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Simple Summary: Metastatic urothelial carcinoma (mUC) has traditionally been treated with
cisplatin-based chemotherapy, but nearly half of patients cannot receive cisplatin due to
comorbidities. Immune checkpoint inhibitors (ICIs) have become crucial alternatives, yet
optimizing first-line therapies remains challenging. Recently, the combination of enfortumab
vedotin and pembrolizumab has shown significant improvement in survival and response rates for
cisplatin-ineligible patients, marking a substantial shift in frontline treatment. This review evaluates
the evolving landscape of mUC therapies, focusing on clinical outcomes from innovative
combination regimens.

Abstract: Cisplatin-based chemotherapy has long been the standard first-line treatment for
metastatic urothelial carcinoma (mUC). However, owing to comorbidities, up to 50% of patients are
ineligible for cisplatin, necessitating alternative primary treatment options. Immune checkpoint
inhibitors (ICIs) have emerged as a vital alternative for those unable to receive cisplatin. However,
the prognosis for advanced urothelial carcinoma remains grim, with challenges persisting in
optimizing first-line therapy. Recent advancements have redirected attention towards innovative
combinations in primary treatment. The combination of enfortumab vedotin (EV) and
pembrolizumab has significantly improved overall and progression-free survival compared to
chemotherapy alone. This marks a critical shift in first-line treatment options for patients who are
cisplatin-ineligible or require alternatives to standard chemotherapy. While platinum-based
chemotherapy continues to be essential for many patients, the approval of EV and pembrolizumab
as first-line treatments for cisplatin-ineligible patients signifies a significant breakthrough in
primary care. These therapies offer new options and enhance outcomes in terms of survival and
response rates, highlighting the increasing relevance of ICI-containing regimens in frontline care.
This review provides an exhaustive overview of the current frontline treatment landscape for mUC,
incorporating clinical trial evidence and exploring investigational agents to aid in clinical decision-
making and guide future therapeutic strategies.

Keywords: antibody-drug conjugates; cisplatin-based chemotherapy; enfortumab vedotin; frontline
therapy; immune checkpoint inhibitors; metastatic urothelial carcinoma; platinum-based
chemotherapy

1. Introduction

Significant advancements have recently been made in the therapeutic landscape of metastatic
urothelial carcinoma (mUC) (Figure 1), a disease that poses formidable challenges in clinical oncology
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1. Bladder cancer (BC), the tenth most common malignancy worldwide, accounted for approximately
573,000 new cases and 213,000 deaths in 2020. Urothelial carcinoma (UC), the most prevalent
histological subtype, particularly in the United States and Europe, presents as metastatic in 5%-10%
of patients at diagnosis 2. While approximately 75% of newly diagnosed cases are categorized as non-
muscle-invasive BC, the remaining 25% are identified as muscle-invasive BC or metastatic disease.
The prognosis for patients with mUC is particularly dire, with >90% of those with metastatic disease
succumbing to the illness within 5 years 3.
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Figure 1. Evolution of frontline treatments for metastatic urothelial carcinoma. Since the approval of
cisplatin in 1978, treatment options for urothelial cancer remained fairly static. While there were some
modifications in chemotherapeutic regimens, such as dose-dense methotrexate, vinblastine,
doxorubicin, and cisplatin (dd-MVAC), no fundamentally new treatment types emerged for decades.
This situation changed in 2017 with the introduction of immune checkpoint inhibitors (ICIs), which
marked a turning point in the management of metastatic urothelial carcinoma. Following the
approval of the first ICIs, several new agents became available, including additional ICIs and
antibody-drug conjugates. These developments were driven by pivotal phase III trials (JAVELIN,
CheckMate-901, EV-302) that evaluated novel chemotherapies and other treatments. Atezo,
atezolizumab; Avel, avelumab; dd-MVAC, dose-dense methotrexate, vinblastine, doxorubicin and
cisplatin; EV, enfortumab vedotin; GC, gemcitabine, cisplatin; G-Car, gemcitabine, carboplatin; Nivo,
nivolumab; Pembro, pembrolizumab; mono, monotherapy.

Historically, the treatment of mUC has relied heavily on cisplatin-based chemotherapy regimens
such as gemcitabine—cisplatin (GC) and methotrexate, vinblastine, doxorubicin, and cisplatin
(MVAC), often supplemented with granulocyte colony-stimulating factor (G-CSF) for primary
prophylaxis. Despite being the standard of care, these regimens yield a median (m) overall survival
(OS) of approximately 14 months, and up to 50% of patients are ineligible for cisplatin owing to
comorbidities, poor performance status, or renal impairment. For these patients, alternatives include
carboplatin and gemcitabine, as well as immune checkpoint inhibitors (ICIs) 4.

There has been a transformative shift in the treatment of mUC with the introduction of IClIs,
antibody-drug conjugates (ADCs), and targeted therapies 5. ICIs, such as pembrolizumab and
atezolizumab, have gained regulatory approval for use in patients ineligible for cisplatin-based
therapy, especially those whose tumors express programmed death-ligand 1 (PD-L1), or in patients
unsuitable for any form of platinum-based chemotherapy. Notably, pembrolizumab has
demonstrated a significant survival benefit compared with second-line chemotherapy in patients
who progress after platinum-based treatment 6.

A significant advancement in managing mUC has been the molecular characterization of the
disease, leading to the approval of targeted therapies, such as erdafitinib (fibroblast growth factor
receptor [FGFR] inhibitor), for patients with FGFR-altered tumors 7. These developments have
broadened therapeutic options, particularly for patients who have progressed on or are ineligible for
traditional chemotherapy.
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Another notable milestone in mUC treatment is the approval of avelumab as a switch
maintenance therapy following first-line chemotherapy. This strategy has demonstrated the ability
to extend OS in patients responding to initial treatment 8. Recently, the results of the phase III EV-
302 trial, which compared the combination of enfortumab vedotin (EV) and pembrolizumab as initial
treatment, have challenged the established platinum-based treatment paradigm in mUC. The efficacy
of this combination was further validated when the EV-302 trial successfully met its co-primary
endpoints of OS and progression-free survival (PFS), marking a pivotal moment in mUC treatment
and signaling a potential shift in the standard of care 9.

