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Abstract

Objectives—To compare clinical outcomes with programmed-death ligand-1 immune 

checkpoint inhibitors (ICIs) in patients with advanced urothelial carcinoma (aUC) who have vs 

have not undergone radical surgery (RS) or radiation therapy (RT) prior to developing metastatic 

disease.

Patients and Methods—We performed a retrospective cohort study collecting 

clinicopathological, treatment and outcomes data for patients with aUC receiving ICIs across 

25 institutions. We compared outcomes (observed response rate [ORR], progression-free survival 

[PFS], overall survival [OS]) between patients with vs without prior RS, and by type of prior 

locoregional treatment (RS vs RT vs no locoregional treatment). Patients with de novo advanced 

disease were excluded. Analysis was stratified by treatment line (first-line and second-line or 

greater [second-plus line]). Logistic regression was used to compare ORR, while Kaplan–Meier 

analysis and Cox regression were used for PFS and OS. Multivariable models were adjusted for 

known prognostic factors.

Results—We included 562 patients (first-line: 342 and second-plus line: 220). There was no 

difference in outcomes based on prior locoregional treatment among those treated with first-line 

ICIs. In the second-plus-line setting, prior RS was associated with higher ORR (adjusted odds 

ratio 2.61, 95% confidence interval [CI]1.19–5.74]), longer OS (adjusted hazard ratio [aHR] 0.61, 

95% CI 0.42–0.88) and PFS (aHR 0.63, 95% CI 0.45–0.89) vs no prior RS. This association 

remained significant when type of prior locoregional treatment (RS and RT) was modelled 

separately.

Conclusion—Prior RS before developing advanced disease was associated with better outcomes 

in patients with aUC treated with ICIs in the second-plus-line but not in the first-line setting. 

While further validation is needed, our findings could have implications for prognostic estimates 

in clinical discussions and benchmarking for clinical trials. Limitations include the study’s 

retrospective nature, lack of randomization, and possible selection and confounding biases.

Keywords

bladder cancer; urinary tract neoplasms; urothelial carcinoma; immune checkpoint inhibitors; 
immunotherapy; outcomes; #uroonc; #utuc; #BladderCancer; #blcsm

Introduction

Bladder cancer is one of the most common malignancies worldwide and the sixth most 

prevalent in the USA [1]. Locoregional treatment with radical surgery (RS; cystectomy or 

[nephro]ureterectomy) with lymph node dissection (ideally with neoadjuvant cisplatin-based 

chemotherapy) is the most accepted treatment for non-metastatic muscle-invasive urothelial 

cancer [2]. However, over half of patients undergoing RS develop recurrence, with poor 

outcomes [3–5].

Makrakis et al. Page 4

BJU Int. Author manuscript; available in PMC 2023 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Over the last 5 years, immune checkpoint inhibitors (ICIs) have become an established 

treatment option for patients with locally advanced, unresectable or metastatic urothelial 

carcinoma (advanced urothelial carcinoma [aUC]). These agents improve overall survival 

(OS) when given as second-line or greater (second-plus-line) treatment (post-platinum 

progression, based on Keynote 045 trial) or in a switch maintenance setting (based on 

Javelin Bladder 100 trial) [6–8]. The US Food and Drug Administration has also accelerated 

approvals for pembrolizumab and atezolizumab in the first-line setting for patients ineligible 

for cisplatin therapy who have tumours with high programmed-death ligand-1 (PD-L1) 

expression (CPS≥10 and IC2/3, respectively) and for patients who are ineligible for platinum 

(cisplatin and carboplatin) therapy, based on single-arm phase II trials [8]. While ICIs have 

led to significantly improved outcomes in patients with aUC, response rates and progression-

free survival (PFS) remain modest, and cure remains elusive, while there is a notable risk of 

immune-related adverse events. Therefore, clinical and molecular biomarkers are needed to 

help identify patients who are more likely to benefit from ICIs.

