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Metastatic Urothelial Cancer: a rapidly
changing treatment landscape
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Abstract: Despite significant progress, metastatic urothelial cancer remains an incurable
condition with a limited life expectancy. Platinum-based chemotherapy is still the mainstay of
treatment for metastatic disease, but immunotherapy, antibody drug conjugates, and targeted
agents have shown encouraging results in several recent practice changing trials. In this
review, we discuss the standard of care, recent therapeutic advances, ongoing clinical trials,
and future perspectives in metastatic urothelial carcinoma.
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Introduction

According to global cancer statistics, both the inci-
dence and mortality from bladder cancer have
been rising over the past few decades. In 2020,
there were 573,278 new cases and 212,536 deaths.!
At presentation, approximately 70% of bladder
cancers are classified as non-muscle invasive
(NMIBC), involving only the innermost layer of
the bladder wall. About 25% are muscle-invasive
(MIBCQC), involving the muscle and deeper layers of
the bladder wall but still confined to the bladder.
In the remaining 5% of cases, the cancer has
already spread to nearby tissues, lymph nodes, or
to distant metastatic sites such as the lung and
bone. Although only 5% of patients are metastatic
at presentation, nearly 50% of patients with MIBC,
undergoing curative-intent treatment, will eventu-
ally relapse and develop metastatic disease.?3

Survival in the metastatic setting is 12—15 months
with cisplatin-based combination chemothrapy,
but only 3-6months if left untreated.?2 More
recently, with the advent of immunotherapy, anti-
body-drug conjugates, and targeted agents, the
treatment landscape has changed significantly,
with overall survival now approaching 2years.*
The aim of this review is to discuss the current
treatment options, ongoing clinical trials, and
future perspectives for the management of meta-
static urothelial carcinoma.

Methods

We conducted an extensive literature research
using PubMed/Medline databases, Scopus,
Science direct, Google scholar, ASCO abstracts,
and Clinicaltrials.gov. Key words used for the
search included bladder cancer, urothelial carci-
noma, transitional cell carcinoma, oligometasta-
ses,  oligoprogression, molecular biology,
chemotherapy, immunotherapy, immune-oncol-
ogy, checkpoint inhibitors, antibody-drug conju-
gates, Nectin-4, Trop-2 and FGFR inhibitors.

Molecular characterization of

urothelial carcinoma

Two distinct pathways have been implicated in
the pathogenesis of urothelial carcinoma (UC):
papillary and non-papillary UC, which also cor-
responds to nonaggressive and aggressive forms of
the disease. The first arises from tissue hyperplasia
and is characterized by fibroblast growth factor
receptor 3 (FGFR3) gene mutations. It presents
with genetic stability and minimal genetic altera-
tions. The latter arises from severe dysplasia, nor-
mally exhibits alterations in the tumor suppressor
genes p53 and RB transcriptional corepressor 1
(RB1), is genetically unstable, and often develops
multiple chromosomal aberrations during the
course of the disease, including loss of heterozygo-
sity at chromosome 9.5 As expected, non-papillary
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Figure 1. Bladder cancer molecular classification.

cancers have a worse prognosis and usually pre-
sent with higher grade tumors and muscle invasive
disease.b

The Cancer Genome Atlas (TCGA), which
genetically characterized MIBCs, reported that
urothelial carcinomas have one of the highest
somatic mutation rates (median 5.5 per
megabase): similar to that seen in both non-small
cell lung cancers and melanoma. These somatic
mutations may result in neo-antigens appearing
on the cell surface, which can be targeted by the
immune system and may explain, in part, why
these cancers preferentially respond to novel
immunotherapy-based approaches.” In addition
to a high mutation rate, the specific genes in
which the mutations occur, and types of muta-
tions may also be important. Some of the genomic
abnormalities detected by the TCGA analysis
were found in the phosphoinositide 3-kinase
(PI3K)/protein kinase B (AKT)/mTOR pathway,
cyclin dependent kinase inhibitor 2a (CDKN2A)/
cyclin dependent kinase 4 (CDK4)/cyclin D1
(CCND1), receptor tyrosine kinase (RTK)/rat
sarcoma virus (RAS) pathways, Erb-B2 receptor
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= &C
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* 94% of these tumors
present either RB1
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tyrosine kinase 2 (ERBB2) (Her-2), ERBB3, and
fibroblast growth factor receptor 3 (FGFR3);
some of which already represent important thera-
peutic targets in this disease.®

Based on in-depth gene expression profiling,
MIBC can now be classified into different molec-
ular subtypes. At least six proposed molecular clas-
sifications are described.”>°-13 Aiming for a unified
consensus, a recently published analysis has sug-
gested six biologically relevant molecular classes,
labeled respectively as: luminal papillary, luminal
non-specified, luminal unstable, stroma-rich,
basal/squamous, and neuroendocrine-like (Figure
1).14 This simplified classification still needs clini-
cal validation, but supports precision medicine,
by connecting molecular findings and clinical
findings and by identifying biomarkers which
might improve patient management. !4

Immunohistochemical analysis has allowed iden-
tification of several key biomarkers. Programmed
death-ligand 1 (PD-L1) expression, for example,
ranges from 20% to 72% in patients with meta-
static urothelial carcinoma (mUC).!5 Other
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Patient is otherwise fit for cisplatin (ideally

meeting the following Galsky criteria)

* WHO or ECOG performance status <2, or
Karnofsky performance status >60-70%

* CTCAE v5 grade <2 peripheral neuropathy

No

* CTCAE v5 grade <2 audiometric hearing loss
* NYHA class <l heart failure

eGFR (CKD-EPI preferred) and/or

24-h urine collection if feasible Yes

[ ¢ 3

eGFR or BSA-adjusted eGFR or BSA-adjusted eGFR or BSA-adjusted
eGFR >60 ml/min eGFR >50 ml/min eGFR 40-50 ml/min

|

(discuss on a case

‘ by case basis)

b

(Consider the following nephrotoxicity mitigation strategies:

* Decompression if acute obstructive uropathy is present

* Nephrology consultation before cisplatin administration

* Aggressive hydration before, during and after treatment

* Minimize concomitant nephrotoxic medications

* Dose reduction of conventional cisplatin regimens (25-50%)
* Cisplatin dose fractionation using the split-dose gemcitabine

L. and cisplatin regimen (cisplatin 35 mg/m? on day 1 and day 8))

Figure 2. Proposed algorithm for determining eligibility for neoadjuvant cisplatin-based chemotherapy in

patients with MIBC.24
MIBC, muscle invasive bladder cancer.

important biomarkers include nectin-4, which
was found to be positive in almost all cases of
mUC;!% and Trop-2, which was also found to be
widely expressed in up to 83% of cases.!”

