequencing samples, including 19 normal profiles and 414 tumor profiles. We removed samples without clinical follow-up information and microdissection from the TCGA-BLCA cohort, resulting in the inclusion of a total of 359 samples. We also downloaded the simple nucleotide variation data in the TCGA database for further analysis of copy number variation (CNV).

Moreover, for external validation, data for the cohort of GSE31684 were obtained from the GEO database. The microarray data of GSE31684 from Affymetrix Human Genome U133 Plus 2.0 Array, we downloaded the normalized matrix file directly. All dates contain survival information.

TME-related genes were obtained from published studies (17–23), and a total of 4061 genes were included (Table S1). We used the UCSC Xena (https://xenabrowser.net/) to download the TCGA-GDC pan-cancer data.



Screening for TME-Related Differentially Expressed Genes

The differentially expressed TME-associated genes in BLCA tissues and adjacent tissues were screened, and the screened differential genes and their expression were organized into a gene expression matrix with a corrected p<0.05 and the absolute value of differential expression multiplicity >1 (FDR<0.05 and | log2Fold Change|>1) was set as the threshold value.



Identification of Molecular Subtypes Using Non-Negative Matrix Factorization (NMF) Algorithm

Fifty iterations of the sample were performed using NMF for extracting biological correlation coefficients and predicting the inner feature structure in gene expression matrices (24). We observed performance for the number of clusters k between two and ten.



Comparison of Immune Scores Between Clusters

Microenvironment Cell Populations (MCP) counters allow quantification of the absolute abundance of eight immune cells and two stromal cells from transcriptomic data (24). We evaluated infiltrating cell scores between clusters, which included neutrophils, NK cells, and myeloid dendritic cells, among others. Then we evaluated the infiltrating cells between clusters.



Univariate Cox Regression Analysis and Lasso Regression Analysis

At the ratio of 7:3, 359 samples were divided into the training set and validation set with no one as the control. TME-related differentially expressed genes were subjected to univariate Cox analysis to get the prognostic genes. The lasso method prevents model overfitting by building a penalized feature to build a more refined model. We then applied lasso Cox regression to minimize the amounts of genes in the prognostic modeling. The results of the lasso regression analysis on the variables affecting the outcome of individuals with BLCA were incorporated into multivariate Cox regression analysis.



Construction of a Nomogram Combined With Risk Score (RS) and Clinical Features

The TCGA cohort was used to build a nomogram to forecast the prognosis of individuals with BLCA, with variables including RS and clinical characteristics. RS was calculated according to the expression of differential genes and regression analysis coefficient values. The formula is shown below:

	

We classify the cases into high-risk group (HRG) and low-risk group (LRG) according to the median RS. The receiver operating characteristic (ROC) curve was utilized to assess the predictive value of RS for prognosis. Kaplan-Meier (K-M) curves were drawn and the Log-rank method was used to evaluate OS.



Prediction Model Evaluation

ROC, calibration curve (bootstrap 1000), and decision curve analysis (DCA) were applied to assess the confidence validity of the model. Our RS nomogram was also compared with those of other established models. RMS time was used to assess the prognostic accuracy of the models beyond 60 months of patient survival.



Gene Set Enrichment Analysis (GSEA)

The c2.cp.kegg.v7.4.symbols and c5.go.v7.4.symbols collection were used to explore the function annotation in HRG and LRG by GSEA software. Gene sets with FDR < 0.05 were was considered statistically significant.



Immunotherapy Prediction

We selected patients with urologic tumors in the IMvigor210 cohort who had received programmed death-ligand 1 (PD-L1) blockade treatment to predict response to immunotherapy. This cohort had a total of 348 cases, containing 232 death samples and 116 censored, all of which contained survival data. BLCA patients who received anti-PD-L1 therapy could be classified into the following categories according to the patient’s response: complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). Among them, CR and PR are recognized as patients who respond to immunotherapy. SD and PD are recognized as patients who do not respond to immunotherapy. We computed RS for each case and classified them as HRG and LRG based on the median value of RS.



Statistical Analysis

Statistical analysis and graphical work were finished in the R environment (version 4.1.1). Volcano maps were drawn using the “ggplot2” package. Violin plots were drawn with “ggpubr” package. Cox regression analyses were performed by the “survival” package. We used the Chi-square test or Fisher’s exact test to measure the difference between training and validating sets and the relationship between clinical data and RS. K-M survival curves with log-rank tests were plotted by the “survminer” package. The ROC curves were depicted by the “timeROC” package. Calibration curves were derived from the “rms” package. The restricted mean survival (RMS) package was for computing the C-index for each of the models. p < 0.05 is considered to have statistical difference.




Results


Patient Characteristics and Analysis of Differentially Expressed Genes Associated With TME in BLAC Patients

The TCGA-BLCA cohort consisted of 433 RNA sequencing samples, including 19 normal samples and 414 tumor samples. The characteristics of the cases enrolled in this study were shown in Table 1 after pre-processing. In total, there were 1014 TME-associated genes (FDR<0.05 and |log2FC|>1) differentiated in expression between BLCA patients and regular bladder tissue. The top 50 up-regulated and down-regulated genes with differential expression were plotted as volcanoes (Figure 1A).


Table 1 | Clinicopathological characteristics of BLCA patients from the TCGA and GEO databases.






Figure 1 | (A) Volcano plot of differentially expressed genes in BLCA from the TCGA database. (B) Consensus map clustered via the non-negative matrix factorization (NMF) algorithm. (C) The cophenetic correlation coefficient is used to reflect the stability of the cluster obtained from NMF. (D) RSS is used to reflect the clustering performance of the model. (E) Overall survival (OS) showed significant differences between C1 and C2. (F) Progression-free survival (PFS) showed significant differences between C1 and C2. (G) Alluvial plot showing the percentage of C1 and C2 between molecular subtypes.





Molecular Subtypes of TME-Related Genes According to the NMF Algorithm

We clustered genes based on the differential expression TME-related genes by the NMF algorithm. When k=2, C1 and C2 were formed based on covariance and RSS (Figures 1B–D). Survival results showed that cases in the C1 cluster had better OS and PFS than those in the C2 cluster (Figures 1E, F). There were differences in immune scores between C1 and C2 for nine cell types, including CD8+ T cells (p<0.05), cytotoxic lymphocytes (p<0.05), B cells (p<0.05), neutrophils (p = 0.023), monocytes (p<0.05), endothelial cells (p<0.05), fibroblasts (p<0.05), NK cells (p<0.05), and myeloid dendritic cells (p = 0.014) (Figures 2A–I). The international transcriptomic immune typology of solid tumors has established six immune subtypes, including wound healing (Immune C1), IFN-gamma dominant (Immune C2), inflammatory (Immune C3), lymphocyte depleted (Immune C4), immunologically quiet (Immune C5), and TGF-beta dominant (Immune C6). Our molecular subtyping results were compared with the former and the results are shown in Figure 1G.




Figure 2 | (A–I) Immune scores of cells of the tumor microenvironment (TME) showed significant differences.





Developing an RS Prediction Model for TME-Related Genes

At the ratio of 7:3, 359 samples were randomly divided into a training set (n = 252) and validation set (n = 107) (Table 2). Baseline features of the patients demonstrated no obvious distinction between them in terms of gender, age, pathological grade, treatment history, and TNM stage (p>0.05). Univariate Cox analysis was performed on the training cohort with 173 differentially TME-associated genes (p < 0.05) (Table S2). Lasso regression was applied to achieve reduction in the number of genes while remaining highly accurate. The traces of independent variables showed a gradual increase in the number of independent coefficients that converge to zero as λ decreases (Figure 3A). We selected 11 genes as candidate genes according to the best value of λ (Figure 3B). Then TME-related genes with significant differences were screened according to a multifactorial Cox proportional risk model. Finally, eight genes were obtained, constructing the following equation:

	


Table 2 | Comparison of TCGA training and testing cohort.






Figure 3 | (A) Changing the trajectory of each independent variable (the abscissa represents the corrected lambda and the ordinate represents the coefficient of the independent variable). (B) log value of the independent variable lambda (the abscissa represents the CI of each lambda, and the ordinate represents errors in cross-validation). (C–F) Construction and validation of the TME-related eight-gene risk score (RS) for BLCA with 1-, 3- and 5-year receiver operating characteristic (ROC) within different cohorts: (C) TCGA training cohort; (D) entire TCGA cohort; (E) TCGA testing cohort; (F) GEO cohort.



ROC was utilized to evaluate the accuracy of the RS model in our training set. As shown in Figure 3C, the area under curve (AUC) for the model were 0.818, 0.776, and 0.771 for 1-, 3-, and 5- years, respectively. We used the median value of RS as the boundary to classify the samples into HRG and LRG. K-M survival analysis showed that LRG had a better prognosis than HRG (Figure 4C).




Figure 4 | (A–C) (A) Nomogram predicting the 1-, 3- and 5-year OS for patients. The points identified on the point scale of each variable are totaled. Finally, beneath the total points, the probability of 1-, 3- or 5-year survival is projected on the scales below. (B) Calibration curves for the nomogram predicted 1-, 3- and 5-year OS for patients in relation to actual survival. (C–F) Construction and validation of the TME-related eight-gene risk score (RS) for BLCA with Kaplan–Meier (KM) curves within different cohorts: (C) TCGA training cohort; (D) TCGA testing cohort; (E) entire TCGA cohort; (F) GEO cohort.



We performed survival analyses in the TCGA test set, all TCGA set, and the GEO cohort. HRG had a significantly worse prognosis than LRG (Figure 4D–F). In the three validation sets, the 1-year AUC was 0.761, 0.664, and 0.589, respectively (Figures 3D–F). In the GEO cohort, the low AUC values at 1, 3, and 5 years were partly due to the short median follow-up time of patients.



Construction of a Nomogram Containing RS for TME-Related Genes

We used univariate and multivariate Cox regression to examine the relationship between potential variables and OS, which included RS, TNM stage, pathological grade, age, and sex (Table 3). The results showed that RS (HR: 1.045, 95% CI: 1.019–1.071, p<0.001), TNM stage(HR: 2.127, 95% CI: 1.416–3.196, p<0.001), and age (HR: 1.034, 95% CI: 1.017–1.052, p<0.001) were independent risk factors. Next, we constructed a nomogram including RS and clinical features (Figure 4A). Individualized 1-year, 3-year, and 5-year survival rates can be visualized based on the nomogram. For example, a 63-year-old male patient diagnosed with BLCA has clinical features of T3M0N0, high pathological grading, and low RS. The clinician can then calculate the corresponding scores for the variables, with a final total score of 442. Thus, the patient’s 1-year, 3-year, and 5-year survival rates can be inferred to be 0.944,0.797, and 0.685, respectively. The results showed a significant impact of RS on survival prediction. We drew calibration graphs of 1-year, 3-year, and 5-year OS in the training sets to demonstrate the consensus of our model with the real results (Figure 4B). The AUC of the model was higher than the other impact factors in the 3-year and 5-year ROC curve (Figures 5B, C). However, the RS was higher than the AUC of the nomogram at 1-year ROC curve, which was the highest of all factors (Figure 5A). Finally, DCA to assess the clinical utility of nomograms. Both nomogram and RS showed good consistency in forecasting OS at 1, 3, and 5 years compared with a singular prognostic factor (Figures 5D–F).


Table 3 | Univariable and multivariable Cox regression to analyze the relationship between the RS and clinical prognosis.






Figure 5 | (A–C) ROC curves of the nomograms compared with other clinical variables. (D–F) Decision curve analysis (DCA) curves can evaluate the clinical benefit of the nomograms and their potential scope of application. None indicates that all samples are negative and none are treated, therefore the net benefit is zero. All indicates that all samples are positive and all are treated. The x-axis represents the threshold probability.





Comparison of the Eight-Gene Signature Risk Model With Other Models

We compared the prediction models of our eight-gene signature with other models to demonstrate the predictive performance of our model, including models of the identified 3-gene (25), 5-gene (26), and 7-gene signature (27). We also computed RS for every sample by multivariate Cox regression analysis. We evaluated the ROC of the four models according to the corresponding genes. The cases were then classified into HRG and LRG based on the median RS value. In all four models, there was a significant difference in survival time between patients in the HRG and LRG groups, with patients in LRH having a better prognosis than those in HRG (Figures 6E–H). However, the ROC of the previous models showed lower AUCs and, therefore, the other three models have worse predictions compared to our nomogram. (Figures 6A–D).




Figure 6 | (A–D) ROC of three other published gene signatures. (E–H) KM curves of three other published gene signatures. (I) Concordance index (C-index) of the four prognostic risk models including our model, which has the highest C-index. (J) Restricted mean survival (RMS) time curve of all five prognostic risk models, revealing an overlap of 60 months.



We calculated the C-index of the four models and found that our model has the highest C-index with 0.695 (Figure 6I). RMS time was used to estimate the forecasting effectiveness of the model at different time points. Our model was found to outperform the other two gene signatures at > 60 months except for Zhou signature. This demonstrates that our nomogram has an advantage over the other models in predicting both patient survival up to 5 years and patient survival beyond 60 months (Figure 6J).



Functional Analysis of Genes Between HRG and LRG

We ran GSEA on samples within the HRG and LRG. We identified the following pathways with associated normalized enrichment score (NES) and the adjusted p-value (q-value) enriched in the HRG (Figures 7A, D): KEGG_FOCAL_ADHESION (NES =2.1496, q =1.57E-08), KEGG_ECM_RECEPTOR_INTERACTION (NES =2.2856, q =4.50E-07), KEGG_REGULATION_OF_ACTIN_CYTOSKELETON (NES =2.0206, q =1.25E-06), KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS (NES =2.0084, q =4.96E-05), KEGG_PATHWAYS_IN_CANCER (NES =1.7137, q =0.0003), GOBP_CELLULAR_ION_HOMEOSTASIS (NES =1.9040, q =1.71E-08), GOBP_CIRCULATORY_SYSTEM_PROCESS (NES =2.0543, q =1.71E-08), GOBP_CORNIFICATION (NES =2.5951, q =1.71E-08), GOBP_EPIDERMAL_CELL_DIFFERENTIATION (NES =2.6868, q =1.71E-08), GOBP_EPIDERMIS_DEVELOPMENT (NES =2.5372, q =1.71E-08).




Figure 7 | (A) KEGG analysis of our signature in the HRG. (B) Correlation between RS, immune cell score and TMB. (C) Correlation between RS of BLCA samples and expression of representative genes for generic pathway targets in oncology. (D) GO analysis of our signature in the HRG. (E) RS according to the effectiveness of immunotherapy expressed as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). (F) Correlation between RS of BLCA samples and immune scores.



Classical pathways in tumors include immune checkpoints, DNA duplication, mismatch repair, and epithelial-mesenchymal transition (EMT). The correlation of RS with target genes was analyzed by extracting the expression of the relevant pathway target genes from the samples. The results showed that RS was positively correlated with EMT-related genes (F-AP, TAGLN, and LOXL2) (Figure 7C).

We computed the immune cell fraction for every sample of the TCGA-BLCA set using an MCP counter and then compared their correlation with RS. As shown in Figure 7F, RS was positively correlated with CD8+ T cells (p<0.05), endothelial cells (p<0.05), and fibroblasts (p<0.05). In addition, we evaluated the correlation between RS, TMB, and infiltrating cells by MCP counter with the results shown in Figure 7B.

