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ABSTRACT
Background  Bellmunt Risk Score, based on Eastern 
Cooperative Oncology Group (ECOG) performance status 
(PS), hemoglobin levels and presence of liver metastases, 
is the most established prognostic algorithm for patients 
with advanced urothelial cancer (aUC) progressing after 
platinum-based chemotherapy. Nevertheless, existing 
algorithms may not be sufficient following the introduction 
of immunotherapy. Our aim was to develop an improved 
prognostic model in patients receiving second-line 
atezolizumab for aUC.
Methods  Patients with aUC progressing after cisplatin/
carboplatin-based chemotherapy and enrolled in the 
prospective, single-arm, phase IIIb SAUL study were 
included in this analysis. Patients were treated with 
3-weekly atezolizumab 1200 mg intravenously. The 
development and internal validation of a prognostic 
model for overall survival (OS) was performed using 
Cox regression analyses, bootstrapping methods and 
calibration.
Results  In 936 patients, ECOG PS, alkaline phosphatase, 
hemoglobin, neutrophil-to-lymphocyte ratio, liver 
metastases, bone metastases and time from last 
chemotherapy were identified as independent prognostic 
factors. In a 4-tier model, median OS for patients with 0–1, 
2, 3–4 and 5–7 risk factors was 18.6, 10.4, 4.8 and 2.1 
months, respectively. Compared with Bellmunt Risk Score, 
this model provided enhanced prognostic separation, with 
a c-index of 0.725 vs 0.685 and increment in c-statistic 
of 0.04 (p<0.001). Inclusion of PD-L1 expression did not 
improve the model.
Conclusions  We developed and internally validated 
a prognostic model for patients with aUC receiving 
postplatinum immunotherapy. This model represents 
an improvement over the Bellmunt algorithm and 
could aid selection of patients with aUC for second-line 
immunotherapy.
Trial registration number  NCT02928406.

INTRODUCTION
Immune checkpoint inhibitors (ICIs) are 
standard therapies for advanced urothelial 
carcinoma (aUC) following progression on 
platinum-based chemotherapy.1 2 Despite 

rapid expansion of ICIs in the treatment of 
aUC, only 13%–24% of patients will derive 
a long-term benefit.3 There is therefore an 
unmet need for risk categorization of this 
population to aid risk-directed treatment 
selection and patients’ counseling in everyday 
practice but also to better stratify patients in 
clinical trials.

The Bellmunt model4 is the only validated 
prognostic model, which is based on a score 
derived from three adverse baseline factors 
(hemoglobin<10 g/dL, the presence of liver 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Immune checkpoint inhibitors are standard of care 
following progression on platinum agents in patients 
with advanced urothelial cancer, but tools for selec-
tion of patients likely to benefit are lacking. The only 
validated prognostic model in this setting, proposed 
by Bellmunt et al, was based on the use of postplat-
inum chemotherapy. Recent studies suggest that 
factors not included in this model may be important 
for the new treatment paradigm.

WHAT THIS STUDY ADDS
	⇒ We describe the development and internal valida-
tion of a new prognostic model based on patients 
treated with atezolizumab in second-line setting. 
Our results suggest that the 3-factor (hemoglobin, 
Eastern Cooperative Oncology Group performance 
status, liver metastases) Bellmunt prognostic model 
can be significantly improved with the addition of al-
kaline phosphatase, neutrophil-to-lymphocyte ratio, 
bone metastases and time from last chemotherapy 
in a 4-tier model.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The model we are proposing incorporates easily 
accessible factors and could be used for patients’ 
counseling, physicians’ decisions and clinical trial 
stratification.
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metastases and an Eastern Cooperative Oncology Group 
performance status (ECOG PS) of >0). While it achieves 
a satisfactory prognostic discrimination of patients with 
aUC relapsing after platinum-based chemotherapy, it 
was derived from treatment with chemotherapy. The 
few prognostic algorithms that have been developed in 
patients with aUC treated with ICIs have not been vali-
dated outside clinical trials5 or included a small number 
of patients and overall survival (OS) was not the primary 
outcome of their analyses.6 Thus, new prognostic profiles 
are needed to reflect the current treatment paradigm for 
aUC.

