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Abstract: Muscle-invasive bladder cancer has poor prognosis. If organ confined, it is potentially curable; however, across all
prognostic groups, approximately half of patients will relapse. For patients with advanced disease, the median overall survival remains
under two years. Systemic treatment options are centered on the use of platinum-based combination chemotherapy, with the choice of
cisplatin- or carboplatin-based regimens determined on the basis of criteria including performance status and renal function. PD-1/PD-
L1 checkpoint-directed immunotherapy has been established for use in advanced disease with modest overall improvements in survival
outcomes. Based on current data, optimal utilization appears to be a switch maintenance strategy on completion of chemotherapy. In
the curative setting, cisplatin-based chemotherapy provides modest improvements in cure rates in those fit to receive it. Data on the use
of adjuvant immunotherapy are currently contradictory, with disease-free survival demonstrated for adjuvant nivolumab, but not
atezolizumab, and no overall survival benefit has yet been confirmed. The Nectin-4 directed antibody drug conjugate enfortumab
vedotin is an established treatment option for patients previously treated with both chemotherapy and immunotherapy. The emerging
therapeutic targets under evaluation include Trop-2 with sacituzumab govitecan, fibroblast growth factor receptors, HER2, and DNA
repair deficiency in biomarker-selected patients. The development of properly validated predictive biomarkers has proven challenging
for this disease and should be a central priority in the future development of treatment options. This review summarizes the available
systemic treatment options in both palliative and curative disease settings, and highlights the available evidence and current limitations
for making treatment recommendations.

Keywords: bladder cancer, urothelial carcinoma, chemotherapy, immunotherapy, enfortumab vedotin

Introduction

Muscle-invasive bladder cancer (MIBC; urothelial carcinoma) was diagnosed in more than 570,000 patients in 2020,
resulting in 210,000 deaths.' In recent years, systemic treatment options for patients with advanced disease have
increased, particularly with the introduction of programmed cell death protein 1 (PD-1)-directed checkpoint inhibitor
immunotherapy and more recently, with the emergence of antibody drug conjugates (ADC). Consequently, treatment
pathways and clinical decision-making have become more complex. In this review, we will highlight options for systemic
treatment in both advanced disease and perioperative settings, with a focus on the evidence base and its limitations, from
which key treatment decision recommendations may be made.

Palliative Treatment for Locally Advanced or Metastatic Disease

Locally advanced or metastatic MIBC (T4b, N+, and/or M1 staging) is conventionally viewed as an incurable disease.
However, a small minority of long-term survivors, at least beyond 5 years, have been seen with both chemotherapy and
immunotherapy.”* However, the majority of patients are faced with a much more limited likely prognosis and require
careful selection to justify the potential toxicity of the available treatments. The standard first-line treatment in this
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setting, in those fit to receive it, has been cisplatin-based combination chemotherapy for more than 20 years.? Prior to
this, the median survival time is 3—6 months.°

Single-agent cisplatin has achieved remission rates of up to 40% in metastatic bladder cancer in some trials. In the
early 1990s, Phase 3 trial data demonstrated that, compared to cisplatin monotherapy, combination treatment with
methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) provided an improved response rate (39% vs 12%; P <
0.0001) in addition to gains in progression-free survival (10.0 v 4.3 months) and overall survival (12.5 v 8.2 months).
However, this is at the expense of a greater toxicity burden, including leukopenia, mucositis, neutropenic fever, and
treatment-related mortalities.’

A subsequent key multicenter, phase 3 trial compared MVAC with gemcitabine and cisplatin (GC) chemotherapy.>°
Median overall survival was 14.8 months (95% CI, 13.2-16.8 months) with MVAC and 13.8 months (95% confidence
interval [CI], 12.3—15.8 months) with GC. The time to disease progression, time to treatment failure, and response rates
(MVAC, 46%:; GC, 49%) were also similar.” Although often interpreted as showing similar efficacy findings, this was, in
fact, a negative study that failed to demonstrate a survival benefit for GC. However, there were clinically relevant higher
rates of high-grade toxicity seen in MVAC treated patients compared to GC that included neutropenia (82% v 71%,
respectively), neutropenic fever (14% v 2%), neutropenic sepsis (12% v 1%) and mucositis (22% v 1%). Quality of life
outcomes also favored GC. As a result, GC has been widely adopted for use in advanced bladder cancer and is the
starting point for most subsequent treatment selection choices.