First line treatment

Chemotherapy and platinum eligibility

Cisplatin-based chemotherapy remains the pre-
ferred frontline treatment in mUC, with response
rates ranging from 49% to 72%, and overall sur-
vival (OS) of 14-15months, varying according to
the chosen regimen.!®19 Despite encouraging
response rates (RRs), durability is an issue and
most patients will experience disease progression.
In addition, a significant proportion of patients will
be deemed ineligible for cisplatin, according to the
Galsky criteria. These criteria include an Eastern
Cooperative Oncology Group performance status
(ECOG PS) of =2, creatinine clearance (CrCl)
less than 60 ml/min, grade =2 hearing loss, grade
=2 neuropathy, and/or New York Heart
Association Class =1III heart failure.?° In patients

not eligible for cisplatin, carboplatin-based regi-
mens represent an alternative treatment option,
but have lower RRs and shorter OS (9 months)
compared to cisplatin-based regimens.2! Another
emerging option would be to split the cisplatin
dose over 2days, for patients with CrCl ranging
from 40 to 60 ml/min. In a single arm trial this has
been shown to be a feasible approach; however,
this has not yet been compared head-to-head
against either standard cisplatin or carboplatin-
based regimens.22:23

Determining eligibility for cisplatin, one of the most
active drugs in this disease, is therefore a major
consideration in advanced UC. In MIBC, ¥iang
et al. have recently proposed a new algorithm that
emphasizes a multidisciplinary approach to guide
treatment decisions in order to optimize the use of
cisplatin-based chemotherapy in the curative neo-
adjuvant setting?* (Figure 2). Aspects of this new
algorithm can also be applied to the metastatic set-
ting, to maximize the number of patients ultimately
receiving cisplatin-based therapy. Many experts,
for example, will offer cisplatin-based
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Table 1. First line immune checkpoint inhibitors.

Pembrolizumab

Atezolizumab

Phase

Patients

Dosing

ORR

Duration of response
Median 0S

Median PFS

Rate of grade 3/4 treatment-related AEs (%)

Phase Il (Keynote-052)
370
200mg every 3weeks

28.9% (9.5% CR)

39.4% responses ongoing at =48 months

11.3months

2months

19

Phase Il (IMvigor 210, Cohort 1)

119

1200 mg every 3weeks

23% (9% CR]

70% responses ongoing at 17.2months
15.9 months

2.7months
16

AE, adverse events; CR, complete response; ORR, objective response rate; 0S, overall survival; PFS, progression free survival

chemotherapy to patients with a CrCl threshold of
50ml/min or higher, even in the metastatic setting,
given the superiority of cisplatin over all other
agents. Achieving a response and avoiding progres-
sion on front-line therapy is even more critical now,
with the recent approval of maintenance immuno-
therapy with avelumab precisely in patients not
progressing on front-line chemotherapy.

Immunotherapy for cisplatin ineligible patients

In patients with locally advanced or mUC, who
are not eligible for cisplatin-based chemotherapy
and whose tumors express PD-L1, or patients
who are not eligible for any platinum-based regi-
men regardless of PD-L1 status, two immune
checkpoint inhibitors (ICI), atezolizumab and
pembrolizumab, had received accelerated US
Food and Drug administration (FDA) approval,
pending further discussions about the confirma-
tory trials for these agents in this setting. More
recently, the FDA converted the accelerated
approval for Pembrolizumab in patients not eligi-
ble to receive platinum-based chemotherapy, into
a full approval.25-27

Atezolizumab, an anti PD-L1, was studied in the
IMVIGOR 210 single arm, 2-cohort phase II
trial. Cohort 1 enrolled treatment-naive, cispl-
atin-ineligible patients. The objective response
rate (ORR) was 23% in the overall populatio and
OS was close to 16 months. When stratified by
PD-L1 subgroups, the ORR was 21% in ICO,
21% in IC1, 24% in IC1/2/3, and 28% in IC 2/3
patients, detected by the Ventana method (SP142
antibody).?>

Pembrolizumab, an anti PD-1, was studied in
KEYNOTE 052, another single arm phase II
study. Long term outcomes, reported at a follow
up of 5years, showed an ORR of 28.9% in the
entire cohort, including 9.5% complete responses
(CR), and an OS of 11.3months. As expected,
higher responses were seen in patients with a com-
bined positive score (CPS)=10%, but low or
absent PD-L1 did not preclude responses, there-
fore justifying its use for patients unfit for chemo-
therapy, especially taking into consideration the
durability of responses observed in the study?®:27
(Table 1).

Combined chemotherapy and

immune checkpoint inhibitors

Based on the documented benefit of both chemo-
therapy and the ICIs in mUC, several efforts are
underway evaluating a combined approach in the
frontline setting. Additional rationale for this
approach comes from the fact that cisplatin may
even increase PD-L1 expression, potentially trig-
gering resistance to ICI, that could be overcome
by combining both strategies upfront. In addi-
tion, given the aggressive nature of this disease,
some patients may never receive second line ther-
apy, so an upfront strategy may also overcome
this issue.?® Unfortunately, the results so far have
not been as promising as expected, raising the
issue that more intensive treatment, in mUC is
not always better. Some of the reasons for this
could be that chemotherapy and immunotherapy
are targeting a similar population of cells, or that
chemotherapy and immunotherapy are antago-
nistic on some level.
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Table 2. Outcomes of chemotherapy and immune checkpoint inhibitors combination.