Our analysis showed that there were also differences in RS between clinical subgroups of BLCA patients. More specifically, patients older than 65 years, with no history of radiotherapy, female, and with high TNM stage had higher RS (Figures 8A–E). The K-M survival curves of patients in both stage I-II and III-IV subgroups also proved our results (Figures 8F–H). In addition, the K-M survival curves of patients in both MIBC and NMIBC subgroups also proved our results (Figures 8H, I).




Figure 8 | (A–E) RS comparison of clinical information of BLCA samples. (F, G) Evaluation of the eight-gene risk model in different stage groups with OS KM curves comparing HRG and LRG. (H, I) Evaluation of the eight-gene risk model in different degree of tumor infiltration groups with OS KM curves comparing HRG and LRG.





Prediction of Response to Immunotherapy Based on RS Model

We selected patients with urologic tumors in the IMvigor210 cohort who had received PD-L1 blockade therapy to observe the effectiveness against immunotherapy. We calculated the RS for each sample and classified them into HRG and LRG based on the median RS value. the RS showed significantly higher values (p = 0.047) in patients with SD/PD compared to patients with CR/PR (Figure 7E). This suggests that our RS model may be useful in predicting patient response to PD-L1 blocking therapy.




Discussion

The major discovery of our work was a prediction model according to the TME - associated gene signature of BLCA. TME heterogeneity has an essential role in patient prognosis and in predicting the effectiveness of targeted therapies (28–30). 4061 TME-related genes and 359 BLCA samples of TCGA were evaluated in this work. We applied the NMF method to distinguish two molecular clusters, which is a promising novel clustering method. There were differences in immune scores for TME-infiltrating cell types between C1 and C2. In addition, correlation analysis with prognostic indicators OS and PFS also showed differences between C1 and C2. These results demonstrate the heterogeneity of TME.

We found that our prognostic model based on eight TME-related genes (CABP4, ZNF432, BLOC1S3, CXCL11, ANO9, OAS1, FBN2, CEMIP) was able to accurately forecast the probability of survival in individuals with BLCA. Prior researches have examined several genes included in our signature under a variety of tumors. For instance, CXCL11 has an important role in the production of chemokines. First, these mediators can trigger the accumulation of CD8+ T cells that can contribute to the elimination of the tumor. Secondly, the production of these chemokines by tumor tissue may trigger the migration and activation of immune cells including myeloid-derived suppressor cells and regulatory T cells, which act in favor of the tumor and its progress (31). FBN2 is highly expressed in lung cancer tissues, and as an oncogene, it affects the pathogenesis of lung cancer (32). In addition, Chen Y (33) found that CEMIP can promote a variety of tumor processes by affecting tumor proliferation, dedifferentiation, and the tumor microenvironment. In terms of molecular mechanisms, existing research has shown that CEMIP mainly affects the WNT and EGFR signaling pathways.

Multivariate Cox regression analysis revealed RS (HR =1.045, 95% CI: 1.019-1.071) as an independent risk factor, which was validated in both the internal and external sets. We then defined HRG and LRG in the TCGA cohort based on the median RS value. For example, we found that RS was positively correlated with EMT-related genes. In general, a greater degree of immune infiltration could explain a more immune defense in LRG, and thus a more favorable prognosis. Conversely, positively correlated EMT genes may lead to a higher propensity for metastasis and a poorer outcome for BLCA patients in HRG. In addition, RS differs between clinical subgroups of BLCA patients, with a worse prognosis in the elderly, women, and patients with high TNM staging. Thus, our results suggest that RS can provide resilient risk stratification for BLCA patients.

Nomograms are a well-recognized statistical method for visualizing and predicting the probability of survival of patients (34–36). We innovatively constructed an advanced nomogram for the prognosis of BLCA patients according to TME-RS. The ROC and DCA proved that they can exactly assess the outcome of patients. When we compared our nomogram with three other predictive genes signatures by Wang et al. (27), Zhou et al. (25), and Li et al. (26). Our nomogram showed the highest C-index. These findings suggest that the clinical utility of our constructed nomogram is outperformed by other models. Next, our team will transfer this RS model to other urological tumors such as renal clear cell carcinoma to demonstrate the potential pan-cancer usability of the model.

Of course, there were still some deficiencies in our research. First of all, all our data come from the TCGA database and GEO database, and the sample size was not large enough, which may lead to the bias of the results. Secondly, our conclusions were also lack experimental verification. Therefore, it was necessary to conduct multicenter, large sample, prospective double-blind trials for further verification in the future.



Conclusions

In conclusion, our eight TME-associated gene signatures combined with clinical features may more accurately predict patient survival at 1, 3, and 5 years. Both external and internal validation were able to have the ability to verify the forecasting capability of the model. RS can be promising to predict the response to immunotherapy of BLCA individuals with PD-L1 blocking therapy.
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Background

Urothelial carcinoma (UC) patients often bear clinical and genetic heterogeneity, which may differ in management and prognosis. Especially, patients with advanced/metastatic UC generally have a poor prognosis and survive for only few months. The Wnt/β-catenin signaling is found to be highly activated in several cancers, including UC. However, accumulated evidence has shown discordance between the Wnt/β-catenin signaling and UC carcinogenesis. Accordingly, we aim to get a better understanding of the molecular characterization of UC, focusing on the Wnt signaling, which may add value to guiding management more precisely.



Patients and Methods

Clinical data and pathological features were retrospectively surveyed. The correlations of secreted Frizzled-related protein 2 (SFRP2) immunoexpression with clinicopathological features were analyzed by Pearson’s chi-square test. The Kaplan–Meier method with a log-rank test was employed to plot survival curves. All significant features from the univariate analysis were incorporated into the Cox regression model for multivariate analysis.



Results

Following data mining on a transcriptome dataset (GSE31684), we identified that 8 transcripts in relation to the Wnt signaling pathway (GO: 0016055) were significantly upregulated in advanced/metastatic bladder tumors. Among these transcripts, the SFRP2 level showed the most significant upregulation. Additionally, as SFRP2 is a putative Wnt inhibitor and may be expressed by stroma, we were interested in examining the immunoexpression and clinical relevance of stromal and tumoral SFRP2 in our urothelial carcinoma cohorts containing 295 urinary bladder UC (UBUC) and 340 upper urinary tract UC (UTUC) patients. We observed that high SFRP2 expression in stroma but not in tumors is significantly linked to aggressive UC features, including high tumor stage and histological grade, positive nodal metastasis, the presence of vascular and perineural invasion, and high mitotic activity in UBUC and UTUC. Moreover, high stromal SFRP2 expression significantly and independently predicted worse clinical outcomes in UBUC and UTUC. Utilizing bioinformatic analysis, we further noticed that stromal SFRP2 may link epithelial–mesenchymal transition (EMT) to UC progression.



Conclusion

Collectively, these results imply that stromal SFRP2 may exert oncogenic function beyond its Wnt antagonistic ability, and stromal SFRP2 expression can provide prognostic and therapeutic implications for UC patients.





Keywords: urothelial carcinoma, bladder cancer, upper urinary tract cancer, SFRP2, collagen, stroma



Introduction

Urothelial carcinoma (UC) is a malignancy derived from the transitional epithelium of the urinary tract, which is also known as transitional cell carcinoma. Although UC is mainly found in the urinary bladder (UBUC), the incidence of upper urinary tract UC (UTUC), including the ureter and renal pelvis, is increasing in Taiwan (1). UC patients often bear clinical and genetic heterogeneity, which may differ in management and prognosis. For UBUC, 70–80% of patients are non-muscle-invasive bladder cancer (NMIBC) at initial diagnosis, and the standard treatment is transurethral resection of bladder tumor (TURBT) with subsequent intravesical instillation (2). However, 50–70% of patients experience local recurrence, and 10–15% of patients progress to muscle-invasive or metastatic disease (3). In contrast, 20–30% of UBUC patients are initially diagnosed with muscle-invasive bladder cancer (MIBC) or metastatic disease, and radical cystectomy is indicated as the standard therapy (4). Nevertheless, recurrence and metastasis still occur in 15–50% of patients following radical surgery (4). For UTUC, curative nephroureterectomy with bladder cuff excision is recommended for most patients (5). In addition, cisplatin-based postoperative adjuvant chemotherapy is given for advanced/metastatic UBUC or UTUC patients, but the clinical outcomes remain disappointing due to chemoresistance (6). Since UBUC and UTUC are featured by clinical heterogeneity, the addition of genetic information may improve management and prognosis.

The Wingless-related integration site (Wnt)/β-catenin signaling pathway is involved in diverse physiological processes, including embryonic development, cell proliferation and differentiation, and tissue homeostasis and regeneration (7). The canonical Wnt/β-catenin signaling is triggered by the binding of Wnt ligands to the low density lipoprotein receptor-related protein 5/6 (LRP5/6) receptors and Frizzled (FZD) receptors on the cell surface. Subsequently, β-catenin is undegraded and increased in the cytosol and translocates to the nucleus and binds to T-cell factor (TCF)/lymphoid enhancer-binding factor (LEF) transcription factors, resulting in the upregulation of Wnt target genes (8). In addition to prominently described in colorectal cancer, the Wnt/β-catenin signaling is found to be highly activated in several cancers, including UC (9). This leads to the development of various Wnt/β-catenin inhibitors such as targeting Wnt ligand/receptor interface for cancer therapies (8). However, accumulated investigations have shown incompatible evidence between the Wnt/β-catenin signaling and UC carcinogenesis (10, 11). Additionally, the aberrant Wnt/β-catenin signaling is not only restricted to cancer cells but also implicated in dynamic interactions with the tumor microenvironment (TME) and immune system in UC (12). These observations further emphasize the molecular heterogeneity of UC, and a deeper understanding of the molecular characterization of UC may come up with more hints for how such pathways be therapeutically targeted.

The secreted Frizzled-related protein 2 (SFRP2) gene, which is located on chromosome 4q31.3 in humans, encodes a glycoprotein containing an Frizzled-like cysteine-rich domain. As this N-terminal cysteine-rich domain shares substantial sequence similarity with Wnt binding domain of FZD receptors, SFRP2 was initially considered to antagonize the Wnt signaling by preventing binding of Wnt ligands to FZD receptors, which may inhibit tumor development (13). However, recent study has indicated that SFRP2 can promote tumor angiogenesis via the noncanonical Wnt/Ca2+ signaling (14). Moreover, upon secreted to the extracellular matrix (ECM), SFRP2 has been linked to the fibronectin-integrin complex, which can promote cell adhesion and block apoptosis in canine mammary gland tumors (15). Also, high level of SFRP2 in serum has been correlated with a poor prognosis in breast cancer patients (16). A similar correlation between high SFRP2 protein expression and poor prognosis was observed in osteosarcoma, which usually develops in the osteoblast cells from bone (17). In addition, SFRP2 is also known as stromal cell-derived factor 5 (SDF5), which was identified by a cDNA screen for secreted proteins in bone marrow stromal cells (18). Impressively, it has been reported that SFRP2 expression in tumors may be conferred by stroma (19). These reflect the complicated regulation of SFRP2 in tumors and their microenvironment, which is composed of stromal cells, immune cells, and the ECM. The TME characteristics have also been comprehensively described in UC (20). Since SFRP2 is specifically expressed in the urinary bladder and the contribution of stromal cell–tumor cell communication to UC progression remained to be determined, we were interested in exploring the role of SFRP2 in UBUC and UTUC, thereby improving prognosis and therapy.



Patients and Methods


Transcriptomic Data Analysis

A transcriptome dataset (GSE31684), incorporating 93 bladder cancer patients who were managed by radical cystectomy, from the GEO database (NCBI) was used for data mining. The raw data of all probe sets were analyzed without preselection or filtering. To quantify the expression levels of all transcripts, we imported the raw CEL files into the statistical software Nexus Expression 3 (BioDiscovery, El Segundo, CA, USA). According to tumor invasion and metastasis determined by clinical assessment, a comparative analysis (invasive vs. noninvasive and metastatic vs. nonmetastatic) was conducted under supervision. We underscored differentially expressed genes with special interest to the Wnt signaling pathway (GO: 0016055) and further selected those with a log2-transformed expression fold change > 0.2 and a p-value less than 0.01 for further analysis.



Patient Eligibility and Enrollment

This study was approved by the Institutional Review Board of Chi Mei Medical Center (10501005). We enrolled 340 UTUC and 295 UBUC patients who had curative surgery from 1996 to 2004, and all specimens with the informed consents were procured from our biobank. Clinical data, pathological features, and clinical outcomes were retrospectively obtained from the patients’ medical records. Patients with preoperative neoadjuvant chemotherapy, other malignancies, or missing clinical data were not included. With curative purpose, 10 UTUC patients received ureterectomy and 330 UTUC patients underwent nephroureterectomy with bladder cuff excision. Cisplatin-based postoperative adjuvant chemotherapy was given for 29 out of 106 UTUC patients with pT3 or pT4 status or nodal involvement. On the other hand, for patients with superficial UBUC (pTa or pT1), TURBT with or without intravesical Bacillus Calmette–Guérin (BCG) was performed. For those with tumor recurrence, radical cystectomy was further performed. Patients with muscle-invasive UBUC were subjected to radical cystectomy with bilateral pelvic lymph node dissection. Similarly, cisplatin-based postoperative adjuvant chemotherapy was given for UBUC patients with pT3 or pT4 stage disease or nodal metastasis. The median/mean follow-up duration was 38.9/44.7 and 23.1/30.8 months for UTUC and UBUC, respectively.



Histopathological and Immunohistochemical Assessments

Tumor stages and histological grades were appraised on hematoxylin and eosin (H&E) staining of all cases according to the 7th edition of the American Joint Committee on Cancer (AJCC) staging system (21) and the World Health Organization (WHO) classification criteria (22), respectively. Tumor location and multifocality were used to evaluate clinical outcomes in UTUC but not in UBUC. Vascular invasion and perineural invasion were determined by the presence of tumor emboli in the vascular channels and tumor nests surrounding the nerve bundles, respectively. The mitotic rate was determined by calculating mitotic figures per 10 high-power fields (HPFs; 400x light microscopic magnification). We defined the mitotic rate less than 10/10 HPFs as low mitotic activity and the mitotic rate equal to or beyond 10/10 HPFs as high mitotic activity. Immunohistochemistry was performed based on our previous study (23), and slides were stained with an anti-SFRP2 antibody. Two independent pathologists (Chien-Feng Li and Wan-Shan Li) appraised SFRP2 immunoreactivity by integrating the percentage of stained tumor cells and intensity of staining of UC cells to produce the H-score as previously described (24). The H-score was determined with the following equation: H-score = ΣPi (i + 1), where i is the intensity of stained tumor cells (0 to 3+) and Pi is the percentage of staining for each intensity, ranging from 0% to 100%. According to the H-score, SFRP2 expression levels were divided into low (less than the median) and high (above or equal to the median) groups.