During a similar timeframe, a phase 3 trial compared high-dose intensity MVAC (HD-MVAC) using two-week cycles
facilitated through granulocyte colony-stimulating factor (G-CSF) support, with conventional MVAC (four-week cycles).
HD-MVAC can be delivered in a shorter timeframe, with fewer delays, and, most importantly, with a reduced toxicity
profile. Although the study did not reach statistical significance for the improvement in overall survival with HD-MVAC,
it showed an objective benefit in response rates and progression-free survival.®*® This led to HD-MVAC (dose-dense
MVAC; dd-MVAC) becoming the preferred dosing schedule for this treatment combination.

Therefore, GC or dd-MVAC can be considered as the appropriate preferred options for first-line palliative treatment
of advanced MIBC if patients are adequately fit to receive cisplatin-based combination treatment.’ To date, there have
been no direct randomized comparisons of these options in advanced disease settings to guide the selection. Pretreatment
factors that affect an individual’s likelihood of response to treatment and overall survival have been defined.'® They have
been used to develop and validate prognostic models to predict clinical outcomes.'' The factors used within these models
were performance status and the presence of visceral (lung, liver, or bone) metastases, as well as hemoglobin and
albumin levels in an updated validation model.'®"!

Therefore, a critical decision point for the selection of treatment options for advanced bladder cancer is the patient’s
suitability for cisplatin-based combination chemotherapy. However, a substantial proportion of patients (up to approxi-
mately 50%), depending on the case mix, are deemed “ineligible” for cisplatin-based regimens. This key treatment

decision is based on the multiple contributing factors discussed below.>'?

Cisplatin Eligibility and First-Line Treatment Selection

Given the benefit of cisplatin-based chemotherapy regimens, as well as the large percentage of patients who are
considered ineligible, Galsky et al sought to determine parameters to define those who should be considered unfit
(typically termed “ineligible”) for cisplatin-based treatment. Through consensus established via an international survey of
120 genitourinary oncologists, these criteria defined a patient as ineligible for cisplatin-based treatment if any of the
following criteria were present:'>

e World Health Organization (WHO)/Eastern Cooperative Oncology Group (ECOG) Performance Status (PS) score
>2 (Karnofsky PS score <70)
Creatinine clearance (calculated or measured) <60 mL/min

Audiometric hearing loss grade >2 (common terminology criteria for adverse events version 4 (CTCAE v4) grade)
Peripheral neuropathy grade >2 (CTCAE v4 grade)
New York Heart Association class III heart failure
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Although the Galsky criteria are commonly used in a formal manner to determine eligibility for cisplatin-based

combination chemotherapy in guidelines and trial criteria,>'*

there may be some variation in real-world routine clinical
practice. In particular, regarding renal function, conventional cisplatin combinations are generally considered safe to be
administered (where this is an isolated factor for considering treatment exclusion) at levels as low as approximately
50 mL/min.

A number of small Phase 2 trials have also used cisplatin-based chemotherapy in patients with a lower creatinine
clearance down to a lower limit of either 35 or 40 mL/min, using split dosing schedules in either advanced or
neoadjuvant bladder cancer treatment settings.'* '® These trials found that cisplatin-based chemotherapy was seemingly
feasible with these lower creatinine clearance ranges, although one study’s subgroup analysis suggested that those with
a creatinine clearance of >49 mL/min may have had better overall and progression-free survival.'® Furthermore, we lack
randomized data on the relative efficacy of a split-dose cisplatin-containing regimen with carboplatin-based combinations
(discussed below). The current European Association of Urology (EAU) guidelines define cisplatin-eligible patients as
those with a glomerular filtration rate >50—60 mL/min if the other Galsky criteria are met.’