In advanced kidney cancer, retrospective studies suggest OS with ICI-based therapy was 

longer in patients with prior nephrectomy compared to those without [9] but prospective 

trials are further investigating this question (PROBE trial; NCT04510597). However, the 

potential impact of the presence of the primary tumour on ICI response and outcomes 

in aUC remains unclear. It could be hypothesized that the primary tumour may either 

potentially serve as a ‘neoantigen beacon’, providing a plethora of neoantigens bolstering 

anti-tumour immune response, or, on the contrary, may exert immunosuppressive effects, 

dampening response to ICIs. To address this question, we conducted a retrospective cohort 

study investigating the potential association between prior definitive locoregional treatment, 

in the form of RS or RT, response and survival with subsequent ICIs given for aUC. We 

hypothesized that prior RS would be associated with higher response rates and longer 

survival after subsequent ICI treatment for aUC.

Patients and Methods

Study Design, Patients and Data Collection

After institutional review board approval was obtained in concordance with the Declaration 

of Helsinki, we performed a retrospective cohort study, using a cohort [10–13] of patients 

from 25 institutions in the United States and Europe. Consecutive patients at each institution 

were identified using a combination of provider-driven and electronic health record search 

algorithms. Patients were included if they had been treated with ICI monotherapy for aUC 

with prior locoregional-only disease. All included patients with RS had undergone RS prior 

to development of metastatic disease.

Patients were excluded if they had missing data, de novo advanced disease (unresectable or 

metastatic), had received multiple lines of ICIs, if ICI was given for a different indication, on 

a trial or in combination with other systemic therapy, if patients had pure non-UC histology, 

if RS history was unknown, or if they underwent palliative RS in the advanced disease 

setting (Fig. 1).
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For data collection and storage, we used web-based, secure and standardized REDCap 

capture tools hosted at the Institute of Translational Sciences [14,15]. Data collected 

included demographics, histology type, whether prior RS or RT was performed, laboratory 

values, sites of metastatic disease and outcomes (response, progression, death). Pathology 

and radiology results were assessed based on notes in the electronic health record; no central 

review of either was performed. All patients underwent imaging at the discretion of treating 

provider. Evaluation of response and progression were determined by the chart abstractor 

based on best available information in notes and radiographic studies.

Statistical Analysis

Baseline characteristics were summarized using descriptive statistics and compared via 

chi-squared and Student’s t-tests, for categorical and continuous variables, respectively. 

Observed response rate (ORR) was determined on an investigator-provider basis and 

calculated as the sum of patients, with response divided by the total number of patients. 

OS was defined as time from ICI initiation to date of death, and PFS as time from ICI 

initiation until date of radiographic or clinical progression or death. Patients who did not 

experience death or progression were censored at the date of last follow-up.

All outcomes (ORR, PFS, OS) were analysed separately for patients treated with ICI in 

the first-line setting and the subsequent setting (second-line and beyond [second-plus]). For 

the primary analysis, we compared those with prior RS to those without prior RS. We also 

performed a secondary analysis comparing those with prior RS vs those with prior RT vs 

those with neither. The very few patients who had received both RS and RT were classified 

as recipients of RS in this secondary analysis. We also conducted an exploratory analysis 

comparing patients with lower tract urothelial carcinoma (LTUC) and those with upper tract 

urothelial carcinoma (UTUC). We assume that those with LTUC underwent cystectomy and 

those with UTUC underwent (nephro)ureterectomy, although the specific type of RS was 

not explicitly collected in the survey tool. In both analyses, the group without history of 

locoregional therapy served as the reference group for all comparisons. We used univariable 

and multivariable logistic regression to estimate the odds ratios (ORs) and CIs for ORR. For 

OS and PFS, we estimated medians using the Kaplan–Meier method and compared groups 

using univariable and multivariable Cox regression. For the multivariable analysis, models 

were adjusted based on calculated risk scores developed to prognosticate shorter OS; an 

internally developed risk score (Eastern Cooperative Oncology Group performance status 

[ECOG PS] ≥2, neutrophil:lymphocyte ratio > 5, albumin <35g/L (3.5g/dL), liver metastases 

[11]) was used for first-line and Bellmunt [16] for second-plus line analysis. The alpha value 

was set at 0.05 for all analyses. Analyses were performed with STATA IC 16.0 (Stata LLC, 

College Station, TX, USA).

