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Abstract

Purpose: A prognostic model for overall survival (OS) of post-platinum patients with metastatic
urothelial carcinoma (mUC) receiving PD-1/PD-L1 inhibitors is necessary since existing models
were constructed in the chemotherapy setting.

Materials and methods: Patient level data were used from phase I/11 trials evaluating PD-L1
inhibitors following platinum-based chemotherapy for mUC. The derivation dataset consisted of 2
phase I/11 trials evaluating atezolizumab (n=405). Two phase I/I1 trials that evaluated avelumab
(n=242) and durvalumab (n=198) comprised the validation datasets. Cox regression analyses
evaluated the association of candidate prognostic factors with OS. Stepwise selection was
employed to select an optimal model using the derivation dataset. Discrimination and calibration
were assessed in the avelumab and durvalumab datasets.

Results: The 5 prognostic factors identified in the optimal model employing the atezolizumab
derivation dataset were ECOG-PS (1 vs. 0; HR 1.80; 95% CI [1.36-2.36]), liver metastasis (HR
1.55; 95% CI [1.20-2.00]), platelet count (HR 2.22; 95% CI [1.54-3.18]), neutrophil-lymphocyte
ratio (HR 1.94; 95% CI [1.57-2.40]) and lactate dehydrogenase (HR 1.60; 95% CI [1.28-1.99]).
There was robust discrimination of survival between low, intermediate and high-risk groups. The
c-statistic was 0.692 in the derivation and 0.671 and 0.773 in the avelumab and durvalumab
validation datasets, respectively. A web-based interactive tool was developed to calculate the
expected survival probabilities based on risk factors.

Conclusions: A validated 5-factor model has satisfactory prognostic performance for survival
across 3 PD-L1 inhibitors to treat mUC post-platinum and may assist in stratification, interpreting
and designing trials incorporating PD-1/PD-L1 inhibitors in the post-platinum setting.

Keywords
Prognostic factors; Metastatic; Urothelial carcinoma; Post-platinum; PD-L1 inhibitors

Introduction

The therapeutic landscape of locally advanced unresectable or metastatic urothelial
carcinoma (mUC) has changed dramatically over the last few years, with the emergence of
five new PD-1/PD-L1 inhibitors for the treatment of progressive disease following platinum
exposure.1~7 These agents include two PD1 inhibitors (nivolumab, pembrolizumab) and
three PD-L1 inhibitors (avelumab, durvalumab, atezolizumab). Prognostic models of
survival in post-platinum patients receiving chemotherapy (taxanes, vinflunine) include
Eastern Cooperative Oncology Group (ECOG)-Performance status (PS), liver metastasis and
hemoglobin initially proposed by Bellmunt et al, which was later enhanced by adding
treatment free interval and albumin.8-10 It is unclear if these factors are applicable to post-
platinum PD-1/PD-L1 inhibitors.

Other factors more reflective of the immune, inflammatory and metabolic state may confer
major prognostic impact. In this context, the peripheral blood neutrophil-lymphocyte ratio
(NLR), platelet count (PLT), eosinophil count and serum lactate dehydrogenase (LDH) may
be relevant, given that they are universally and affordably measured factors that have been
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demonstrated to be prognostic in other malignancies.}1-13 The different industry sponsors
have employed a variety of antibodies and thresholds to define tumor PD-L1 protein
expression and have inconsistently measured tumor mutation burden (TMB) and gene
expression profiling using different platforms, which renders these variables difficult to
apply across all of these agents.

Given the importance of accurate prognostic models to interpret data and design clinical
trials, this study was undertaken to identify and validate a prognostic model for survival
consisting of some the aforementioned routinely measured and available standardized
clinical and analytically validated laboratory factors in the setting of PD-1/PD-L1 inhibitors
administered for progressive mUC following platinum-based chemotherapy.