First-Line Treatment Options for “Cisplatin Ineligible” Patients

Gemcitabine in combination with carboplatin (GCarbo) is widely used as an alternative chemotherapeutic approach in
patients deemed ineligible for cisplatin. A Phase II/IIl randomized EORTC study compared GCarbo to methotrexate,
carboplatin, and vinblastine (M-CAVI), in patients ineligible for cisplatin.'” The study used a glomerular filtration rate
(GFR) of <60 mL/min but >30 mL/min and/or a performance status of 2 to define patients as unfit for cisplatin within the
trial (and thus, very similar, but not precisely, the following the Galsky criteria that are now most commonly referenced).
The study did not show a statistically significant difference in overall survival (primary endpoint) or progression-free
survival between the two arms. However, the response rate of 41.2% in the GCarbo arm was 30.3% in the M-CAVI arm.
In addition, GCarbo-treated patients experienced fewer severe acute toxicities (defined as death, grade 4 thrombocyto-
penia with bleeding, grade 3 or 4 renal toxicity, neutropenic fever, or mucositis) than those treated with M-CAVI (9.3%
and 21.2%, respectively).'” Therefore, GCarbo has been widely adopted as a standard of care as a carboplatin-based
option for first-line treatment of patients with advanced urothelial carcinoma deemed ineligible for cisplatin-based
chemotherapy.”

First-Line Combination Immunotherapy with Chemotherapy or Doublet

Immunotherapy

Three Phase III trials, IMvigor130,'"® KEYNOTE-361'"" and DANUBE,” tested the role of first-line immunotherapy
agents in advanced urothelial carcinoma. IMvigor130 and KEYNOTE-361 compared PD-1/programmed cell death ligand
1 (PD-L1) immune checkpoint inhibitors, either as monotherapy or in combination with platinum-based chemotherapy,
versus platinum-based chemotherapy alone. DANUBE is the only currently reported study to compare doublet immu-
notherapy (PD-L1 and cytotoxic T-lymphocyte associated protein 4 (CTLA4) inhibitors) or single-agent PD-L1 inhibitor
monotherapy versus platinum-based chemotherapy. The results of these three trials comparing relevant immunotherapy
combinations versus chemotherapy alone are summarized in Table 1. In summary, these three trials failed to show
evidence to support the first-line use of combination immunotherapy, either combined with platinum-based chemotherapy
or as doublet immunotherapy in this setting. At the time of writing, a recent press release indicated that a fourth
combination immunotherapy study, CheckMate901 (NCT03036098), which tested nivolumab in combination with
ipilimumab or platinum-based chemotherapy, did not meet one of the co-primary endpoints of overall survival in patients
with high PD-L1 expressing cancers. At present, platinum-based, and if possible and cisplatin-based, chemotherapy
remains the standard treatment options for patients fit to receive it.

Maintenance Immunotherapy
Despite the relatively high response rates from platinum-based chemotherapy, the median progression-free survival
and overall survival are only approximately 8 and 14 months, respectively, even in those able to receive cisplatin-based
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Table | Outcomes for the IMvigor130, KEYNOTE-361 and DAUBE Trials

Trial Intervention Sample Size | Median PFS Median OS
IMvigor130'® 1) Atezolizumab 1213 8.2 months (Atezolizumab+ 16.0 months (Atezolizumab+
g
(2) Atezolizumab + platinum- platinum-based chemotherapy) vs | platinum-based chemotherapy)
based chemotherapy 6.3 months (Placebo + platinum- vs
(3) Placebo + platinum-based based chemotherapy) 13.4 months (Placebo +
chemotherapy HR 0.82, 95% CI 0.70-0.96 platinum-based chemotherapy)

P = 0.007 (Statistically significant) | HR 0.83, 95% Cl 0.69—1.00
P = 0.027 (Not statistically

significant)
KEYNOTE-361"° (I) Pembrolizumab 1010 8.3 months (Pembrolizumab + 17.0 months (Pembrolizumab
(2) Pembrolizumab + platinum- platinum-based chemotherapy) vs | + platinum-based
based chemotherapy 7.1 months (platinum-based chemotherapy) vs
(3) Platinum-based chemotherapy chemotherapy) 14.3 months (platinum-based
HR 0.78, 95% CI 0.65-0.93 chemotherapy)
P = 0.0033 (Not statistically HR 0.86, 95% CI 0.72-1.02
significant) P = 0.0407 (Not statistically
significant)
DANUBE® (1) Durvalumab 1032 3.7 months 15.1 months
(2) Durvalumab + tremelimumab (durvalumab + tremelimumab) vs | (durvalumab + tremelimumab)
(3) Platinum-based chemotherapy 6.7 months (platinum-based Vs
chemotherapy) (HR and P value 12.1 months (platinum-based
not stated) chemotherapy)