The prospective phase IIIb SAUL study (A study of 
atezolizumab in locally advanced or metastatic urothe-
lila or non-urothelial carcinoam of the urinary tract, 
Clinical Trials Gov identifier: NCT 02928406), is the 
largest ‘real-world’ study in this setting.7 Since it more 
accurately reflects everyday practice than interventional, 
randomized trials,8 SAUL represents the ideal platform 
to study prognostic factors in ICI second-line therapy. In 
a subanalysis of this study,9 the Bellmunt algorithm was 
associated with prognostic significance for second-line 
or subsequent-line atezolizumab but other factors, such 
as time from last chemotherapy (TFLC), PD-L1 expres-
sion and use of perioperative chemotherapy, were also 
found to be significant. Other analyses have suggested the 
importance of neutrophil-to-lymphocyte ratio (NLR) and 
systemic immune-inflammation index (SII).6 10–12

This analysis aimed to develop and internally validate 
a novel prognostic model in patients with aUC treated 
with atezolizumab following progression on previous 
platinum-based chemotherapy, taking into consideration 
features of interest identified in recent analyses and not 
included in the Bellmunt algorithm.

MATERIALS AND METHODS
Study design and patients
Deidentified data from the SAUL database were provided 
by the sponsor (data cut-off on 16 September 2018). The 
database was not updated for the present analysis.

The SAUL study has been published.7 Briefly, SAUL 
(NCT02928406) was a single-arm phase ΙΙΙb study of 
atezolizumab in a real-world patient population with 
locally advanced or metastatic UC or non-UC of the 
urinary tract. Patients were required to have ECOG 
PS≤2 and disease progression during or following 1–3 
prior treatments. Patients with treated central nervous 
system (CNS) metastases, autoimmune disease, concom-
itant corticosteroids or renal impairment were eligible. 
Prior treatment with an ICI was not allowed. Patients 
were excluded from the current substudy if they had pure 
non-urothelial histology and/or had not received prior 
cisplatin or carboplatin-based chemotherapy.

Atezolizumab 1200 mg was administered intravenously 
every 3 weeks, with a maximum follow-up of 4 years for 
disease progression and OS.

Immunohistochemical staining of PD-L1 expression 
was performed on formalin-fixed, paraffin-embedded 
tissues using VENTANA SP142 rabbit monoclonal anti-
body (VENTANA benchmark ULTRA reader).13

Statistical methods
Associations between clinical features and OS, calculated 
from the first day of atezolizumab treatment to death 
from any cause, was the primary outcome. Variables 
included in the univariate analysis are listed in online 
supplemental table S1. Univariate association between 
each covariate and clinical outcome (OS) was assessed 
by Cox proportional hazards model. SII was calculated 
according to platelet count multiplied by neutrophil 
count/lymphocyte count.11 All variables with a p<0.2 in 
the univariate analysis were selected for inclusion in the 
multivariate model. An initial multivariate Cox model 
was built by a backward selection method eliminating 
factors not statistically significant at the 5% level. Cut-offs 
for categorical variables with no established cut-offs were 
chosen according to the variables’ discriminatory ability.

Our model was internally validated by generating 1000 
bootstrap samples with replacement from our dataset that 
included all univariate variables with a p<0.2. A backward 
stepwise Cox regression procedure was applied to each 
sample with a removal criterion of p<0.05. The variables 
that remained in more than 70% of the bootstrap samples 
were included in the final risk model. Risk groups were 
created according to the number of unfavorable risk 
factors for each patient and analyzed by Kaplan-Meier. 
Calibration of the Cox model was graphically assessed.14 
Effect modification was assessed by including all pair-
wise combinations of interaction terms in our model. 
The alternative measures of discrimination of Harrell’s 
c-index and Gönen & Heller statistic, which is insensitive 
to censoring, were also calculated.15 Adjustment for ‘opti-
mism’, the tendency for a model to predict better on the 
data on which it was derived than on new data, was done 
via a bootstrap-based method (1000 replications). All but 
one covariate had a missing rate of <2% (PD-L1 expres-
sion, 6.7%). To account for missing data, the complete 
case analysis (CCA) method was considered likely to 
give unbiased results based on the data being ‘missing 
completely at random’, as assessed by Little’s χ2 test.16 To 
ensure minimal bias due to missing data, multiple impu-
tation (MI) methods were also applied (number of impu-
tations n=20 to achieve adequate efficiency for parameter 
estimates).17 Our imputation model included the depen-
dent variable of status and variables with complete data 
(ECOG PS, previous lines of therapy, number of sites, 
smoking history, perioperative chemotherapy, prior 
therapy, TFLC) to estimate the sets of plausible values 
for the missing data. The type of imputation algorithm 
used was multivariate normal distribution. Diagnostics 
for MI used were the relative increase in variance, frac-
tion of missing information and relative efficiency. All 
statistical analyses were done using Statistical software 

