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Abstract

The treatments for metastatic urothelial carcinoma (mUC) have advanced substantially since 2016. Prognostic
tools have been used to inform clinical trial designs and treatment decisions. Historically, prognostic tools were
developed for mUC based on older clinical trials involving cytotoxic chemotherapy. As novel therapies emerged,
there are studies investigating prognostic factors in the era of immune checkpoint inhibitors (ICI), antibody-drug
conjugates, and targeted therapies. This review aims to highlight prognostic factors in mUC and their potential in
clinical decision-making and research. In the setting of chemotherapy, patient performance status, site of
metastatic burden, and specific laboratory findings were found to have prognostic value in mUC. In the era of ICl,
newer models identified variables such as neutrophil to lymphocyte ratio, platelet count, and lactate
dehydrogenase to also have potential prognostic value. In addition to clinical biomarkers, molecular biomarkers,
such as PD-L1 assay and fibroblast growth factor receptor 2 and 3 genomic testings, may have promising
prognostic and predictive implications. Current methods of identifying clinical and molecular prognostic factors
involve clinician insight. As large complex datasets emerge, machine learning and artificial intelligence may help
data analysis and detect important prognostic features. With careful validation, such machine learning-based
strategies may help create more robust prognostic and/or predictive models in the future.
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INTRODUCTION

Urothelial carcinoma is common cancer in the United States (US) and around the world with an estimated
83,730 new cases in the US in 2021". However, advances in therapy over the last few years have changed
management and improved outcomes. In particular, immune checkpoint inhibitors (ICI) targeting
programmed cell death protein1 (PD-1)/programmed death-ligand 1 (PD-L1) pathways, targeted therapy
for FGFR2 and FGFR3 susceptible alterations and antibody-drug conjugates, enfortumab vedotin (EV) and
sacituzumab govitecan (SG), have been incorporated into treatment algorithms, mainly for metastatic
urothelial carcinoma (mUCQC).

As new therapies are approved, the use of prognostic tools can help inform clinical trial designs, patient
stratification, and possibly treatment decisions. Originally, clinical prognostic tools were developed for
mUC based on data from patients treated with cytotoxic chemotherapy in older clinical trials. More
recently, as novel therapies have emerged, there have been several studies investigating prognostic factors in
the contemporary era). There has also been extensive work on numerous molecular biomarkers with
potential prognostic and predictive implications. This (non-exhaustive) review aims to discuss examples of
established and emerging prognostic factors in mUC and the potential implications in decision-making and
clinical research.

BIOMARKERS, PREDICTION AND PROGNOSTICATION

Biomarkers can be derived from clinical characteristics or molecular features and can have prognostic
and/or predictive properties. Prognostic biomarkers identify patients more likely to have a specific outcome
[e.g., shorter or longer overall survival (OS)], regardless of therapy. Conversely, predictive biomarkers
associate a particular patient benefit with a specific therapy. A number of prognostic factors may have
predictive value but need to be validated prospectively to confirm clinical utility (impact on outcomes)
before incorporation into routine practice'.

Numerous risk scores aiming to assist in prognostication and/or prediction have been developed, including
for patients with urothelial carcinoma. In utilizing risk algorithms, the tool’s performance is tied to its
ability to determine high risk from low risk in patients (biological relevance or clinical validity). Risk scores
can be evaluated based on properties of calibration and discrimination. Calibration describes how well-
observed outcomes align with predicted outcomes and discrimination is the ability of a model to separate
individuals who will experience an event from those who will not. Calibration thus is a measure of internal
and external validity, whereas discrimination can measure risk classification/stratification.

The Harrell’s C index”, a measure of the area under the receiver operator characteristic curve, is frequently
used to assess how effective a tool is at discrimination. The C index ranges between 0.5 and 1.0. The higher
the value, the better the model is at discrimination. A value of 0.5 indicates a very poor model, with risk
score predictions similar to a coin flip in determining the outcome of interest. Conversely, a score of 1.0
would suggest perfect discrimination between those with and without the event of interest”. The C index
ultimately is a reflection of the risk tool as well as the population in which it is deployed, and thus high-
quality risk prognostication with broad applicability requires external assessment and validation.
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PROGNOSTIC FACTORS

Dating back to the older cytotoxic chemotherapy clinical trials including patients with mUC, multiple
clinical characteristics have been identified to have a prognostic role and have laid the foundation for
subsequent prognostic risk scores. These characteristics can broadly be classified as patient fitness/wellness,
treatment-associated characteristics, metastatic sites/cancer burden, and laboratory studies.