Imvigor 130 Keynote 361

Atezolizumab + Chemotherapy + p-value  Pembrolizumab + Chemotherapy alone p-value

chemotherapy placebo chemotherapy
mPFS 8.2months (6.5-8.3) 6.3months (6.2-7.0) 0.007 8.3months (7.5-8.5) 7.1months (6.4-7.9) 0.0033
mQS 16 months (13.9-18.9) 13.4months (12-15.2) 0.023 15.6months (12.1-17.9)  14.3months (12.3-16.7) 0.0407
ORR (%) 47 44 - 54.7 45 -

mOS, median overall survival; mPFs, median progression-free survival; ORR, overall response rate.

Atezolizumab* |

1L, locally

advanced/mUC Atezolizumab**
ECOG PS0-2 Platinum/Gemcitabine
N=1200

| Platinum/Gemcitabine |

Co-primary endpoints: PFS, OS

Keynote 361 ‘

Pembrolizumab* ‘
1L unresectable/

mUC Pembrolizumab**
ECOG PS0-2 Platinum/Gemcitabine
N=990

‘ Platinum/Gemcitabine ‘

‘ Co-primary endpoints: PFS, OS |

+ Monotherapy Atezo/Pembro arms were halted by the FDA after PD-L1 low group had decreased survival

** Atezo/Pembro could be continued until disease progression

Figure 3. Design of first line combination trials: chemotherapy and immune checkpoint inhibitors.

IMvigor 130. IMvigor 130 was a phase III study for
patients with mUC, eligible for platinum-based
chemotherapy. Patients were randomized to one
of three arms: A, atezolizumab plus gemcitabine/
platinum B, atezolizumab alone, or C, placebo
plus platinum/gemcitabine. It should be noted
that patients in arm B were allowed to continue on
atezolizumab as maintenance therapy after the
chemotherapy, and regardless of the response to
chemotherapy. Final PFS results significantly
favored atezolizumab plus chemotherapy [8.2 ver-
sus 6.3 months hazard ratio (HR) 0.82, 95% con-
fidence interval (CI) 0.70-0.96; p=0.007), but
interim OS data did not show a significant
improvement as it did not reach the pre-specified
threshold for p-value (16 versus 13.4months, HR
0.83,95% CI 0.69-1.00; p=0.027). Similarly, OS
comparisons between arms B and C also showed
no statistically significant difference, but numeri-
cally favored atezolizumab in the PD-L1 IC2/3
subgroup (not estimable versus 17.8 months, HR
0.68, 95% CI 0.43-1.08) (Table 2). Although the
ORR favored the combination, there was no clear
evidence of synergy. Another interesting consider-
ation is that a larger effect size was observed when
adding atezolizumab to cisplatin, as opposed to

the carboplatin regimens, but possible imbalances
in baseline factors complicates the interpretation
of these results. Longer follow-up is needed to bet-
ter understand the possible interaction of different
chemotherapy regimens with immunotherapy and
the effect on survival outcomes.?°

Keynote 361. The Keynote-361 study had a very
similar design to IMvigor 130 (Figure 3). Patients
were randomized to pembrolizumab plus platinum/
gemcitabine, pembrolizumab alone, or platinum/
gemcitabine alone, and again were allowed to con-
tinue pembrolizumab as maintenance after the che-
motherapy was completed and regardless of
response. When compared to chemotherapy alone,
the combination of pembrolizumab and chemo-
therapy had a numerically better median PFS (8.3
versus 7.1 months, HR 0.78,0.65-0.93, p=0.0033)
and OS (17 versus 14.3months, HR 0.86, 0.72—
1.02, p=0.0407), but did not reach the significance
threshold for p-value, required for the study to be
declared positive. Again, ORR in the combination
arm did not suggest synergy>° (Table 2).

FDA Warnings. Based on significantly decreased
survival observed in the immunotherapy alone
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Figure 4. Trials with chemotherapy and immune checkpoint inhibitors combination.
*Completed enrolment, awaiting results.

arms on both of these trials compared to chemo-
therapy, the FDA issued a warning that single
agent immunotherapy should only be used in
patients who are not eligible for cisplatin-based
therapy and have PD-L1 expression, or in patients
not eligible for any platinum-based regimens
regardless of PDL1 expression. Given the wide-
spread uptake of immunotherapy and patients’
strong desire to avoid chemotherapy, the FDA
warnings are very important and serve to highlight
why phase III randomized trials remain critical in
evaluating novel therapeutic approaches in this
disease.

DANUBE. Combination ICI (anti PDL1 and anti
CTLA4) was also evaluated in the frontline
DANUBE study. Patients were randomized to
durvalumab (D), durvalumab plus tremelim-
umab (D+T) or standard of care chemotherapy.
The co-primary endpoints were OS in the high
PD-L1 population when comparing durvalumab
versus chemotherapy and OS in the intention to
treat (ITT) population when comparing D+T
versus chemotherapy. Interestingly, an explor-
atory secondary endpoint demonstrated that in
the PDL1 population, the arm receiving D+T
had improved OS wversus the chemotherapy arm
(17.9 versus 12.1 months; HR: 0.74, 0.59-0.93)
and showed comparable ORR (47 versus 48%),
which may warrant further study.3!

Ongoing First Line Combination Studies. The
NILE phase III study (Clinicaltrial.gov identifier:
NCT03682068) is also evaluating the role of
D+T, but this time, in combination with chemo-
therapy. The CheckMate 901 study (Clinicaltrial.
gov identifier: NCT03036098) also has a similar
design, assessing the efficacy and safety of
nivolumab plus chemotherapy and nivolumab
plus ipilimumab versus chemotherapy alone. Both

studies have recently completed enrollment, and
their results will hopefully provide further insight
into the efficacy of immunotherapy combinations,
especially when compared to chemotherapy in
patients with high PD-L1 status (Figure 4).