Functional Annotation of The Cancer Genome Atlas (TCGA) Data

Utilizing the cBioPortal web platform (http://cbioportal.org), the correlations of the mRNA level of SFRP2 with its coexpressed transcripts in the UTUC and UBUC datasets from the TCGA database were downloaded. To further realize the functional roles of SFRP2 in UC, the top 194 overlapping transcripts co-upregulated with SFRP2 between UTUC and UBUC were examined utilizing the Gene Ontology (GO) classification system (http://geneontology.org/) according to three functional groups (biological processes, molecular functions, or cellular components) and were ranked by fold enrichment. To plot representative GO terms, an R script with ggplot2 package was used.



Statistical Analysis

All statistical analyses were executed in SPSS software version 22.0 (IBM Corporation, Armonk, NY, USA), and two-tailed tests with a p-value less than 0.05 were considered statistically significant. We analyzed three endpoints: disease-specific survival (DSS), metastasis-free survival (MeFS), and local recurrence-free survival (LRFS). DSS was measured from curative surgery to the time of cancer death, and MeFS and LRFS were measured from curative surgery to the first metastasis and local recurrence, respectively. Pearson’s chi-square test was used to appraise the correlations of clinicopathological variables with SFRP2 expression. The Kaplan–Meier method with a log-rank test was employed to plot survival curves. All significant characteristics from the univariate analysis were entered into the Cox regression model for multivariate analysis to find independent prognostic factors.




Results


SFRP2 Is the Most Significantly Upregulated Gene Related to the Wnt Signaling During UC Invasion and Metastasis

To identify promising genes related to UC progression, a public dataset (GSE31684), incorporating 93 bladder cancer patients who were managed by radical cystectomy, was used for data mining. Among these patients, 78 were diagnosed as muscle-invasive disease (pT2–pT4), and 15 were determined as having superficial disease (pTa or pT1). We identified 10 probes covering 8 transcripts zooming in the Wnt signaling pathway (GO: 0016055) (Table 1 and Figure 1). Phylogenetically, SFRP1, SFRP2, and SFRP5 belong to the same subfamily, whose members share homology in their cysteine-rich domain (25). In this study, we found that both the SFRP1 and SFRP2 transcripts are significantly increased in tumors with muscle invasiveness and distal metastasis, but the SFRP2 level showed the most prominent upregulation among all identified transcripts. Nevertheless, using the Gene Expression Profiling Interactive Analysis (GEPIA) database (http://gepia.cancer-pku.cn/detail.php?gene=SFRP1) (http://gepia.cancer-pku.cn/detail.php?gene=SFRP2), which incorporates the TCGA data, we noticed that both the SFRP1 and SFRP2 transcripts significantly decrease in bladder urothelial carcinoma (n = 404) compared to their paired normal tissue (n = 28). Intriguingly, the violin plots showed that both the mRNA levels of SFRP1 and SFRP2 significantly increase with the progression of bladder cancer (from stage II to stage IV) (Supplementary Figure 1A and Figure 2A). However, only bladder tumors with high mRNA level of SFRP2 (n = 101) significantly conferred inferior overall survival compared with those with low SFRP2 mRNA level (n = 100) (p = 0.00052) (Supplementary Figure 1B and Figure 2B).


Table 1 | Summary of 8 significantly altered genes associated with the Wnt signaling pathway (GO: 0016055) and UC invasion and metastasis (GSE31684).






Figure 1 | Expression profiles of the top 8 genes correlated with the Wnt signaling pathway in advanced/metastatic bladder tumors. The expression levels of upregulated and downregulated genes are marked in red and green, respectively. A comparative analysis (invasive vs. noninvasive and metastatic vs. nonmetastatic) was conducted under supervision. We identified SFRP2 as the most considerably upregulated gene related to the Wnt signaling pathway (GO: 0016055) among bladder cancer patients with advanced/metastatic disease.






Figure 2 | High SFRP2 mRNA level is correlated with advanced stage disease, inferior overall survival, and CAF infiltration. (A) The correlations between the mRNA levels of SFRP2 and bladder cancer progression. (B) The impact of SFRP2 mRNA levels on overall survival in bladder cancer. These data were acquired from the GEPIA database. (C) The correlations among the mRNA levels of SFRP2, tumor purity, and CAF infiltration in bladder cancer. These data were estimated using the MCP-COUNTER and TIDE algorithms from the TIMER2.0 database. BLCA, bladder urothelial carcinoma.



In the bladder, stromal cells have been reported to be crucial for urothelial proliferation (26), and some MIBC patients are also featured by stroma-rich (smooth muscle cells and fibroblasts) subtype (27). However, little attention was paid to the crosstalk between stromal cells and tumors in UC. Using the Tumor Immune Estimation Resource (TIMER) database version 2.0 (28), which integrates the TCGA data, we observed that both the SFRP1 and SFRP2 transcripts are significantly negatively correlated with tumor purity (the percentage of cancer cells in a sample) and positively correlated with cancer-associated fibroblast (CAF) infiltration in bladder urothelial carcinoma, but the SFRP2 gene showed a more distinguished correlation (Supplementary Figure 2 and Figure 2C). These observations encouraged us to further survey the immunoexpression and clinical relevance of stromal and tumoral SFRP2 in our UTUC and UBUC cohorts.



Clinicopathological Characteristics of the UC Patients

We recruited 340 UTUC and 295 UBUC patients who had curative surgery from 1996 to 2004, and all samples were procured from our biobank (Table 2). In terms of UTUC, 62 (18.2%) patients showed multifocal tumors, and 49 (14.4%) patients had coexistent ureteral/renal pelvic tumors. There were 28 (8.2%) patients with lymph node metastasis, 159 (46.8%) patients with advanced stage disease, and 284 (83.5%) patients with high histological grade tumors. Perineural invasion was detected in 19 (5.6%) patients, and vascular invasion was found in 106 (31.2%) patients. Additionally, 167 (49.1%) samples were defined as high mitotic activity. In the context of UBUC, there were 29 (9.8%) patients with metastatic lymph nodes, 123 (41.7%) patients with muscle invasiveness, and 239 (81%) patients with high histological grade tumors. Vascular and perineural invasion were detected in 49 (16.6%) and 20 (6.8%) patients, respectively. Furthermore, 156 (52.9%) specimens were determined as having high mitotic activity.


Table 2 | Correlations between stromal SFRP2 expression and other important clinicopathological parameters in urothelial carcinomas.





Correlations Among Stromal and Tumoral SFRP2 Immunoexpression and Clinicopathological Parameters

Immunohistochemical staining revealed that SFRP2 immunoreactivity in stroma was progressively increased from early stage to advanced stage UC (Figures 3A, B). Table 2 displays stromal SFRP2 immunoexpression and its clinical significance in UTUC and UBUC. In the UTUC group, high stromal SFRP2 expression was remarkably linked to high tumor stage and histological grade (both p < 0.001), positive nodal metastasis (p < 0.001), the presence of vascular and perineural invasion (p < 0.001 and p = 0.034), high mitotic activity (p < 0.001), and low tumoral SFRP2 expression (p < 0.001). Likewise, in the UBUC group, we observed notable correlations between high stromal SFRP2 expression and high tumor stage and histological grade (p < 0.001 and p = 0.001), positive nodal metastasis (p = 0.012), the presence of vascular and perineural invasion (p = 0.003 and p = 0.006), high mitotic activity (p < 0.001), and low tumoral SFRP2 expression (p < 0.001).




Figure 3 | High stromal SFRP2 immunoexpression was observed among bladder cancer patients with advanced stage disease. Immunohistochemistry was performed with an anti-SFRP2 antibody. SFRP2 immunoreactivity in stroma was gradually increased from (A) non-muscle-invasive to (B) muscle-invasive bladder cancer (200x, scale bar = 100 μm). Insect: 200x, scale bar = 25 μm.



In contrast, Table 3 exhibits tumoral SFRP2 immunoexpression and its clinical significance in UTUC and UBUC. Interestingly, in the UTUC group, low tumoral SFRP2 expression was remarkably linked to high histological grade (p = 0.041) and positive nodal metastasis (p = 0.006). In the UBUC group, we detected remarkable correlations between low tumoral SFRP2 expression and high tumor stage (p = 0.004), the presence of vascular invasion (p = 0.039), and high mitotic activity (p = 0.002). Accordingly, the disparate roles of SFRP2 seem to be dependent on cell type-specific contexts.


Table 3 | Correlations between tumoral SFRP2 expression and other important clinicopathological parameters in urothelial carcinomas.





Survival Analysis and Prognostic Impact of SFRP2 Expression in Stroma and Tumors

There were 113 deaths owing to UC, including 61 patients with UTUC and 52 patients with UBUC, in our cohorts. Additionally, a total of 146 patients, including 70 with UTUC and 76 with UBUC, had following distal metastasis. To appraise the prognostic implications of SFRP2 expression in patient death and distal metastasis in UC, univariate and multivariate analyses were utilized. In respect of UTUC, high SFRP2 expression in stroma but not in tumors was unfavorably prognostic for both disease-specific survival (DSS) and metastasis-free survival (MeFS) (both p < 0.0001) in the univariate analysis (Table 4 and Figures 4A–D). Also, multifocal tumors, high tumor stage and histological grade, positive nodal metastasis, and vascular and perineural invasion significantly conferred poor outcomes in both DSS and MeFS (all p < 0.0215). Following multivariate analysis, stroma with high SFRP2 expression and multifocality, positive nodal metastasis, and perineural invasion remained independently prognostic for poor DSS and MeFS (all p < 0.035). These results imply that high SFRP2 expression in stroma instead of tumors can act as an adverse prognostic indicator for UTUC patients.


Table 4 | Univariate log-rank and multivariate analyses for disease-specific and metastasis-free survivals in upper urinary tract urothelial carcinoma.






Figure 4 | Survival analysis. Kaplan–Meier curves show that high stromal SFRP2 immunoexpression conferred unfavorable prognostic effects on disease-specific survival and metastasis-free survival in (A–D) UTUC and (E, F) UBUC patients. Low tumoral SFRP2 expression was adversely prognostic only for metastasis-free survival in (G, H) UBUC patients. Also, high SFRP2 immunoexpression in stroma and low SFRP2 immunoexpression in tumors were significantly correlated with poor local recurrence-free survival in (I, J) UBUC patients.



In terms of UBUC, high SFRP2 expression in stroma was unfavorably prognostic for both DSS and MeFS (both p < 0.0001) following univariate analysis (Table 5 and Figures 4E, F). In contrast, high SFRP2 expression in tumors was a favorable prognostic indicator and its prognostic effect was only on MeFS (p = 0.0053) (Figures 4G, H). In addition, high tumor stage and histological grade, positive nodal metastasis, vascular and perineural invasion, and high mitotic activity also significantly conferred worse outcomes in both DSS and MeFS (all p < 0.0024). In the multivariate analysis, stroma with high SFRP2 expression and high tumor stage were significantly prognostic for inferior DSS and MeFS (all p < 0.001). If NMIBC patients receiving TURBT develop local recurrence, radical cystectomy will be further performed, which may reduce quality of life. Accordingly, we also found that high stromal SFRP2 expression, low tumoral SFRP2 expression, and high tumor stage and histological grade were significantly correlated with poor local recurrence-free survival (LRFS) (all p < 0.0414) in the univariate analysis (Table 6 and Figures 4I, J). Furthermore, only stroma with high SFRP2 expression remained independently prognostic for inferior LRFS (p = 0.012) following multivariate analysis. Taken together, these results suggest that the prognostic effects of stromal and tumoral SFRP2 expression are distinct, and incorporation of these variables can more accurately guide management for UBUC patients.


Table 5 | Univariate log-rank and multivariate analyses for disease-specific and metastasis-free survivals in urinary bladder urothelial carcinoma.




Table 6 | Univariate log-rank and multivariate analyses for local recurrence-free survivals in NMIBC post TURBT.





SFRP2 Function Prediction and Its Link to UC Progression

UTUC and UBUC are featured by etiological and clinical heterogeneity, while we identified SFRP2 linked to similar prognosis among UTUC and UBUC patients. To understand the functional roles of SFRP2 in UC, a gene coexpression network was examined. Employing the UTUC (n = 47) and UBUC (n = 411) datasets in the TCGA database, we appraised the top 194 overlapping transcripts (Figure 5A) that show positive correlations with SFRP2 between UTUC (Supplementary Table 1) and UBUC (Supplementary Table 2). Subsequently, we utilized the GO classification system for functional annotation. With regard to molecular functions, we found that these overlapping genes are mainly implicated in the composition of the ECM (Figure 5B). In respect of cellular components, we observed that these overlapping genes are mostly involved in the collagen trimer assembly (Figure 5C). Moreover, the fibulin 2 (FBLN2) gene, one of the top 194 overlapping genes co-upregulated with SFRP2 (Supplementary Figure 3A), has been identified as an unfavorable prognostic factor for UC in our previous study (29). Interestingly, the collagen family genes are also significantly positively correlated with FBLN2 (29), further supporting the important role of collagen in UC development. As to biological processes, we detected that these overlapping genes are largely implicated in the immune cell regulation (Figure 5D). Furthermore, expressed by macrophages, the cathepsin K (CTSK) gene, one of the top 194 overlapping genes co-upregulated with SFRP2 (Supplementary Figure 3B), has been suggested to be a promising therapeutic target for patients with high-risk MIBC (30). To connect key genes that were involved in the distinguished GO terms (fold enrichment > 50) of all three functional groups to each other, a weighted network was built using the GeneMANIA prediction server (31). The data showed that the top 2 predicted functions are mononuclear cell proliferation (false discovery rate: 1.85 x 10−7) and lymphocyte proliferation (false discovery rate: 1.85 x 10−7) (Figure 6). Additionally, annotated by the Molecular Signatures Database (MSigDB), several prominent pathways, including matrisome, epithelial–mesenchymal transition (EMT), and B lymphocyte, were identified. These observations further support the role of SFRP2 in the crosstalk among tumor cells, stromal cells, immune cells, and the ECM.




Figure 5 | The prominent GO terms enriched in SFRP2 upregulation. (A) The top 194 overlapping genes (Spearman’s correlation ≥ 0.6) co-upregulated with SFRP2 between UTUC and UBUC were examined utilizing the GO classification system according to (B) molecular functions, (C) cellular components, or (D) biological processes and were ranked by fold enrichment for functional annotation. To plot representative GO terms, an R script with ggplot2 package was used.






Figure 6 | Gene coexpression network. A weighted network that connects key genes to each other was built using the GeneMANIA prediction server. Red and blue semicircles represent genes that belong to mononuclear cell proliferation and lymphocyte proliferation, respectively. Purple and grey lines indicate coregulation and pathways, correspondingly.



Furthermore, SFRP4 was also identified as one of the overlapping genes considerably co-upregulated with SFRP2 (Supplementary Figure 3C). It has been reported that SFRP2 and SFRP4 levels are tightly correlated with each other, which shares a common gene program across multiple cancers (19). Using the Human Protein Atlas database, in terms of single cell type specificity, we found that SFRP2 is specifically expressed in the fibroblasts (https://www.proteinatlas.org/ENSG00000145423-SFRP2/celltype), but SFRP4 is specifically expressed in the peritubular cells (https://www.proteinatlas.org/ENSG00000106483-SFRP4/celltype), suggesting that the contribution of tumor stroma to UC development is more likely to be mediated by SFRP2. We also identified fibroblast growth factor 7 (FGF7) and complement C1s (C1S) as the overlapping transcripts that are significantly positively correlated with SFRP2 (Supplementary Figures 3D, E). In our previous investigations, high FGF7 (32) and C1S (33) expression have been correlated with worse clinical outcomes in UC patients. Altogether, although UTUC and UBUC are clinically managed as distinct entities, they share common genomic landscape with similar actionable drivers and prognostic factors to improve precision therapy.




