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Abstract

Background: While immune checkpoint inhibitors (ICIs) are approved in the first-line (1L) 

setting for cisplatin-unfit patients with programmed death-ligand 1 (PD-L1)-high tumors or for 

platinum (cisplatin/carboplatin)-unfit patients, response rates remain modest and outcomes vary 

with no clinically useful biomarkers (except for PD-L1).

Objective: We aimed to develop a prognostic model for overall survival (OS) in patients 

receiving 1L ICIs for advanced urothelial cancer (aUC) in a multicenter cohort study.

Design, setting, and participants: Patients treated with 1L ICIs for aUC across 24 

institutions and five countries (in the USA and Europe) outside clinical trials were included in this 

study.

Outcome measurements and statistical analysis: We used a stepwise, hypothesis-driven 

approach using clinician-selected covariates to develop new risk scores for patients receiving ICIs 

in the 1L setting. Demographics, clinicopathologic data, treatment patterns, and OS were collected 

uniformly. Univariate Cox regression was performed on 18 covariates hypothesized to be 

associated with OS based on published data. Variables were retained for multivariate analysis 

(MVA) if they correlated with OS (p < 0.2) and were included in the final model if p < 0.05 on 

MVA. Retained covariates were assigned points based on the beta coefficient to create a risk score. 

Stratified median OS and C-statistic were calculated.

Results and limitations: Among 984 patients, 357 with a mean age of 71 yr were included in 

the analysis, 27% were female, 68% had pure UC, and 13% had upper tract UC. Eastern 

Cooperative Oncology Group performance status ≥2, albumin <3.5 g/dl, neutrophil:lymphocyte 

ratio >5, and liver metastases were significant prognostic factors on MVA and were included in the 

risk score. C index for new 1L risk score was 0.68 (95% confidence interval 0.65–0.71). 

Limitations include retrospective nature and lack of external validation.

Conclusions: We developed a new 1L ICI risk score for OS based on data from patients with 

aUC treated with ICIs in the USA and Europe outside of clinical trials. The score components 

highlight readily available factors related to tumor biology and treatment response. External 

validation is being pursued.

Patient summary: With multiple new treatments under development and approved for advanced 

urothelial carcinoma, it can be difficult to identify the best treatment sequence for each patient. 

The risk score may help inform treatment discussions and estimate outcomes in patients treated 

with first-line immune checkpoint inhibitors, while it can also impact clinical trial design and 

endpoints.

Keywords

Bladder cancer; Immunotherapy; Outcome research; Prognostic model; Urothelial carcinoma
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1. Introduction

Bladder cancer is very common, with an estimated 81 400 new cases and 17 980 deaths in 

2020 in USA [1]. Since 2016, five immune checkpoint inhibitors (ICIs) targeting 

programmed cell death protein 1 (PD-1) and programmed death-ligand 1 (PD-L1) have been 

approved by the Food and Drug Administration (FDA) for the treatment of advanced 

urothelial cancer (aUC) [2]. Pembrolizumab (anti–PD-1) and avelumab (anti–PD-L1) 

improved overall survival (OS) in the platinum-refractory and switch maintenance (after 

first-line platinum chemotherapy) settings, respectively [3,4]. Anti–PD-(L)1 ICIs also have a 

role in the first-line setting for cisplatin-unfit patients with high PD-L1 tumors or for 

platinum (cisplatin and carboplatin)-unfit patients [2]. However, outcomes for those with 

poor Eastern Cooperative Oncology Group (ECOG) performance status (PS) and treatment-

resistant tumors remain poor [5,6]. More recently, erdafitinib, a fibroblast growth factor 

receptor (FGFR) inhibitor, and enfortumab vedotin, an antibody-drug conjugate against 

Nectin-4, both received accelerated FDA approval in treatment-refractory aUC [7,8].

Multiple clinical prognostic tools have been developed in patients with aUC treated with 

chemotherapy to identify prognostic factors to guide practice and inform clinical trial 

enrollment and risk stratification [9–17]. Two prominent tools, developed by Bajorin et al 

[9] and Bellmunt et al [10], have been used for prognostication of patients receiving first-

line and salvage treatment, respectively. The first-line Bajorin risk score was developed in 

1999, and includes PS and presence of visceral metastases (bone, lung, or liver). Few tools 

have been developed in patients treated with ICIs [16,17], and no tool is validated among 

patients with aUC treated with ICIs outside the context of clinical trials. Using a 

retrospective cohort of over 900 patients across 24 institutions from the USA and Europe, 

we developed and internally validated a new risk score for the first-line setting to 

prognosticate outcomes for patients with aUC treated with ICIs outside of clinical trials.