https://dx.doi.org/10.1136/jitc-2022-005977
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Table 1  Multivariate risk models and bootstrap validation

Covariate

With PD-L1 expression Bootstrap means

N HR 95% CI P value HR 95% CI

ECOG PS <0.001

 � 0 352 1 1

 � ≥1 476 1.9 1.55 to 2.33 1.92 1.6 to 2.36

Hemoglobin 0.001

 � ≥10 g/L 695 1 1

 � <10 g/L 133 1.49 1.18 to 1.88 1.53 1.19 to 1.98

Liver metastases <0.001

 � No 603 1 1

 � Yes 225 1.8 1.47 to 2.19 1.8 1.45 to 2.28

Time from last chemotherapy 0.001

 � >6 months 323 1 1

 � ≤6 months 505 1.41 1.16 to 1.72 1.42 1.14 to 1.76

NLR>5 <0.001

 � No 561 1 1

 � Yes 267 1.93 1.59 to 2.35 1.96 1.56 to 2.43

PD-L1 expression 0.006

 � IC2/3 238 1 1

 � IC0/1 590 1.35 1.09 to 1.67 1.38 1.12 to 1.73

Alkaline phosphatase <0.001

 � Low/normal 634 1 1

 � High 194 1.7 1.38 to 2.09 1.78 1.4 to 2.28

Bone metastases 0.037

 � No 616 1

 � Yes 212 1.24 1.01 to 1.52

TNM at diagnosis 0.049

 � 0, I, II 294 1

 � III, IV 534 1.22 1.001 to 1.48

ECOG PS <0.001

 � 0 373 1 1

 � ≥1 515 1.83 1.5 to 2.24 1.82 1.52 to 2.22

Hemoglobin <0.001

 � ≥10 g/L 745 1 1

 � <10 g/L 143 1.61 1.28 to 2.02 1.61 1.25 to 2.14

Liver metastases <0.001

 � No 643 1 1

 � Yes 245 1.87 1.54 to 2.26 1.88 1.54 to 2.32

Time from last chemotherapy 0.001

 � >6 months 347 1 1

 � ≤6 months 541 1.39 1.15 to 1.68 1.4 1.14 to 1.71

NLR>5 <0.001

 � No 602 1 1

 � Yes 286 1.79 1.48 to 2.17 1.8 1.43 to 2.22

Bone metastases 0.004

 � No 660 1 1

 � Yes 228 1.33 1.1 to 1.62 1.33 1.08 to 1.62

Alkaline phosphatase <0.001

 � Low/normal 676 1 1

 � High 212 1.67 1.37 to 2.04 1.7 1.37 to 2.17

ECOG PS, Eastern Cooperative Oncology Group performance status; ICs, immune cells; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; TNM, tumor–node–metastases.
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Stata/SE V.17.0 (StataCorp. 2021. College Station, Texas: 
StataCorp LLC).

RESULTS
Of the 997 patients treated with atezolizumab in SAUL, 
936 were eligible for inclusion in this analysis (online 
supplemental figure S1). Selected baseline characteristics 
are shown in online supplemental table S2. Median age 
was 68 years, 924 (99%) had pure UC, while 225 (24%) 
had non-bladder primary. At the time of database lock, 
after a median follow-up of 12.6 months, 515 patients 
(55%) had died, 468 (91%) due to UC. Median OS was 
8.7 months, median progression-free survival 2.2 months 
and overall response rate 13.6%. Overall, 143 patients 
(15%) received poststudy therapy. None received enfor-
tumab vedotin, sacituzumab govitecan or erdafitinib.