Discussion

Composed of five secreted glycoproteins (SFRP1–5), the SFRP family is approximately 300 amino acids in length, which fold into two distinguishable domains: an N-terminal cysteine-rich domain and a C-terminal netrin domain (34). Because of their ability to antagonize the Wnt signaling and their frequent silencing by promoter methylation in many cancers, the SFRP proteins were initially described as tumor suppressors (35). Actually, one study found that the methylation level of SFRP2 in gastric cancer is higher than that in adjacent normal tissue (36), whereas a recent report showed that the mRNA level of SFRP2 is among the highest in advanced stages of gastric cancer and correlated with worse survival (37). Likewise, using the UALCAN platform (http://ualcan.path.uab.edu/cgi-bin/TCGA-methyl-Result.pl?genenam=SFRP1&ctype=BLCA) (http://ualcan.path.uab.edu/cgi-bin/TCGA-methyl-Result.pl?genenam=SFRP2&ctype=BLCA), we speculate that, compared to adjacent normal tissue, both the decreased SFRP1 and SFRP2 transcripts in bladder cancer may ascribe to their increased methylation levels, especially in patients with stage I disease. Interestingly, the violin plots showed that both the mRNA levels of SFRP1 and SFRP2 significantly increase with the progression of bladder cancer (from stage II to stage IV) (Supplementary Figure 1A and Figure 2A). These observed inconsistencies in the level of SFRP2 might be owing to differences in the progressive stage. However, we observed that both the SFRP1 and SFRP2 mRNA levels are not inversely correlated with their methylation status using the TCGA bladder cancer database (n = 413) (Supplementary Figures 4A, B). This implies that alternative mechanisms may contribute to increased SFRP1 and SFRP2 transcripts in UC patients with advanced disease.

The dynamic interplays between tumors and their microenvironment comprising immune cells (macrophages and lymphocytes), stromal cells (fibroblasts), and the ECM, supporting or limiting tumor growth. To further dissect the molecular characterization of tumor–immune interactions, the TIMER2.0 database was used. The data revealed that high CAF infiltration was significantly correlated with poor cumulative survival in bladder urothelial carcinoma (Supplementary Figures 5A, B). Moreover, we observed that both the SFRP1 and SFRP2 transcripts are significantly negatively correlated with tumor purity and positively correlated with CAF infiltration in bladder urothelial carcinoma, but the SFRP2 gene showed a more distinguished correlation (Supplementary Figure 2 and Figure 2C). These observations suggest that stromal cells may at least in part result in the increased SFRP2 transcripts in urothelial carcinoma with advanced stage. We further validated that high stromal SFRP2 expression evaluated by immunohistochemistry is significantly linked to an aggressive clinical course and inferior survival in our urothelial carcinoma cohorts containing 340 UTUC and 295 UBUC patients, highlighting the promising prognostic utility of stromal SFRP2 expression.

Initially regarded as transcriptional noise, non-coding RNAs (ncRNAs) have attracted wide attention for their involvement in epigenetic regulation and multiple biological functions, especially in cancer (38). Based on the length, ncRNAs can majorly be classified into microRNAs (miRNAs, about 22 nucleotides long) and long non-coding RNAs (lncRNAs, more than 200 nucleotides long) (39). miRNAs function by annealing to the three prime untranslated region (3′-UTR) of messenger RNA (mRNA) targets to negatively regulate gene expression. As competitive endogenous RNAs (ceRNAs) or miRNA sponges, lncRNAs with miRNA-complementary sites, which are also presented on mRNA targets, can compete with mRNA targets to bind to miRNAs, thereby reducing the availability of miRNAs. Accordingly, we aligned GSE31684 probe sequences with human lncRNA sequences from the LNCipedia database (https://lncipedia.org/) and created a lncRNA list. Utilizing the miRTarBase database (40), the regulatory networks among miRNAs, upstream regulators (lncRNA list), and downstream targets (gene list from Table 1) were analyzed, and the ZNF585B-6:1/miRNAs/SFRP2 network was identified (Supplementary Figure 6). Of these miRNAs, miR-218 has been reported to be downregulated in bladder cancer (41), which suggests that increased SFRP2 transcripts may attribute to miR-218 downregulation in UC. Consequently, we do not rule out the possibility that ncRNAs may contribute to increased SFRP2 transcripts in UC, and further analysis is needed.

A gene coexpression analysis was used to predict the functional roles of SFRP2 in UC, and we found that the collagen family genes, including collagen type I alpha 2 chain (COL1A2), COL3A1, COL6A3, COL8A1, COL10A1, and COL14A1, are significantly co-upregulated with SFRP2 (Supplementary Figures 7A–F). These collagen genes, such as COL1A2 and COL6A3, have been demonstrated to promote NMIBC progression to MIBC through EMT (42). We also found that EMT markers twist family basic helix-loop-helix (bHLH) transcription factor 1 (TWIST1) and zinc finger E-box binding homeobox 2 (ZEB2) are significantly co-upregulated with SFRP2 (Supplementary Figures 8A, B). However, whether SFRP2 promotes UC progression through EMT regulated by the above-mentioned collagen genes needs further confirmation. On the other hand, although the use of immunotherapy has improved outcomes in the management of UC, only approximately 20% of patients benefit from it (43), which warrants a better understanding of the mechanisms underlying immunotherapy resistance. It has been reported that the transforming growth factor beta (TGFβ) signaling from fibroblasts and collagen enriched in peritumoral stroma promote cytotoxic T cell exclusion and confer immunotherapy resistance among patients with metastatic urothelial cancer (44). Additionally, we also observed that TGFBI and CAF marker fibroblast activation protein (FAP) are significantly co-upregulated with SFRP2 (Supplementary Figures 9A, B). Accordingly, these observations suggest that SFRP2, a putative Wnt inhibitor, may function at the interactions between tumor cells and fibroblasts in UC development. Nevertheless, the Wnt/β-catenin signaling has also been suggested to drive cytotoxic T cell exclusion by modulating the crosstalk between tumor cells and tumor-associated macrophages (TAMs) and lead to immunotherapy resistance in UC treatment (12). These further highlight the complexity of the TME that creates a favorable niche to reduce treatment efficacy. Accordingly, SFRP2 may trigger immunotherapy resistance beyond its Wnt antagonistic ability, providing therapeutic implications for precisely selecting patients who can benefit from immunotherapy.

Increased deposition of fibrous collagen is the most common feature of ECM remodeling in the primary tumor (45). Despite the fact that the collagen family genes are significantly positively correlated with SFRP2, it is unclear how SFRP2 regulates collagen homeostasis. Using structure prediction analysis, it has been showed that the C-terminal netrin domains of SFRP proteins and procollagen C-endopeptidase enhancer 1 (PCPE1 or PCOLCE) share sequence similarity with the N-terminal netrin domains of tissue inhibitor of metalloproteinases (TIMPs) (46). PCPE1 is suggested to be highly specific to collagen synthesis and fibrosis, and its upregulation is observed at sites of high collagen deposition (47). Moreover, TIMPs are considered to inhibit matrix metalloproteinases (MMPs)-induced collagen degradation (48). However, whether SFRP2 can promote collagen synthesis and prevent collagen degradation through its C-terminal netrin domain requires further analysis. Otherwise, due to its sensitivity to inflammatory perturbations, variation of collagen stainability may be of little utility in respect of the prognosis of UC (49). Consequently, SFRP2, a supposed upstream regulator of collagen homeostasis, may act as a reliable prognostic factor for UC.

Metastatic UC is an aggressive disease and generally has a poor prognosis with a median overall survival of 12–14 months (4). Following lymph nodes (69%), bone (47%) has been reported to be the second most common site of metastatic bladder cancer (50). Bone metastasis may be correlated with pain, bone loss, and functional impairment. Accordingly, recent study has reported that UC patients with bone as the only metastatic site are less likely to receive systemic chemotherapy owing to their lower Eastern Cooperative Oncology Group (ECOG) performance status (51). The current European Association of Urology (EAU) guideline recommends anti-osteoporotic drugs (zoledronic acid or denosumab) for supportive treatment in case of bone metastasis, but patients should be aware of potential side effects, such as osteonecrosis of the jaw and hypocalcaemia (4). As a result, these patients deserve a valuable prognostic factor and a specific therapeutic target. Using gene coexpression analysis, we found that CTSK is significantly co-upregulated with SFRP2 (Supplementary Figure 3B). Generally, CTSK, a lysosomal cysteine protease, is implicated in osteoclast-mediated bone degradation (52). Moreover, CTSK has also been described to be expressed by breast cancer (53) and prostate cancer (54) that metastasize to bone, where it functions in osteolysis that contributes to tumor invasiveness. Nevertheless, the correlations among the expression of SFRP2 and CTSK and metastatic bone disease in UC need further examination.

In this study, we identified that high stromal SFRP2 expression has a more significant impact on UC patient survival compared with that of low tumoral SFRP2 expression. This suggests that the distinct roles of SFRP2 seem to be dependent on cell type-specific contexts, and incorporation of these variables can more accurately guide management for UC patients. The current study has some limitations. First, further experiments are needed to validate the role of fibroblast SFRP2 in UC development and immunotherapy resistance. Second, in this study, UC patients who had curative surgery were analyzed retrospectively at a single institution; accordingly, the value of stromal SFRP2 expression should be prospectively verified by multi-center studies.



Conclusion

Because of their Wnt antagonistic ability and their frequent epigenetic silencing in many cancers, the SFRP proteins were initially described as tumor suppressors. In the current study, we validated that high stromal SFRP2 expression is considerably correlated with an aggressive clinical course and serves as an independent prognostic factor for worse survival in our well-characterized UBUC and UTUC cohorts. Utilizing bioinformatic analysis, we further observed that stromal SFRP2 may link EMT to UC progression. Collectively, stromal SFRP2 may exert oncogenic function beyond its Wnt antagonistic ability, and stromal SFRP2 expression evaluation can add value to guiding management more precisely for UC patients.
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Supplementary Figure 1 | High SFRP1 mRNA level is correlated with advanced stage disease but not with inferior overall survival. (A) The correlations between the mRNA levels of SFRP1 and bladder cancer progression. (B) The impact of SFRP1 mRNA levels on overall survival in bladder cancer. These data were acquired from the GEPIA database. BLCA: bladder urothelial carcinoma.

Supplementary Figure 2 | SFRP1 transcripts are moderately negatively correlated with tumor purity and positively correlated with CAF infiltration. The correlations among the mRNA levels of SFRP1, tumor purity, and CAF infiltration in bladder cancer. These data were estimated using the MCP-COUNTER and TIDE algorithms from the TIMER2.0 database. BLCA, bladder urothelial carcinoma.

Supplementary Figure 3 | Correlations between the expression levels of SFRP2 and its co-upregulated genes. (A–E) Utilizing the cBioPortal web platform, these data were obtained from the TCGA database (n = 411).

Supplementary Figure 4 | Both the mRNA levels of SFRP1 and SFRP2 are not negatively correlated with their methylation status. (A) The correlations between the mRNA levels of SFRP1 and their methylation status. (B) The correlations between the mRNA levels of SFRP2 and their methylation status. Utilizing the cBioPortal web platform, these data were obtained from the TCGA database (n = 413).

Supplementary Figure 5 | High CAF infiltration is significantly correlated with poor cumulative survival. (A, B) The impact of CAF infiltration on cumulative survival in bladder cancer. These data were estimated using the MCP-COUNTER and TIDE algorithms from the TIMER2.0 database.

Supplementary Figure 6 | Regulatory networks among ZNF585B-6:1, miRNAs, and SFRP2. These data were obtained from the miRTarBase database.

Supplementary Figure 7 | Correlations between the expression levels of SFRP2 and collagen family genes. (A–F) Utilizing the cBioPortal web platform, these data were obtained from the TCGA database (n = 411).

Supplementary Figure 8 | Correlations between the expression levels of SFRP2 and EMT markers. (A, B) Utilizing the cBioPortal web platform, these data were obtained from the TCGA database (n = 411).

Supplementary Figure 9 | Correlations between the expression levels of SFRP2 and TGFB1 and CAF marker. (A, B) Utilizing the cBioPortal web platform, these data were obtained from the TCGA database (n = 411).
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Objective

To investigate the prognostic significance of metabolic syndrome (MetS) and its components in patients with bladder cancer (BCa) treated with radical cystectomy (RC).



Methods

A total of 335 BCa patients who underwent RC between 2004 and 2019 at Peking University Third Hospital (PUTH) were analyzed retrospectively. The Kaplan-Meier method with the log-rank test was performed to assess overall survival (OS) and progression-free survival (PFS). Univariate and multivariate Cox proportional hazard models were conducted to identify the prognostic factors of OS and PFS before and after propensity score matching (PSM).



Results

Enrolled patients were allocated into two groups according to the presence or absence of MetS (n=84 MetS vs n=251 non-MetS), and 82 new matched pairs were identified to balance the baseline characteristics after 1:1 PSM. In the Kaplan-Meier analysis, MetS was associated with better OS (P=0.031) than the group without MetS. In addition, a body mass index (BMI) ≥ 25 was associated with better OS (P=0.011) and PFS (P=0.031), while low high-density lipoprotein cholesterol (HDL-C) was associated with worse OS (P=0.033) and PFS (P=0.010). In all patients, multivariate Cox analysis showed that hemoglobin, pathologic tumor stage and lymph node status were identified as independent prognostic factors for both OS and PFS, while age, MetS and HDL-C were independent prognostic factors only for OS. Reproducible results of multivariate analysis can still be observed in propensity matched patients. The results of further subgroup analysis revealed that the association of MetS with increased OS (P=0.043) and BMI ≥25 with increased OS (P=0.015) and PFS (P=0.029) was observed in non-muscle invasive bladder cancer (NMIBC) patients.



Conclusions

MetS was independently associated with better OS in BCa patients after RC, and HDL-C was the only component of MetS that was independently associated with worse OS. MetS and HDL-C may become reliable prognostic biomarkers of OS in BCa patients after RC to provide individualized prognostication and assist in the formulation of clinical treatment strategies.





Keywords: bladder cancer, radical cystectomy, metabolic syndrome, high-density lipoprotein cholesterol (HDL-C), survival outcome, propensity score matching



Introduction

Bladder cancer (BCa) is one of the most common malignancies of the genitourinary system and is a significant cause of morbidity and mortality worldwide. It was estimated that BCa accounted for 83,730 new cases of cancer and 17,200 cancer-related deaths in 2021 (1). Urothelial carcinoma (UC) is the most common histologic type, approximately 75% of patients present with non-muscle invasive bladder cancer (NMIBC)while 25% with muscle invasive bladder cancer (MIBC), and 10-20% of cases of NMIBC will progress to MIBC at diagnosis (2). Radical cystectomy (RC) remains the standard treatment for non-metastatic MIBC (3) and high risk NMIBC (4). Despite significant advancement in surgical techniques and increasing application of multimodal treatment approaches, the long-term survival outcome of BCa patients after RC is not satisfactory, and the 5-year disease-specific survival after RC is consistently 50-60% (5, 6). To improve the survival outcome, the assessment of reliable prognostic factors could be conducive to guiding clinical decision-making and patient consultation, such as tumor stage, lymph node status, lymphovascular invasion (LVI), pathologic grade (7), lymphocyte-to-monocyte (LMR) (8) and Vesical Imaging-Reporting and Data System (VI-RADS) score (9). Among them, tumor stage and lymph node status remain the dominant pathologic predictors for recurrence and survival. However, BCa with similar stage and grade may present significantly different clinical outcomes after RC unexpectedly (10). Therefore, it is necessary to identify additional appropriate prognostic factors to help in preoperative risk stratification and survival prediction.