Maintenance immunotherapy

Maintenance strategies are already considered
standard of care for other advanced solid tumors,
including lung and colorectal cancers. Switch
maintenance approaches differ from continuation
maintenance as it avoids superimposed toxicity. By
using different mechanisms of action, it may be
possible to target subpopulations of tumor cells
that are resistant to first line chemotherapy, thus
delaying disease progression.3? Furthermore,
chemotherapies may increase antitumor immune
activity in many ways, including the depletion of
immunosuppressive cells, such as myeloid derived
suppressor cells (gemcitabine); and increasing
tumor antigen expression and presentation (e.g.
cisplatin, gemcitabine, or paclitaxel), thereby
increasing tumor cells sensitivity to immune-
mediated lysis.32 The cancer immunoediting con-
ceptual framework may help support the rationale
for ICI maintenance after chemotherapy: tumor
growth or the ‘escape phase’ occurs when the
immune system’s capacity to control tumor prolif-
eration is exceeded. Chemotherapy can help the
immune system to regain control of the situation,
preventing further tumor growth and entering an
‘equilibrium phase’. Chemotherapy may also help
by decreasing the tumor burden in the so called
‘elimination phase’. As we know, these effects are
transitory in the majority of patients until resist-
ance mechanisms arise. Administration of mainte-
nance immunotherapy may enhance immune
system activity, prolong the equilibrium phase,
delay disease progression, and extend survival.3233
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Following that premise, the JAVELIN Bladder
100 trial was designed to assess the role of mainte-
nance avelumab, an anti PD-L1, in patients who
had not experienced disease progression after a
first line platinum-based chemotherapy. The co-
primary endpoints were OS in all randomized
patients and in the PD-L1 positive population,
and the results were practice changing. The
median OS among all comers was 21.4 months in
the maintenance avelumab arm versus 14.3 months
favoring the experimental in the best supportive
care arm (HR: 0.69, 95% CI, 0.54-0.92;
p»=0.001), and when looking at the PD-L1 posi-
tive population the survival again favored the ave-
lumab maintenance arm (not estimated versus
17.1months, HR: 0.56, 95% CI, 0.40-0.79,
$»<0.001). Interestingly, longer survival was
observed in both arms, avelumab and control,
when patients had high PD-L1, suggesting that in
the maintenance setting using the specific assay
used in the JAVELIN trial (SP263, Ventana
Medical Systems), PD-L.1 expression may repre-
sent a prognostic marker.* A subsequent subgroup
analysis of the Javelin study aimed to specifically
evaluate the predictive utility of several emerging
biomarkers, including PD-L1 protein expression
(either in the tumor cell or immune cell), tumor
mutational burden, and gene expression signa-
tures, but none of them, either alone or in combi-
nation, optimally predicted OS benefit with
avelumab.3* Another exploratory analysis reported
that OS and PFS were longer with avelumab
maintenance wversus best supportive care alone,
irrespective of the selected chemotherapy regimen
(carboplatin or cisplatin), and irrespective of dis-
ease response (stable disease, complete, or partial
responses).3>

Another maintenance study trial, HCRN GU
14-182, also explored the switch maintenance
strategy. This was a phase II trial with a very simi-
lar design to the JAVELIN trial, and randomized
patients to either pembrolizumab or placebo after
platinum-based chemotherapy, excluding patients
with progressive disease. However, unlike the
JAVELIN trial, patients were offered the possibil-
ity to crossover at disease progression, character-
izing the placebo arm as a treatment break. The
primary endpoint of the study was PFS, and it
reached statistical significant difference favoring
the maintenance arm (5.4 X 3.0months, HR of
0.65, log-rank p value 0.04), but the OS, a second-
ary endpoint, was not significantly different
between the two arms (22 versus 18.7months,
HR: 0.91; 95% CI, 0.52-1.59).36

Despite crossover not being allowed in the
JAVELIN trial, the proportion of patients who
ended up receiving subsequent immunotherapy at
disease progression was similar to those who
crossed over to pembrolizumab in the HCRN GU
14-182 study, so that would not be a definitive
explanation for the discrepancy in the OS results.
What may have contributed is the fact that HCRN
GU trial, unlike the JAVELIN trial, was mainly
conducted in academic centers in the US, where
there was access to a variety of subsequent treat-
ment modalities, including access to many clinical
trials.%36 There was also a slightly higher use of
cisplatin-based regimens in the HCRN GU trial,
compared to the JAVELIN trial, which may also
have improved outcomes in the control arm,
cross-trial comparisons notwithstanding.

Comparing the JAVELIN trial* with trials like
IMvigor 1302 and Keynote 36125, where ICIs
were also given in the maintenance phase, it is
important to note that there was no benefit in OS,
despite patients in the combination arm also
receiving maintenance ICI. As previously dis-
cussed, no significant survival difference was
achieved when immunotherapy was combined
with chemotherapy as opposed to the positive
results achieved with the maintenance strategy.
One possible explanation for this may be attrib-
uted to patient selection, as the ones with progres-
sive disease after chemotherapy were excluded
from the JAVELIN trial. Another key question is
regarding the optimal interval from the end of
chemotherapy to starting on maintenance immu-
notherapy, based on the speculated immunosup-
pressive effect of chemotherapy. In the JAVELIN
trial, avelumab was started 4-10weeks after the
last chemotherapy cycle, and so a post hoc analysis
of survival according to the treatment free-interval
could also be helpful in understanding the optimal
time to start maintenance after chemotherapy
within the 4-10week window.3? Finally, the pro-
portion of patients receiving cisplatin-based chem-
otherapy, as opposed to carboplatin, was higher in
the JAVELIN trial, when compared to both
IMvigor 130 and Keynote-361, which may also
have played a role in the discrepant survival results.