Results

Patient Characteristics

Data from 1026 patients with aUC treated with ICIs across 25 institutions were available, 

with 537, 537 and 554 patients ultimately included in the ORR, OS and PFS analyses, 

respectively (Fig. 1). Table 1 shows the baseline characteristics of patients with and without 
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prior RS, stratified by line of therapy (first and second-plus). Among 342 and 220 patients 

treated with first- and second-plus-line ICIs, 230 (67%) and 144 (65%) had prior RS, 

respectively. The median (interquartile range) time interval from RS to recurrence was 255 

(101–479) days in the first-line and 422 (187–852) days in the second-plus-line subgroups, 

respectively. UTUC accounted for 14% in the first-line and 17% in the second-plus-line 

subgroup with a significantly higher proportion of patients with UTUC having had prior 

RS in both treatment setting subgroups. Among those without prior RS, 38 had received 

locoregional RT; 24 were treated with ICIs in the first-line setting and 14 in the second-plus-

line setting. Only five patients had undergone both prior RS and RT.

In the first-line setting, patients with prior RS were slightly younger (median 70 vs 74 

years), with a significantly higher prevalence of white race, UTUC, presence of liver 

metastases, and prior receipt of platinum-based chemotherapy in the neoadjuvant or adjuvant 

setting. For those treated with ICIs in the second-plus-line setting, a significantly greater 

proportion with prior RS had UTUC and liver metastases and fewer patients had albumin 

levels <35g/L (3.5g/dL) and haemoglobin levels <10 g/dL (6.21 mmol/L) at the time of 

ICI initiation. Otherwise, in both the first- and second-plus-line subgroups, the distribution 

of risk scores (internally developed/published and Bellmunt [12,17]) was not significantly 

different between those with and without prior RS.

Observed Response Rate

A total of 537 patients were included in the ORR analysis; 324 and 213 patients were treated 

with ICIs in the first- and second-plus-line setting, respectively. The ORR between groups in 

the first-line setting was not significantly different: those with prior RS had an ORR of 28% 

(95% CI 23–34) and those without had an ORR of 33% (95% CI 24–42; Table 2). However, 

among those treated with ICIs in the second-plus-line setting, the ORR was 32% (95% CI 

25–40) and 15% (95% CI 9–25) for those with and without prior RS, respectively (adjusted 

odds ratio [aOR] 2.61 [95% CI 1.19–5.74]; Table 2). When type of locoregional therapy was 

considered in the model (no locoregional therapy vs RS vs RT), ORR with ICIs remained 

significantly higher for those with prior RS in the second-plus-line, but not in the first-line 

subgroup (Table 3). Upon analysing data based on the site of primary tumour, ORR was 

similar in the first-line subgroup, but in the second-plus-line subgroup, patients with prior 

RS for UTUC demonstrated lower ORR compared to those with LTUC (20% vs 36%; aOR 

0.31 [95% CI 0.10–0.98]; Table S1).

Progression-free Survival

A total of 554 patients were included in the PFS analysis; 339 and 215 were treated with 

ICIs in the first-and second-plus-line subgroups, respectively. The median PFS for those 

with and without prior RS was 4 months (95% CI 3–5) and 6 months (95% CI 3–7) in 

the first-line, and 5 months (95% CI 4–7) and 3 months (95% CI 2–4) in second-plus-line 

subgroups, respectively. Prior RS was associated with longer PFS in the second-plus-line but 

not the first-line setting (adjusted hazard ratio [aHR] 0.63 [95% CI 0.45–0.89]; Table 2; Fig. 

2). This association of longer PFS in the second-plus-line subgroup with prior RS was also 

observed in the three-factor locoregional therapy model (Table 3; Fig. S1). In the exploratory 
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analysis based on the site of the primary tumour, no significant difference in PFS was noted 

(Table S1).

Overall Survival

A total of 537 patients were included in the OS analysis; 330 with first-line ICIs and 

207 with second-plus-line ICIs. In the first-line subgroup, the OS between patients with 

vs without prior RS was similar (10 [95% CI 7–13] vs 11 months [95% CI 7–14]; aHR 

1.10 [Table 2, Fig. 3]). In the second-plus line subgroup, patients with prior RS had longer 

median OS (11 [95% CI 8–18] vs 5 months [95% CI 4–10]), which was a significant 

association in our multivariable analyses (HR 0.61 [95% CI 0.42–0.88]; Table 2, Fig. 3). 