Nevertheless, mUC management remains complex and challenging. Determining the optimal
therapy for each patient, identifying appropriate treatment sequences, and exploring potential
synergies among therapeutic agents are critical areas of ongoing research 10. Real-world data suggest
that only 30%—40% of patients receiving primary therapy for mUC proceed to second-line treatment,
underscoring the need for effective first-line treatments and improved strategies for subsequent lines
of therapy 11.

In this review, we explored the current therapeutic landscape of mUC, focusing on latest
advancements and emerging treatment options. The challenges associated with optimizing treatment
strategies and establishing effective treatment sequences, and the importance of personalized
approaches in improving survival outcomes for patients with this aggressive disease have also been
discussed.

2. Type and Mechanism of Drug Classes Used in the Frontline Treatment of mUC
2.1. Platinum-Based Chemotherapy

Platinum-based chemotherapy, particularly with agents like cisplatin, primarily exerts its
anticancer effects by forming DNA cross-links that disrupt the DNA double helix, thereby inhibiting
critical processes such as DNA replication and transcription. This damage activates cellular stress
responses, including DNA damage response pathways, leading to cell cycle arrest, and ultimately,
apoptosis. Apoptosis is further enhanced by the activation of the intrinsic mitochondrial pathway
and the tumor suppressor protein p53. Additionally, platinum compounds induce the production of
reactive oxygen species, which further damage cellular components and amplify apoptosis. Although
highly effective, platinum compounds affect normal cells, leading to nephrotoxicity and
neurotoxicity 12-14. The multifaceted action of platinum-based drugs underscores their effectiveness
in cancer treatment, particularly in bladder cancer; however, their use requires careful management
to balance efficacy with adverse effects.

2.2.1CIs

ICIs represent a significant advancement in cancer therapy by enhancing the immune system’s
ability to recognize and eliminate tumor cells 15. ICIs act by blocking specific immune checkpoint
pathways that normally maintain self-tolerance and modulate immune responses 16. Under
physiological conditions, immune checkpoints are crucial for preventing autoimmunity and limiting
the extent of immune responses to avoid excessive tissue damage. However, tumors often exploit
these pathways to evade immune surveillance 17.

Two of the most well-studied immune checkpoints targeted by ICls are cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) and programmed cell death protein 1 (PD-1), along with its ligand,
PD-L1. CTLA-4 is expressed on activated T cells and functions as an inhibitory receptor by competing
with the co-stimulatory receptor CD28 for binding to B7 molecules (B7-1/CD80 and B7-2/CD86) on
antigen-presenting cells. The binding of CTLA-4 to B7 molecules transmits an inhibitory signal that
reduces T cell activation and proliferation. By blocking the interaction between CTLA-4 and B7,
CTLA-4 inhibitors, such as ipilimumab, enhance T cell activation, thereby promoting a robust
immune response against cancer cells 18-20.

The PD-1/PD-L1 pathway plays a similar role in regulating immune responses. PD-1 is
expressed on T, B, and natural killer cells. When PD-1 binds to its ligands PD-L1 or PD-L2, it delivers
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an inhibitory signal that dampens T cell activity, proliferation, and cytokine production. Tumor cells
often upregulate PD-L1 to suppress T cell-mediated immune responses, effectively protecting
themselves from immune attack. ICIs targeting this pathway, such as PD-1 inhibitors (e.g. nivolumab,
pembrolizumab) or PD-L1 inhibitors (e.g. atezolizumab, durvalumab), block the interaction between
PD-1 and its ligands, thereby maintaining T cell activity and enabling them to target and destroy
tumor cells.

The therapeutic efficacy of ICIs is a consequence of their ability to "release the brakes" on the
immune system, allowing for enhanced T cell activation and sustained anti-tumor responses. This
mechanism is effective across various malignancies, including melanoma, non-small cell lung cancer,
renal cell carcinoma, and UC 21-23.

2.3. ADCs

ADCs are a class of targeted cancer therapies that combine the specificity of monoclonal
antibodies with the potent cytotoxic effects of chemotherapeutic agents 24. Their mechanism of action
involves several key steps, each critical to their ability to selectively target and kill cancer cells while
minimizing damage to normal tissues 24, 25. The monoclonal antibody component of the ADC is
designed to recognize and bind to a specific antigen overexpressed on cancer cell-surface. This
antigen-binding property ensures that the ADC preferentially targets tumor cells while sparing most
normal cells, which typically show low to no expression of the antigen. Once an ADC binds to the
target antigen on the cancer cell surface, the entire complex is internalized through receptor-mediated
endocytosis. After internalization, the ADC is trafficked to the lysosome, where the antibody-linked
cytotoxic drug is released through various mechanisms, depending on the type of linker used in the
ADC design. Linkers may be cleavable, breaking down owing to the acidic environment of the
lysosome or through enzymatic action, or non-cleavable, where the drug is released only after the
entire ADC is degraded. Once the cytotoxic drug is released inside the cancer cell, it interferes with
critical cellular processes. Common payloads used in ADCs include highly potent chemotherapeutic
agents, such as microtubule inhibitors (e.g. auristatins or maytansinoids) or DNA-damaging agents
(e.g., calicheamicin). Microtubule inhibitors disrupt the microtubule network within the cell,
preventing cell division and leading to apoptosis. DNA-damaging agents induce breaks in the DNA
strand, leading to cell death through apoptosis or mitotic catastrophe.