Second line treatment

Immune checkpoint inhibitors

In patients with disease progression during or after
platinum-based chemotherapy, immunotherapy is
currently the standard of care. The efficacy of five
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Table 3. Indirect comparison between immune checkpoint inhibitors
approved in second line.

Drug Phase Patients  ORR (%) mO0S
Pembrolizumab 1] 542 21.1 10.1months
Atezolizumab® I 931 13.4 11.17months
Atezolizumab® Il 316 15 7.9 months
Nivolumab Il 265 20.7 8.7months
Avelumab | 249 17 6.5months
Durvalumab® /1l 182 17.8 18.2months

“FDA indication for second line treatment in mUC was withdrawn in 2021.
mOS, median overall survival; ORR, overall response rate.

different anti PD-1 and PD-L1 antibodies have
been documented in the second line setting, but
pembrolizumab is the only ICI to receive full
FDA approval, based on the results of the Phase
III Keynote 045 study. Keynote-045 randomized
542 patients to receive either pembrolizumab or
investigator’s choice of chemotherapy, in the
second line setting. The primary endpoint was
met. The median OS was significantly improved
in the pembrolizumab arm compared to chemo-
therapy (10.1 versus 7.3 months, HR 0.70, 95%
CI0.57-0.85).38

Atezolizumab received accelerated FDA approval
based on the single arm, phase II study, IMvigor
210, which showed an ORR of 15% and a median
OS of 7.9 months in all patients.?® The IMvigor
211 was a randomized phase III study that had a
very similar design to the Keynote-045 and tested
atezolizumab in the same setting. The primary
endpoint was OS, which was tested hierarchi-
cally, in pre-specified populations according to
PD-L1 expression. In the IC2/3 population
(n=234), OS was not significantly different
between patients in the atezolizumab and chemo-
therapy groups (11.1 versus 10.6months, HR
0.87, 95% CI 0.63-1.21; p=0.41); therefore, as
the study missed its primary endpoint, the FDA
indication was withdrawn. The explanation for
the discrepancies between IMvigor 211 and
Keynote-045 are not fully understood. But, dif-
ferences in the PD-L1 assay used and the fact that
unlike in the IMvigor 211 study, the Keynote-045
trial assessed PD-L1 expression on both immune
and tumor cells, might have played a decisive
role.40

Nivolumab (Checkmate 275),4 avelumab (JAVELIN
solid tumor)4?, and durvalumab* have also
received FDA accelerated approval in previously
treated patients with locally advanced or meta-
static disease based on their phase I/II studies.
Recently, however, the FDA indication for both
atezolizumab and durvalumab in the platinum-
refractory setting has been withdrawn, the latter
based on the negative findings of the confirmatory
DANUBE study. Study details are described on
Table 2.

The combination of nivolumab and ipilimumab
has also been tested in CheckMate 032 trial but
has not been approved for this indication. This was
a multi-cohort phase II study that randomly
assigned patients to nivolumab 3mg/kg single
agent (N3), ipilimumab 1mg/kg plus nivolumab
3mg/kg (IIN3) or ipilimumab 3mg/kg plus
nivolumab 1mg/kg (I3N1), and documented a
higher ORR for the I3N1 arm, of 38%, versus 26
and 27% for the N3 and I1N3 groups, respec-
tively. The median OS was 15.3 months, versus 9.9
and 7.4 months.4*

Differences in clinical outcomes between anti-PD-
L1 and anti PD-1 drugs are not clearly established
but results from a systematic review and meta-
analysis of 19 randomized clinical trials involving
more than 11,000 patients have shown significant
OS advantage favoring anti PD-1.45 In urothelial
carcinomas, PD-1 appears to have an advantage
over anti PD-L1 in the second line setting, but in
the maintenance setting, it seems to be the oppo-
site. Reasons for this are still lacking elucidation,
but may be associated with different assays, cutoff
values, and types of cells where PDL1 expression
is tested (tumor versus immune cells) (Table 3).

Fibroblast growth factor receptor inhibitors
Fibroblast growth factor receptor inhibitors
(FGFRs) (1-4) are tyrosine kinase receptors, that
when activated by their specific ligands, induce
kinase activation, leading to the initiation of
important intracellular processes, that includes
cell proliferation, differentiation, growth, and
survival. Therefore, as expected, some alterations
in FGFR may cause constitutive FGFR signaling
contributing to oncogenesis, including of urothe-
lial lineage.*¢ Targeting these receptors has,
therefore, become an area of growing interest. In
mUC, susceptible alterations are detected in
approximately 15-20% of patients.4”
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Erdafininib is an oral potent tyrosine kinase inhibi-
tor of FGFR 1-4, and currently the only drug of its
class approved for locally advanced or mUC pro-
gressing on platinum-based chemotherapy.
Interestingly, not all FGFR alterations are targeted
by erdafinitib. For that reason, erdafitinib is only
approved in patients with susceptible FGFR3 gene
mutations (R248Cs, S249C, G370C, Y373C) or
FGFR2/3 gene fusions (FGFR3-TACC3, FGFR3
BAIAP2L1, FGFR2-BICC1, FGFR2-CASP7),
and whose disease has progressed during or follow-
ing platinum-based chemotherapy, with prior
immunotherapy also being allowed.*8 This approval
was based on the pivotal phase II BLC2001 trial,*¢
conducted in 99 patients harboring the aforemen-
tioned alterations in FGFR 2 and 3. The confirmed
RR was 40% (95% CI, 31-50); an additional 39%
had stable disease as best response. With a median
follow-up of 11.2months, the median PFS was
5.5months (95% CI, 4.2-6.0), and the median OS
was 13.8months (95% CI, 9.8 to not reached).4’
The most common treatment related adverse
events (TRAE) were hyperphosphatemia (77% any
grade), stomatitis (58%), diarrhea (51%), dry eye
and vision problems (47%) dry mouth (46%),
hand-foot syndrome (23%), onycholysis (18%),
paronychia (17%), and nail dystrophy (16%).
TRAEs = G3 were reported in 46% of the patients,
requiring treatment discontinuation in 13%.47