First, in terms of patient fitness, performance status (PS) is a widely used measure of patient fitness that is
typically measured with one of two prominent tools - Eastern Cooperative Oncology Group Performance
Status (ECOG-PS)" scale and Karnofsky performance status™ (KPS). These two tools aim to provide a
more objective assessment of a patient’s fitness and performance with respect to activities of daily living
(ADLs). Both higher ECOG-PS and lower KPS have been associated with shortened OS for patients with
mUC. For example, an intergroup trial comparing methotrexate, vinblastine, doxorubicin, and cisplatin (M-
VAC) with cisplatin monotherapy® in patients with mUC included 47 patients with KPS < 80 and found
this to be significantly associated with shorter OS, with only two patients surviving at three years and only
one patient at six years"".,

Second, the site(s) of metastatic burden is another factor associated with OS®****. In the aforementioned
intergroup trial of M-VAC vs. cisplatin monotherapy in mUC'", patients with bone or liver metastases were
found to have significantly worse responses to chemotherapy and shorter OS"". Similarly, in a cohort of
patients treated with gemcitabine/cisplatin, the presence of visceral metastases was associated with
significantly shorter OS"”\.

Third, baseline laboratory studies have been identified as having prognostic values in mUC. For example,
anemia (with different hemoglobin cut-off points) has been associated with worse outcomes. In a study,
hemoglobin < 12.5 mg/dl was associated with adverse prognostic implications"”. In subsequent studies and
the risk scores discussed below, hemoglobin < 10 g/dl was identified to be a poor prognostic biomarker.
Other laboratory measurements found to be associated with prognosis in studies include albumin, alkaline
phosphatase, and lactate dehydrogenase!?.

Lastly, treatment characteristics, specifically time from prior chemotherapy, have been identified as having
prognostic value. In a study of 570 patients on second-line chemotherapy, a shorter time from prior
chemotherapy had a significant association with shorter OS"Y. As these various prognostic factors were
identified, efforts have been made to consolidate and simplify them into prognostic risk scores or
nomograms that can easily be applied in the clinical setting and/or for clinical trial design.

PROGNOSTIC MODELS

Prognostic models in the setting of chemotherapy

Table 1 summarizes examples of prognostic risk scores and nomograms that have been published. Different
approaches to prognostic modeling have been used both in the selection of prognostic factors and the model
output. In terms of output, many studies have developed ordinal prognostic risk scores assigning numerical
values based on the number of risk factors present, and others have reported a nomogram, incorporating
more continuous scale quantification accounting for the variable contribution of different risk factors to
prognosis. In addition, some nomograms have pre-selected variables of interest and used multivariable
models to estimate the relative weight of each variable while others have used some multi-step process to
identify variables to include in the eventual nomogram or risk score.
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Table 1. Prognostic risk scores and nomograms in metastatic urothelial carcinoma
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C-statistic