HR 0.85, 95% Cl 0.72-1.02
P = 0.075 (Not statistically
significant)

Note: Data shown are for the comparison of the relevant immunotherapy combination treatment arm versus chemotherapy alone and in the intention-to-treat population,
irrespective of PD-L| expression status.
Abbreviations: PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval.

combinations.” The outcomes of second-line treatments (discussed below) remain less favorable. The phase 3
JAVELIN Bladder 100 trial tested an alternative switch maintenance immunotherapy strategy to optimize the benefits
achieved immediately following first-line chemotherapy.® In this trial, patients who achieved stable disease or better
following first-line treatment with gemcitabine and platinum combination chemotherapy were randomized to receive
avelumab immunotherapy or best supportive care. The study demonstrated a significant overall survival benefit of 21.4
months in the avelumab group, compared to 14.3 months with best supportive care alone (hazard ratio for death 0.69;
95% CI 0.56 to 0.86; P = 0.001).” Currently, this is the longest absolute survival gain demonstrated to date for this
disease. Therefore, maintenance avelumab has been adopted as the standard of care following the completion of first-
line platinum-based chemotherapy.”'® The overall survival benefit was observed irrespective of PD-L1 status; there-
fore, biomarker status is not required in this setting to determine the suitability for avelumab maintenance treatment.
Subsequent updates to the data from this trial have indicated treatment benefits with immunotherapy irrespective of
prior use of GC or GCarbo, or whether a patient has achieved stable disease or an objective radiological response to
chemotherapy.

Within the JAVELIN Bladder 100 trial, patients were deemed eligible for entry after receiving 4-6 cycles of
chemotherapy with a treatment-free interval of 4-10 weeks after chemotherapy.? The optimal number of chemotherapy
cycles (4-6), as well as the timing window in which to commence avelumab following the completion of chemotherapy,
is therefore relevant questions for the implementation of this treatment approach. However, subgroup analyses from
JAVELIN Bladder 100 suggest that all patients gain benefit from addition of avelumab irrespective of these variables.
A further randomized phase 2 trial tested maintenance of pembrolizumab in the same treatment setting (stable disease or
better following platinum-based chemotherapy) versus a placebo. Progression-free survival improvement was
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demonstrated (5.4 months [95% CI, 3.1 to 7.3 months] v 3.0 months [95% CI; 2.7 to 5.5 months]; hazard ratio, 0.65; log-
rank P5.04; maximum efficiency robust test P5.039), providing supporting evidence for avelumab.?!

Single-Agent First-Line Immunotherapy

Both IMvigor130'® and KEYNOTE-361"? included a single-agent immunotherapy arm within the trials. This followed
accelerated approval of single-agent atezolizumab by the United States Food and Drug Administration (FDA) in 2017,
based on promising results demonstrated in IMvigor210.'®* In this single-arm Phase II trial, cisplatin-ineligible patients
received atezolizumab and demonstrated a median overall survival of 15.9 months. PD-L1 expression using the Ventana
SP142 PD-L1 immunohistochemical assay scoring criteria for infiltrating immune cells (<1%, >1% and <5%, or >5%) but
did not demonstrate a statistically significant difference in response to atezolizumab with respect to PD-L1 expression.** In
a similar phase II study, KEYNOTE-052 demonstrated a response rate of 24% (95% CI, 20-29) to single-agent pembro-
lizumab. However, KEYNOTE-052 showed improved response rates in patients with high PD-L1 expression (tumor cells,
macrophages, or lymphocytes) using the 22C3 pharmDx assay with a combined positive score of >10.%

Interim assessment of IMvigor130 and KEYNOTE-361 in 2018 with analysis of PD-L1 expression subgroups within these
trials produced a change in FDA and European Medicine Agency (EMA) approvals (based on data not presented at that time)
for single-agent immunotherapy in the first-line setting to limit the use of PD-L1 high-expressing tumors only.'® The final
published results of both trials showed contrasting results regarding the effects of PD-L1 expression status. In exploratory
analyses, IMvigor130 found an increased overall survival benefit for atezolizumab monotherapy in the high PD-L1 expression
subgroup, but for chemotherapy in patients with low PD-L1 expression. In comparison, KEYNOTE-361 did not show
a difference in overall survival with respect to pembrolizumab monotherapy over chemotherapy in the PD-L1 high
subgroups.'®'?