Patients and methods

Study design

Participants

Patient level data were used from previously reported phase | and 1l trials evaluating PD-L1
inhibitors following platinum-based chemotherapy for mUC to conduct this retrospective
study. Individual patient level data regarding baseline patient characteristics, clinical factors
and survival outcomes were collected establishing a derivation dataset that received
atezolizumab and two validation datasets that received avelumab and durvalumab,
respectively. The candidate prognostic factors were age, gender, body mass index (BMI),
ECOG-PS, sites of metastasis (liver +/— other, non-liver visceral +/- soft tissue/ lymph node,
soft tissue/lymph node only), hemoglobin, albumin, treatment-free interval from previous
therapy, NLR, PLT, eosinophil count, LDH, prior platinum (cisplatin or carboplatin),
primary tumor location (bladder or other), calculated creatinine clearance (Cockroft-Gault
formula), clinical stage at initial diagnosis, cigarette smoking history (never or ever), prior
radical cystectomy (or nephroureterectomy) and number of previous lines of treatment
regimens. Laboratory values were normalized by logarithmic transformation.

The derivation dataset consisted of combining the phase I and phase 1l trials (PCD4989g
(NCT01375842) and IMvigor210 (NCT02951767 and NCT02108652), respectively)
evaluating atezolizumab (median follow-up 1.9 years; range, 1.6-2.5 years).* 14 Patients
enrolled on two separate phase I/11 trials, pooled mUC cohorts from the JAVELIN Solid
Tumor trial (NCT01772004) that evaluated avelumab and CD-ON-MEDI4736-1108
(NCT01693562) that evaluated durvalumab comprised the validation datasets.> ® These 3
trials were sponsored by different pharmaceutical companies (Genentech, EMD Serono [a
business of Merck KGaA, Darmstadt, Germany] and Astrazeneca) who collaborated with
the investigators of this retrospective analysis. All of these trials were approved by the
respective Institutional Review Boards (IRBs), which also allowed the retrospective study of
deidentified patient data.

Statistical analysis

Initial analysis to construct the prognostic model was conducted using individual patient
level data from the derivation atezolizumab dataset. Cox regression analyses evaluated the
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association of candidate prognostic factors with survival. External validation was performed
using individual patient level data from the two validation durvalumab and avelumab
datasets. Forward stepwise selection was employed to create an optimal model. The
prognostic index (PI), which is a continuous risk score based on the linear predictor of the
Cox model, was calculated. Secondarily, a simplistic risk score based on the number of
adverse risk factors using those factors identified in the Cox model was also calculated.
Survival based on grouping the PI by first and third quartiles (25% and 75% quantiles) and
the number of risk factors was then assessed using Kaplan-Meier method. Discrimination
(separation of survival between risk groups) was assessed using concordance statistic. The c-
statistic for the previously reported 3-factor prognostic model by Bellmunt (ECOG-PS > 0,
hemoglobin < 100 g/L, liver metastasis) was calculated in each of the datasets separately to
identify the increment in c-statistic provided by the new model.

Statistical validation of the prognostic model was then performed following the procedures
of Royston and Altman?® using the independent avelumab and durvalumab datasets.
Specifically, assessment of the discrimination, calibration (survival estimate accuracy), and
predictive ability was performed using concordance (c-statistics), regression on the PI,
inspection of Kaplan-Meier curves and corresponding survival estimates (by PI quartile risk
groups) and comparison with expected survival. Analyses using Pl appeared to have better
discrimination than analyses using the number of risk factors, thus, results using risk factors
were omitted for simplicity. An interactive web-based application was developed to predict
the survival probability based on specific risk factor values from the weighted Cox model in
the atezolizumab derivation dataset using shiny, which is an R package that makes it easy to
build interactive web apps straight from the open-source software R.16: 17 The overall
survival probability for an individual patient /is predicted for any time &

Si(t, PI;) = So(t)™PP1D) i = 1, n, where the baseline survival has been obtained from the
prognostic model fit on the derivation data and approximated using polynomial regression
So(h=1-2.478-1075- t+4.547 - 107" - £-4.050 - 1079 - £. Averaging the Pls over all
members of each risk group in the validation datasets results in the respective expected
survival. The derivation of the respective confidence interval can be found the electronic
supplement.