Study Yeal:of . N (.d ew.alopment; Population Trial Outcome OS (months) Factors (internal;
publication validation) or RW c e
validation)
Geller 1991 92 First-line M-VAC Trial [N n/a Low KPS, High Alkaline phosphatase, age < 60 NR
et al.B® chemotherapy
Bajorin 1999 203 First-line M-VAC Trial oS 33 (0RF),13.4 (1 KPS < 80, Visceral metastases NR
et al" chemotherapy RF), 9.3 (2RF)
Bellmunt 2002 56 First-line TCG chemotherapy  Trial [N 32.8 (0ORF),17 (1 ECOG-PS > 0, Visceral metastases NR
etal. RF), 9.6 (2 RF)
Linetal®™ 2007 79 First-line P-HDFL Trial oS 81.8 (O RF), 13.2 (1- KPS < 80, Visceral metastases, alkaline phosphatase > 220 NR
chemotherapy 2 RF), 4.6 (3RF) u/L
Bellmunt 2010 370; 151 Post-platinum therapy Trial [N 142 (ORF),73( ECOG-PS > 0, Liver metastasis, Hgb <10 g/dl NR
etal™ RF), 3.8 2RF), 1.7
(3RF)
Apolo 2013 308; 74 Cisplatin-based chemotherapy Trial oS 12.7 Nomogram: albumin, hemoglobin, KPS, visceral metastases 0.67;
etal”® 0.63
Sonpavde 2013 570; 352 Second-line chemotherapy Trial  OS 122 (ORF),6.7(1  ECOG-PS > O, Liver metastases, Hgb <10 g/dl, Time since  NA
etal. RF), 5.1(2RF),3.0 last chemotherapy < 3 months
(3-4RF)
Galsk 2013 384,186 Cisplatin-based chemotherapy Trial [N 13.8 Nomogram: ECOG-PS (O, 1, 2+), Leukocytosis (WBC > 0.63; 0.63
etall"” ULN), Number of sites of visceral metastases (0,1, 2-3), Site
of primary tumor (Bladder vs. other), Lymph node
metastases (yes vs. no)
Galsk 2014 375;182 Cisplatin-based chemotherapy Trial [N 10.65 Nomogram: ECOG-PS (O, 1, 2+), Leukocytosis (WBC > 0.68; 0.67
et al™ (post-treatment) ULN), Number of sites of visceral metastases (0,1, 2 or 3),
Response to chemotherapy (CR, PR, SD, PD)
Pond 2014 570 Second-line chemotherapy Trial 6-month n/a Nomogram: ECOG-PS (O, 1+), Liver metastases, Hgb <10 0.62
et al.”” PFS g/dl, TFPC (< 3 months, 3-6 months, > 6 months)
Salah 2016 193; 44 Second-line chemotherapy RW [ON) 13.3 (O RF), 8.1 (1-2 ECOG-PS > 0, non-lymph node-only metastases, Hgb <10 NR
et al.[*” RF), 33 (3RF) g/dl,
Sonpavde 2016 444,167 Salvage chemotherapy Trial [N 10.6 (0-1RF),10.0 ECOG-PS > 0O, Liver metastases, Hgb < 10g/dl, TFPC < 3 0.64; 0.65
etal. (2 RF), months, Albumin < LLN
7.0 (3+RF)
Necchi 2017 687; 333 First-line platinum-based RW (o) n/a Nomogram: WBC, ECOG-PS, BMI, Lung/Liver/Bone 0.67;0.66
et a1 chemotherapy metastases, ethnicity, perioperative chemotherapy
Nassar 2019 62 ICI (any line) RW No clinical  n/a Visceral metastases, NLR 2 5, single-nucleotide variant 0.90
etal?? benefit count <10
Nels%r;] 2020 270 Any systemic therapy RW oS 6.1 Early bone metastases NR
etal.
Sonpavde 2020 405; 242 and 198 Post-platinum atezolizumab Trial oS n/a Liver metastases, ECOG-PS > 0, NLR?, platelet count?, 0.69; 0.67
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etal? (training), avelumab and lactate dehydrogenase® (avelumab) and 0.77
durvalumab (validation) (durvalumab)
Khaki et al.” 2020 357 First-line ICI RW oS 23 (ORS), ECOG-PS > 1, Liver metastases, Albumin < LLN, NLR > 5 0.68
10 (1RS),
5(2RS)
Koba}/ashi 2021 463; 292 Post-platinum pembrolizumab RW oS 6.8 (int risk) ECOG-PS: 0, 1, 2+; Metastatic site: Lymph node only, other  0.73; 0.75
t al ™™ 2.3 (high risk) organs, liver; Hgb <11 g/dl; NLR =23
Ruiz-Ban 2021 119 ICl (any line) RW oS 7.8 ECOG-PS = 2, Liver metastases, peritoneal metastasis, NR
obre et al.!*”’ albumin levels < 3.5 g/dl, proton-pump inhibitor use

®log-transformed; ECOG: Eastern cooperative oncology group; ICl: immune checkpoint inhibitors; LLN: lower limit of normal; M-VAC: methotrexate, vinblastine, doxorubicin and cisplatin; NLR: neutrophil to
lymphocyte ratio; NR: not reported; OS: overall survival; PFS: progression-free survival; P-HDFL: cisplatin, high-dose 5-fluorouracil/leucovorin; PS: Performance status; RF: Risk factor; RS: Risk score; RW: Real-world;
TCG: paclitaxel, cisplatin, gemcitabine; TFPC: Time from previous chemotherapy.