Univariate Cox regression analysis
Univariate analyses of the 26 covariates and their effect on 
OS are presented in online supplemental table S3. Well-
established clinical factors, such as ECOG PS and non-
lymph node metastases, laboratory features including 
anemia and alkaline phosphatase (ALP), as well as all 
biological markers, that is, PD-L1 expression, NLR and 
SII, were associated with OS. The presence of mixed 
histology, CNS metastases, high aspartate transaminase 
levels and creatinine clearance ≤30mL/min were also 
correlated with OS, but were not studied further since 
only 12 (1%), 14 (1%), 45 (5%) and 41 (4%), respec-
tively, of the 936 patients had these features. Expectedly, 

there was a strong positive correlation between NLR and 
SII (Spearman’s rho: 0.89, p<0.001). Therefore, inclusion 
of both in a multivariate model was redundant and NLR 
was chosen for simplicity since it only needs 2 instead 
of 3 covariates to be calculated. For NLR, a cut-off of 5 
was chosen for further analysis because it was associated 
with the highest HR and is well established in the liter-
ature.5 6 18 The use of PD-L1 in modeling is hampered 

Table 2  Frequency of a selection of variables (p<0.05) that 
remained in 1000 bootstrap samples following stepwise Cox 
procedure

Covariate

Bootstrap inclusion frequency

With PD-L1 Without PD-L1

ECOG PS 100 100

NLR 100 100

Liver metastases 99.5 100

Alkaline phosphatase 99.5 99.8

Hemoglobin 86.9 95.5

Time from last chemotherapy 91.1 91.2

PD-L1 expression 80.4 –

Bone metastases 48.4 78.3

TNM at diagnosis 49 44.8

Perioperative chemotherapy 24.6 28.8

Number of previous lines for 
advanced disease

25.1 20.9

Pelvic irradiation 14.8 20.3

Number of disease sites 21.7 16

Previous chemotherapy 8.1 10.3

Non-visceral metastases 5.8 6.4

ECOG PS, Eastern Cooperative Oncology Group performance status; 
NLR, neutrophil-to-lymphocyte ratio; TNM, tumor–node–metastases.

Figure 1  Association between OS and the following risk 
stratification: (A) an 8-tier risk model; (B) a 4-tier risk model; 
(C) a 4-tier risk model versus the Bellmunt risk factors. OS, 
overall survival.

https://dx.doi.org/10.1136/jitc-2022-005977
https://dx.doi.org/10.1136/jitc-2022-005977
https://dx.doi.org/10.1136/jitc-2022-005977
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by variations in diagnostic assays, which cannot be cross-
used.19 We, therefore, performed analyses with and 
without PD-L1 to investigate the possibility of omitting it 
without compromising the discriminatory ability of the 
model. Finally, there was a strong correlation between 
TFLC and time from diagnosis to treatment (Spearman’s 
rho: 0.307, p<0.001), of which TFLC was chosen to avoid 
multicollinearity.

Multivariate analysis
Overall, 828 and 888 patients had full data sets for the 
multivariate analyses with and without PD-L1 expression, 
respectively (table 1). In the resulting Cox proportional 
hazards models, all factors previously identified by the 
Bellmunt model, that is, ECOG PS, hemoglobin and 
liver metastases, were independent predictors of survival. 
TFLC, previously identified as an important prognostic 
factor,12 ALP, bone metastases and NLR were also 
retained in both models. Tumor–node–metastases stage 
at diagnosis was not retained in the model without PD-L1 
expression.

Bootstrap validation and model development
Bootstrap validation was performed on patients with 
complete datasets of the variables included in the multi-
variate analysis. The stepwise Cox regression procedure 
was employed with each of the 1000 random bootstrap 
samples with the same selection criteria as for the multi-
variate analysis. The frequency of each variable in the 
bootstrap samples was 5.8%–100% (table 2).

As previously mentioned, only variables that remained 
in >70% of the bootstrap samples were included in the 
final models. In both models, seven variables, all previ-
ously identified in the multivariate analysis, were selected. 
Six (ECOG PS, NLR, ALP, liver metastases, TFLC and 
hemoglobin) were common in both models, while PD-L1 
expression and bone metastases were the remaining 
factors in the models with and without PD-L1 expression, 
respectively. We refit the Cox model by using the variables 
selected in the 1000 bootstrap samples and calculated the 
regression parameters and HRs (table  1). The results 
of the bootstrap analyses were similar to the original 

multivariate models, suggesting successful internal valida-
tion. Using MI instead of CCA to account for missing data 
produced similar results (online supplemental table S4).