Despite being approved for the second line setting,
erdafinitib use is mostly reserved for third line, after
progression on immunotherapy. There is a sugges-
tion that FGFR alterations are more prevalent in
luminal papillary tumors, which have reduced
T-cell infiltration, possibly indicating a lower sensi-
tivity to immunotherapy.”*® However, retrospec-
tive data from IMVigor 210 and CheckMate 275
indicates responses to ICI are seen, regardless of
the FGFR status.450 Available data at this point
does not allow any conclusions regarding the FGFR
mutation status as a biomarker for resistance to
ICIs. The results of the ongoing phase III THOR
trial, investigating the role of erdafinitib compared
to chemotherapy or pembrolizumab in patients
with mUC with FGFR gene alterations, will hope-
fully be able to answer how to best sequence these
drugs (Clinicaltrials.govidentifier: NCT03390504).

Subsequent lines of therapy

Another option in the post chemotherapy and
checkpoint inhibitor refractory setting is the anti-
body drug conjugate enfortumab-vedotin (EV).

2%

m. EV binds to
nectin-4
Nectin-4
I ety

Complex internalized
and traffics to lysosome

MMAE released
o
'Y o

|

Results in microtubule disruption
and cell cycle arrest, apoptosis

Figure 5. Mechanism of action of enfortumab-vedotin.

Antibody-drug conjugate [ADC)
Enfortumab-Vedotin. EVs is a monoclonal ADC,
directed against nectin-4, a protein that is highly
expressed in urothelial carcinoma.!® EV, conju-
gated with a microtubule-disrupting agent
(monomethyl auristatin E or MMAE), selectively
binds to nectin-4, resulting in internalization of
the ADC-nectin-4 complex and release of the
MMAE inside the cell. This will ultimately lead to
microtubule disruption and apoptotic cell death
(Figure 5).51

Accelerated FDA approval for EV in patients with
mUC was given based on the results of the EV-201
phase II trial. The confirmed ORR was 44% (95%
CI, 35.1-53.2%), and included 12% CR. The
median PFS and OS were respectively 5.8 months
(95% CI, 4.9-7.5months) and 11.7months (95%
CI, 9.1 months to not reached).!® The most com-
mon side effects associated with EV were fatigue
(50% all grade), alopecia (49% all grade),
decreased appetite (44% all grade), dysgeusia
(40% all grade), and peripheral sensory neuropa-
thy (40% all grade).1¢

&
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The results of the randomized phase III study,
EV-301, have also been recently reported. Patients
with locally advanced or mUC who had previously
received a platinum-based chemotherapy and an
ICI were randomized to receive either EV or sin-
gle agent chemotherapy (z=608). OS, the pri-
mary endpoint, was significantly longer in the EV
arm (12.8 wversus 8.9 months; HR 0.70: 95% CI
0.56-0.89; p=0.001), and mPFS, a key secondary
endpoint, was also prolonged (5.55 wersus
3.71months; HR 0.62; 95% CI, 0.51-0.75;
$<0.001), with no significant differences in AEs
between treatment arms. A survival benefit was
observed across most of the pre-specified sub-
groups, including patients with liver metastasis.52

EV is also currently being investigated in earlier
settings of mUC, supported by comparable ORR
to carboplatin-based chemotherapy in the first
line setting,!2! and its liver metabolism, not
requiring dose adjustments for kidney dysfunc-
tion. Preliminary results of the EV-103, a phase
Ib/II study, showed that the combination of EV
plus pembrolizumab resulted in an ORR of 73%,
in previously untreated patients, ineligible for
cisplatin.>3

Sacituzumab Govitecan

Another ADC that has activity against solid
tumors, including mUGC, is sacituzumab govitecan
(SG). This is a humanized anti-trophoblast cell-
surface antigen 2 (Trop 2) antibody, conjugated
with SN-38, an active metabolite of irinotecan
that inhibits the nuclear topoisomerase 1, induc-
ing double-stranded DNA breaks and, ultimately,
cell death.5%55

TROPHY-U-01 is a multicohort, phase II trial,
investigating the role of SG in patients with mUC
whose disease has progressed after platinum-
based chemotherapy and ICI. The final results of
cohort 1 of this study were recently published>®
and confirmed an ORR of 27% (31/113; 95% CI
19.5-36.6) with 6 CRs. The median PFS was
5.4months (95% CI 3.5-7.2) and median OS
10.9months (95% CI 9.0-12.8). The most com-
mon TRAEs were diarrhea (65% all grade, 10%
=G@G3), followed by, nausea (58% all grade),
fatigue (50%), alopecia (47%), and neutropenia
(46% all grade, 34% =G3). Only 6% had to dis-
continue due to TRAEs and treatment related
death was observed in 1 patient. Based on the
encouraging data from the phase II trial, FDA
granted SG accelerated approval on April 13,

2021. A phase III trial (Clinicaltrial.gov identi-
fier: TROPiCS-04-NCT04527991) is current
underway, comparing SG to single agent chemo-
therapy in the post platinum, post ICI setting

As previously described, SG and EV have differ-
ent mechanisms of action and different toxicity
profiles, therefore making it feasible for both of
them to be used in the same patient throughout
the disease course. The ideal sequencing approach
would, however, need to be validated in prospec-
tive trials.

Single agent chemotherapy

Many chemotherapy options have been tested
for mUC with some response after platinum-
based treatment, most of them in small single
arm trials, including docetaxel, gemcitabine,
ifosfamide, and pemetrexed>’%° (Figure 6).
There are, however, two randomized trials wor-
thy of attention: a phase III study, comparing
vinflunine to best supportive care (BSC) alone,%°
and a phase II trial, comparing paclitaxel to
nab-paclitaxel.6?