Two prominent prognostic risk scores in mUC that have been widely used in clinical practice and have been incorporated into clinical trial reporting are the
Bajorin and Bellmunt models. The Bajorin risk factors were identified over 20 years ago in a retrospective cohort of about 200 patients with unresectable or
metastatic UC treated with M-VAC chemotherapy regimen in a clinical trial"®. The authors found that a low KPS score (< 80) and the presence of visceral
metastases were associated with shorter OS. The Bellmunt score was developed in a population of 370 patients who progressed after first-line platinum-based
chemotherapy and were enrolled in a clinical trial evaluating vinflunine. The negative prognostic factors identified included hemoglobin < 10 g/dl, liver
metastasis, and ECOG-PS > 0. These risk scores suggested that the presence of visceral metastases, more specifically liver metastases, and poor PS portended
a much worse prognosis. Notably, both scores were developed in cohorts receiving cytotoxic chemotherapy (first and second line, respectively) and while they
have been used in modern clinical trial reporting, more recent contemporary models have also been developed.

In addition to the Bajorin and Bellmunt scores, other prognostic models prior to ICI were similarly developed in patients receiving chemotherapy in clinical
trials. Many of the risk factors identified were similar, with a measure of performance status and often either visceral or, specifically, liver metastases. A study
by Sonpavde et al. attempted to build on the Bellmunt score for second-line chemotherapy and identified an additional prognostic value of the time interval
since the last chemotherapy (< 3 vs. 2 3 months)"*. A series of studies by Galsky et al. developed nomograms for OS for patients treated with cisplatin-based
first-line chemotherapy with a nomogram for patients prior to the start of chemotherapy"” and another after chemotherapy"®. In both studies, ECOG-PS,
lymphocytosis, and the number of visceral metastases sites were included in the risk model. In the pre-treatment study, the site of the primary tumor (bladder
vs. other) and the presence of lymph node metastases were also included in the nomogram. In the post-treatment nomogram, response to chemotherapy
(complete response, partial response, stable disease, or progression) also added prognostic value.
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Prognostic models in the setting of ICI

The approval of ICI for patients with locally advanced, unresectable or metastatic UC has revolutionized the
care and therapeutic landscape for this population. These new therapies and mechanisms of action with less
toxicity (compared to cytotoxic chemotherapy) and the potential for durable responses raised the question
of whether previously developed prognostic models were still applicable. While data from trials suggested
that the Bellmunt factors still maintain prognostic relevance, more contemporary models, using both
clinical trial-based and “real-world setting” cohorts, have been developed in patients with mUC treated with
ICI [Table 1]. Such models may be more relevant in the context of ICI therapy regarding prognostication
and clinical trial design, e.g., stratification factors.

A model developed by Sonpavde et al. was built for patients with mUC treated with ICI after platinum-
based chemotherapy®. This model included patients from three clinical trials of PD-L1 inhibitors
(atezolizumab, avelumab, durvalumab). The derivation dataset included two phase I/II trials of
atezolizumab (n = 405) and identified five statistically significant clinical and laboratory prognostic factors
[higher ECOG-PS, higher neutrophil to lymphocyte ratio (NLR), higher platelet count, higher lactate
dehydrogenase, and presence of liver metastasis, all associated with shorter survival]”. The model was then
validated using datasets from clinical trials of avelumab (n = 242) and durvalumab (n = 198). The C-
statistics were 0.69, 0.67, and 0.77 in the atezolizumab, avelumab and durvalumab datasets, respectively.

In the first-line setting, a new risk score was developed by Khaki et al. using real-world data from a large
multi-institution database across the US and Europe. This data was from 24 institutions and five countries
and included 357 patients. This model identified ECOG-PS > 1, liver metastases, albumin < lower limit of
normal, and NLR > 5 as poor prognostic features with a C-statistic of 0.68. A limitation of this risk score is
the absence of an external validation cohort. Another real-world prognostic model was developed by
Kobayashi et al. in Japan and identified ECOG-PS (0, 1, 2+), metastatic site (lymph node only, other organs,
liver), hemoglobin < 11 g/dL, and NLR 2 3 as significant prognostic factors with C-statistics of 0.73 and
0.75""".. Notably, common features of these models developed in the setting of ICI therapy are the persistent
prognostic value of ECOG-PS and metastatic sites (especially liver), and a recently shared factor was the
high NLR, despite different cut-off levels.