Recently, there is increasing interest in describing the extent of the impact of metabolic changes on cancer development and progression, particularly with regard to metabolic syndrome (MetS) (11–14). MetS is a complex disorder characterized by a series of metabolic disturbances including abdominal obesity, hyperglycemia, high blood pressure, hypertriglyceridemia, and low high-density lipoprotein cholesterol (HDL-C) (15), all of which are independently associated with an increased risk of cancer (16–18), and their influence on survival outcome has been confirmed in a variety of cancers as well, such as liver cancer (19), gastric cancer (20), breast cancer (21) and colon cancer (11). In addition, MetS is closely associated with a variety of genitourinary diseases as well (22, 23). As for BCa, current studies focus more on the potential association between MetS and an increased risk of BCa (24). In contrast, data on the association between MetS and survival outcomes in BCa, such as overall survival, cancer-specific survival and disease recurrence, are extremely limited and unproven (25). Similarly, only a few studies have evaluated the relationship between each MetS component and the survival outcomes of BCa in detail (26, 27).

Thus, in view of the significant role of MetS in tumor prognosis, this study was designed to explore the prognostic significance of MetS and its components in BCa patients treated with RC.



Materials and Methods


Study Population

After obtaining the approval of the Institutional Review Board for the Protection of Human Subjects, we used the BCa database from the Department of Urology at Peking University Third Hospital (PUTH)for our analysis. A total of 470 consecutive BCa patients treated with RC between 2004 and 2019 at PUTH were included in the study. Comprehensive clinicopathological information was reviewed and collected for each patient. Patients were excluded from the study based on the following criteria: pathologic diagnosis other than urothelial carcinoma (n=12), distant metastatic disease at the time of RC (n=28), unavailable information on any of the MetS components (n=62), postoperative 30-day death (n=8) or less than 1 month of follow-up (n=14), prior neoadjuvant therapy (n=2), and presence of systemic inflammatory disease (n=7) and blood disease (n=2). This resulted in 335 BCa patients eligible for further analysis, the process of patient selection is shown in Figure 1.




Figure 1 | Flow chart of patient selection.





Data Collection

The clinical and pathological variables of the enrolled patients were retrospectively collected from the database, including: age, gender, body mass index (BMI), hypertension, hyperglycemia, hypertriglyceridemia, high-density lipoprotein cholesterol (HDL-C), current smoking, hemoglobin (Hg), pathologic tumor stage (pT), lymph node status (pN), pathologic grade, concomitant carcinoma in situ (CIS), variation and adjuvant therapy. All surgical specimens after RC were processed according to standard pathological procedures. Genitourinary pathologists assigned tumor pathologic grade and clinical stage according to the 2004 WHO/International Society of Urologic Pathologists classification of bladder urothelial cancer and the 2017 TNM staging system of the AJCC, respectively.



Metabolic Syndrome Criteria

Patients were classified as MetS according to the diagnostic criteria from Chinese Medical Association Diabetes Society in 2004 (28) with at least three of the following four components: (i) overweight and/or obesity: body mass index (BMI) ≥ 25kg/m2; (ii) hyperglycemia: fasting plasma glucose ≥6.1mmol/L (110 mg/dL) and/or 2-hr postprandial plasma glucose ≥7.8mmol/L (140 mg/dL), or drug treatment for diagnosed diabetes mellitus; (iii) hypertension: blood pressure ≥140/90 mmHg or drug treatment for diagnosed hypertension; (iv) dyslipidemia: fasting serum triglyceride (TG) level ≥1.7mmol/L (150 mg/dL) and/or fasting serum high-density lipoprotein cholesterol (HDL-C) <0.9mmol/L (35 mg/dL) in male and <1.0mmol/L (39 mg/dL) in female.



Follow-Up

In general, the patient underwent postoperative clinical and radiological follow-up following conventional institutional protocols, included quarterly sessions for the first two years, semiannually sessions for the next two years, and then annual follow-up thereafter. The primary study outcomes included overall survival (OS) and progression-free survival (PFS). OS was defined as the time from the day of surgery to the last follow-up or death due to any cause. PFS was defined as the time from the beginning of treatment to the observation of disease progression or death due to any cause.



Statistical Analysis

According to the data distribution, continuous variables are presented as medians and interquartile ranges (IQRs), and categorical variables are expressed as counts and frequencies. Comparisons of the differences between MetS patients and non-MetS patients were performed using Student’s t test for continuous variables and the χ2 test or Fisher’s test for categorical variables. We reduced the influence of data deviation and confounding variables between the patients in the MetS and non-MetS groups by using the method of propensity score matching (PSM) to obtain matched data. Matching was conducted at a 1:1 fixed ratio with a caliper value of 0.05 by using the variables of age, gender, current smoking, hemoglobin, pT stage, pN status, pathologic grade, CIS, variation and adjuvant therapy. OS and PFS were estimated using standard Kaplan-Meier methods. The log-rank test was applied for the statistical comparison between survival curves. Univariate and multivariate analyses were performed using the Cox proportional hazards model to assess the correlation between MetS and individual components and survival outcomes, and the results were presented as hazards ratios (HRs) and 95% confidence intervals (95% CIs). All significant variables with a P value < 0.10 in the univariate analysis were incorporated into the subsequent multivariate analysis to identify the independent prognostic factors. All statistical analyses were performed using IBM SPSS Statistics 26.0. Two-sided P values <0.05 were considered statistically significant.




Results


Patient Characteristics

A total of 335 patients treated with RC were included in the study and they were divided into two groups based on the presence or absence of MetS (n=84 MetS vs n=251 non-MetS). The overall prevalence of each of the various MetS components was 38.2% for obesity, 39.1% for hypertension, 34.9% for hyperglycemia, 30.4% for hypertriglyceridemia and 27.5% for low HDL-C. To balance the baseline and reduce the impact of potential confounding factors, PSM was performed at a 1:1 fixed ratio, and finally we obtained 82 new matched pairs. After matching, the clinicopathologic characteristics between patients in the MetS and non-MetS groups were well-balanced except for individual components of MetS (BMI, P <0.001; hypertension, P <0.001; hyperglycemia, P <0.001; hypertriglyceridemia, P <0.001; low HDL-C, P <0.001). The clinicopathologic characteristics of the all patients and propensity matched patients are shown in Table 1.


Table 1 | Clinicopathological characteristics of the all patients and propensity matched patients.





Survival Outcomes of OS and PFS

In total, the median follow-up period was 34.0 months (interquartile range: 13.0-64.0 months), with a total of 27 (32.1%) patients who died and 34 (40.5%) who developed disease progression in the MetS group, and 106 (42.2%) who died and 118 (47.0%) who developed disease progression in the non-MetS group. The median OS time was 46.4 months, and the 5-year OS probabilities for the MetS group and non-MetS group were 70.2% and 60.2%, respectively. The median PFS time weas 36.9 months, and the 5-year PFS probabilities for the MetS group and non-MetS group were 63.1% and 55.8%, respectively.



Univariate and Multivariate Analyses for OS and PFS in All Patients

Univariate analyses revealed that age, BMI, hemoglobin, pathologic tumor stage and lymph node status were associated with OS; age, HDL-C, hemoglobin, pathologic tumor stage, lymph node status and adjuvant therapy were associated with PFS (Table 2). After adjusting for potential confounders by multivariate Cox regression analysis, age (P=0.011), MetS (P=0.005), HDL-C (P=0.006), hemoglobin (P<0.001), pathologic tumor stage (P<0.001) and lymph node status (P=0.001) were identified as independent prognostic factors for OS; hemoglobin (P<0.001), pathologic tumor stage (P=0.001) and lymph node status (P<0.001) were identified as independent prognostic factors for PFS (Table 2).


Table 2 | Univariate and multivariate analysis of prognostic factors using the Cox proportional hazards model for OS and PFS in all patients.





The Effect of MetS and Its Components on OS and PFS in Propensity Matched Patients

The Kaplan-Meier analysis and log-rank test revealed that there was statistical significance in both OS and PFS curves for BMI and HDL-C, and statistical significance in only OS curves for MetS. BMI ≥25 was associated with better OS (P=0.011; Figure 2B) and PFS (P=0.031; Figure 3B) while low HDL-C was associated with worse OS (P=0.033; Figure 2F) and PFS (P=0.010; Figure 3F). In addition, MetS was also associated with better OS (P=0.031) compared with non-MetS (Figure 2A). There was no statistical significance for other individual components of MetS in the OS (Figures 2C–E) and PFS (Figures 3A, C–E) curves.




Figure 2 | Kaplan-Meier survival analysis of OS stratified by MetS and its components after PSM. (A) MetS and non-MetS; (B) BMI <25 and BMI ≥25; (C) hypertension and no hypertension; (D) hyperglycemia and no hyperglycemia; (E) hypertriglyceridemia and no hypertriglyceridemia; (F) low HDL-C and no low HDL-C. BMI, body mass index; HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; OS, overall survival; PSM, propensity score match.






Figure 3 | Kaplan-Meier survival analysis of PFS stratified by MetS and its components after PSM. (A) MetS and non-MetS; (B) BMI <25 and BMI ≥25; (C) hypertension and no hypertension; (D) hyperglycemia and no hyperglycemia; (E) hypertriglyceridemia and no hypertriglyceridemia; (F) low HDL-C and no low HDL-C. BMI, body mass index; HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome; PFS, progression-free survival; PSM, propensity score match.



Univariate analyses revealed that age, BMI, HDL-C, hemoglobin, pathologic tumor stage and lymph node status were all associated with OS and PFS while MetS was only associated with OS (Table 3). In order to ensure the assessment values of prognostic factors was consistent with that before PSM, we also performed multivariate Cox regression analysis after PSM. As a result, age (P=0.019), MetS (P=0.001), HDL-C (P=0.011), hemoglobin (P<0.001), pathologic tumor stage (P=0.001) and lymph node status (P=0.017) were identified as independent prognostic factors for OS. Hemoglobin (P=0.004), pathologic tumor stage (P=0.002) and lymph node status (P=0.007) were identified as independent prognostic factors for PFS (Table 3).


Table 3 | Univariate and multivariate analysis of prognostic factors using the Cox proportional hazards model for OS and PFS in propensity matched patients.



Further subgroup analyses were performed stratified by T stage (NMIBC vs MIBC). The results revealed that the association of MetS with increased OS (P=0.043) and BMI ≥25 with increased OS (P=0.015) and PFS (P=0.029) were observed in NMIBC patients. In contrast, there were no significant differences in MetS and its individual components in the OS and PFS curves of MIBC patients (Supplementary Figures 1–4).




Discussion

In the present single-center study, we investigated the impact of MetS and its components on the prognosis of BCa patients who underwent RC. We balanced out differences in clinicopathological characteristics between MetS and non-MetS patients and explored the influence of other potential risk factors by using PSM and multivariate Cox regression analysis. Our study found that MetS was independently associated with better OS in BCa patients after RC, and HDL-C was the only component of MetS that was independently associated with worse OS. We further performed detailed subgroup analyses stratified by tumor stage, and the results revealed that the presence of MetS and BMI ≥ 25 were protective factors for the survival of NMIBC patients. To the best of our knowledge, this is the first study to explore whether MetS or its components influence survival outcomes in BCa patients treated with RC, which might provide preliminary evidence and direction for future research in this area.

Our results highlight the necessary for more investigation into the potential molecular mechanisms underlying our findings. A variety of mechanisms have been proposed to explain the role of MetS in cancers including regulation of the insulin-like growth factor-1 (IGF-1) pathway, existence of hyperinsulinemia and insulin resistance, process of adipokine production, angiogenesis promotion, glucose malutilization, and oxidative stress/DNA damage, which can synergistically increase the cancer risk rather than just individual components (29, 30). Insulin can bind and activate the IGF-1 receptor and promote mitosis by triggering downstream pathways to act as a growth factor (31). Increased levels of insulin and IGF-1 can would promote tumors growth and progression by binding to the overexpressed insulin receptor in many cancers (32). At the same time, insulin resistance in patients with MetS can contribute to hyperinsulinemia, which enhances the activity of IGF by inhibiting the synthesis of IGF binding proteins (33). In addition to endocrine disorders, immuno-inflammatory responses such as adipose tissue releases proinflammatory cytokines such as TNF-α or IL-6, which promote angiogenesis and cell proliferation leading to rapid tumor growth (34). Besides, hyperglycemia is associated with mitochondrial malfunction, which leads to insufficient DNA repair and increases the production of reactive oxygen species (ROS) to raise oxidative stress damage (35). Therefore, there are complex prognostic effects in cancer patients due to the complex mechanisms between MetS and cancer.

The impact of MetS on cancer patient prognosis, including BCa, remains controversial. Several studies have illustrated that MetS is negatively associated with the survival outcomes of cancers. For instance, Hu D et al. discovered that the median survival time for MetS patients was significantly shorter than for non-MetS patients in a prospective study of 3012 gastric cancer patients (20). The result of Xu H et al. study also showed that MetS was an independent factor for decreased cancer-specific survival (CSS) in upper tract urothelial carcinoma (UTUC) patients (36). In contrast, Yang Y et al. (37) and Silva A et al. (11) both concluded that MetS was not a prognostic factor for OS or recurrence-free survival (RFS) in patients with colon cancer. Garg T et al. also found that there was no association between MetS and time to recurrence in a large, multi-institutional cohort of older patients with NMIBC (38). Interestingly, our results revealed that MetS was a favorable prognostic factor that was associated with better OS in patients with BCa after RC. Similar results have been seen in other cancer studies. Wen YS et al. also discovered that MetS was associated with improved survival in patients with resectable esophageal squamous cell carcinoma independently and significantly (39). Furthermore, Liu Z et al. found MetS to be an independent favorable prognostic factor of CSS in patients with localized renal cell carcinoma (RCC) (33). These results could be explained by the fact that patients with MetS were generally accompanied by a better nutrition status, which could reduce the risk of mortality caused by malnutrition. Good nutritional status could improve survival by enhancing immunity and providing high tolerance for long-term treatment (40). In addition, there are studies suggesting that the better survival outcomes of RC patients with MetS in our study might be the result of a beneficial role played by obesity, which is a vital constituent of MetS. Patients with higher BMI might have better nutritional status and a potential survival advantage (41).