The high potency of these cytotoxic drugs, which may be too toxic for systemic administration,
is mitigated by the selective delivery mechanism of the ADC, concentrating the drug's effects within
the tumor cells 26, 27. This selective targeting reduces the exposure of normal tissues to the cytotoxic
drug, thereby minimizing systemic toxicity and enhancing the therapeutic index of the treatment.
This targeted approach enables ADCs to deliver highly potent drugs directly to cancer cells,
improving treatment efficacy while limiting off-target effects 28.

Figure 2 illustrates the mechanisms of the major drug classes used in the frontline treatment of
mUC, including platinum-based chemotherapy, ICIs, and ADCs.
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Figure 2. Drug classes and their mechanisms in the frontline treatment of metastatic urothelial
carcinoma. a. Platinum-based chemotherapy works by disrupting cell division. Platinum compounds
bind to the DNA of cancer cells, creating cross-links that impede normal DNA replication and cell
division. This DNA damage hampers the cancer cells' growth and spread.b. Immunotherapy boosts
the patient's immune system to fight against cancer cells. It works by blocking immune checkpoint
pathways, such as PD1, PDL1, and CTLA4, which tumor cells use to evade immune detection. By
inhibiting these pathways, immunotherapy enables the immune system to attack and eliminate cancer
cells. c. Antibody-drug conjugates (ADCs) consist of a cancer-specific antibody linked to a cytotoxic
agent. Once the ADC attaches to the cancer cells, it is absorbed, and the toxic drug is released inside
the cell, leading to cancer cell death. Enfortumab vedotin targets nectin-4, which is commonly
overexpressed in urothelial cancer cells, while sacituzumab govitecan targets tumor cells through the
anti-Trop-2 antibody. APC, antigen-presenting cell; CTLA-4, cytotoxic T-lymphocyte associated
protein 4; MMAE, monomethyl auristatin, PD1, programmed cell death protein 1; PDLI,
programmed death-ligand 1; PDL2, programmed death-ligand 2; SN-38, 7-ethyl-10-
hydroxycamptothecin.
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gemcitabine + cisplatin; Gem-Carbo, gemcitabine + carboplatin.

3. Patient Selection

Selecting the appropriate frontline therapy for patients with mUC is crucial for optimizing
treatment outcomes. This process involves a comprehensive assessment of clinical, molecular, and
patient-specific factors. Most patients with mUC are older, with the majority aged >65 years and
approximately half being aged >70 years 29. This population often presents with comorbidities that
complicate the use of standard cisplatin-based chemotherapy, which has long been the cornerstone
of frontline treatment due to its proven efficacy 30. Consequently, many such patients are ineligible
for cisplatin-based therapy, traditionally defined by factors such as an Eastern Cooperative Oncology

Group Performance Status (ECOG PS) of >2 31. Given the nephrotoxic nature of cisplatin, renal

function assessment is essential, with a creatinine clearance (CrCl) of 260 mL/min typically serving
as the threshold for cisplatin eligibility 32. Patients with renal impairment, indicated by a CrCl below
this level, are often considered unsuitable for cisplatin and receive alternative treatments, such as
carboplatin-based regimens or ICIs 33.

While the cisplatin ineligibility criteria are relatively well-defined, the ineligibility criteria for
carboplatin-based chemotherapy remain unclear, leading to variability in clinical practice 34. The
approval of ICIs for first-line treatment of platinum-ineligible patients, including those unable to
receive cisplatin or carboplatin, underscores the need for consistent definitions of platinum
ineligibility 4. Consensus definitions suggest that patients with an ECOG PS of >3, CxCl of <30
mL/min, peripheral neuropathy grade > 3, or New York Heart Association heart failure class > 3
should be considered ineligible for platinum-based chemotherapy 35. Additionally, patients with an
ECOG PS of 2 and CrCl of <30 mL/min may also be ineligible for platinum-based therapies. However,
these criteria may not capture all relevant factors, such as advanced age, poorly controlled diabetes,
or inadequate bone marrow reserve, which could further contraindicate the use of platinum-based
treatments 4.

The first formal attempts to define cisplatin eligibility in mUC were made in the 1990s. A survey

by the European Organization for Research and Treatment of Cancer identified a CrCl of >60

mL/min and a World Health Organization performance status of 0 or 1 as key requirements for
cisplatin use 36. These criteria were refined in 2011 by Galsky et al., whose guidelines for cisplatin
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ineligibility have since become widely adopted in clinical practice 37. Despite this, some debate
persists regarding the exact renal function thresholds for cisplatin eligibility, with CrCl cutoffs
ranging from <45 mL/min to <60 mL/min, depending on the context 38.

In addition to these clinical considerations, molecular biomarkers have become increasingly
important in guiding frontline therapy decisions, particularly regarding immunotherapy 39. High
PD-L1 expression may identify patients more likely to benefit from ICIs, such as pembrolizumab or
atezolizumab, especially those ineligible for cisplatin. However, PD-L1 expression alone should not
be the sole factor in determining treatment but rather part of a broader clinical assessment 40. The
histological subtype of UC also influences treatment decisions. Variants such as micropapillary,
sarcomatoid, or neuroendocrine differentiation may respond differently to standard therapies,
requiring a more personalized approach. In these cases, strategies such as neoadjuvant chemotherapy
or enrollment in clinical trials may offer better outcomes 41.

Patient preferences and quality of life are also critical in selecting frontline therapy. Having a
thorough discussion with patients regarding the potential benefits and risks of each treatment option
is essential, considering how these will impact their daily life and long-term prognosis 29. This
ensures that the chosen treatment aligns with the patient’s values and goals. Moreover, eligibility for
clinical trials can provide access to novel therapies that may not yet be widely available 42.