Another study with 119 patients with mUC under anti-PD-(L)1 therapy identified a three-risk category
prognostic model including ECOG-PS, PPI use, albumin level, presence of liver metastases, and presence of
peritoneal metastases™. Patients with these variables were associated with a higher risk of death (HR = 3,
95%ClI: 1.97-4.56). In this study, the presence of peritoneal metastases was an independent prognostic factor
for shorter OS. Although it is unclear why PPI use would be associated with worse outcomes, another study
comparing atezolizumab versus chemotherapy also found that PPI use was also associated with shorter OS
and PFS with atezolizumab, but not chemotherapy®".

While contemporary clinical prognostic models have updated several factors based on more recent
therapies, they have still been limited by only moderate discrimination with C-statistic around 0.7. One
potential approach to improve the prognostic characteristics would be to integrate molecular biomarkers
with clinical data. This was done by Nassar et al. in a small single-institution study (N = 62), developing a
model with a C-statistic of 0.9"”. However, there was no external validation. In this model, they identified
NLR < 5, single-nucleotide variant count > 9, and lack of visceral metastases to be associated with the
benefits of ICI. As molecular testing (e.g., next-generation sequencing) becomes more broadly used in
clinical practice, incorporation of molecular information into future modeling efforts may improve
prognostication. However, healthcare disparities may impact access and use of molecular testing across
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populations, and this needs to be addressed in a systematic standardized way.

MOLECULAR BIOMARKERS

Identifying biomarkers with clinical utility depends on several steps. A robust molecular biomarker needs to
have excellent pre-analytics, analytical validity, clinical validity, and clinical utility. Analytical validity is a
measure of reproducibility and accuracy of a test/assay. The second step is demonstrating clinical validity
(biological relevance). A biomarker needs to be clinically meaningful and able to identify the disease (or a
certain outcome) from others. Lastly, clinical utility is a broader measurement of the test’s usefulness in
patient care. This takes into account the risks and benefits of the tests and how they can be used to inform
clinical outcomes”**. There are blood-, urine-, and stool-based putative molecular biomarkers. In mUC,
blood-based molecular biomarkers are more commonly studied, while urine-based biomarkers may be
promising in earlier stages of UC. Examples of blood-based molecular biomarkers include circulating tumor
cells (CTCs), circulating tumor DNA (ctDNA), cell-free micro RNA, or exosomes'*..

CTCs are rare tumor cells that may be detected in the blood. The prognostic/predictive role of CTCs is still
being defined but very early studies estimated the prevalence of CTCs to be 50% (7/14 patients) among
those with mUC vs. only 17% (5/30) with clinically localized UC*?. CTCs have also been shown to be
associated with increased progression to metastatic disease after radical cystectomy®” and early changes in
CTCs while on treatment for mUC may impact PFS and OS"*.

Another very promising biomarker is circulating tumor DNA (ctDNA). ctDNA also has potential
implications in therapy monitoring, determining minimal residual disease (MRD), and identifying clonal
evolution and new genomic alterations, as potential resistance mechanisms™'. For example, in a study of 51
patients with advanced bladder cancer, ctDNA provided information about somatic alterations, with 95% of
patients found to have mutations in TP53, Rb1, or MDM2 and 20% with ERBB2 amplification®”. In a
separate study of 68 patients with advanced bladder cancer, ctDNA was shown to be helpful in risk
stratification and detecting early recurrence”. Other studies have also suggested ctDNA can identify disease
progression””, can inform prognosis® and identify potential predictive biomarkers (e.g., FGFR2/3
alterations)"**. Recent data from an exploratory analysis from the IMvigoro1o trial of adjuvant
atezolizumab vs. observation suggested that the use of ctDNA after radical cystectomy may be not only a
prognostic but also a predictive biomarker. While the intention to treat the population in that trial did not
show improved survival with adjuvant atezolizumab vs. observation, patients considered ctDNA-positive
after radical surgery had shorter DFS and OS, while atezolizumab improved survival only in this
subgroup™. Clinical trials using ctDNA to identify MRD and guide subsequent therapy are underway in
two studies: IMvigoro11 and Tombola. More specifically, IMvigoro11 is using ctDNA to identify patients
with MRD after radical surgery, randomizing patients with +ctDNA to either atezolizumab or placebo,
accordingly. The Tombola trial is using ctDNA monitoring to guide the initiation of atezolizumab after
radical surgery.