For the development of a risk score, each of the seven 
variables was assigned one point since the HRs were 
comparable. The 8-tier model produced a clear prog-
nostic discrimination, with a similar c-index of 0.728 
(95% CI: 0.705 to 0.751) and 0.725 (95% CI: 0.702 to 
0.748) with or without PD-L1, respectively. The Bootstrap-
based adjusted for optimism c-indices for the two models 
were also similar: 0.726 (95% CI: 0.702 to 0.75) and 0.723 
(95% CI: 0.7 to 0.746), respectively. C-index remained 
essentially unchanged when the model not including 
PD-L1 was restricted to the 828 patients with PD-L1 infor-
mation. Based on these results, we further studied the 
model, which did not include PD-L1 (figure 1A) due to 
the aforementioned practical issues associated with the 
use of PD-L1 in routine practice. Since some of the eight 
groups included small numbers of patients, the model 
was simplified into 4-risk categories according to the 
number of prognostic factors: 0–1, 2, 3–4, 5–7. The 4-risk 
categories maintained their prognostic discrimination, 
with a median OS of 18.6, 10.4, 4.8 and 2.1 months for 
0–1, 2, 3–4 and 5–7 risk factors, respectively (figure  1B 
and table 3).

Categorization of the Bellmunt risk factors (ECOG 
PS, hemoglobin, liver metastasis) in this study produced 
a c-index of 0.685 (95% CI: 0.662 to 0.708). Thus, the 
increment in c-statistic when using the new 7-factor 
model compared with the older 3-factor model was 
0.04 (p<0.001), which is adequate to enhance the prog-
nostic separation (figure  1C), according to previously 
published recommendations.19 Calibration of the risk 
scores revealed a generally good concordance between 
predicted and observed events at most time points (3, 6, 
9, 12, 15, 18 months) (online supplemental figure S2).

DISCUSSION
Few data on modeling in patients receiving modern 
immunotherapy for aUC exist. Sonpavde et al proposed a 

Table 3  Median OS and 18-month OSR for the risk groups of Bellmunt stratification and the model developed in this study

This study Bellmunt

Risk factors, n n Risk factors, n n

Median OS (95% CI) 0–1 271 18.6 (18 to NR) 0 257 18 (14.2 to NR)

2 215 10.4 (8.2 to 13.9) 1 339 9 (7.8 to 11.2)

3–4 304 4.8 (4 to 6.1) 2 201 3.5 (2.9 to 4.4)

5–7 98 2.1 (1.5 to 2.6) 3 31 2.2 (1.2 to 2.8)

18-month OSR
(95% CI)

0–1 271 52 (36.2 to 65.6) 0 257 49.2 (36.7 to 60.5)

2 215 39.9 (31.7 to 47.9) 1 339 37.3 (31 to 43.7)

3–4 304 21 (15.3 to 27.4) 2 201 13.2 (7.9 to 20.1)

5–7 98 4.5 (1.1 to 11.8) 3 31 NR

NR, not reached; OS, overall survival; OSR, overall survival rates.

https://dx.doi.org/10.1136/jitc-2022-005977
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model based on ECOG PS, liver metastasis, platelet count, 
NLR (cut-off 5) and lactate dehydrogenase.5 The model 
showed good prognostic discrimination with a c-index of 
0.692 which compared with 0.635 for the Bellmunt model. 
In a more recent study by Khaki et al,18 which included 
patients with aUC treated with first-line ICIs, ECOG PS≥2, 
albumin<3.5 g/dL, NLR>5 and liver metastases were iden-
tified as significant prognostic factors. The median OS of 
patients with 0, 1, 2, ≥3 risk factors was 23, 12, 7 and 2 
months, respectively. The c-index was 0.68 vs 0.63 of the 
first-line algorithm developed by the MSKCC.20