Finally, the presence of specific genomic alterations, such as FGFR3 mutations, can guide the
selection of targeted therapies, although these are currently used in the second-line setting. Ongoing
research may expand their use in frontline therapy, further personalizing treatment approaches for
patients with mUC 43.

Selecting frontline therapy for mUC requires a multifaceted evaluation, including performance
status, renal function, comorbidities, molecular biomarkers, histological subtype, and patient
preferences. A personalized approach is essential to optimize treatment outcomes and improve
overall prognosis for patients with mUC.

Table 1 provides an overview of key factors involved in selecting the appropriate frontline
therapy for patients with mUC.

Table 1. key factors involved in selecting the appropriate frontline therapy for patients with mUC.

Criteria Category Frontline therapy Options
- Gemcitabine + Cisplatin (standard of care)
. . Cisplatin-Eligible - Dose-dense MVAC (Methotrexate, Vinblastine, Doxorubicin, and
Cisplatin ) .
(eGFR 260 Cisplatin)

Eli bl 4,31,34
1giotity mL/min/1.73 m?) - Avelumab maintenance therapy after a response or stable disease

following 4-6 cycles of chemotherapy.

- Gemcitabine + Carboplatin (standard alternative)

Cisplatin-Ineligible - Atezolizumab or Pembrolizumab (in patients with high PD-L1
(eGFR <60 mL/ expression or those who are not candidates for any platinum therapy)
min/1.73 m?) - Avelumab maintenance therapy following stable disease or response to
chemotherapy.
- Atezolizumab or Pembrolizumab (preferred for patients who cannot
PD-L1 High PD-L1 tolerate any platinum-based therapy and have high PD-L1 expression).
Expression  (Cisplatin-Ineligible) These immune checkpoint inhibitors can be used as first-line
monotherapy.
- Gemcitabine + Carboplatin (preferred first-line for platinum-ineligible
Low PD-L1 (Cisplatin- patients with low PD-L1 expression). Inmunotherapy with
Ineligible) pembrolizumab or atezolizumab is generally reserved for second-line

use or maintenance therapy in these cases.

- These patients typically tolerate platinum-based chemotherapy well,
Performance ECOG 0-1 and cisplatin-based regimens are the standard. If cisplatin-ineligible,
Status (ECOG) carboplatin-based regimens or PD-L1-targeted immunotherapy can be
considered, especially in PD-L1 positive patients.
- For patients with moderate performance status (ECOG 2), carboplatin-

based chemotherapy is preferred, as cisplatin may be too toxic.

ECOG 2
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Immunotherapy is another option, especially in patients with high PD-
L1 expression.

- Patients with poor performance status are generally not good
candidates for chemotherapy. Atezolizumab or pembrolizumab
monotherapy may be considered, especially in those with high PD-L1
expression. Supportive care or clinical trials are also options.

ECOG =3

- Patients with significant comorbidities that make cisplatin too toxic are
typically treated with carboplatin-based chemotherapy or
immunotherapy. Atezolizumab or pembrolizumab may be used for
those who are cisplatin-ineligible and PD-L1 positive.

- Patients with FGFR mutations who have progressed on platinum-
Molecular FGFR3 or FGFR2  based chemotherapy may be eligible for erdafitinib, an FGFR inhibitor,
Profiling Mutations but this is not used in frontline therapy. However, molecular profiling

can inform future treatment lines.

Comorbidities (e.g.,
Other Factors cardiovascular
disease)

4. Clinical Development
4.1. Chemotherapy

Cisplatin-based chemotherapy has long been the cornerstone of managing mUC, with an overall
response rate (ORR) of approximately 50%, PFS of up to 7 months, and an mOS of 13-15 months 44,
45. Historically, the MVAC regimen was favored due to its superior OS compared to cisplatin
monotherapy and other combinations like cisplatin, cyclophosphamide, and doxorubicin. However,
MVAC application has been limited by severe toxicities, including grade >3 leukopenia, neutropenic
fever, mucositis, and gastrointestinal adverse events, with a notable drug-associated mortality rate of
3-4% 45, 46.

In a crucial phase III trial, the GC regimen was compared to MVAC, showing similar long-term
OS and PFS outcomes but with better tolerability regarding adverse effects and quality of life, leading
many oncologists to prefer GC over MVAC 46. Subsequently, high-dose-intensity chemotherapy with
dose-dense (dd) MVAC plus G-CSF every 2 weeks demonstrated reduced toxicity and improved
response rates compared to the conventional 4-week MV AC schedule 47, 48. Another phase III study
reported similar outcomes between ddGC and ddMVAC, further supporting the use of either
regimen based on patient tolerance 49.

For cisplatin-ineligible patients, carboplatin-based regimens have been employed, typically
owing to renal impairment or other comorbidities. However, outcomes with carboplatin-based
combinations have generally been considered inferior to cisplatin-based regimens, although evidence
is limited by underpowered trials 50. Recent analyses, such as those from the DANUBE, IMvigor130,
and JAVELIN-100 trials, continue to suggest the superiority of cisplatin over carboplatin in platinum-
eligible patients 51-53. Split-dose administration of cisplatin has been considered for patients with
borderline renal function, offering a potentially less nephrotoxic alternative while maintaining
efficacy 54. However, the VEFORA GETUG-AFU V06 study, comparing split-dose cisplatin with
standard-dose carboplatin, was halted due to excessive toxicities in the cisplatin arm 55.

Regarding chemotherapy cycles, consensus guidelines recommend 2-6 cycles of platinum-based
chemotherapy 56. Post-hoc analysis from the JAVELIN Bladder 100 trial suggests that survival
benefits from maintenance avelumab are consistent regardless of whether patients received 4, 5, or 6
cycles of chemotherapy 57. Advances in treatment have diminished the role of second- and later-line
chemotherapy regimens, which previously offered limited benefits over best supportive care (BSC)
58.