Obesity is a major component of MetS and was considered to be associated with worse outcomes in BCa patients treated with RC. Dabi Y et al. showed that obesity increased the risk of recurrence and cancer-specific mortality in patients with NMIBC and MIBC (26). Chromecki TF et al. found that BMI ≥30 kg/m2 was an independent predictor of cancer recurrence, cancer-specific mortality and OS in patients treated with RC for UC of the bladder (42). However, inconsistent with previous observational studies, Kaplan-Meier analysis and log-rank test in the present study revealed that overweight and obese patients (BMI ≥ 25) showed a significantly more favorable survival outcome (OS: p = 0.011; PFS: p = 0.031) compared with normal weight patients (BMI < 25). Similar results were observed in NMIBC patients in further subgroup analysis. Other studies have reached similar conclusions to support our findings. Kwon T et al. reported that overweight patients who underwent RC had a better prognosis with decreased recurrence and cancer-specific mortality compared with normal BMI values in 714 Korean patients with both NMIBC and MIBC (43). At the same time, the result of univariate analysis in Xu X et al. study also noted that a significantly favorable decreased all-cause mortality in the higher BMI group (≥ 31.2 kg/m2) compared with a low BMI group (< 31.2 kg/m2) (44). These results suggest that, contrary to the popular viewpoint, obesity might confer a survival benefit in BCa patients treated with RC. However, the specific mechanism of obesity related to a protective function in BCa remains insufficiently clear. The potential protective mechanisms resulting from overweight may be due to the elevated levels of proinflammatory molecules (45) such as adiponectin, cytokines and leptin, which are produced by adipose tissue. Leptin plays an anti-tumor role by promoting the proliferation and activation of natural killer cells (46). In addition, in MIBC patients, lymphocytes exert effect of tumor suppression by combining with adipocytes to contribute to immune regulation, antigen recognition, and elimination of malignant cells. Periprostatic mature adipocytes could also release TGFβ1 upregulated connective tissue growth factor (CTGF) expression in prostate cancer cells favoring migration (47). Therefore, BMI may be a potential reliable predictor of prognosis in RC patients, but further well-controlled clinical research with large sample sizes regarding this topic are still warranted.

Similar to obesity, diabetes mellitus (DM) is also a strong single risk factor for MetS components, and was potentially positively associated with adverse survival outcomes in patients with BCa (48). One retrospective study based on 1,502 patients who underwent RC for MIBC and high-risk NMIBC showed that compared with nondiabetic patients, there a significantly increased risk of disease recurrence, cancer-specific mortality, and any-cause mortality in diabetic patients without metformin therapy (49). Ferro M et al. concluded that type 2 diabetes mellitus (T2DM) was a predictor of an increased risk of recurrence and progression in patients with primary T1HG/G3 NMIBC in a large multi-institutional cohort (50). Hwang EC et al. also reported that DM seems to be an independent predictor of RFS and PFS in NMIBC patients (51). In contrast, our results did not show a significant relationship between DM and the prognosis of RC patients. This inconsistency might be explained by the effect of DM medication (metformin or insulin) on the ultimate survival outcome. Metformin has been discovered to play effective antineolastic effect by inhibiting the mammalian target of AMP-activated protein kinase (AMPK)-dependent and liver kinase B1 (LKB1)-dependent rapamycin (mTOR) pathway (52). Several studies found that the use of metformin seems to be associated with better RFS or CSS in patients with BCa (27, 53). Furthermore, the results from Rieken M et al. also showed that DM patients who used metformin had similar oncological outcomes after RC compared with non-DM patients (49). Therefore, future researches are supposed to consider the drug treatment of DM and further explore the impact of DM on the prognosis of RC patients.

Unlike obesity and DM, the role of hypertension in development and progression of BCa has not been well investigated. No unified conclusion has been reached in existing studies concerning hypertension and the prognosis of BCa. In the study of Stocks T et al. (54), elevated blood pressure increased the incidence and mortality rate of BCa in men, whereas there is no significant association between hypertension and BCa has been found in other studies (48). The results of Anceschi U et al. showed that hypertension was not significantly associated with OS in patients treated with robot assisted radical cystectomy (55), which was consistent with our findings. Abnormal proliferation in vascular smooth muscle cells might be the important link between hypertension and cancer. However, more evidence is needed to clarify the correlation between hypertension and BCa, as well as the underlying mechanism.

In the process of analyzing the impact of dyslipidemia on the outcomes of BCa patients treated with RC, we found that preoperative low HDL- C was independent predictors of worse OS while hypertriglyceridemia was not associated with both in OS and PFS in RC patients, suggesting that low HDL-C might be the primary component contributing to the associations between MetS and adverse prognosis of RC patients. Existing evidence suggests that HDL-C represent cancer cell renewal and epiphenomenon of cancer-related inflammation, which is closely associated with cancer-related mortality and incidence. Low HDL-C might play a vital role in cancer progression by promoting proinflammatory cytokine production, inhibiting antioxidation and inducing apoptosis (56). In addition, the associations between low HDL-C and cancer prognosis in other studies have also drawn meaningful result echoing the above mechanism. The result of Li X et al. study illustrated that breast cancer patients with lower HDL-C levels [≤ 1.02 mmol/L (40 mg/dl)] had worse OS and disease-free survival (DFS) compared with those with higher HDL-C levels (57). Xu H et al. also found the potential connection between low HDL-C and worse OS, CSS and RFS in patients with UTUC (36). Therefore, HDL-C may be a favorable marker for prognostic prediction for RC patients, and further studies are still required to elucidate the role and investigate whether HDL-C targeted therapy would improve the survival outcomes of BCa patients after RC.

There are several limitations of the study that need to be acknowledged. First of all, this study is a single-center retrospective study, which has the inherent shortcoming of limited sample size and inevitable selection bias. Second, this study mainly focused on the Chinese population, which might result in ethnicity bias and affect the generalization of our results. The role of MetS and its components in BCa patients after RC in other races or ethnicities still remains to be explored. Third, we adopted BMI ≥ 25 kg/m2 to define obesity instead of the commonly used BMI ≥ 30 kg/m2or waist circumferences considering the particularity of Chinese population, which might lead to misclassification and affected the final results. Last but not least, we did not obtain relevant drug treatment concerning MetS components such as stains or metformin due to the lack of information. This may be an important source of bias, as these drugs might have an impact on survival outcomes.



Conclusion

In conclusion, we found that MetS was independently associated with better OS in patients with BCa treated with RC, and HDL-C was the only component of MetS that was independently associated with worse OS. MetS and HDL-C may become reliable prognostic biomarkers of OS in BCa patients after RC to provide individualized prognostication and assist in the formulation of clinical treatment strategies. However, given the inherent limitations of this study, these results need to be further confirmed by adequately designed prospective studies with larger populations to provide a better conclusion.
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Variables os PFS
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Age (years) 1.033 (1.014-1.052) 0.001 1.026 (1.006-1.046) 0.011 1.022 (1.006-1.040) 0.009 1.009 (0.991-1.027) 0.317
Gender
Male Ref Ref
Female 0.975 (0.612-1.556) 0.917 0.962 (0.622-1.489) 0.862
Metabolic Syndrome
No Ref Ref Ref
Yes 0.677 (0.441-1.041) 0.076 0.466 (0.272-0.798) 0.005 0.776 (0.527-1.143) 0.199
BMI
<25 Ref Ref Ref Ref
225 0.676 (0.470-0.974) 0.035 1.273 (0.809-2.004) 0.297 0.731 (0.523-1.023) 0.068 0.854 (0.601-1.214) 0.380
Hypertension
No Ref Ref
Yes 0.837 (0.587-1.194)  0.327 0.897 (0.645-1.247)  0.516
Hyperglycemia
No Ref Ref
Yes 1.035 (0.723-1.481) 0.852 1.005 (0.718-1.406) 0.978
Hypertriglyceridemia
No Ref Ref
Yes 0.854 (0.578-1.263) 0.430 0.953 (0.667-1.360) 0.789
Low HDL-C
No Ref Ref Ref Ref
Yes 1.412 (0.981-2.033) 0.064 1.719 (1.165-2.537) 0.006 1.504 (1.073-2.107) 0.018 1.410 (0.999-1.990) 0.051
Current Smoking
No Ref Ref
Yes 0.980 (0.670-1.433) 0916 0.916 (0.639-1.312) 0.633
Hg (o/L) 0.976 (0.968-0.983) <0.001 0.980 (0.971-0.988) <0.001 0.977 (0.970-0.984) <0.001 0.980 (0.972-0.988) <0.001
pT Stage
<T2 Ref Ref Ref Ref
T3-4 2.927 (2.066-4.147) <0.001 2.055 (1.406-3.005) <0.001 2.935 (2.119-4.065) <0.001 1.896 (1.322-2.718) 0.001
pN Status
Negative Ref Ref Ref Ref
Positive 2.689 (1.786-4.049) <0.001 2.147 (1.381-3.336) 0.001 3.402 (2.345-4.937) <0.001 2.685 (1.765-4.084) <0.001
Pathologic Grade
LG Ref Ref Ref Ref
HG 2.346 (0.861-6.387) 0.095 1.057 (0.372-3.004) 0.917 2.182 (0.888-5.360) 0.089 1.182 (0.464-3.009) 0.726
Variation
Absent Ref Ref
Present 0.715 (0.315-1.624) 0.422 0.599 (0.264-1.356) 0.219
Concomitant CIS
Absent Ref Ref
Present 0.770 (0.501-1.184) 0.233 0.816 (0.554-1.202) 0.304
Adjuvant Therapy*
No Ref Ref Ref
Yes 0.814 (0.495-1.341) 0.419 1.520 (1.011-2.286) 0.044 0.929 (0.599-1.441) 0.742

BCa, bladder cancer; BMI, body mass index; Cl, confidence interval; CIS, carcinoma in situ; HDL-C, high density lipoprotein cholesterol; Hg, hemoglobin; HG, high grade; HR, hazard ratio;
IQR, interquartile ranges; LG, low grade; OS, overall survival; PFS, progression-free survival: pN, pathologic node stage; pT, pathologic tumor stage; Ref, reference.
*Adjuvant radiotherapy and/or adjuvant chemotherapy.
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Variables os PFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age (years) 1.046 (1.020-1.073) 0.001 1.035 (1.006-1.065) 0.019 1.038 (1.013-1.063) 0.002 1.019 (0.993-1.046) 0.148
Gender

Male Ref Ref

Female 0.904 (0.499-1.636) 0.738 0.958 (0.550-1.670) 0.881

Metabolic Syndrome

No Ref Ref Ref

Yes 0.600 (0.375-0.959) 0.033 0.361 (0.195-0.669) 0.001 0.717 (0.465-1.105) 0.132

BMI

<25 Ref Ref Ref Ref

=25 0.566 (0.362-0.885) 0.013 1.225 (0.684-2.195) 0.494 0.631 (0.414-0.961) 0.032 0.698 (0.451-1.081) 0.107
Hypertension

No Ref Ref

Yes 0.791 (0.508-1.231) 0.299 0.917 (0.604-1.393) 0.685

Hyperglycemia

No Ref Ref

Yes 1.016 (0.649-1.590) 0.944 1.063 (0.696-1.624) 0.776

Hypertriglyceridemia

No Ref Ref

Yes 0.877 (0.554-1.387) 0574 0.953 (0.619-1.467)  0.827

Low HDL-C

No Ref Ref Ref Ref

Yes 1.617 (1.035-2.527) 0.035 1.861 (1.150-3.013) 0.011 1.733 (1.137-2.642) 0.011 1.522 (0.985-2.350) 0.058
Current Smoking

No Ref Ref

Yes 0.983 (0.606-1.594) 0.943 Ref 0.877 (0.549-1.403) 0.585

Hg (o/L) 0.974 (0.964-0.984) <0.001 0.978 (0.966-0.990) <0.001 0.976 (0.967-0.986) <0.001 0.984 (0.973-0.995) 0.004
pT Stage

<T2 Ref Ref Ref Ref

T3-4 2.938 (1.885-4.579) <0.001 2.312(1.432-3.734) 0.001 3.037 (1.990-4.636) <0.001 2.079 (1.319-3.278) 0.002
pN Status

Negative Ref Ref Ref Ref

Positive 3.263 (1.874-5.683) <0.001 2.043 (1.138-3.668) 0.017 3.502 (2.089-5.872) <0.001 2.147 (1.227-3.756) 0.007
Pathologic Grade

LG Ref Ref Ref

HG 2.684 (0.842-8.560) 0.095 1.160 (0.343-3.921) 0.811 2.251(0.819-6.184) 0.116

Variation

Absent Ref Ref

Present 0.238 (0.033-1.710) 0.154 0.450 (0.111-1.831) 0.265

Concomitant CIS

Absent Ref Ref

Present 0.985 (0.569-1.704) 0.957 1.005 (0.604-1.672) 0.985

Adjuvant Therapy*

No Ref Ref

Yes 0.877 (0.422-1.825)  0.726 1.443 (0.765-2.724)  0.257

BCa, bladder cancer; BMI, body mass index; Cl, confidence interval; CIS, carcinoma in situ; HDL-C, high density lipoprotein cholesterol; Hg, hemoglobin; HG, high grade; HR, hazard ratio; IQR,
interquartile ranges; LG, low grade; OS, overall survival; PFS, progression-free survival: pN, pathologic node stage; PSM, propensity score match; pT, pathologic tumor stage; Ref, reference.
*Adjuvant radiotherapy and/or adjuvant chemotherapy.
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Characteristics

Age
<=65
>65
Gender
Female
Male
Grade
High
Low
Unknow
Stage
-l

-Iv
Unknow
T

T0-T2
T3-T4
Unknow
M

MO

M1
Unknow
N

NO-N1
N2-N3
Unknow
Neoadjuvant therapy
Yes

No
Radiotherapy
Yes

No
Unknow

TCGA Testing Cohort N = 107

45 (42.06%)
62 (57.94%)

35 (32.71%)
72 (67.29%)

103 (96.26%)
4 (3.74%)
0 (0%)

31 (28.97%)
76 (71.03%)
0 (0%)

30 (28.04%)
67 (62.62%)
10 (9.36%)

46 (42.99%)
3(2.8%)
58 (54.21%)

79 (73.83%)
17 (15.89%)
11 (10.28%)

2 (1.87%)
105 (98.13%)

4 (3.74%)
77 (71.96%)
26 (24.3%)

TCGA Training Cohort N = 252

96 (38.1%)
156 (61.9%)

64 (25.4%)
188 (74.6%)

239 (94.84%)
10 (3.97%)
3(1.19%)

82 (32.54%)
168 (66.67%)
2(0.79%)

77 (30.56%)
156 (61.9%)
19 (7.54%)

118 (46.83%)
8 (3.17%)
126 (50%)

172 (68.25%)
55 (21.83%)
25 (9.92%)

8(3.17%)
244 (96.83%)

11 (4.37%)
166 (65.87%)
75 (29.76%)

p-Value

0.5687

0.1973

0.5564

0.806

0.254

0.7362

0.9045
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Variables Univariable Analysis Multivariable Analysis

HR 95%ClI P-Value HR 95%CI P-Value
Age 1.038 1.021-1.056 <0.001 1.034 1.017-1.062 <0.001
Gender 0.891 0.632-1.257 0.511 ~ ~ i
Grade 1.779 0.438-7.227 0.421 ~ ~ ~
Stage 2.330 1.655-3.492 <0.001 2127 1.416-3.196 <0.001
Risk Score 1057 1.032-1.083 <0.001 1.045 <0.001
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Characteristics