Patient characteristics

The derivation atezolizumab dataset consisted of 405 patients, while the validation avelumab
and durvalumab datasets consisted of 242 and 198 patients, respectively (Table 1). The
patients exhibited characteristics that were typical for a post-platinum mUC population in all
cohorts (Table 1). The median follow-up in the combined atezolizumab derivation dataset
including IMvigor210 and PCD4989g was 1.9 years (range, 1.6-2.5 years).* 14 The median
follow-up in the avelumab JAVELIN EMR 100070-001 validation dataset was 2.7 years
(range, 2.0-3.6 years) and in the durvalumab CD-ON-MEDI4736-1108 dataset was 1.5
years (range, 1.3 — 3.1 years).> 6
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Prognostic factors associated with survival in the atezolizumab derivation dataset

On univariable analysis, multiple factors were associated with survival (Supplementary
Table 1). On multivariable analysis (Table 2), the 5 factors included in the optimal
prognostic model in the derivation dataset were ECOG-PS (1 vs. 0; HR 1.80; 95% CI [1.36-
2.36]), liver metastasis (HR 1.55; 95% CI [1.20-2.00]), log platelet counts (HR 2.22; 95%
Cl [1.54-3.18]), log platelet counts (HR 2.22; 95% CI [1.54-3.18]), log NLR (HR 1.94;
95% CI [1.57-2.40]) and log LDH (HR 1.60; 95% CI [1.28-1.99]). Patients were segregated
into low, intermediate and high-risk groups based on the first and third quartiles of the
prognostic index, and there was separation of survival curves between groups (Figure 1a).
The 1-year Kaplan-Meier survival estimates and 95% CI of those in the low, intermediate
and poor risk groups were 76.2% (66.1-83.6), 33.8 % (27.1-40.5) and 8.6% (3.8-15.8),
respectively.

Performance of the prognostic model in the avelumab and durvalumab validation datasets

There was robust discrimination of survival in the validation datasets between low,
intermediate and high-risk defined by the derivation dataset (Figure 1a—c). The c-statistics
was 0.692 in the derivation dataset and 0.671 and 0.773 in the avelumab and durvalumab
validation datasets, respectively. The c-statistic for the 3-factor Bellmunt model was 0.635 in
the derivation dataset, and 0.657 and 0.688 in the Avelumab and durvalumab datasets,
respectively. Thus, the increments in c-statistic in the 3 datasets when using the new 5-factor
model compared to the old 3-factor model were 0.057, 0.014 and 0.085, respectively.
Acceptable or good calibration of expected 6-month and 1-year survival rates was observed
(Supplementary Table 2).

Construction of online tool to estimate expected survival with post-platinum PD-L1

inhibitor
The supplementary online tool (https://ucprognosis.apps.hcie.io/) constructed using the
derivation dataset provided estimates for survival using the suggested prognostic model
(Figure 2). The tool enabled the calculation of the probability of 6- and 12-month survival
based on specific values for the 5 baseline prognostic factors.

Discussion

A 5-factor validated prognostic model for survival is proposed using data from a total of 845
mUC post-platinum patients treated with PD-L1 inhibitors. The model was developed using
a combined analysis of two studies of 405 patients receiving atezolizumab. Validation was
performed using two independent datasets of 242 patients receiving avelumab and 198
patients receiving durvalumab. The model calibration and concordance appeared acceptable
overall and in a priori defined risk groups showed good discrimination and usability. This
model may assist in prognostic stratification and interpreting nonrandomized trials of post-
platinum PD-1/PD-L1 inhibitors. Further validation of this model in additional datasets of
patients treated with different PD-1 inhibitors, e.g. pembrolizumab and nivolumab, is
warranted.

J Urol. Author manuscript; available in PMC 2021 December 01.
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An interactive tool was constructed to predict expected survival probabilities based on
specific risk factor values and the prognostic model. This tool can be useful to compare
observed versus expected survival in non-randomized phase I/11 trials evaluating
combinations of PD-1/PD-L1 inhibitors and novel agents in the post-platinum setting.
Indeed, misinterpretation of nonrandomized data has led to large randomized phase 111 trials,
which did not confirm initially ‘promising’ phase I/11 results, e.g. combinations of PD-1/PD-
L1 inhibitors and indole-deoxygenase (IDO)-1 inhibitors.18: 19 Thus, the availability of such
a tool may assist rational and cost-effective drug development.