4.2. Immunotherapy

4.2.1. First-Line Monotherapy for Platinum-Ineligible Patients

ICIs such as atezolizumab and pembrolizumab have been extensively evaluated as monotherapy
for cisplatin-ineligible patients with mUC 4. Atezolizumab was one of the first ICIs studied in this
setting. The phase II IMvigor210 trial evaluated atezolizumab as a first-line therapy in 119 patients
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with locally advanced or metastatic (la/m) UC who were ineligible for cisplatin-based chemotherapy
59. The trial reported an ORR of 23%, with 9% of patients achieving a complete response (CR) (mQOS,
15.9 months). Atezolizumab demonstrated a manageable safety profile, with grade 3 or 4 treatment-
related adverse events (AEs) occurring in 16% of patients. Despite these promising results, in May
2018, the Food and Drug Administration (FDA) issued a safety alert after early data from the
IMvigor130 trial and another study suggested decreased survival for patients receiving atezolizumab
as first-line monotherapy compared to those receiving platinum-based chemotherapy 60.
Consequently, the FDA restricted the use of atezolizumab as a first-line treatment to patients who
were either ineligible for cisplatin-based chemotherapy with high PD-L1 expression (25% of immune
cells) or those ineligible for any platinum-based chemotherapy, regardless of PD-L1 status 60. The
IMvigor130 trial, a multicenter phase III study, further examined atezolizumab in combination with
platinum-based chemotherapy 52. However, this trial did not show a significant overall survival
advantage for atezolizumab monotherapy over chemotherapy alone. Consequently, the
manufacturer voluntarily withdrew the first-line indication for atezolizumab in mUC in November
2022 11. Nevertheless, the National Comprehensive Cancer Network (NCCN) Panel continues to
recommend atezolizumab as a first-line option for specific patient populations, particularly those not
eligible for cisplatin-containing chemotherapy and whose tumors express PD-L1 or those ineligible
for any platinum-containing chemotherapy regardless of PD-L1 status (category 2B
recommendation) 56.

Following atezolizumab, pembrolizumab was evaluated as a first-line monotherapy option for
cisplatin-ineligible patients in the phase II KEYNOTE-052 trial 61, where pembrolizumab
demonstrated an ORR of 24%, with 5% of patients achieving a CR. Long-term outcomes remained
consistent, with an ORR of 28.6% and mOS of 11.3 months. However, similar to atezolizumab, the
FDA issued a safety alert for pembrolizumab in May 2018 based on early findings from the
KEYNOTE-361 trial, which suggested decreased survival in patients treated with pembrolizumab
monotherapy compared to those receiving platinum-based chemotherapy 62. Therefore, the FDA
restricted the use of pembrolizumab as a first-line treatment to patients who were ineligible for
cisplatin-containing chemotherapy and had high PD-L1 expression (combined positive score > 10)
or those ineligible for any platinum-containing chemotherapy regardless of PD-L1 status 6.
Pembrolizumab's indication was further limited to patients ineligible for any platinum-based
chemotherapy, with the NCCN Panel continuing to recommend it as a first-line treatment for
cisplatin-ineligible patients regardless of PD-L1 status, and specifically endorsing its use for those
ineligible for any platinum-containing chemotherapy 56.

Overall, while both atezolizumab and pembrolizumab provided new therapeutic options for
cisplatin-ineligible patients with mUC, their use as first-line monotherapies has been restricted due
to concerns over OS outcomes —particularly in patients with low PD-L1 expression—and the NCCN's
continued endorsement of these therapies, albeit with specific limitations, underscores the
importance of careful patient selection in the management of mUC.

4.2.2. First-Line Combination Therapy

Combination therapies involving ICIs and chemotherapy have been extensively investigated in
mUC treatment. However, these efforts have generally yielded less favorable outcomes than
anticipated 63. For instance, the phase III trials IMvigor130 and KEYNOTE-361 evaluated the efficacy
of atezolizumab and pembrolizumab, respectively, either as monotherapies or in combination with
platinum-based chemotherapy, compared to chemotherapy alone 52, 64. The KEYNOTE-361 trial
showed negligible improvements in PFS or OS when pembrolizumab was combined with platinum-
based chemotherapy compared to chemotherapy alone in patients with mUC. Similarly, the final
survival analysis from the IMvigor130 study did not demonstrate a significant OS advantage for the
combination of atezolizumab with platinum and gemcitabine over chemotherapy alone in mUC
patients 65. Nevertheless, exploratory data suggested a potential benefit of atezolizumab
monotherapy in first-line cisplatin-ineligible patients with high PD-L1 expression, although these
findings were not statistically significant. Interestingly, the analysis highlighted a disparity in
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outcomes based on the choice of platinum agent, with a potentially greater benefit observed when
atezolizumab was combined with cisplatin instead of carboplatin, suggesting the need for further
investigation into the optimal chemotherapy regimen.

The phase III DANUBE trial further explored ICI combinations by evaluating durvalumab, an
anti-PD-L1 agent, either as a monotherapy or in combination with tremelimumab, an anti-CTLA-4
agent, against standard chemotherapy in patients with mUC 51. Unfortunately, the trial failed to meet
its co-primary endpoints, which included OS comparisons between durvalumab monotherapy and
chemotherapy in patients with high PD-L1 expression, as well as that between durvalumab-
tremelimumab combination and chemotherapy in the overall population. Despite these
disappointing results, the promising activity observed in the PD-L1-high population led to the
revision of the NILE protocol, which now focuses on untreated mUC patients with high PD-L1
expression. The results of this global phase III trial are highly anticipated and may redefine treatment
approaches for this subset of patients 66.