Age (years), median (IQR)
Gender, n (%)

Male

Female

BMI (kg/m2), n (%)

<25

225

Hypertension, n (%)

No

Yes

Hyperglycemia, n (%)
No

Yes
Hypertriglyceridemia, n (%)
No

Yes

Low HDL-C, n (%)

No

Yes

Current Smoking, n (%)
No

Yes

Hg (g/L), median (IQR)
pT Stage, n (%)

<T2

T3-4

pN Status, n (%)
Negative

Positive

Pathologic Grade, n (%)
LG

HG

Variation, n (%)

Absent

Present

Concomitant CIS, n (%)
Absent

Present

Adjuvant Therapy*, n (%)
No

Yes

MetS (n=84)
68 (59-73)

64 (76.2%)
20 (23.8%)

6(19.0%)
68 (81.0%)

20 (23.8%)
64 (76.2%)

20 (23.8%)
64 (76.2%)

31 (36.9%)
53 (63.1%)

42 (50.0%)
42 (50.0%)

63 (75.0%)
21 (25.0%)
137 (124-148)

52 (61.9%)
32 (38.1%)

68 (81.0%)
16 (19.0%)

5 (6.0%)
79 (94.0%)

78 (92.9%)
6(7.1%)

64 (76.2%)
20 (23.8%)

74 (88.1%)
10 (11.9%)

All patients (n=335)
Non-MetS (n=251)
68 (60-75)

215 (85.7%)
36 (14.3%)

191 (76.1%)
60 (23.9%)

184 (73.3%)
67 (26.7%)

198 (78.9%)
53 (21.1%)

202 (80.5%)
49 (19.5%)

201 (80.1%)
50 (19.9%)

179 (71.3%)
72 (28.7%)
132 (117-145)

162 (64.5%)
89 (35.5%)

212 (84.5%)
39 (16.5%)

1 (4.4%)
240 (95.6%)

233 (92.8%)
18 (7.2%)

180 (71.7%)
71(28.3%)

210(83.7%)
41 (16.3%)

P value

0.895
0.044

<0.001

<0.001

<0.001

<0.001

<0.001

0.514

0.150
0.663

0.452

0.559

0.993

0.425

0.328

Propensity matched patients (n=164)

MetS (n=82)
68.5 (59-73.3)

64 (78.0%)
18 (22.0%)

16 (19.56%)
66 (80.5%)

20 (24.4%)
62 (75.6%)

19 (23.2%)
63 (76.8%)

30 (36.6%)
52 (63.4%)

41 (50%)
41 (50%)

61 (74.4%)
21 (25.6%)
137 (123-149)

52 (63.4%)
30 (36.6%)

67 (81.7%)
5 (18.3%)

5 (6.1%)
77 (93.9%)

77 (93.9%)
5 (6.1%)

62 (75.6%)
20 (24.4%)

72 (87.8%)
10 (12.2%)

Non-MetS (n=82)

69 (61.8-76.3)

69 (84.1%)
3(15.9%)

61 (74.4%)
21 (25.6%)

60 (73.2%)
22 (26.8%)

69 (84.1%)
13 (15.9%)

64 (78.0%)
18 (22.0%)

64 (78.0%)
18 (22.0%)

59 (72.0%)
23 (28.0%)
134 (118-149)

56 (68.3%)
26 (31.7%)

72 (87.8%)
10 (12.2%)

6(7.3%)
76 (92.7%)

79 (96.3%)
3(3.7%)

64 (78.0%)
18 (22.0%)

76 (92.7%)
6(7.3%)

P value

0.497
0.319

<0.001

<0.001

<0.001

<0.001

<0.001

0.724

0.588
0.510

0.277

0.755

0.717

0.711

0.292

BCa, bladder cancer; BMI, body mass index; CIS, carcinoma in situ; HDL-C, high density lipoprotein cholesterol; Hg, hemoglobin; HG, high grade; IQR, interquartile range; LG, low grade;
MetS, metabolic syndrome; pN, pathologic node stage; pT, pathologic tumor stage; RC, radical cystectomy.
*Adjuvant radiotherapy and/or adjuvant chemotherapy.
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MetS group (n=84)

MetS group (n=82)

Patients underwent radical cystectomy for bladder

cancer between 2004 and 2019 in PUTH (n=470)

Patients eligible for further analysis (n=335)

Propensity score matching (1:1)

Exclusion (n=135):

1) Pathologic diagnosis other than urothelial
carcinoma (n=12)

2) Presence of distant metastases (n=28)

3) Unavailable information on any of the MetS
components (n=62)

4) Postoperative 30-day death (n=8) or less than
1 month of follow-up (n=14)

5) Prior neoadjuvant therapy (n=2)

6) Presence of systemic inflammatory disease

(n=7) and blood disease (n=2)

Non-MetS group (n=251)

Non-MetS group (n=82)
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Parameter Category Upper Urinary Tract Urothelial Carcinoma Urinary Bladder Urothelial Carcinoma
Case No.  Tumoral SFRP2 Exp.  p-value Case No.  Tumoral SFRP2 Exp.  p-value
Low High Low High

Gender Male 158 74 84 0.277 216 112 104 0.251
Female 182 96 86 79 35 44

Age (years) <65 138 63 75 0.185 121 68 53 0.068
> 65 202 107 95 174 79 95

Tumor location Renal pelvis 141 72 69 0.784 - - - -
Ureter 150 72 78 = = = =
Renal pelvis & ureter 49 26 23 - - - -

Multifocality Single 278 138 140 0.779 = = = =
Multifocal 62 32 30 = i = =

Primary tumor (T) Ta 89 37 52 0.083 84 31 53 0.004*
™ 92 44 48 88 42 46
T2-T4 159 89 70 123 74 49

Nodal metastasis Negative (NO) 312 149 163 0.006* 266 130 136 0.319
Positive (N1-N2) 28 21 7 29 17 12

Histological grade Low grade 56 21 35 0.041* 56 23 33 0.145
High grade 284 149 135 239 124 116

Vascular invasion Absent 234 113 121 0.349 246 116 130 0.039*
Present 106 57 49 49 31 18

Perineural invasion Absent 321 161 160 0.813 275 133 142 0.062
Present 19 9 10 20 14 6

Mitotic rate (per 10 high power fields) < 10 173 81 92 0.233 139 56 83 0.002*
>=10 167 89 78 156 91 65

Stromal SFRP2 expression Low 170 55 115 <0.001* 147 43 104 <0.001*
High 170 1156 55 148 104 44

*Statistically significant.

The bold values were considered statistically significant.
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Parameter

Gender
Age (years)

Tumor side

Tumor location

Multifocality

Primary tumor (T)

Nodal metastasis

Histological grade

Vascular invasion

Perineural invasion

Mitotic rate (per 10 high
power fields)
Stromal SFRP2 expression

Tumoral SFRP2 expression

*Statistically significant.

The bold values were considered statistically significant.

Category

Male
Female
<65

> 65

Right

Left
Bilateral
Renal pelvis
Ureter

Renal pelvis &
ureter

Single
Muttifocal

Ta
T

T2-T4

Negative (NO)
Positive
(N1-N2)

Low grade
High grade

Absent
Present

Absent
Present

<10
>=10
Low
High

Low
High

Case
No.

158
182
138
202
177
154

141
150

273
62

89
92

159

312
28

56
284

234
106

321
19

173
167
170
170

170
170

Disease-specific Survival

Metastasis-free Survival

Univariate analysis

No. of
event

28
33
26
35
34
26
1
24
22

15

48
18

50

42
19

57

24
37

50
11

27
34
12
49

36
25

p-value R.R. 95% C.l.
0.8286 = <
0.9943 - -
0.7366 = =
0.0079* i -
0.888  0.480-
1.645
1.348  0.375-
4.841
0.0026* 1 =
2239  0.665-
7.535
<0.0001* 1 =
3.667  0.786-
17.104
4.768  1.062-
21.399
<0.0001* 1 =
4.937  2.662-
9.156
0.0215* 1 =
3.661 1.343-
9.9775
<0.0001* 1 -
13156 0.710-
2.435
<0.0001* 1 =
4.109 1.949-
8.665
0.167 - -
<0.0001* 1 =
2.361 1.205-
4.627
0.1065 = =

Multivariate analysis

p-
value

0.011*

0.051

<0.001*

0.009*

0.362

<0.001*

0.035%

Univariate analysis

No. of
event

32
38
30
40
38
32

0
31
25

14

52
18

51

15

67

2
44

61

30
40
13
57

38
32

p-value R.R. 95% C.lL
0.7904 - =
0.8470 - -
0.3074 = =
0.0659 - -
0.0127* 1 =
2260  1.298-
3.933
<0.0001* 1 =
3295 1.078-
10.075
2497  0.790-
7.892
<0.0001* 1 -
2627  1.411-
4.891
0.0027* 1 -
2023 0919-
4.454
<0.0001* 1 -
2192 1.191-
4.035
<0.0001* 1 =
2.647 1.245-
5.630
0.0823 = -
<0.0001* 1 =
3.039 1.597-
5.785
0.3132 - -

Multivariate analysis

p-
value

0.004*

0.110

0.002*

0.080

0.012*

0.011*

0.001*
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Parameter

Gender
Age (years)

Primary tumor (T)

Nodal metastasis

Histological grade

Vascular invasion

Perineural invasion

Mitotic rate (per 10 high

power fields)

Stromal SFRP2 expression

Tumoral SFRP2 expression

Category

Male
Female
<65

> 65
Ta

T

T2-T4

Negative
(NO)
Positive
(N1-N2)
Low grade
High grade

Absent
Present

Absent
Present

<10
>=10

Low
High

Low
High

Case

216
79

121
174
84

88

123

266

29

56
239

246
49

275
20

139
156

147
148

147
148

Univariate analysis

No. of
event

41
11
17
35
1
9

42

4

11

2
50

37
15

44
8

12
40

9
43

31
21

Disease-specific Survival

p-value R.R. 95% C.I.
0.4446 = =
0.1136 - -

<0.0001* 1 =

7.007 0.711-
69.038
35.904 3.718-
346.745
0.0002* 1 -
1.124 0.559-
2.260
0.0013* 1 =
0.765 0.159-
3.688
0.0024* 1 -
0.513 0.26-1.029
0.0001* 1 =
1.792 0.773-
4.1561
<0.0001* 1 =
1.888 0.959-
3.719
<0.0001* 1 -
3.849 1.791-
8.269
0.0895 - =

Multivariate analysis

p-
value

0.743

0.739

0.060

0.173

0.066

0.001*

Univariate analysis

No. of
event

60
16
31
45
4
23

49

61

15

71

54
22

66
10

23
53

15
61

48
28

Metastasis-free Survival

p-value R.R. 95%C.l
0.2720 i -
0.6875 - -
<0.0001* 1 =
1.201 1.201-
14.358
14.358  2.102-
24.092

<0.0001* 1 -
1.521 0.827-
2.796

0.0007* 1 -
1.000 0.337-
2.967

0.0001* 1 -
0.832 0.459-
1.507

0.0007* 1 =
1.286 0.611-
2704

<0.0001* ] =
1.539 0.912-
2.598

<0.0001* 1 -
3.788 2.066-
6.946

0.0053 1 -
0.819 0.505-
1.328

Multivariate analysis

p-
value

0.177

1,000

0.543

0.508

0.106

<0.001*

0.418

*Statistically significant.

The bold values were considered statistically significant.
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Parameter

Gender

Age (years)

Primary tumor (T)

Nodal metastasis

Histological grade

Vascular invasion

Perineural invasion

Mitotic rate (per 10 high power fields)
Stromal SFRP2 expression

Tumoral SFRP2 expression

*Statistically significant; n.a., not applicable.

Category

Male

Female

<65

>65

Ta

T

Negative (NO)
Positive (N1-N2)
Low grade
High grade
Absent
Present
Absent
Present

<10

>=10

Low

High

Low

High

The bold values were considered statistically significant.

Case No.

125
47
70
102
84
88
172

54
118
171

169

94
78
99
73
73
99

Local Recurrence-free Survival

Univariate analysis

No. of event

46
19
30
35
27
38
65
0
15
50
65
0
64
1
35
30
24
41
34
31

p-value
0.8370
0.3857
0.0193*
na.
0.0101*
0.6639
0.4725
0.1853
0.0002*

0.0414*

R.R.

Multivariate analysis

95% C.l.

0.629-2.169

0.808-3.494

1.179-3.681

0.493-1.464

p-value





OPS/images/fonc.2022.834249/table2.jpg
Parameter

Gender
Age (years)

Tumor location

Multifocality

Primary tumor (T)

Nodal metastasis

Histological grade

Vascular invasion

Perineural invasion

Mitotic rate (per 10 high power fields)

Tumoral SFRP2 expression

*Statistically significant.

Category

Male

Female

<65

>65

Renal pelvis
Ureter

Renal pelvis & ureter
Single
Multifocal

Ta

T

T2-T4
Negative (NO)
Positive (N1-N2)
Low grade
High grade
Absent
Present
Absent
Present

<10

>=10

High

Low

The bold values were considered statistically significant.

Upper Urinary Tract Urothelial Carcinoma

Urinary Bladder Urothelial Carcinoma

Case No.

158
182
138
202
141
150
49
278
62
89
92
159
312
28
56
284
234
106
321
19
173
167
170
170

Stromal SFRP2 Exp.

Low

76
94
75
95
60
83
27
136
34
64
55
51
165
5
43
127
144
26
165

115
55
115
55

High

82
88
63
107
81
67
22
142
28
25
37
108
147
23
13
167
20
80
156
14
58
12
55
115

p-value

0.514
0.185

0.069

0.399

<0.001*

<0.001*

<0.001*

<0.001*

0.034*

<0.001*

<0.001*

Case No.

123
266
29
56
239
246
49
275
20
139
156
148
147

Stromal SFRP2 Exp.

Low

103
44
60
87

139

39
108
132
15
143

89
58
104
43

High

113
35
61
87

127
21
17

131

114
34

132
16
50
98
44

104

p-value

0.223

0.944

0.012*

0.001*

0.003*

0.006*

<0.001*

<0.001*
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Study, year, country AST
Chen, 2018, Taiwan (22) Finasteride
Morales, 2016, America (27) Finasteride
Moschini, 2019, America (28) ADT
Sathianathen, 2018, America (30) Finasteride
Shiota, 2015, Japan (32) ADT

Van Hemelriick, 2014 Switzerland (33) ~ ADT

Wallner, 2013, America (34) GnRH agonist

Zhu, 2021, America (38) Finasteride

AST duration

< 6 months
> 6 months

>12 months

59 months.

72 months

45.5 months.

60 months

66 months

73.6 months.

Bladder cancer
cases (n)

16784

1031

2495

197

132

846

Risk estimate for bladder
cancer diagnosis

1-179 cDDD OR 0.93 (95% Cl: 0.79-1.09).
>180 ¢DDD OR 0.84 (95% Cl: 0.70-0.99)

HR 0.733 (95% Cl: 0.552-0.974)"

HR 0.93 (95% Cl: 0.85-1.02)

0.74% with Finasteride vs. 0.61% with control.
OR 1.2 (95% Cl: 0.48-3.09)

0 with ADT vs.1.1% with surgery.