Our results, along with those of Sonpavde and 
Khaki,5 18 strongly support the need for new risk strati-
fication models in the era of immunotherapy in aUC. In 
all three studies, the models developed produced better 
discrimination than the models developed from patients 
not treated with immunotherapy. Our model showed a 
robust discrimination between prognostic groups using 
easily accessible and affordable factors and significantly 
improved the discriminatory ability of the Bellmunt algo-
rithm. The information derived is clinically meaningful: 
for example, patients with five or more risk factors had a 
median OS of 2.1 months and might benefit from non-
immunotherapy options. Differences in populations, 
agents used and line of therapy do not allow for mean-
ingful comparison of our model with those reported by 
Sonpavde and Khaki.5 18 Nevertheless, taking into consid-
eration their respective c indices of 0.692 and 0.68, our 
c-index of 0.725 appears robust and one of the highest 
reported in the literature. Our sample size is the largest 
among the three studies and we derived data from a phase 
IIIb study, which ensures better quality and reduced 
biases compared with the retrospective collection of data 
from medical files. At the same time, our patients reflect 
everyday practice more accurately than patients included 
in clinical trials. Moreover, Khaki reported a prognostic 
model in patients treated with first-line ICI but the role of 
ICIs as monotherapy in this setting is not clearly defined. 
On the other hand, postplatinum recommendations 
of ICIs are universal1 2 21 and, therefore, information 
included in the study of Sonpavde and in our study may 
be more relevant for current practice.

We used four clinical factors (ECOG PS, TFLC, liver 
and bone metastases), two biochemical factors (hemo-
globin, ALP) and one biomarker (NLR) to develop a 
risk score. ECOG PS, hemoglobin and liver metastases 
are included in the Bellmunt algorithm, while the prog-
nostic significance of TFLC is in concert with previous 
studies.9 22 23 Bone metastases have also been recently 
identified as adverse prognostic factor in patients treated 
with ICIs,24 25 while ALP has not, to the best of our knowl-
edge, been described before. Although elevated ALP is 
related to the presence of liver and/or bone metastases, 
this factor was independently associated with OS and its 
inclusion in the model increased its discriminatory ability. 
NLR has been described as a useful marker in a variety of 
tumors,11 12 26 27 including a subgroup of patients in the 
SAUL study.10 It was also included in the models described 

by Sonpavde and Khaki.5 18 Higher NLR is considered 
a biomarker of inflammation commonly observed in 
advanced solid tumors and has been associated with poor 
response as well as shorter disease-free survival and OS in 
patients receiving neoadjuvant chemotherapy for bladder 
cancer.28 29 It is currently unknown whether NLR can be 
considered a surrogate of tumor (and/or host) biology 
and/or ICI responsiveness.

We are the first to use PD-L1 expression in a study 
aiming to develop a selection tool for patients treated 
with immunotherapy. PD-L1 has been identified as a 
potentially useful biomarker in aUC.13 Nevertheless, 
methodological issues create challenges in incorporating 
it in a selection tool to be applied to all ICIs currently 
used in aUC. In this context, our finding that its omission 
did not impact on the discriminatory ability of our model 
is reassuring regarding the applicability of our model in 
everyday practice. This finding should not discourage 
research efforts to identify biomarkers, which could be 
effectively incorporated in risk stratification of patients 
treated with ICIs.

Limitations include the retrospective nature of the 
study and therefore lack of randomization, with possible 
selection and confounding biases, missing data, lack of 
external validation and relatively short follow-up. Our 
patients also did not receive recently approved non-
immunotherapy agents, which prolong survival.30–32 Thus, 
the value of this model in an environment of wide use of 
these agents is unknown. In addition, all patients received 
atezolizumab, which has had its indication following plat-
inum therapy in the US withdrawn, and therefore the 
performance of this model in the presence of other ICIs 
is unclear. However, we hypothesize that the model would 
likely be applicable for any second-line ICI for aUC, 
given that these agents have demonstrated similar activity 
across trials. The fact that most of the factors included in 
our model have been found significant in patients who 
also received other ICIs supports this notion.

In conclusion, we developed and internally validated a 
new 4-tier risk score based on seven clinical and biological 
prognostic factors in patients with aUC receiving post-
platinum ICI. External validation with other data sets is 
being actively pursued. This model can be easily incorpo-
rated into clinical practice to help guide therapy-related 
decisions and inform eligibility, stratification and ‘bench-
marking’ for endpoint assessment into clinical trials for 
patients with aUC who are ICI candidates.
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