Contrastingly, the multinational phase III CheckMate 901 study demonstrated the efficacy of
adding nivolumab to GC chemotherapy in 608 patients with previously untreated, unresectable, or
mUC 67. In this study, 251 patients who received the nivolumab combination continued with
maintenance nivolumab for up to 2 years. After a median follow-up of 33.6 months, the results
showed that the nivolumab plus GC combination significantly improved mOS compared to GC alone
(21.7 vs. 18.9 months; HR, 0.78; 95% confidence interval [CI], 0.63-0.96; P=.02). Although the median
PES (mPFS) was similar between the two groups (7.9 vs. 7.6 months; P=.001), the PFS curves began to
diverge over time, with a higher percentage of patients remaining progression-free at 12 months in
the nivolumab combination group (34.2% vs. 21.8%). Furthermore, the ORR was notably higher in
the nivolumab combination group (57.6% vs. 43.1%), with a CR rate of 21.7% compared to 11.8% in
the chemotherapy-alone group. However, the combination therapy was associated with a higher
incidence of grade 23 treatment-related AEs (TRAEs), occurring in 61.8% of patients compared to
51.7% in the chemotherapy-alone group. These findings significantly advanced first-line mUC
treatment, leading to the regimen being designated as a category 1 recommendation by the NCCN
Panel 56. The results from the CheckMate-901 trial stand in contrast to earlier phase III trials, such as
KEYNOTE-361 and IMvigor130, which did not show significant improvements in either OS or PFS
when ICIs like pembrolizumab or atezolizumab were added to platinum-based chemotherapy for the
first-line treatment of mUC. Differences in the immunomodulatory effects of cisplatin and
carboplatin may partially explain the discrepancies between these trials 67. Exploratory analyses of
both KEYNOTE-361 and IMvigor130 suggested that combining ICIs with cisplatin-based therapy,
but not carboplatin-based therapy, resulted in better outcomes. Specifically, pretreated tumors with
higher PD-L1 expression were associated with more favorable outcomes in patients treated with GC
but not with gemcitabine-carboplatin 68. Further supporting this hypothesis, single-cell RNA
sequencing of circulating immune cells in the IMvigor130 trial revealed that GC, but not gemcitabine-
carboplatin, upregulated immune-related transcriptional programs, including those involved in
antigen presentation 69. These data suggest that cisplatin-based chemotherapy may have particularly
favorable immunogenic effects when combined with ICIs in mUC treatment, providing a potential
explanation for the positive results observed in the CheckMate-901 trial. This insight highlights the
importance of chemotherapy selection in optimizing the efficacy of combination therapies in mUC.

4.2.3. Maintenance Therapy

Avelumab as maintenance therapy following platinum-based first-line chemotherapy has
become a significant advancement in mUC treatment 70. This regimen is based on findings from the
phase III JAVELIN Bladder 100 trial 53, which demonstrated that avelumab significantly prolongs
OS compared to BSC alone in patients who achieved either a response or stable disease after first-line
chemotherapy. Specifically, the trial showed an mOS of 21.4 months for patients treated with
avelumab, compared to 14.3 months for those who received BSC alone, corresponding to a hazard
ratio (HR) of 0.69 (95% CI, 0.56-0.86; P=.001). This OS benefit was consistent across all prespecified
subgroups, including patients with PD-L1-positive tumors. Apart from the OS benefit, avelumab was
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also associated with a longer PFS compared to BSC alone. Importantly, preplanned subgroup
analyses demonstrated that the OS benefit of avelumab was significant regardless of previous
treatment with cisplatin or carboplatin and irrespective of the extent of the response to chemotherapy.
Despite a higher incidence of subsequent treatments in the control group, including ICIs, the 12-
month OS was substantially higher in the avelumab arm (71%) compared to the BSC arm (58%). The
incidence of grade >3 AEs was higher in the avelumab group (47.4%) compared to the BSC group
(25.2%). Yet, the safety profile of avelumab remained manageable over the long term, with the most
common TRAEs including pruritus, hypothyroidism, fatigue, diarrhea, and asthenia. The JAVELIN
Bladder 100 trial's findings have led to the NCCN assigning avelumab maintenance therapy a
category 1 recommendation for patients with mUC who do not experience disease progression after
first-line platinum-based chemotherapy 56. Subsequent extended follow-up data, with a median
duration of 38 months, confirmed the durability of the OS and PFS benefits of avelumab, with an OS
of 23.8 months versus 15.0 months (HR 0.76; 95% CI, 0.631-0.915; P=.0036) and a PFS of 5.5 months
versus 2.1 months (HR 0.54; 95% CI, 0.457-0.645; P<.0001) 71.

Real-world studies conducted in Italy (READY study) and France (AVENANCE study) have
further validated the clinical benefits and manageable safety profile of avelumab as a first-line
maintenance therapy for patients with mUC 72, 73. These studies reported 12-month OS rates of
65.4%-69.2% and mPFS of 5.7-8.1 months, consistent with the findings of the JAVELIN Bladder 100
trial.

Following the results of the CheckMate-901 trial, nivolumab has also emerged as a viable
maintenance therapy option for patients with mUC who respond to nivolumab plus first-line
cisplatin-based chemotherapy. The trial demonstrated that nivolumab plus GC significantly
improved outcomes in these patients, leading the NCCN to recommend nivolumab as an alternative
maintenance therapy alongside avelumab 56. This expanded recommendation gives clinicians more
flexibility when selecting an appropriate maintenance therapy based on patient-specific factors.

While both avelumab and nivolumab maintenance therapies have significantly improved
outcomes for patients with mUC, ongoing phase II and phase III trials are exploring combinations of
these agents with other therapies as first-line maintenance treatments. The optimal second-line
therapy for patients with disease progression during or after maintenance therapy with either
avelumab or nivolumab is still under investigation, and enrollment in clinical trials is strongly
recommended to explore new therapeutic strategies 74.