These contrasting results have led to uncertainty regarding the role of single-agent immunotherapy as a first-line
treatment in this setting, and the significance of PD-L1 expression status in treatment decisions. This has led to differences
in the guidelines for first-line immunotherapy of advanced urothelial bladder carcinoma. Current EMA approvals allow the
use of single-agent immunotherapy, with either atezolizumab or pembrolizumab, as first-line treatment in cisplatin-
ineligible patients with high PD-L1 expression (using the relevant immunohistochemical test). However, the EAU guide-
lines recommend GCarbo as the preferred treatment choice over single-agent immunotherapy and restrict immunotherapy
to platinum-ineligible patients (with a stronger recommendation if PD-L1 expression is high). The European Society for
Medical Oncology (ESMO) guidance recommends the use of GCarbo if PD-L1 expression is low (or unknown) versus
atezolizumab or pembrolizumab if PD-L1 expression is high for all cisplatin-ineligible patients (and avoids the distinction
of platinum ineligibility). In those unfit for any platinum-based chemotherapy, the guidelines acknowledge the limited trial
data on the treatment options in this cohort. The FDA, but not EMA, has restricted the use of single-agent immunotherapy in
patients who are ineligible for platinum, regardless of PD-L1 status.’

Second-Line Chemotherapy and Immunotherapy

Data supporting second-line chemotherapy after first-line platinum-based chemotherapy have consistently demonstrated
limited evidence of its clinical benefits. No study has established a survival advantage from the use of chemotherapy, and
only one randomized trial has been completed that failed to demonstrate the benefit of vinflunine over supportive care.**
Single-agent paclitaxel, docetaxel, and vinflunine are commonly used but are largely based on phase II trials with PFS
and OS consistently at under 6 and 12 months, respectively.”>> 2* As such, the rationale for proceeding with systemic
treatment with chemotherapy in this setting requires careful consideration of a patient’s fitness and treatment goals and an
honest discussion about the potential for benefit versus side effects.

Multiple immunotherapy agents have been evaluated as second-line therapies for those progressing despite first-line
platinum-based chemotherapy. Based on Phase I and II data, atezolizumab was the first FDA-approved immunotherapy in
this setting. However, the phase III randomized controlled IMvigor211 trial did not meet its primary endpoint of overall
survival for atezolizumab versus a physician’s choice of chemotherapy options.*” In contrast, the phase 11l KEYNOTE-
045 trial demonstrated a significant overall survival benefit compared with chemotherapy.?® The efficacy results of these
studies are summarized in Table 2.
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Table 2 Outcomes for the IMvigor2|| and KEYNOTE-045 Second-Line Immunotherapy Trials

(2) Chemotherapy — physician’s choice:

vinflunine, paclitaxel, docetaxel

3.3 months (Chemotherapy)
HR 0.98, 95% Cl1 0.81-1.19
P=042

Trial Intervention Sample Size | Median PFS Median OS
IMvigor211% (1) Atezolizumab 931 2.1 months I'1.1 months*
(2) Chemotherapy — physician’s choice: (Atezolizumab) vs (Atezolizumab) vs
vinflunine, paclitaxel, docetaxel 4.0 months (Chemotherapy) 10.6 months*
HR 1.01, 95% CI1 0.75-1.34 (p | (Chemotherapy)
value not presented) HR 0.87, 95% Cl 0.63—1.21
P =041
KEYNOTE-045% (1) Pembrolizumab 542 2.1 months (Pembrolizumab) vs | 10.3 months

(Pembrolizumab) vs
7.4 months (Chemotherapy)
HR 0.73, 95% CI 0.59-0.91

P =0.002

Note: *This primary endpoint analysis was for a PD-L| high expression subset that precluded further formal statistical analysis in the overall intention-to-treat population,
according to the statistical design of this trial.
Abbreviations: PFS, progression free survival; OS, overall survival.