OR 0.15 (95% CI: 0.01-2.68)

SIR 2.54 (95% CI: 1.91-3.33)"

HR 0.53 (95% Cl: 0.26-1.06)

HR 0.64 (95% Cl: 0.51-0.80)"

Notes

Adjusted for comorbidities (diabetes melitus,
cerebrovascular disease, chronic kidney disease,
hypertension and hyperipidenia), socioeconomic status
(low, moderate and high), geographic region (northern,
central, southem and eastern)

Adjusted for age, smoking status, body mass index at
baseline, race, family history of BCa, randomization arm,
colon comorbidity, prostatitis, duration smoked cigarettes,
and education

Adjusted for age, race, PCa clinical tumor stage, PCa
biopsy Gleason score, as well as marital, socio-economic
status and ever-smoker status, and competing-risk.
mortality

No adjustment of variables due to few events

No adjustment of variables due to few events

The SIR is defined as the ratio of the observed numbers of
primary tumors to the expected numbers

Adjusted for age, race, year of prostate cancer diagnosis,
healthcare visits, stage, Gleason score, and radiation
therapy

Adjustment for age, race/ethnicity (Caucasian, African
American, Hispanic and other) as well as smoking history

ADT, Androgen deprivation therapy; AST, Androgen suppression therapy; GnRH, Gonadotropin-releasing hormone; BCa, Bladder cancer; cDDD, Cumulative defined daily dose; Cl, Confidence interval; SIR, Standardized incidence ratio; HR,

Hazard ratio; OR, Odds ratio; PCa, Prostate cancer. *p < 0.05.
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Study, year, country AST AST Outcome Risk estimate Adjusted for covariates

duration
Al-Hogbani, 2020, Canada  Finasteride or >6months  RFS HR 1.00 (95% Cl: 0.55-1.79) Adjusted for age, stage, grade, number of tumors, smoking history,
(21) Dutasteride PFS 5-yr PFS with vs. without AST: 97.4% vs 98.2%  tumor size, presence of CIS, and intravesical treatment
lzumi, 2014, Japan (23) ADT 62months  RFS HR 0.29 (95% Cl: 0.19-0.45)" Adjusted for age. stage, grade, tumor number, tumor size,
presence of CIS, and intravesical treatment
Kufukihara, 2021, Japan (24) ~ ADT 60months  RFS 5-yr RFS with vs. without ADT: 43.7% vs 27.7%  No adjustment of variables due to few events
PFS (p =0.027)"
5-yr PFS with vs. without ADT: p = 0.52
Mékels, 2018, Finland (25)  Finasteride or 24 months  CSS Pre-diagnostic 5-ARI use: HR 0.85 (95% Adjusted for age, gender, co-morbidities, primary bladder cancer
Dutasteride Muliple CL0.74-0.97)" treatment (surgery vs. other) and tumor extent at diagnosis
TURB Post-diagnostic 5-ARI use: HR 0.78 (95% (localized vs metastatic)
C10.68-0.89)"
22 resections: OR 0.89 (95% C1:0.74-1.07)
> 5 resections: OR 0.82 (95% C1:0.58-1.16)
McMeartin, 2019, Canada (26) ~ Finasteride or 221 os HR: 0.40 (95% Cl: 0.19-0.83)" Adjusted for age, use of neoadjuvant chemotherapy and pathologic
Dutasteride months  RFS;CSS  No significant diference; No significant diference ~ stage
LVI; PM; PNl OR: 0.49 (95% Cl: 0.2-1.00)'; NS; NS
Pastore, 2019, ltaly (29) Dutasteride >12 months  RFS HR: 0.67 (95% Cl: 0.52-0.85)" Adjusted for age, stage, grade, number of tumors, smoking history,
presence of CIS, and intravesical treatment
Shiota, 2017, Japan (31) GRH-agorist or Bicalutamide or 28 months  RFS HR: 0.36 (95% Cl: 0.11-0.89)" Adjusted for stage, number of tumors, size of tumor, smoking
Dutasteride PFS PFS with vs. without AST: 100% vs 96.9% status, and intravesical therapy
Wang, 2020, Taiwan (35) 5-ARls >1months  CSS OR 0.835 (95% CI: 0.71-098)" Adjusted for age, and comorbidities including diabetes melitus,
RFS OR 0956 (95% CI: 0.82-1.11) hypertension, chronic Kidney disease and hyperlipidemia
Wissing, 2021, Canada (36)  Finasteride or 24 months  OS HR 1.03 (95% C: 0.88-1.21) Adjusted for age, region of residence, Charlson's comorbidity index,
Dutasteride css HR 1.12 (95% CI: 0.92-1.36) year of surgery, driving distance to the hospital, hospital type,

RFS HR 1.19 (95% Cl: 0.99-1.42) annual radical cystectomy volume of the hospital and lead surgeon,
type of bladder diversion, and administration of necadjuvant
chemotherapy

Wu, 2019, America (37) GnRH-agonist or Anti-androgen 20 months ~ RFS HR: 0.53 (95% Cl: 0.30-0.88)" Smoking history, risk group (low/intermediate or high), and
or PFS 5-yr PFS with vs without AST: 80% vs 63% postoperative chemotherapy use
5-ARIs (p=023)

5-ARls, 5-alpha redluctase inhibitors; ADT, Androgen deprivation therapy; AST, Androgen suppression therapy; GnRH, Gonadotropin-releasing hormone; BCG, Bacill Caimette-Guerin; PFS, Progression-free survival; CIS, Carcinoma in situ;
TURB, Transurethal resection of bladder; OS, Overall survival; RFS, Recurrence-free survival; CSS, Cancer-specific survival; LV, Lymphovascular invasion; PM, Positive margins; PN, Perineural invasion; Cl, Confidence interval; OR, Odds
ratio: HR, Hazard ratio: NS, No sigrificance. "o < 0.05.
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Database references 1dentified

Total = 1520 (PubMed 788, Embase 732)

480 duplicates excluded

1040 records for assessment

1012 records excluded

(Conference abstracts, review articles,

letters, editorials and not relevant)

28 records for screening

10 studies excluded
(Preclinical data)

18 records were 1dentified for analysis
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1.1.1 5-ARI

Chen 2018 -0.1834 0.0884
Morales 2016 -0.3103 0.1449
Sathianathen 2018 0.1971 0.475
Zhu 2021 -0.4482 0.1148

Subtotal (95% CI)

17.1%
15.7%

6.7%
16.5%
56.0%

Odds Ratio

Random. 95%

0.83 [0.70, 0.99]
0.73 [0.55, 0.97)
1.22 [0.48, 3.09]
0.64 [0.51, 0.80]
0.75 [0.64, 0.88]

Heterogeneity: Tau? = 0.01; Chi? = 4.39, df = 3 (P = 0.22); I? = 32%

Test for overall effect: Z = 3.43 (P = 0.0006)

1.1.2 ADT

Moschini 2019 -0.0714 0.0465
Shiota 2015 -1.8097 1.4263
Van Hemelrijck 2014 0.925 0.1418
Wallner 2013 -0.6444 0.3585

Subtotal (95% Cl)

17.9%
1.1%
15.8%
9.2%
44.0%

0.93 [0.85, 1.02]
0.16 [0.01, 2.68]
2.52[1.91, 3.33]
0.52 [0.26, 1.06]
1.00 [0.46, 2.15]

Heterogeneity: Tau? = 0.45; Chi? = 49.66, df = 3 (P < 0.00001); I> = 94%

Test for overall effect: Z = 0.01 (P = 0.99)

Total (95% Cl)

100.0%

0.92 [0.68, 1.24]

Heterogeneity: Tau? = 0.13; Chi? = 68.73, df = 7 (P < 0.00001); I = 90%

Test for overall effect: Z = 0.56 (P = 0.57)

Test for subaroup differences: Chi2=050.df=1 (P =0.48). 12 = 0%

0.01

0.1

Odds Ratio

-
atzialelelnn

P

1

10

Favours [AST] Favours [no AST]

100
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A RFS

Test for overall effect: Z = 0.80 (P = 0.43)

Odds Ratio Odds Ratio
_Study or Subgroup _log[Odds Ratio] SE Weight 1V, Random, 95% C|
Al-Hogbani 2020 -0.0078 0.301 12.0% 0.99 [0.55, 1.79]
Izumi 2014 -1.2296 022 145% 0.29[0.19, 0.45]
Pastore 2019 -0.4082 0.1254 17.3% 0.66 [0.52, 0.85]
Shiota 2017 -1.1619 0.5334  6.7% 0.31[0.11, 0.89]
Wang 2020 -0.047 0.0772 18.4% 0.95[0.82, 1.11]
Wissing 2021 0.1703 0.092 18.1% 1.19[0.99, 1.42]
Wu 2019 -0.6659 0.2745 12.8% 0.51[0.30, 0.88]
Total (95% Cl) 100.0% 0.68 [0.48, 0.95]
Heterogeneity: Tau? = 0.16; Chi = 49.43, df = 6 (P < 0.00001); I2 = 88% '0 5 o : 1'0 100‘
Test for overall effect: Z = 2.28 (P = 0.02) Favours [AST] Favours [no AST]
B CSS
Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE Weight IV, Random. 95% Cl 1V, V
Mékeld 2018 -0.2511 0.0687 35.9% 0.78 [0.68, 0.89] =
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Key inclusion criteria

NMIBC treated with BCG
Diagnosis of patients with bladder

cancer or without bladder cancer
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Patients with urothelial carcinoma
undergo radical cystectomy
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Diagnosis of localized prostate cancer
Diagnosis of NMIBC

MTOPS LUTS study participants
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Diagnosis of prostate cancer

Diagnosed of localized prostate cancer
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Follow-
up (yn)
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6

52

42

49

25

36

38

55

7.7

31

6.1

Outcome measures

Bladder cancer recurrence and
progression-free survival

Effect of 5-ARIs on bladder
cancer incidence

Bladder cancer recurrence
Bladder tumor recurrence

Bladder cancer specific survival;
The risk of multiple TURB
procedures

Bladder cancer survival,such as
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Pathological features assessment
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survival
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Bladder tumor recurrence and
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Incidence of bladder cancer

5-ARls, 5-alpha reductase inhibitors; AST, Androgen suppression therapy; ADT, Androgen deprivation therapy; NMIBC, Non-musce-invasive bladder cancer; BCG, Bacille Camette-Guerin; NA, Not available; LUTS, Lower urinary tract
symptoms; TURB, Transurethal resection of bladder; OS, Overall survival; RFS, Recurrence-free survival; CSS, Cancer-specific survival; LVI, Lymphovascular invasion; PNI, Perineural invasion; MTOPS, Medical Treatment of Prostate
Symptoms: AT, Radiotherapy; SPT, Sacond primary tumor: BPH, Benign prostatic hyperplasia: PLCO, Prostals, Lung, Colon, Ovarian.
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Thrombocyte count (A/df)
Radiological Progression
Radiological response
Al-score (abdomen)
Al-score (thorax)

Intercept
Al-score (abdormen)
Age

Erythrocyte + hemoglobin (A/c)

Leukocyte count (A/cl)
Thrombocyte count (A/c)
Radiological progression
Radiological response

Univariate analysis

N. negative/positive p-value ROC AUC (95 Cl) Sensitivity
358/110 0.019 0.57 (0.561-0.62) 0.47 (0.43-0.52)
372/122 <0.001 062 (0.57-0.66)" 0.47 (043-051)
366/116 0.039 0.55 (0.49-0.61) 0.52 (0.48-0.56)
366/116 0.421 051 (0.45-0.56) 051 (0.47-0.56)

145/65 <0.001 064 (0.58-0.70) 0.87 (082-091)
145/65 <0.001 0,66 (0.62-0.69)" 069 (0.62-0.75)
4871117 <0.001 0.73(0.69-0.76) 0.60 (0.56-0.64)
1,421/516 <0.001 067 (0.64-0.69) 0.58 (0.56-0.60)

Multivariate analysis

Coefficient ‘Standard deviation 95 Confidence interval
-1.1010 3213 —7.398 5.196
—7.9394 1.683 -11.239 —4.640
~7.3906 2699 —12.680 —2.101
-0.2210 2.455 -5.034 4592
109735 4810 1.546 20.401
—-0.3935 2.022 —4.367 3570
—3.0030 0.693 —4.361 —1.645

> 100 > 100 -100 > 100

AUC < 0.5 were inverted for readability, indicated by *.

Specificity

0.42 (0.34-0.49)
0.38 (0.31-0.45)
0.56 (0.49-0.64)
054 (0.46-0.61)
0.42 (0.31-052)
0.00 (0.00-0.00)
0.74 (0.60-0.80)
0.71(0.68-0.74)

p-value

0.732
<0.001
0.006
0.928
0.023
0.846
<0.001
0.999
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Abdominal imaging
Hotspot tumor Lung mets (3), adrenal mets Bone mets (6), peritoneal (5)
(1), abdominal wall mets (1),
ureter (1), recurrence (2),

deposition (2)
Hotspot tumor-refated Ascites (2) Hydronephrosis (4)
Hotspot therapy-related
Hotspot healthy Pelvis (2), gental (3), Chest wall (7), pancreas (6)
retroperitoneum (2)
Coldspot tumor Bladder Ca (2), lymph nodes
mets (3), lung mets (1), bone
mets (1), iver mets (2),
peritoneal mets (2), abdominal
wall mets (1), recurrence (1)
Coldspot tumor-related Pleural effusion (1), ascites (1),
hydronephrosis (1)
Chest imaging
Hotspot tumor Lymph nodes mets (3), bone Lung mets (7), liver mets (4)
mets (2)
Hotspot tumor-related Pleural effusion (1)
Hotspot therapy-related Pneumonitis (1), sarcoid like
(@]
Hotspot healthy Lung (2)
Coldspot tumor Lymph nodes mets (3), lung
mets (4), bone mets (2), liver
mets (1)
Coldspot tumor-related Pleural effusion (1), ascites (1)

Ca, cancer; Mets, metastases. Number of cases between parenthesis (N).

25-50% Frequent (~50%)

Bladder Ca (1), lymph
nodes mets (16), iver mets

®

Abdominal wall (14), Bowel (21), ver (21), spleen

stomach (13) (17), kidneys (18), spine (26),
pelvic bone (27), hip region
8

Mediastinum (25), chest wall
(27), upper abdomen (22),
spine (26)
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Input (prior, subsequent, time_start, time_delta)

1 Reference_score « PAM(prior, subsequent, time_start, time_delta)

2 ROI < (0:64, 0:64, 0:64) (A]

3 Oceluded_prior, Occluded_subsequent « copy (prior), copy
(subsequent)

4 Occluded_prior{ROI], Occluded_subsequent[ROI] < 0, 0

5 Occluded_score « PAM(occluded_prior, occluded_subsequent,
time_start, time_delta)

6 ROLimportance < [occluded_score - reference_score]

7 Prognostic_map{ROI] « maximum (prognostic_map{ROI],
rol_importance) (B]

8 Move the ROI 8 voxels along one of the axis.

9 If RO has not scrolled through the whole image yet, go to Step 3

10 Return prognostic_map

[A] cube of 64 x 64 x 64 in the top left back comer, [B] since the ROI are overlapping,
we chose to use the maximum function, which prevents emoneous overriding of
previous estimation.
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