MicroRNAs have also been studied as a potential biomarker of prognosis. High expression of microRNA 21,
among other biomarkers, has been associated with shorter OS"*. Blood-based measurements of cell-free
microRNA may become an important surveillance tool in mUC in the future, upon further validation.
These studies offer a glimpse of the future in the attempt of personalized and precision oncology. However,
molecular biomarkers have not been validated in large clinical trials. So far, these studies have demonstrated
the feasibility of incorporating biomarker evaluation in future clinical trials.
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In mUC, PD-L1 assays and FGFR 2 or 3 susceptible genomic alterations (activating mutation, fusion,
rearrangement) are the only biomarkers with current possible implications in clinical practice. Multiple PD-
L1 assays have been investigated with immune checkpoint inhibitor development. However, only the
Ventana SP142 assay is currently associated with an FDA treatment indication for mUC. Treatment-naive,
cisplatin-ineligible, but carboplatin-eligible, patients with 2 5% tumor-infiltrating immune cells can be
eligible for front-line atezolizumab monotherapy based on this biomarker”**. PD-L1 assays have otherwise
been limited by lack of reproducibility between assays, variable antibodies used, different cutoffs, cells
measured, and scoring algorithms, limiting further development™’.

FGFR2 and FGFR3 testing has become an important biomarker because the FGFR inhibitor, erdafitinib,
demonstrated a high response rate (~40%) in patients with platinum-refractory mUC. This resulted in
accelerated FDA approval of this agent, based on the single-arm phase II BLC2001trial*”. FGFRs (fibroblast
growth factor receptors) are tyrosine kinase receptors involved in oncogenesis. FGFR gene fusions can be
detected with diagnostic RT-PCR, which is a reverse transcriptase-linked polymerase chain reaction. More
recently, next-generation sequencing (NGS) assays, e.g., using DNA and RNA-based approach, have also
improved the detection of FGFR gene fusions'”. In the BLC2001 trial leading to the accelerated FDA
approval of erdafitinib, patients had FGFR2 or FGFR3 activating mutation or fusion assessed by RT-PCR

40,42]

assay (Qiagen Therascreen), which received approval as a companion diagnostic***..

Outside of FDA approval, there are several other emerging biomarkers related to ICI treatment of mUC.
Many putative ICI biomarkers have potential prognostic implications, provided that they can be validated
in large studies. This literature review on UC immunotherapy identified host and tumor-specific parameters
aimed to improve understanding of patients’ responses to immunotherapy"*>*. Other specific emerging
biomarkers include tumor mutational burden, microsatellite instability, and DNA damage response. Tumor
mutational burden (TMB) is the estimated measurement of mutations per Megabase and it has been
associated with longer OS in mUC in a few studies”*. It has also been suggested as a tumor-agnostic
predictive biomarker for ICI (based on pembrolizumab FDA approval across pre-treated solid tumors).
Similarly, microsatellite instability-high has also been suggested as a predictive biomarker of ICI response
and pembrolizumab also has tumor-agnostic FDA approval for this indication. Microsatellite instability-
high has been estimated to occur in ~1%-2% of urothelial carcinoma and has been associated with durable
responses to ICI in small retrospective studies**’. DNA damage response (DDR) genes and their
alterations make up an additional putative biomarker. The presence of DDR alterations was found to be
associated with higher response rates in 60 patients with mUC treated with anti-PD-1 or anti-PDL1"".
Ultimately, rather than a single prognostic or predictive biomarker with ICI therapy, the best biomarker
may be composed of a combination of molecular biomarkers and clinical information. This was suggested
with the previously discussed prognostic risk score developed by Nassar et al.””’and has also been suggested
in some exploratory studies from clinical trials"***).