Enfortumab Vedotin Following Prior Chemotherapy and Immunotherapy

Antibody-drug conjugates (ADC) against a variety of targets are currently under investigation for the treatment of this
disease. Enfortumab vedotin is the most advanced in development and has become a treatment option for patients who
have received both prior platinum-based chemotherapy and PD-1/PD-L1 directed immunotherapy.” Enfortumab vedotin
is a monoclonal antibody against nectin-4, a highly expressed cell adhesion molecule in urothelial malignancy that is
linked to a microtubule-targeting chemotherapy agent. A phase III open-label trial randomized 608 patients to receive
either enfortumab vedotin or chemotherapy (physician’s choice of vinflunine, paclitaxel, or docetaxel) after radiographic
progression or relapse during or after PD-1/PD-L1 inhibitor treatment and prior platinum-containing chemotherapy. This
demonstrated a significant difference in overall survival of 12.88 months in the enfortumab vedotin cohort compared to
8.97 months in the chemotherapy cohort (hazard ratio 0.70; 95% CI 0.56 to 0.89; P = 0.001). There was also a significant
difference in the progression-free survival of 5.55 months in the enfortumab vedotin cohort compared to 3.71 months in
the chemotherapy cohort (hazard ratio, 0.62; 95% CI, 0.51 to 0.75; P < 0.001). Although there was a similar overall
incidence of toxicities, the patterns differed with more frequent rash, peripheral neuropathy, and hyperglycemia in the
enfortumab vedotin group, and neutropenia and febrile neutropenia more frequently with chemotherapy.?® The sequence
or combination of prior treatments was flexible; therefore, enfortumab vedotin can be considered a post-chemotherapy
/post-immunotherapy treatment option.

Treatment for Potentially Curable Disease

Selection for Neoadjuvant Chemotherapy

Organ-confined and locally advanced muscle-invasive bladder cancer is a potentially curable disease that can be treated
with either radical cystectomy or chemoradiotherapy. However, the risk of relapse and associated cancer-related mortality
remains high, typically in the first two—three years after radical therapy.*® Decision-making between surgery and organ
preservation options is complex, and we lack randomized data to support this choice of treatment. Nevertheless, there is
an established survival advantage with the use of neoadjuvant systemic chemotherapy with a cisplatin-based regimen.
The primary decision point for the use of neoadjuvant chemotherapy is, therefore, based on the assessment of cisplatin
eligibility, and again, the Galsky criteria provide an objective approach to assessing these, in the same way as described
above for advanced disease. The data to support neoadjuvant chemotherapy were primarily based on two randomized
phase 3 trials that tested either cisplatin, methotrexate, and vinblastine (CMV) or conventional MVAC (Table 3), in
addition to a meta-analysis of these and other smaller trials.**>* The results of this study support a 5-6% absolute
survival advantage with the addition of neoadjuvant chemotherapy to either surgery or chemoradiotherapy alone. Subset
analysis from the CMV trial suggested a similar benefit of neoadjuvant chemotherapy following either cystectomy or
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Table 3 Outcomes for Randomised Phase Ill Trials of Neoadjuvant Chemotherapy

Trial Intervention Sample Size | pCR Rate Median OS
" + cystectomy or radiothera| 5% vs months vs
BA06 30894°0% 1) CMV + cy y diotherapy | 976 32.5%* (CMV 44 hs (CMV
(2) Cystectomy or radiotherapy alone 12.3%* (No 37 months (No chemotherapy)
chemotherapy) HR 0.84; 95% Cl, 0.72 to 0.99
(P value not presented) P =0.037
- + cystectom A vs months vs
SWOG-8710°' 1) MVAC + cy y 317 38% (MVAC 77 hs (MVAC
(2) Cystectomy 15% (No chemotherapy) 46 months (No chemotherapy)
P < 0.001 HR 1.33%%; 95% Cl, 1.00 to 1.76
P =0.06

Notes: *pCR rates for a subset of 417 patients who underwent cystectomy. **Hazard ratio reported in this trial for risk of death within the no chemotherapy group.
Abbreviations: pCR, pathological complete response rate; OS, overall survival.

bladder preservation with radiotherapy.®® Through extrapolation from data from the advanced disease setting, most
oncologists would opt for either the GC or dd-MVAC regimen as the choice of cisplatin-based neoadjuvant treatment. We
lack adequate randomized data to support the use of carboplatin-based chemotherapy or other non-cisplatin combina-
tions, which should be reserved for future clinical trials.