Vinflunine plus BSC was compared to BSC alone
in a phase III trial with 370 patients. In the inten-
tion-to-treat population, the survival analysis
numerically favored the vinflunine arm, but failed
to demonstrate statistically significant difference
across treatment arms (6.9 X 4.6 months,
HR:0.88; 95% CI 0.69-1.12, p=0.287), proba-
bly due to imbalances in performance status
between the two arms. An ORR of 9% signifi-
cantly favored the experimental arm (p=0.006).6!
Based on these results, vinflunine has been
approved for second line treatment in Europe,
but is not approved in other parts of the world.

Nab-paclitaxel and paclitaxel were compared in a
randomized phase II trial, conducted across
Canada and Awustralia, which included 199
patients after disease progression on platinum-
based chemotherapy. There was no significant dif-
ference in PFS, OS, or ORR between treatment
arms. The median PFS with nab-paclitaxel was
3.4 versus 3.0months (HR 0.92; 90% CI, 0.68—
1.23; p=0.31), the median OS was 7.5 versus
8.8months (HR, 0.95; 90% CI, 0.70-1.30,
$»=0.40), and the ORR was 22% for nab-pacli-
taxel wersus 25% for paclitaxel (p»=0.97).
Interestingly, more G3/4 TRAEs were observed in
the nab-paclitaxel arm (66 versus 46%, p=0.009),
but the incidence of peripheral neuropathy was
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Figure 6. Management algorithm.

similar. Paclitaxel is a well-known and safe drug
and is relatively inexpensive, with RRs observed in
a quarter of the patients; it therefore remains a
potential option in further lines of treatment.52 In
jurisdictions without access to novel therapies,
paclitaxel remains a viable option in the post-plat-
inum setting, with RRs at least similar to that seen
with second line immunotherapy.

Managing oligometastatic disease and the

role for metastasis directed treatment

With the development of novel imaging modali-
ties, like positron-emission tomography (PET)
scans, the detection rate of distant metastasis has
improved when compared to conventional tech-
niques,%3 leading to the emergence of a new dis-
ease state entitled oligometastatic disease (OM).
Definitions may vary according to the tumor site,
but it is generally described as ‘a solitary or a few

detectable metastatic lesions of a small size that
are generally confined to a single or a few
organs’.%2 The number of metastatic lesions that
would fit the definition normally varies between 3
and 5, but remains an area of controversy.%%0>
This entity has increasingly gained attention due
to the availability of new therapeutic options that
are safe and non-invasive/minimally invasive,
which may lead to long-term survival and, in
some cases, cure.%*

A retrospective study by Ogihara er al, showed
that patients with OM urothelial cancer had bet-
ter survival when compared to non-OM group
(53.3 vs. 16.1%, p<0.001), and are more likely
to respond to chemotherapy, suggesting that OM
foci hold the same characteristics as tumor cells
from the primary.%* Based on that premise, of a
more favorable tumor biology in OM disease, a
hypothesis that the outcomes would be favorable
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regardless of metastasis directed treatment has to
be considered.66-67

A meta-analysis of 17 articles between 1990 and
2015, including 412 patients, demonstrated a
mean time to recurrence of 14.2months after
metastasectomy, with OS ranging from 2 to
60 months. It also reported an improvement in
OS in patients treated surgically, when compared
to the ones undergoing systemic treatment only
(HR 0.63; 95% CI, 0.49-0.81); despite this, most
of the studies were retrospective and non-rand-
omized, possibly associated with serious patient
selection bias.%” The role of consolidative radia-
tion after a partial response to chemotherapy was
studied in a trial including 22 patients with mUC,
and demonstrated a PFS and OS of 13 and
29 months, respectively. A total of 8 patients
(36%) in this study were alive and disease-free
after 6years, of which 6 had limited regional
nodal disease and 2 had distant disease (single
mediastinal lymph node and lung nodule).%8

To date, based on the limited evidence, there is
still no consensus on how to optimally approach
patients with OM urothelial carcinomas, and dis-
cussion in multidisciplinary tumor boards are
important, especially for patients with chemo-
sensitive, low volume disease, confined to lungs
or lymph nodes, where the evidence for integrat-
ing metastasis-directed treatment is stronger.%°
An interesting trial is currently recruiting patients
with metastatic bladder cancer with no more
than 3 residual metastatic lesions after first line
chemotherapy for consolidative radiotherapy
(Clinicaltrial.gov  identifier: BLAD-RADOI-
NCT0448554). Several other trials assessing the
role of radiation for oligometastatic tumor are
also underway, 4 of them allowing inclusion of
patients with mUC (Clinicaltrial.gov identifiers:
NCT03543696,NCT03599765,NCT03862911,
NCTO03721341).

Future perspectives

Unprecedented improvements have been made in
the treatment of mUC in the last few years, with a
number of new treatment options becoming avail-
able for this patient population. Along with the
recent exciting advances, there are a number of
important topics that warrant further discussion.
These include the importance of PD-L1 status as
a prognostic or predictive marker, the assay used
for analysis, predictive and prognostic biomarkers,
and the reason why combining chemotherapy and

immunotherapy in the first line setting has not
demonstrated the expected efficacy.

A recent meta-analysis, compiling results of 27
studies, with over 4 thousand patients, suggested
that PDL1 expression on either tumor cells (T'Cs)
or tumor infiltrating immune cells (ICs) and com-
bined positive score (CPS) was indeed associated
with significantly better ORR to ICI, although not
translated into better OS. The pooled survival
analysis showed that PD-L1 expression on ICs
was an independent predictor of OS.15 There are
currently 4 distinct assays available for PD-L1
assessment (Dako 22-08, Dako 22C3, Ventana
SP142, and SP263), which raise questions regard-
ing interchangeability and comparability among
them, highlighting the need for prospective har-
monization studies to optimize determination of
PD-L1 positivity.®® A study conducted by Mauy:
et al.’® assessed the PD-L1 expression of 139
patients with mUC using all commercially availa-
ble antibodies. They detected a substantial con-
cordance of 80-90% among the antibodies.
However, given the limited discriminative value of
these assays in accurately predicting outcomes in
mUGC, the results of this study may still have lim-
ited effect on overall patient selection for ICIs.