Upon comparing patients based on the three-factor locoregional therapy model, prior RS 

remained significantly associated with longer OS in the second-plus-line subgroup (Table 

3, Fig. S2). In the exploratory analysis based on site of the primary tumour, no significant 

difference in OS was noted (Table S1).

Discussion

In this retrospective cohort study of patients with aUC treated with ICIs, history of RS was 

associated with higher ORR, as well as longer OS and PFS with ICIs in the second-plus-line, 

but not the first-line, setting. Prior definitive RT was associated with numerically, but not 

statistically significantly, higher ORR, and longer OS and PFS, a finding that might be 

attributed to the small sample size for this particular subset.

The association between prior RS and ORR, OS in patients receiving ICIs has not 

been well studied in aUC. To our knowledge, clinical trials of ICIs in aUC have not 

definitely investigated the association between prior RS and outcomes of ICI treatment. 

Prior retrospective studies from other solid-tumour malignancies have suggested that history 

of resection of the primary tumour can be associated with better outcomes with ICI therapy. 

Amin et al. [17] investigated outcomes of ICI treatment among patients with non-small 

lung cancer, breast cancer, melanoma, colorectal cancer or kidney cancer who had brain 

metastases, and noted longer OS among those with a history of surgical resection of the 

primary tumour. Similarly, Singla et al. [9] compared outcomes among patients with RCC 

treated with immunotherapy alone or with cytoreductive nephrectomy and noted longer 

OS for those treated with cytoreductive nephrectomy and immunotherapy. Selection and 

confounding biases may impact the outcome of such retrospective studies, with performance 

status, frailty and overall fitness being major potential confounders. Prospective clinical 

trials may ultimately help answer similar questions (e.g. S1931/PROBE).

In the setting of aUC, surgical considerations such as RS remain controversial. Radical 

cystectomy is associated with morbidity and has not been shown to definitively improve 

outcomes. At a molecular level, metastatic disease may have tumour heterogeneity, 

rendering the radical treatment of only part of the disease less valuable. Establishment 

of metastases implies the presence of circulating tumour cells seeding distant tissues, and 

making surgery seem futile.
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Despite such concerns, prior retrospective studies in patients with aUC treated with 

cytoreductive or palliative cystectomy have also suggested that this approach might be 

appropriate for a subpopulation of patients with aUC. Li et al. [18] found that post-

chemotherapy RS was associated with longer OS in patients with aUC compared with those 

treated with local radiation or no local therapy. A review by Abufaraj et al. [19] suggested 

that RS may be beneficial for patients with prior response to chemotherapy and low volume 

of disease. Moschini et al. [20] also reported a significant survival benefit for patients with 

up to one metastatic site. These results, despite their several inherent caveats, raise the 

question of whether carefully selected patients with aUC, especially those with very well 

controlled disease and an indolent course, might potentially benefit from RS. However, it 

remains unclear whether there is any interaction between RS (and its timing over the disease 

course) with response and outcomes with ICIs. While most of those studies in aUC or other 

solid tumours investigate the role of extirpative surgery in the advanced setting, our results 

suggest that prior RS for locoregional-only disease may also portend favourable prognosis.

It was also notable that in the present analysis of RS vs no-RS, non-RS treated patients 

included those with prior RT, which may have acted as a confounding factor. In the three-

factor model for analysis of prior locoregional therapy type, separation of RT-treated patients 

from those without history of any locoregional therapy showed that the latter subset had 

significantly worse outcomes compared to those treated with prior RS.

Locoregional RT has been associated with greater response to ICIs, and a possible role 

for abscopal effect has been suggested [21,22]. However, when the abscopal effect was 

noted in studies, RT was administered concurrently to ICI, whereas in the present study RT 

was given prior to development of metastatic disease and ICIs were given for metastatic 

disease, so RT and ICIs were not given together and for most patients the time between 

RT and ICI treatment was extensive. The relative timing of RT and ICI administration was 

recently tested in a randomized phase I trial comparing pembrolizumab with sequential vs 

concomitant stereotactic body RT to a single metastatic lesion in 18 patients with aUC [23]. 