Recent data from the VESPER trial have provided evidence that might support the superiority of dd-MVAC over
GC.** This trial randomized between these two treatment approaches in patients receiving chemotherapy in either
a neoadjuvant or an adjuvant perioperative setting. The trial did not meet its primary endpoint for progression-free
survival at 3 years (64% vs 56%, respectively; hazard ratio 0.77, 95% CI, 0.57 to 1.02; P = 0.066). However, in a subset
of patients who received neoadjuvant chemotherapy, there was evidence that the benefit for the dd-MVAC with PFS at 3
years was significantly higher than that for GC (66% vs 56%, hazard ratio 0.70, 95% CI, 0.51 to 0.96; P = 0.025).

Selection for Adjuvant Chemotherapy and Immunotherapy

Adjuvant chemotherapy appears to provide an approximately equivalent absolute survival advantage to that gained with
neoadjuvant chemotherapy based on individual trial data and meta-analysis.”>~® However, the lack of any single fully
recruited phase 3 adjuvant trial, and the fact that the number of patients included in the meta-analysis was substantially
lower, supports a preference for neoadjuvant chemotherapy over adjuvant chemotherapy in general. This treatment
preference is perhaps compounded if adjuvant immunotherapy is considered an option (discussed below). However, in
selected patients, for example those “upstaged” to muscle invasive disease following radical cystectomy, there remains
a role for adjuvant chemotherapy in some situations. Again, this should be restricted to a cisplatin-based combination
approach, and the choice of regimen is typically GC or dd-MVAC.

Approximately 5% of urothelial carcinomas originate in the upper urinary tract and are potentially curable by nephroureter-
ectomy. The POUT randomized phase III trial tested adjuvant chemotherapy, which was either cisplatin- or carboplatin-based,
depending on the renal function.’” This trial found a 3-year disease-free survival rate of 71% and 46% for chemotherapy and
surveillance, respectively (hazard ratio 0.45, 95% CI 0.30-0.68; P = 0.0001), and a trend toward overall survival benefit as
a secondary endpoint. Therefore, adjuvant chemotherapy is an appropriate treatment option for this rare disease.

Currently available data are conflicting regarding the benefits of PD-1/PD-L1 directed immunotherapy as an adjuvant
treatment following radical cystectomy. In the CheckMate274 study, patients with a pathological stage of pT3-4a or pN+ (as
well as pT2 after prior neoadjuvant cisplatin-based chemotherapy) in the cystectomy sample were randomized between
nivolumab immunotherapy and observation.*® Data presented to date show a 12-month disease-free survival benefit of 62.8%
with nivolumab versus 46.6% with placebo (hazard ratio, 0.70; 98.22% CI, 0.55 to 0.90; P < 0.001). Overall survival was
a secondary endpoint in this trial, and the data are anticipated keenly once they were suitably mature. Many investigators will
reserve judgement on the routine use of adjuvant immunotherapy until overall survival data are available from this trial;
however, relapse-free survival data alone have led to its implementation in many countries. Notably, in Europe, license
indications were restricted to patients with high PD-L1 expression in their cystectomy samples. This subset (as a co-primary
endpoint in this trial) had a 12-month disease-free survival of 67.2% with nivolumab versus 45.9% with a placebo hazard ratio
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0f 0.55 (98.72% CI, 0.35-0.85; P < 0.001). This contrasts with the United States, where a license exists for the use of adjuvant
nivolumab based on the overall intention-to-treat population data from this trial, irrespective of PD-L1 expression status.

In contrast to the data with nivolumab, in a similar phase III adjuvant study, IMvigor010, testing atezolizumab was
unable to demonstrate an improvement in disease-free survival (hazard ratio 0.89; 95% CI 0.74—1.08; P = 0.24) or overall
survival.** Further data are pending from a third ongoing phase IIT adjuvant pembrolizumab trial (NCT03244384).