The prognostic model does not include molecular factors. A decision was made to exclude
tumor PD-L1 expression since different assays (Ventana SP142 in atezolizumab trials, Dako
73-10 in avelumab trials, Ventana SP263 in durvalumab trials) and different cutoffs were
employed for these agents in the phase I/11 trials. Moreover, the assays measured either the
immune cell (atezolizumab trials) or tumor cell (avelumab trials) or a combination of
immune and tumor cells (durvalumab trials). Other molecular factors such as TMB, DNA
damage repair gene alterations and gene expression profile (to derive intrinsic subtype or the
interferon- -y signature) may be prognostic but were variably measured using different
methodologies or unavailable for most patients on these trials to incorporate them in our
study.20-23 Moreover, the platform employed to measure these molecular factors may also
impact their interpretability. Indeed, PD-L1 protein expression, TMB and intrinsic subtype
may all complement each other and confer prognostic impact, but were considered
challenging to incorporate in our nomogram for universal applicability.* 14 PD-L1
expression has been approved by regulatory agencies to select cisplatin-ineligible patients
for first-line pembrolizumab or atezolizumab, but the utility of other molecular markers and
our prognostic model to develop precision medicine is unclear.

Thus, the 5 factors are proposed as components of a prognostic model and cannot be
employed to in an algorithm to select patients for therapy. For example, patients in the poor
risk group demonstrated poor survival, but it is unclear if these patients would exhibit worse
outcomes when using a different agent. The examination of the differential prognostic
impact of this model in phase 111 post-platinum trials comparing a PD-1/PD-L1 inhibitor
with conventional chemotherapy such as the KEYNOTE-045 and IMvigor211 trials may
shed insights, but the datasets of these trials were not available.3: 24 Indeed, our model could
not be validated in two PD-1 inhibitors approved for post-platinum patients, pembrolizumab
and nivolumab, since these datasets were also not available. However, we hypothesize that
the model would very likely be applicable to patients who received any PD-1/PD-L1
inhibitor for post-platinum patients with mUC, given that these agents have similar activity
when examining the data across trials.” The proposed model exhibits varying performance in
both validation datasets. In comparison to the derivation data, the discrimination of the risk
groups is poorer in the avelumab and better in the durvalumab validation dataset. Indeed, it
is unusual that the model performance seems to be better in the durvalumab validation
dataset (c-index 0.773, calibration slope 1.14) than in the derivation dataset (c-index 0.692).
The increments in c-statistic in the 3 datasets when employing the new 5-factor model
compared to the 3-factor model (0.014 to 0.085) may be characterized as modest. However,
the delta for improvement in concordance-statistics between the models is >0.005, which is
considered adequate to enhance the prognostic information according to previously
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published recommendations.2> The model exhibits varying calibration accuracy in the
different risk groups. In particular, the survival in the low risk group might be overestimated.
The frequency of number of previous agents shows some imbalances in the derivation and
the avelumab validation data set (Table 1). However, it is noteworthy that the number of
prior agents was not significantly associated with survival in the univariable analysis
(Supplementary Table 1). Although prognostic models are generally not optimal to predict
outcomes for individual patients, the interactive tool may be useful to estimate expected
survival and facilitate interpretability of observed survival in nonrandomized datasets.1®

Conclusion

In conclusion, we propose the first statistically validated prognostic model for survival in the
setting of post-platinum mUC receiving 3 different PD-L1 inhibitors. The model uses readily
available clinical and laboratory factors and provides a meaningful improvement over the
previously reported 3-factor Bellmunt model. Thus, the model may be universally applicable
and enhances the ability to interpret non-randomized trials as well as stratify trials
employing PD-1/PD-L1 inhibitor backbone in the post-platinum setting. Moreover, patients
in the poor risk tertile could potentially undergo evaluation of new agents and combinations
using a nonrandomized registration trial design. Similar efforts in other settings using
checkpoint inhibitors need to be pursued to enable the capitalization of prognostic models in
these setting, e.g. the first-line cisplatin-ineligible and platinum-ineligible settings. The
routine incorporation of uniformly measured and analytically validated molecular (genomic,
transcriptomic, proteomic, epigenetic, immune, metabolomic) factors in phase 11 trials may
assist in further refining this prognostic model and develop its potential utility in precision
medicine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Discrimination of observed vs. estimated survival based on risk groups in the a)

atezolizumab derivation dataset, b) avelumab validation dataset and c) durvalumab
validation dataset

Legend: Figures show observed and estimated survival based on low, intermediate and high-
risk defined by the derivation dataset. Dashed lines references observed survival in the
derivation data.
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visualizes the expected survival probabilities based on risk factors
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Table 1.