In this study, none of the nine patients randomized to sequential therapy had response (ORR 

0%), whereas the ORR for those receiving concurrent RT was 44%. While the small sample 

and selection bias of this study require further external validation, those results suggest 

potential synergy between concomitant RT and ICIs, but not sequential therapy. The cohort 

in the present study did not demonstrate a clear signal of abscopal effect; patients had 

received RT before initiation of ICI, not concurrently, with variable time intervals between 

the two. However, the present study showed that prior locoregional RT had a trend towards 

better outcomes, but did not reach statistical significance, which could suggest a possible 

association that was limited by the small sample size and warrants further evaluation in 

larger cohorts.

In the present cohort, response rates in the second-plus-line setting were significantly greater 

among patients treated with prior locoregional treatment (ORR; 32% and 36% for RS 

and RT recipients, respectively, vs only 10% for those without prior locoregional therapy). 

This substantial difference could possibly be influenced by confounding factors, such as 

older age, worse ECOG PS or medical comorbidities that can render patients poor RT/RS 

candidates and also dampen immune response with ICI treatment. It is notable that in 
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an exploratory analysis of cisplatin-ineligible patients of more senior age and poor PS in 

the KN-052 study, ORR was not significantly different in any subgroup, including among 

patients aged ≥65 and ≥75 years with ECOG PS of 2 [24]. Prior work from our registry 

has also shown that patients with ECOG PS ≥2 had similar ORR to those with ECOG PS 

0–1, although none of the 11 patients with ECOG PS 3 had response [13]. In the present 

analysis, we considered the possible confounding influence by including risk scores in our 

multivariable model (internally developed risk factor model [11] for first-line treatment 

[adjusting for ECOG PS ≥ 2, neutrophil:lymphocyte ratio > 5, albumin <35g/L (3.5g/dL), 

liver metastasis] and for Bellmunt risk factors [16] for second-plus-line treatment) that have 

been developed to help discriminate patients with different outcomes. Therefore, the notion 

of a potential positive impact of prior RS on ICI response remains plausible.

While history of RS was associated with a higher response rate to ICIs and longer survival 

in the second-plus-line subgroup, this association was not significant in the first-line 

subgroup. This discordance may possibly be attributed to confounding factors. Patients 

treated with ICIs in the first-line setting can often be cisplatin-ineligible due to frailty 

and/or comorbidities, such as chronic kidney disease. Moreover, PD-L1 expression can be 

used for patient selection for ICIs in cisplatin-ineligible patients in the first-line setting, 

which can impact response and survival in this setting, while PD-L1 is not used for patient 

selection in the second-plus-line setting. This and other potential confounding factors may 

determine therapy response and outcomes in addition to specific anti-cancer therapies. In 

the second-plus-line treatment setting, patients without prior RS may be substantially more 

frail / less fit, which can further impact the outcome in this clinical setting of pretreated 

patients. The overall state of health of individuals receiving ICIs can possibly be associated 

with the robustness of the immune system, a factor that probably also affects immune system 

response.

Our analysis comparing outcomes with ICIs based on the primary tumour site (UTUC vs 

LTUC) showed that patients with prior RS with LTUC had a significantly higher ORR in the 

second-plus-line setting compared to those with UTUC. Our team previously investigated 

the association of primary tumour site with response to ICI treatment, demonstrating no 

significant differences [12] between UTUC and LTUC in all evaluated patients. It is possible 

that the difference detected in the present analysis might be attributed to both the relatively 

small sample size, as the second-plus-line subgroup consisted of 109 patients with LTUC 

and 30 with UTUC, as well as the selection of patients with prior RS.