As with advanced disease, it is likely that outcomes will be optimized if suitably validated patient selection
approaches for the use of neoadjuvant or adjuvant systemic therapies are developed. One of the most promising options
is the use of circulating tumor DNA (ctDNA) for the selection of adjuvant immunotherapy. A post-hoc exploratory
analysis of the IMvigor010 trial found that patient benefit in terms of overall and disease-free survival from adjuvant
atezolizumab appears to have been restricted to a subset of patients who had detectable ctDNA post-cystectomy.*® This
has led to a current randomized phase III trial (IMvigor011, NCT04660344), which is testing a surveillance strategy
using ctDNA post-operatively and then randomizing those patients who become ctDNA-positive between the use of
atezolizumab immunotherapy and placebo.

Emerging Systemic Treatment Approaches

Emerging treatment approaches for patients with advanced bladder cancer, following currently established treatments,
include tumor-associated calcium signal transducer 2 (Trop-2)-directed antibody drug conjugate sacituzumab govitecan.
Trop-2 is a transmembrane glycoprotein involved in intracellular calcium signal transduction. It is differentially
expressed in several solid malignancies, including bladder cancer. Sacituzumab govitecan is a humanized anti-Trop2
monoclonal antibody linked to the topoisomerase inhibitor, SN-38. Phase 2 data from 113 patients with locally advanced
or unresectable UC who had progressed after prior platinum-based chemotherapy and immunotherapy showed an
objective response rate of 27% (95% CI, 19.5 to 36.6) and 77% had a decrease in measurable disease. Treatment-
related adverse events included neutropenia, leukopenia, anemia, diarrhea, and febrile neutropenia (10%).*' Phase 3
evaluation in this setting (NCT04527991) and the development of immunotherapy combinations are ongoing.

Fibroblast growth factor receptor (FGFR) mutations affect up to 20% of advanced urothelial carcinomas. Erdafitinib,
a tyrosine kinase pan-inhibitor of FGFR 1-4, has shown a response rate in patients with FGFR mutations or fusions in
advanced urothelial carcinoma of the bladder.** The BLC2001 study was a phase II study in which patients with a prespecified
FGFR alteration (FGFR3 mutation or FGFR2/3 fusion) who received erdafitinib had progressed on previous treatment or
those who had received no previous chemotherapy if they were cisplatin-ineligible. The overall objective response rate was
40%, and an additional 39% of the patients had stable disease.*? This has led to the FDA-approved of erdafitinib as a second-
line treatment following platinum-containing chemotherapy in patients with specific FGFR2 or FGFR3 alterations.’ Phase 11
investigations of erdafitinib are ongoing (NCT03390504), and other FGFR inhibitors are in development.

Encouraging phase 2 data were obtained with a combination of pembrolizumab and enfortumab vedotin. Among 45
cisplatin-ineligible, treatment-naive patients, the confirmed objective response rate was 73.3%, with a complete response
rate of 15.6%.* The median durations of response and overall survival were 25.6 months and 26.1 months, respectively.
These exciting results require validation but have led to an ongoing phase 3 trial testing this combination against first-line
platinum-based chemotherapy (NCT04223856). Further therapeutic targets with initial phase 2 data to support further
investigation (in biomarker selected subsets) include HER2 (human epidermal growth factor receptor 2) and PARP (poly-

ADP ribose polymerase) inhibition.**

Conclusion

Despite a substantial change in the systemic treatment options available for muscle-invasive bladder cancer, there
remains a significant unmet need in terms of the relatively high risk of relapse in the curative disease setting and
short prognosis for advanced disease. Chemotherapy is effective in inducing clinical response in some patients. However,
the toxicity of platinum-based chemotherapy limits its utility in many patients, and the disease progression is relatively
rapid in most patients. Immunotherapy, particularly as a post-induction maintenance strategy, and enfortumab vedotin
have advanced outcomes; however, the overall survival gain remains relatively modest. Areas for medium-term progress
potentially include pending phase 3 data for FGFR inhibition, sacituzumab govitecan, and ADC combinations (in
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particular, for enfortumab vedotin combined with pembrolizumab). Systemic neoadjuvant chemotherapy provides modest
improvements in the cure rates for this disease. The role of perioperative immunotherapy remains to be fully elucidated,
with conflicting results between current data. One of the challenges in improving systemic treatment is the development
and validation of predictive biomarkers for treatment selection. Ideally, biomarker hypotheses should be prospectively

incorporated into all therapeutic trials, but these are logistically challenging and expensive.
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