4.3. EV Combination Therapy

The combination of the ICI pembrolizumab with the ADC EV has been explored extensively in
mUC treatment 10. Initial studies were conducted within certain phase Ib/II EV-103 cohorts, mainly
focusing on cisplatin-ineligible patients with previously untreated, la/mUC 75. In cohort A, 45
patients received the combination therapy, resulting in a confirmed ORR of 73.3%, including a CR
rate of 15.6%. However, the treatment was associated with significant AEs, including peripheral
sensory neuropathy (55.6%), fatigue (51.1%), and alopecia (48.9%), with 64.4% of patients
experiencing grade >3 AEs, and one treatment-related death. Following the promising results from
cohort A, cohort K of the EV-103 trial randomized cisplatin-ineligible patients to receive either EV
alone or in combination with pembrolizumab. The combination therapy achieved a confirmed ORR
of 64.5% (95% CI, 52.7%~75.1%) compared to 45.2% (95% ClI, 33.5%-57.3%) for EV monotherapy. The
median duration of response was not reached for the combination, whereas it was 13.2 months for
the monotherapy.

Based on these findings, the combination was further evaluated in the phase III EV-302 trial,
which involved 886 patients with previously untreated, la/mUC 9. Patients were randomized to
receive either EV plus pembrolizumab or standard chemotherapy with gemcitabine in combination
with either cisplatin or carboplatin. After a median follow-up of 17.2 months, the combination
therapy significantly improved PFS and OS. Specifically, the mPFS was 12.5 months with the
combination versus 6.3 months with chemotherapy (HR, 0.45; 95% ClI, 0.38-0.54; P<.001), and the
mOS was 31.5 months versus 16.1 months (HR, 0.47; 95% CI, 0.38-0.58; P<.001). Additionally, the
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confirmed ORR was 67.7% for the combination compared to 44.4% for chemotherapy, with CRs in
29.1% of patients in the combination group versus 12.5% in the chemotherapy group. Notably, grade
>3 TRAEs occurred in 55.9% of patients receiving the combination therapy, compared to 69.5% of
those receiving chemotherapy.

The impressive outcomes from the EV-302 trial led to the combination of EV and pembrolizumab
being recognized as the preferred first-line systemic therapy for patients with advanced or mUC,
regardless of cisplatin eligibility. This regimen has received a category 1 designation from the NCCN
panel, solidifying its status as a new standard of care in this setting 56.

4.3.1. EV-302 and JAVELIN Paradigm Versus CheckMate-901

In the evolving treatment landscape of mUC, the role of GC/nivo (gemcitabine/cisplatin with
nivolumab) and the JAVELIN paradigm is being reevaluated in light of impressive data from
EV/pembro (enfortumab vedotin with pembrolizumab) 9. The significance of GC/nivo in cisplatin-
eligible patients is underscored by several factors. Firstly, cisplatin-based combination therapies have
historically demonstrated potential cures in 5% to 15% of patients 46, 48. The long-term CR observed
in approximately 22% of patients receiving GC/nivo further support the possibility of achieving a
cure in a subset of patients 67. While EV/pembro may also lead to cures, long-term follow-up is
required to confirm this potential. Secondly, Compared to EV/pembro, GC/nivo offers a finite
duration of chemotherapy, providing advantages in terms of reduced toxicity and improved patient
quality of life during treatment 9, 67. Additionally, GC/nivo is more cost-effective compared to
EV/pembro, making it a financially viable option for many healthcare systems and patients 76, 77.
Moreover, GC/nivo may be considered for patients with uncontrolled diabetes mellitus or liver
dysfunction due to specific safety and tolerability considerations associated with EV 67, 78, 79. These
comorbidities can complicate treatment plans, and the regimen's tolerability in such conditions
enhances its clinical applicability.

The identification of biomarkers predictive of CR is crucial for advancing precision medicine in
mUC. Disease confined to lymph nodes serves as a favorable prognostic factor for both cisplatin-
based chemotherapy and PD-1 inhibition, suggesting that aggressive use of GC/nivo is recommended
for this patient group 80, 81. Additionally, ERCC2 mutations, previously validated for predicting
pathological CR with neoadjuvant cisplatin-based chemotherapy, may serve as candidates for
predicting CR with cisplatin-based therapy 82.

Given that aggressive multi-agent combination therapies are feasible only in suitable patients in
real-world settings, all first-line regimens—including EV/pembro, GC/nivo, and the JAVELIN
paradigm—have legitimate roles in clinical practice 56.

Despite the availability of maintenance immunotherapy, its optimal implementation in real-
world practice appears limited. In the EV-302 study, only 32.2% of patients received a PD-1/L1
inhibitor as maintenance therapy after platinum-based chemotherapy, and only 20% of patients in
the GC arm of the CheckMate-901 study received a PD-1/L1 inhibitor before progression. The
suboptimal application of the JAVELIN paradigm may be attributed to attrition from disease
progression, persistent toxicities, poor ECOG performance status (PS), frailty, comorbidities, and
patient decisions 74. Therefore, potent first-line regimens that provide early and durable benefits—
such as EV/pembro and GC/nivo, both of which induce rapid responses within 2-3 months—are
expected to replace the JAVELIN paradigm for most patients. Nonetheless, in frail or vulnerable
cisplatin-ineligible patients (including potentially some with ECOG PS 2), employing the JAVELIN
paradigm of carboplatin/gemcitabine followed by maintenance avelumab may be a safer option.
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5. Future Perspectives

The evolving landscape of frontline therapy for mUC presents significant advancements, yet
several critical questions remain unresolved. Recent developments have introduced promising
therapeutic agents and combinations, such as EV with pembrolizumab, which have shown
substantial potential to enhance patient outcomes. However, challenges persist in determining the
optimal sequencing, duration, and combination of these therapies, as well as in identifying predictive
biomarkers that can guide clinical decision-making.