The present study is retrospective and thus should be interpreted with caution. Our results 

provide insights into the association between prior RS and response to ICIs, raising the 

hypothesis that RS may possibly be associated with future ICI response after subsequent 

development of advanced disease. Our results cannot guarantee that differences in ICI 

response and survival are solely attributable to RS, and, not to other confounding factors, 

such as patient performance status and comorbidities. However, one may extrapolate that RS 

could be considered as an option in borderline resectable cases in the absence of metastatic 

disease and, therefore, could influence such informed/shared decision making. The decision 

to administer ICIs in aUC should not be based on whether the patient had prior RS or not, 

but our data may inform clinical discussions about prognostication and risk stratification.
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Our results may also inform the interpretation of clinical trials evaluating ICIs in aUC. For 

example, the proportion of patients with prior RS in clinical trials may impact response 

and survival rates associated with ICIs. The selection of an ICI (pembrolizumab) vs a 

fibroblast growth factor receptor inhibitor, erdafitinib, in the platinum-refractory setting is 

being assessed in the phase III THOR trial; the proportion of patients with prior RS enrolled 

may possibly affect the endpoint. Another potential indirect implication is the discussion 

about the optimal design and duration of ICI therapy in peri-operative clinical trials. For 

example, multiple phase II clinical trials with ICIs in the neoadjuvant setting have shown 

promising efficacy, measured by pathological complete response rate [25–28]. However, the 

question remains whether ICIs should be tested in the neoadjuvant or adjuvant, or both 

settings. Primary analysis from the adjuvant IMvigor 010 trial did not detect a significant 

disease-free survival benefit with atezolizumab vs observation [29], while the Checkmate 

274 trial [30] showed significantly prolonged disease-free survival with adjuvant nivolumab 

vs placebo. Since the presence of the primary tumour may possibly compromise ORR and 

survival with ICIs in aUC, a generated hypothesis is that the adjuvant component may 

be relevant in peri-operative trials. However, the different disease settings (localized vs 

metastatic) can significantly limit the extrapolation of our findings to the peri-operative 

treatment scenario.

The present study has several limitations inherent to the retrospective study design, 

including lack of randomization, potential selection bias and residual confounding. In 

addition, clinical practices, surveillance schedules and follow-up times may vary, while 

documentation might not be perfectly consistent across all 25 institutions. We did not 

have centralized review of pathology or imaging, but all participating sites are reference 

academic sites with expert genitourinary oncologists, radiologists and pathologists. Detailed 

clinical staging information prior to locoregional therapy was not available, nor were 

data on response to peri-operative chemotherapy. Radical surgery approaches may also 

vary among institutions; however, all institutions were academic centres with dedicated 

genitourinary oncologists with relevant expertise, so there was not likely to have been 

significant variability in the quality of RS. Response and progression were determined by 

systematic comprehensive chart review based on clinical and radiological notes without 

mandating formal, prespecified interval assessments via RECIST 1.1 criteria.

The present study also had strengths, including the utilization of ‘real-world’ data, 

participation of multiple institutions on two continents, and a relatively large sample size.

In conclusion, the present study showed there was a significantly higher ORR, longer OS 

and PFS after ICI treatment in the second-plus-line setting in patients with aUC and prior RS 

compared to patients with no prior RS. Despite its inherent limitations, this analysis provides 

insight into an important topic that has not been extensively studied. Future research is 

needed to identify biomarkers and clinical tools that can better identify patients with aUC 

more likely to benefit from ICI treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

aHR adjusted hazard ratio

aUC advanced urothelial carcinoma

ECOG PS Eastern Cooperative Oncology Group performance status

HR hazard ratio

ICI immune checkpoint inhibitor

LTUC lower tract urothelial carcinoma

mOS median overall survival

OR odds ratio

ORR observed response rate

OS overall survival

PD-L1 programmed-death ligand-1

PFS progression-free survival

RT radiation therapy

UTUC upper tract urothelial carcinoma

NMIBC non-muscle-invasive bladder cancer

CR Complete Response

PR Partial Response

SD stable disease

PD progressive disease
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Fig. 1. 
CONSORT diagram: patient selection and exclusion rationale. ICI, immune checkpoint 

inhibitor; ORR, observed response rate; OS, overall survival; PFS, progression-free survival; 

UC, urothelial carcinoma.
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Fig. 2. 
Kaplan–Meier curves for overall survival (OS) with immune checkpoint inhibitors (ICIs) in 

the first-line- (A) and second-plus-line (B) setting. RS: radical surgery.

Makrakis et al. Page 16

BJU Int. Author manuscript; available in PMC 2023 June 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Kaplan–Meier curves for progression-free survival (PFS) with immune checkpoint inhibitors 

(ICIs) in the first-line (A) and second-plus-line (B) setting. RS, radical surgery.
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