In addition to biomarkers related to ICI treatment and erdafitinib, there is additional work to identify
potential biomarkers for antibody-drug conjugates, such as enfortumab vedotin and sacituzumab govitecan.
Immunohistochemistry or molecular assays to identify the target antigen expression (Nectin-4 and Trop-2,
respectively) could have prognostic and/or predictive utility, though neither drug was approved with a
requisite companion diagnostic. Notably, all patients in the EV-201 study leading to accelerated approval of
enfortumab vedotin had detectable Nectin-4 expression, though the ORR from the trial was only 44%,
which may suggest the limited predictive utility of expression assessment. However, other studies have

[50,51]

shown more heterogeneity in Nectin-4 expression”**", with in vitro data suggesting Nectin-4 expression is

necessary for enfortumab vedotin clinical activity’™. Further work to identify cut points for degree of
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protein expression based on H-score may still have predictive potential. In a retrospective hypothesis-
generating study in a cohort of patients with advanced UC, the presence of TP53 and the absence of
CDKN2A and CDKN2B alterations were associated with favorable responses with EV”.. The UNITE study
investigating the real-world effectiveness of enfortumab vedotin has also identified subgroups, including
those with variant histology, presence of liver metastasis, FGFR3 alterations, and those with medical
comorbidities (e.g., GFR < 30 ml/min) usually excluded from clinical trials, that had similar clinical
outcomes with EV therapy™. Trop-2 has also been shown to have high expression across bladder cancer
subtypes with the exception of neuroendocrine subtype'*”, and response to sacituzumab govitecan is seen
across expression levels (though higher with higher expression)”. However, the ORR with sacituzumab
govitecan is only ~30%, which suggests that further work to identify a predictive biomarker could be helpful.
Moreover, other clinical or molecular features (aside from antigen expression) may also have prognostic
and/or predictive utility related to ADC therapy.

Importantly, as molecular biomarkers are developed, it is essential to include them in clinical trials.
However, for this to be done successfully, there will ideally be a need for standardization of biospecimen
acquisition and biomarker analysis. Standardizing assays, instruments, tubes, time points of collection,
processing, and storage conditions can help further evaluate the clinical validity and utility of putative
biomarkers.

FUTURE DIRECTIONS

As the therapeutic landscape of mUC evolves with newer therapeutic agents, clinical prognostication and
prediction become essential to inform the optimal treatment sequence for each individual patient.

As electronic health records become more robust and standardized, clinical prognostication has the
potential to improve with aid from tools using machine learning and artificial intelligence methods to better
process and extract insight from existing large datasets. While most clinical prognostication discussed to
date has relied on clinician identification of relevant prognostic factors, machine learning methods have the
potential to detect important features from complex datasets that may not be readily identified by a
clinician. The application of these methods may further improve clinical prognostication and may even
identify predictive biomarkers related to specific therapies. However, these new models will still need to be
properly validated in prospective studies before they can be used in the clinical setting.

Further, given the molecular/targeted nature of novel agents in mUC, there is also tremendous potential for
further predictive biomarker development. In this review, we have highlighted examples of potentially
promising molecular biomarkers, including CTCs, ctDNA, NGS, THC, and gene expression assays, among
others with prognostic and/or predictive potential. Further work to identify the optimal use and
standardization of assays can assist in the optimal validation, clinical implementation, and adoption. In
addition, efforts should be made to appropriately structure and digitize relevant molecular information so it
is analytically accessible for machine learning methods to inform biomarker development and potentially
incorporate both clinical and molecular information in future prognostic and predictive tools.

CONCLUSION

Our review has identified recent studies that revealed clinical prognostic factors in mUC. While most of
these factors were identified in the setting of chemotherapy, they also seem relevant in patients treated with
ICI. The two most common clinical prognostic factors have been the presence of visceral/liver metastases
and poor performance status. NLR and albumin levels appear to likely be significant factors in those treated
with ICI.
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While there are several clinical prognostic factors, the strive to identify molecular biomarkers is also
essential. Nassar et al’s model had one of the highest C-statistics regarding prognosis in mUC, suggesting
that incorporating other variables besides clinical factors may increase prognostic value'®.

Patient selection based on biomarker analysis would be helpful if they can predict favorable outcomes for
specific therapies. ctDNA also has the potential to improve treatment monitoring and even guide the
initiation of therapies. TMB, ctDNA, and PD-L1 staining assays may become important molecular factors in
future prognostic models.

Future studies should include biomarkers of interest in the ICI era, including but not limited to TMB, T
effector and regulatory cells, PD-L1 protein expression, EMT and tumor stroma, TGF-8, FGFR2 and FGFR3
alterations, among others'””. Moreover, PDL1 immunostaining and FGFR2/3 susceptible genomic
alterations can be used to help select specific therapies'.

As healthcare becomes more “digitalized”, there will be a lot of patient-generated data from electronic
health records that can be analyzed with Al and ML to create more robust prognostic and possibly
predictive models that can be properly validated in the future.
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