Patient demographics and disease characteristics at baseline

Derivation atezolizumab data (n = 405)

Validation

avelumab data (n = 242)

durvalumab data (n = 198)

Age (years)
Mean (sd) 65.5, (9.9) 67.6 (10.61) 66.1 (9.40)
Median (min; max) 66 (32; 89) 68 (30; 89) 67 (34; 88)
Gender
Female 92 (22.7%) 67 (27.7%) 56 (28.3%)
Male 313 (77.3%) 175 (72.3%) 142 (71.7%)
NLR (Neutrophil / Lymphocyte Ratio)
Mean (sd) 5.1 (4.6) 5.7 (3.0) 6.0 (7.3)
Median (min; max) 3.9 (1.0;69.0) 4.2 (0.5; 30.7) 3.9(0.9;72.3)
Missing n (%) - - 4 (2.0%)

ECOG-Per formance Status

0 154 (38.0%) 84 (34.7%) 63 (31.8%)
>1 251 (62.0%) 158 (65.3%) 135 (68.2%)
Serum LDH (U/L)
Mean (sd) 289.9 (241.2) 282.6 (292.8) 319.1(361.2)
Median (min; max) 215 (96; 2357) 208 (6.4; 4000) 229.0 (89; 4256)
Missing n (%) 19 (4.7%) 7 (2.9%) 6 (3.0%)
Platelet counts (10%/L)
Mean (sd) 253.6 (99.2) 265.8 (116.1) 263.2 (101.5)
Median (min; max) 238 (101, 718) 240.5 (95; 668) 241 (108; 620)
Missing n (%) 4 (2.0%)

L ocation of Metastasis™

Liver 131 (32.4%) 83 (34.3%) 70 (35.4%)
Visceral 186 (45.9%) 104 (43%) 132 (66.7%)
Soft tissue/lymph node 88 (21.7%) 55 (22.7%) 24 (12.1%)
Serum Albumin (gm/L)
Mean (sd) 38.8 (5.0) 38.5(4.8) 37(5)
Median (min; max) 39 (25; 50) 39 (19; 50) 39 (20; 46)
Missing n (%) 3(1.5%)
Hemoglobin (gm/L)
Mean (sd) 117.8 (18.0) 115.8 (15.9) 113 (15)
Median (min; max) 117 (77; 171) 114 (90; 156) 112 (80; 153)
Missing n (%) 4 (2.0%)

Number of previo

us agents

194 (47.9%)

80 (33.1%)

125 (63.1%)
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Validation

Derivation atezolizumab data (n = 405) | avelumab data (n =242) | durvalumab data (n = 198)

2 107 (26.4%) 81 (33.5%) 57 (28.8%)

>3 104 (25.7%) 81 (33.5%) 16 (8.1%)

*

atezolizumab and avelumab datasets: Liver metastasis = liver (+/—other), visceral metastasis = visceral (non-liver, +/- soft tissue/lymph node), soft
tissue/lymph node metastasis = soft tissue/lymph node (non-liver, non-visceral); durvalumab dataset: Liver metastasis = liver (+/-other), visceral
metastasis = visceral (any non-lymph node metastasis including liver, soft tissue and other visceral metastasis), soft tissue/lymph node metastasis =
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Table 2.

Multivariable analysis showing 5 significant factors associated with survival in the derivation atezolizumab
dataset

Pl Coefficient HR 95% ClI p-value

Log NLR 0.661 1.937 | 1.566-2.395 | <0.001
ECOG-PS 0.583 1.792 | 1.362-2.358 | <0.001
Log LDH 0.467 1596 | 1.277-1.994 | <0.001

L og Platelet count 0.796 2217 | 1.544-3.182 | <0.001
Liver metastasis 0.437 1.547 | 1.199-1.997 0.001

C-index of 5-factor model is 0.692 in the derivation dataset; The risk groups are based on Pl categorization: Pl <7.73681 (low risk), 7.73681< PI
<8.91837 (moderate risk), PI = 8.91837 (high risk). Legend: NLR=Neutrophils-lymphocyte ratio; ECOG-PS=Eastern Cooperative Oncology Group
performance status; LDH=lactate dehydrogenase; HR=hazard ratio; Cl=confidence interval
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