2. Patients and methods

2.1. Patient selection

We used a multi-institution cohort [5,6]. Patients were included if they had aUC (locally 

advanced, unresectable, or metastatic) and were treated with ICIs for this indication. Each 

collaborating institution independently identified consecutive patients and collected data 

based on a predefined and locked data collection instrument. A combination of provider-

driven and electronic health record search algorithms was used. Patients were excluded from 

the current study if an ICI was given for alternate diagnosis or treatment setting (eg, 

[neo]adjuvant), they were treated with combinations or were on clinical trials, they received 

multiple lines of ICIs, or ICI start date or key covariates for modeling were missing. This 

study was approved by the institutional review board; it also followed the Declaration of 

Helsinki principles and local procedures at each center.

2.2. Data collection

Deidentified data including demographic, clinicopathologic, laboratory, and outcomes were 

collected. OS was defined as the time from ICI initiation until the date of death or the date of 
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censoring at the last follow-up. Patients with vital status missing were considered to be alive 

and censored at the date of last known follow-up.

All data were collected by a review of the electronic health record and stored using secure, 

web-based, standardized REDCap electronic data capture tools hosted at the Institute of 

Translational Health Sciences [18]. Data recorded using alternate methods were uploaded 

into REDCap for secure storage and standardization of variables.

2.3. Statistical analysis

A stepwise, hypothesis-driven approach of clinician-selected covariates was used to develop 

a new prognostic model for those receiving ICIs as first-line treatment. Univariate (UVA) 

Cox regression was performed on covariates hypothesized to be associated with OS. 

Supplementary Table 1 shows the full list of covariates tested. Continuous variables were 

initially tested on a continuous scale, and those that were retained for multivariate (MVA) 

Cox regression were transformed to a cut-point relative to the normal range or based on 

previously established cut-points in the literature. Variables were tested with MVA if they 

had a statistical relationship with OS (p < 0.2) and were retained if p < 0.05 on MVA. Each 

retained covariate was assigned points according to the weight of the beta coefficient to 

develop the final risk score.

To assess the follow-up, we used the reverse Kaplan-Meier method, and to assess the 

goodness of fit of the new risk model, we used a bias-corrected estimate of the Harrell’s C 

index [19]. The C index ranges in value from 0.5 to 1.0, with a value of 0.5 indicating a very 

poor model, 0.7 a good model, and 1.0 a perfect fit. For internal validation, bootstrap 

resampling was performed with 200 samples to correct the optimism bias and obtain the 

95% confidence interval (CI).

We also used the same data set to calculate an optimism-corrected estimate of the C-statistic 

for the first-line Bajorin model. We also calculated the hazard ratio and median OS by score 

for each model using the Cox regression model and Kaplan-Meier method, respectively. 

Analyses were performed by STATA 16.1 (StataCorp, College Station, TX, USA).

3. Results

3.1. Patient population

The study flow chart is depicted in Figure 1. Data on 984 patients across 24 institutions were 

collected, and 357 patients were included in this analysis. Table 1 shows baseline 

characteristics. The mean age was 71 yr; 75% of patients were from US sites, 68% with pure 

UC, and 13% with upper tract primary. The predominant ICI agent was pembrolizumab 

(53%). The median follow-up by the reverse Kaplan-Meier method was 22 mo. The overall 

response rate among patients with available data was 31% (95% CI 26–36%), median 

progression-free survival was 4 mo (95% CI 3–6 mo), and median OS was 12 mo (95% CI 

10–14 mo).
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3.2. First-line ICI model

For first-line ICIs, UVA Cox regression identified higher ECOG PS, lower albumin, lower 

hemoglobin, higher absolute neutrophil count, higher neutrophil:lymphocyte ratio (NLR), 

higher platelet count, and presence of bone or liver metastases to have a negative prognostic 

relationship with OS at p < 0.2 (Table 2). All covariates identified in UVA modeling were 

included in the MVA model and retained for a final model if p < 0.05. Continuous covariates 

retained were transformed to a relevant binary scale based on variable distribution in the 

cohort, the standard variable range, and previously established cut-points in literature. The 

final model identified ECOG PS ≥2, NLR >5, albumin <3.5 g/dl, and liver metastases as 

negative prognostic factors (Table 3). Since the hazard ratios (HRs) for all covariates were 

similar (1.52–2.44), each variable was assigned one point to develop the new first-line ICI 

risk score.