5.1. Challenges in Optimizing EV Plus Pembrolizumab for Frontline mUC Treatment

The introduction of EV with pembrolizumab in the frontline setting represents a significant shift
in mUC treatment, with this combination showing promise as a potential standard of care for all
patients, regardless of their eligibility for platinum-based chemotherapy. This change raises the
possibility of reserving chemotherapy and targeted agents for later lines of treatment, adding
complexity to treatment decisions 74. However, several questions remain, such as the optimal
duration of therapy, sequencing of treatments, and the potential for EV rechallenge after
discontinuation due to toxicity. Additionally, the role of EV plus pembrolizumab versus EV alone in
patients who have previously received adjuvant immunotherapy is a crucial area of investigation 83,
84. Clinical trials are exploring these questions, including alternative dosing schedules and
maintenance strategies, such as reducing the dosing frequency of EV or implementing maintenance
pembrolizumab after an initial course of EV plus pembrolizumab 85.

As the mUC treatment landscape continues to evolve, the sequencing of therapies is becoming
increasingly complex. The potential widespread adoption of EV plus pembrolizumab as frontline
therapy may shift the use of chemotherapy and other targeted agents to subsequent lines,
necessitating a re-evaluation of current treatment paradigms, particularly for patients who
experience disease progression after first-line therapy 9, 86. Despite the promise of new combinations,
questions remain regarding the role of chemotherapy after progression on EV plus pembrolizumab.
Ongoing trials are examining the efficacy of various sequences, such as gemcitabine-carboplatin
following EV plus pembrolizumab, and exploring the combination of newer agents like sacituzumab
govitecan with pembrolizumab 87, 88. These studies aim to identify the best strategies for managing
mUC in a rapidly changing therapeutic environment.

5.2. Biomarkers of Response

Identifying predictive biomarkers is crucial in frontline mUC treatment to guide therapeutic
decisions. Predicting which patients will benefit most from specific regimens, such as EV plus
pembrolizumab, GC with nivolumab followed by maintenance, or other chemo-immunotherapy
combinations, is essential for optimizing outcomes 89. Current research has made significant
progress in this area, particularly with biomarkers related to immunotherapy, such as PD-L1
expression, microsatellite instability, defective mismatch repair phenotype, and tumor mutational
burden 90. Emerging biomarkers, including circulating tumor DNA (ctDNA) and gut microbiota,
also show promise but require further validation 91. The STING trial underscored the potential of
plasma ctDNA sequencing in mUC 92. The trial demonstrated the feasibility and reliability of ctDNA
in identifying actionable targets and promptly initiating genotype-specific therapies. These findings
highlight the growing importance of biomarkers in tailoring frontline treatments to individual
patients.

5.3. Managing Toxicities in Frontline Therapy

The emergence of EV plus pembrolizumab as a frontline treatment brings not only efficacy but
also challenges in managing associated toxicities. Peripheral neuropathy and skin reactions are
among the most-reported AEs of EV, requiring careful management, especially in patients with
comorbidities such as diabetes. While these toxicities are generally manageable, they can lead to
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treatment interruptions or discontinuation, emphasizing the need for strategies to mitigate these
effects 9, 93. Given the increasing use of EV plus pembrolizumab, there is a growing focus on
optimizing dosing schedules to minimize toxicity while maintaining efficacy. For example, ongoing
clinical trials are exploring fixed-duration EV therapy followed by pembrolizumab maintenance as a
potential approach to improve patient quality of life 94.

To address these challenges, numerous ongoing trials are being conducted to explore optimal
dosing, sequencing, and combination strategies in mUC. Table 3 provides an overview of ongoing
clinical trials in mUC, highlighting the interventions, target populations, and primary endpoints
under investigation.

Table 3.
Estimated Primarv End
Trial. Intervention arm Status Enrollment / Patients ry
Point
Phase
Durvalumab + SoC (CT) or
NCT03682068 Durvalumab + Active, not
(NILE) Tremelimumab + SoC vs recruiting 1292/ LA ormUC 05
SoC
ol oili Acti
NCT03036098 T\ 1Volumab *ipilimumab — Active, not 1307 /TII LA or mUC 0S, PFS
or +50C CT vs SoC recruiting
.. LA or mUC
NCT05302284 (CA48-ADCtoripalimab o 452 /111 with HER 2 S, PFS
vs CT alone .
expressing
NCT03967977 Ci/Car+Grtislelizumab o 420 /111 LA or mUC 0s
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NCT03288545 EV al?ne or plus other Actwt?, .not 348 /111 mUC ORR, pCR, dose
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. recruiting T
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6. Conclusions

The evolving landscape of frontline mUC treatment is marked by a shift from traditional
platinum-based chemotherapy to more innovative and targeted therapies, such as EV plus
pembrolizumab and GC plus nivolumab followed by nivolumab maintenance. These regimens have
significantly improved survival outcomes, offering effective first-line options for a broader range of
patients, including those previously ineligible for cisplatin-based treatments. As EV plus
pembrolizumab becomes increasingly favored owing to its substantial impact on PFS and OS,
managing its associated toxicities, such as neuropathy and other AEs, remains a critical challenge.
Similarly, the GC plus nivolumab combination, with its potential for durable responses, particularly
in node-only disease, offers new hope for curative outcomes. These developments signal a significant
shift in the treatment paradigm.

Future efforts should focus on optimizing treatment strategies, identifying biomarkers to tailor
therapies, and further understanding resistance mechanisms. As new frontline therapies are
integrated into clinical practice, their long-term impact on outcomes and quality of life of patients
will continue to shape the future of mUC treatment.
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