3.3. Model assessment

The risk score was calculated for each patient based on the retained covariates (ECOG PS 

≥2, NLR >5, albumin <3.5 g/dl, and liver metastases) in the MVA model. Kaplan-Meier OS 

curves stratified by the risk score are depicted in Figure 2. A higher score was associated 

with shorter OS. The median OS was 23, 12, 7, and 2 mo for those with a score of 0, 1, 2, 

and 3+, respectively. The HR for each score group is shown in Table 4 alongside calculated 

HR based on the first-line Bajorin model. The optimism-corrected Harrell’s C index for the 

new score was calculated to be 0.68 (95% CI 0.65–0.71), whereas this was 0.63 (95% CI 

0.59–0.66) for the Bajorin model.

4. Discussion

A substantial number of patients who receive ICIs for aUC (either in first-line or as 

subsequent/salvage treatment) do not receive subsequent lines of treatment, and this 

generally portends a poor prognosis [20]. Therefore, if suitability for subsequent treatment 

after ICIs is limited, it can be useful to have predictive biomarkers to help identify patients 

most likely to benefit, especially as other novel treatments are approved for aUC. However, 

it is extremely hard to prospectively validate such biomarkers with clinical utility [7,8,21]. In 

this study, we used a multi-institution retrospective cohort to develop a new prognostic risk 

score for OS in patients with aUC treated with first-line ICIs. We identified ECOG PS ≥2, 

NLR >5, albumin <3.5 g/dl, and liver metastases as negative prognostic factors.

Biomarkers in oncology are derived from patient characteristics, such as demographic 

factors, disease characteristics, laboratory studies, and molecular features, and can have 

prognostic and/or predictive properties. Prognostic biomarkers, similar to our new risk score, 

are regularly identified from observational data and can help identify patients more likely to 

have a specific outcome (eg, OS) regardless of therapy. Conversely, predictive biomarkers 

should be developed in randomized clinical trials and can be used to identify response/

outcome to a specific therapy. A number of prognostic factors may have a predictive value 

and need to be validated prospectively for clinical utility before incorporation in practice 

[22].
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While the new risk score is prognostic and not predictive, it may be relevant as a tool to 

indirectly inform treatment discussions in aUC (upon prospective validation), especially 

when multiple treatment options are available. For example, in the first-line setting in 

cisplatin-ineligible patients with PD-L1–high tumor, the risk score may potentially and 

indirectly be taken into account during the discussion about selection of carboplatin-based 

chemotherapy followed by switch maintenance avelumab compared with ICI upfront. 

Similarly, for patients who are platinum ineligible, the risk score could possibly and 

indirectly help inform the decision between ICI and palliative care or gemcitabine alone. 

However, these approaches should first be tested prospectively in the first-line clinical trials 

(eg, DANUBE, IMvigor130, Keynote361, and Checkmate901), since the predictive role of 

the risk score is unknown. Other ongoing or future clinical trials comparing anti–PD(L)1 

with other agents may also evaluate this risk score.

The new risk score also includes elements that resemble prior prognostic models from the 

pre- and post-ICI era. The presence of liver metastases and worse ECOG PS are established 

negative prognostic clinical biomarkers, included in models developed using data from 

patients treated with chemotherapy. Notably, PS and visceral metastases compose the 

Bajorin risk factors, first identified over 20 yr ago from a retrospective cohort of patients 

with unresectable or metastatic UC treated with cisplatin-based chemotherapy [9]. Further, 

the Bellmunt score, developed in 2010, also identified hemoglobin <10 g/dl, liver metastasis, 

and ECOG PS >0 as negative prognostic factors among patients treated with vinflunine 

chemotherapy after progression with first-line platinum-based chemotherapy [10]. While the 

latter was not in the first-line setting, similarities (ECOG PS and liver metastases) with our 

novel risk score are notable. Similarly, Sonpavde et al [14] recently used data from multiple 

clinical trials of salvage agents after platinum-based chemotherapy to develop a prognostic 

nomogram and identified liver metastasis, worse ECOG PS, hemoglobin <10 g/dl, 

treatment-free interval of <3 mo, and albumin level of less than lower limit of normal as 

factors associated with shorter OS [14]. This model was developed from patients enrolled in 

phase II trials testing salvage systemic chemotherapy or biologic agent, but not ICIs. Here 

again, the similarity to our model with the overlap of ECOG PS, albumin, and liver 

metastases suggests that these clinical factors could be associated with more aggressive 

tumor biology and/or cancer burden, rather than ICI response.

More recently, two models have been reported in the ICI era. Sonpavde et al [16] used 

clinical data from three clinical trials of PD-L1 inhibitors (atezolizumab, avelumab, and 

durvalumab) after platinum-based chemotherapy to develop a five-factor prognostic model 

for OS. Similar to our risk score, this model identified ECOG PS, NLR, and liver metastases 

as negative prognostic factors, and also included platelet count and lactate dehydrogenase. It 

is unknown whether NLR can be considered a surrogate of tumor (and/or host) biology 

and/or ICI responsiveness. A higher NLR is considered a biomarker of inflammation 

commonly observed in advanced solid tumors. Studies in patients with muscle-invasive 

bladder cancer receiving neoadjuvant chemotherapy have shown that a higher baseline 

lymphocyte count or a lower NLR is associated with a better chemotherapy response as well 

as longer disease-free survival and OS [23–25]. Black et al [23] identified NLR >3 to be 

associated with a decreased response to neoadjuvant chemotherapy and shorter disease-

specific survival and OS in nonmetastatic muscle-invasive bladder cancer. However, NLR 
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had not been found to be prognostic in previous models, but it was recently associated with 

an ICI response in patients with aUC [17]. Sheng et al [26] found a negative association 

between NLR and specific circulating myeloid-derived suppressor cell subsets, as well as 

OS, in a recent single-center study. In addition, Nassar et al [17] used clinical and genomic 

data to predict response to ICIs, and identified NLR >5, visceral metastases, and single-

nucleotide variant count <9 to be associated with benefit to ICIs (but not taxane 

chemotherapy). This aligns with our model that identified both NLR and visceral metastases 

as negative prognostic factors.

In terms of model concordance, our model has comparable concordance with other models. 

For example, the five-factor model mentioned above reported concordance of 0.69 in the 

discovery set, and 0.67 and 0.78 in two validation cohorts, comparable with our Harrell’s C-

statistic of 0.68. Notably, the Nassar et al [17] model reported a Harrell’s C-statistic of 0.9, 

substantially higher than existing clinical models. It is possible that models using a 

combination of clinical and genomic data may have a better prognostic value than those 

using clinical data alone; however, they may have higher complexity and less practicality, 

and may need more patients. A number of putative biomarkers regarding ICI response are 

under exploration, including PD-L1 protein expression, tumor mutational burden, T-effector 

and regulatory cells, TGF-β, EMT and other gene signatures, DNA damage response gene 

and FGFR3 alterations, molecular subtypes, and T-cell clonality/diversity among others [27]. 

More work is needed to validate predictive biomarkers and show clinical utility [2,28–30]. 

As comprehensive genomic profiling becomes more frequent, future models may 

incorporate molecular biomarker data. Future work may also better understand different 

biologic subtypes of UC to help guide further prognostic and predictive biomarker 

development.

The strengths of our study include utilization of a large cohort of patients treated outside of 

clinical trials, multi-institution representation from two continents and 24 centers, and the 

very reasonable cohort sample size and number of events. Limitations include the 

retrospective nature with an inherent selection bias, lack of validation cohort, missing data, 

and relatively short follow-up time. We were unable to develop a risk score for patients 

treated in the salvage setting. We did not incorporate PD-L1 or other molecular biomarkers 

due to logistical challenges. Our cohort included only patients treated with ICIs, so 

conclusions cannot be extrapolated to other therapies. Moreover, we developed this model in 

a heterogeneous population. Last but not least, results from IMvigor130 [31], DANUBE 

[32], Checkmate901, Keynote361 [33], NILE, and EV-302 phase III trials are expected to 

keep shaping the treatment landscape in aUC and impact the potential clinical applications 

of our risk score. For example, our score may not necessarily apply to the switch 

maintenance anti–PD-L1 setting, which is the new standard of care based on the Javelin 

Bladder 100 trial (with avelumab) [4]. Despite these limitations, our study developed a 

prognostic model using data from patients with aUC treated with ICIs as first-line therapy 

outside clinical trials, which can contribute to the emerging literature and be further 

validated in clinical trials.
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5. Conclusions

In conclusion, we developed a new risk score based on patients receiving first-line ICIs, 

which identified ECOG PS ≥2, NLR >5, albumin <3.5 g/dl, and liver metastases as negative 

prognostic factors. External validation is actively being pursued along with biomarker 

exploration. Upon further validation, this model can help inform prognostic estimates, 

therapy-related discussions, and clinical trial eligibility/stratification, while it may act as a 

“benchmark” for efficacy assessment in single-arm phase II trials in this setting.
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Fig. 1 –. 
CONSORT diagram showing the inclusion of patients in the study. aUC = advanced 

urothelial cancer; ECOG = Eastern Cooperative Oncology Group; ICI = immune checkpoint 

inhibitor; 1L = first line; PS = performance status; UC = urothelial cancer.
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Fig. 2 –. 
Kaplan-Meier curve by new first-line risk score. ICI = immune checkpoint inhibitor.
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Table 1.

Baseline characteristics of patients with advanced UC treated with first line ICI included in risk score 

modeling

First line ICI

N=357

Age (year), mean (range) 71 (32–93)

Sex, n (%)

 Male 259 (73)

 Female 98 (27)

Race/Ethnicity, n (%)

 Caucasian/White 263 (74)

 Hispanic/Latino 43 (12)

 Black/African-American 20 (6)

 Asian 13 (4)

 Other/Unknown 18 (5)

Smoking History, n (%)

 Yes 243 (68)

 No 111 (31)

 Unknown 3 (1)

Continent of treatment, n (%)

 North America (US only) 91 (25)

 Europe 266 (75)

Site of Primary Disease, n (%)

 Bladder 296 (83)

 Upper tract (renal pelvis or ureter) 48 (13)

 Urethra 3 (1)

 Unknown 10 (3)

Histology, n (%)

 Pure UC 242 (68)

 UC with variant histology 115 (32)

History of extirpative surgery, n (%)

 Yes 184 (52)

 No 148 (41)

 Unknown 25 (7)

History of BCG, n (%)

 Yes 74 (21)

 No 278 (78)

 Unknown 5 (1)

Prior platinum chemotherapy, n (%)

 Yes 147 (41)

 No 210 (59)

Agent received, n (%)
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First line ICI

N=357

 Atezolizumab 137 (38)

 Avelumab 1 (0.1)

 Durvalumab 11 (3)

 Nivolumab 16 (4)

 Pembrolizumab 189 (53)

 Unknown 3 (1)

GFR<60ml/min at ICI start, n (%)

 Yes 137 (38)

 No 191 (54)

 Unknown 29 (8)

Metastatic disease site at ICI start, n (%)

 Bone 81 (23)

 Liver 58 (16)

 Lung 107 (30)

 Lymph node 243 (68)

ECOG Performance Status, n (%)

 0 80 (22)

 1 176 (49)

 2 90 (25)

 3 9 (3)

 4 2 (1)

Median (IQR)

Albumin at ICI start (g/dL) 3.8 (3.4–4.1)

Hemoglobin at ICI start (mg/dL) 11.6 (10.0–13.1)

ALC at ICI start (x10^3/ul) 1.3 (0.9–1.8)

ANC at ICI start (x10^3/ul) 5.5 (4.1–7.3)

NLR at ICI start 4.2 (2.7–7.1)

Platelets at ICI start (x10^9/L) 254 (201–334)

Abbreviations: ALC indicates absolute lymphocyte count; ANC, absolute neutrophil count; BCG, Bacillus Calmette-Guérin; ECOG, Eastern 
Cooperative Oncology Group; GFR, glomerular filtration rate; ICI, immune checkpoint inhibitor; IQR, inter-quartile range; LDH, lactate 
dehydrogenase; NLR, neutrophil : lymphocyte ratio; PS, performance status; SD, standard deviation; UC, urothelial carcinoma.
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Table 3 –

Hazard ratios for multivariate model including only covariates that make up risk score

Covariate Hazard ratio (95% CI)

ECOG PS 2+ 1.65 (1.22–2.23)

Albumin <3.5 g/dl 1.88 (1.38–2.58)

NLR >5 1.52 (1.13–2.04)

Liver metastasis 2.44 (1.75–3.39)

CI = confidence interval; ECOG = Eastern Cooperative Oncology Group; NLR = neutrophil to lymphocyte ratio; PS = performance status.
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Table 4 –

Stratified median overall survival, hazard ratio, and C-statistic by prognostic model (new risk score and 

Bajorin)

New risk score Bajorin

Score N mOS, mo (95% CI) HR (95% CI) Score N mOS, mo (95% CI) HR (95% CI)

0 127 23 (17–32) Ref. 0 128 23 (17–35) Ref.

1 110 12 (9–18) 1.57 (1.10–2.23) 1 169 10 (7–13) 1.95 (1.41–2.70)

2 68 7 (3–12) 2.35 (1.60–3.47) 2 60 5 (2–7) 2.86 (1.92–4.25)

≥3 52 2 (2–3) 4.91 (3.28–7.35)

Harrell’s C-statistic (95% CI) 0.68 (0.65–0.71) 0.63 (0.59–0.66)

CI = confidence interval; HR = hazard ratio; mOS = median overall survival.
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