The search for predictive and prognostic bio-
markers in urothelial carcinoma continues.
PD-L1 status has been shown to predict response
in some trials and is required if ICI is being con-
sidered in the front-line cisplatin-ineligible set-
ting2%:21, but ICI response has also been observed
in PD-L1 negative disease.!> The lack of stand-
ardization to assess PD-L1 expression hinders its
use as a reliable biomarker. Moreover, PD-L1 is
a dynamic protein, with variable expression over
time.”! Another possible biomarker is tumor
mutational burden (TMB), already shown to
predict response to ICI in patients with lung can-
cer and melanoma.’?73 Subgroup analysis of the
IMvigor 210 and Checkmate 275 trials demon-
strated a positive correlation of TMB and both
response to ICI and survival,?54571 even when
adjusted for PD-L1 expression, but issues regard-
ing optimal assessment of TMB are yet to be
resolved®. The role of DNA damage repair
(DDR) genes has also been studied as possible
biomarkers in predicting platinum sensitivity in a
retrospective study by Teo er al,”> and docu-
mented a significant improvement in both PFS
(9.3 versus 6.0 months, p=0.007) and OS (23.7
versus 13.0months, p=0.006) in patients with
DDR gene alterations.
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Table 4. Recruiting trials in the first line setting for advanced urothelial carcinoma.

Study name/ID Investigational drug Phase Primary end point

EV-301 Enfortumab-vedotin 1l 0S, PFS

(Clinicaltrial.gov identifier:

NCT04223856)

LEAP-011 (NCT03898180) Sacituzumab-govitecan 1l 0S, PFS

NCT03967977 Tislelizumab 1 0S

NCT04486781 sEphB4-HAS + pembrolizumab Il ORR

NCT04601857 Futibatinib + pembrolizumab Il ORR

AUREA Atezolizumab + split dose cisplatin/gemcitabine |l ORR

(NCT04602078)

NCT04264936 RC48-ADC and JS001 Ib/Il Adverse events and maximal
tolerated dose

NCT03534804 Cabozantinib + pembrolizumab Il ORR

FORT-2 [NCT03473756] Rogaratinib + atezolizumab Il Dose—limiting tOXiCity, TRAE, PFS

NCT03237780 Eribulin mesylate + atezolizumab Il ORR, TRAE, OTR

GCISAVE (NCT03324282) Avelumab + chemotherapy Il
NCT03272217

ORR, proportion of severe toxicity

Atezolizumab + Bevacizumab Il 0S

0S, overall survival; ORR, objective tumor response; PFS, progression free survival; TRAE, treatment related adverse events.

Platinum-based chemotherapy rechallenge has
not yet been tested in prospective trials, but due
to a lack of options in further lines of treatment, it
has been attempted in some instances, especially
if the patient has a good performance status. A
small French case series reported unexpected
responses to cisplatin rechallenge after ICI in
patients deemed refractory to a platinum regi-
men. A total of 12 patients were retrospectively
assessed and results showed 1 (8.3%) CR, 7
(58.4%) PR, 1 (8.3%) stable disease, and 3 (25%)
progressive disease, suggesting that maybe ICIs
can restore platinum sensitivity.’® Rechallenge
with a different checkpoint inhibitor combined or
not with another agent after progression on
immunotherapy has also been proposed as a pos-
sible treatment strategy, but to date there are
insufficient data to support a formal recommen-
dation, and prospective trials are needed to inves-
tigate this promising idea.””

Treatment re-challenge with ICIs has also gained
attention as a promising strategy, demonstrating
encouraging efficacy and safety in a recent sys-
tematic review, where the ORR was 22-36%, the
disease control rate was 40-64%, and the mOS

was 13.4-20.6 months, with <10% grade =3
irAEs.”® Among the 22 studies identified for this
meta-analysis, only 1 included patients with
urothelial carcinoma.” An interesting prospective
trial is currently recruiting patients with mUGC,
with disease progression on a prior PD1/PDL1,
for atezolizumab plus chemotherapy and will
hopefully add important information on the topic
of retreatment (Clinicaltrial.gov identifier:
NCTO03737123). Another phase II study has
been recruiting patients with mUC refractory or
ineligible to cisplatin to investigate intermittent
ICI dosing, where patients with an initial disease
response of =10% will discontinue the ICI until
they experience a =20% disease progression, at
which point the ICI will be restarted (Clinicaltrial.
gov identifier: NCT04322643).

Conclusions

Important advances in metastatic urothelial car-
cinoma have been made in the past few years as
a result of our better understanding of molecular
biology and genomic characterization as well as
large scale multidisciplinary collaborations and
patient engagement. The treatment landscape
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Table 5. Recruiting trials in the second or further lines for advanced urothelial carcinoma.

Study name/ID Investigational drug Phase Primary end point
TROPICS-04 (Clinicaltrial.  Sacituzumab govitecan 11 0S
gov identifier:
NCT04527991)
NCT03448718 Olaparib Il ORR
NCT04383067 Adoptative cell therapy Il OTR
NCT03513952 Atezolizumab + recombinant human IL-7 Il ORR
NCT03557918 Tremelimumab Il ORR
NCT03547973 Sacituzumab govitecan Il ORR
CabUC NCT04066595 Cabozantinib Il ORR
NCT03676946 ZKABO0O1 (PD-L1 antibody) /1 DLT
NCT04562311 Chidamide + immunotherapy Il ORR
NCT03854474 Tazemetostat 1/11 ORR
NCT03744793 Pemetrexede + avelumab Il ORR
NCT04073602 Recombinant humanized anti-HER2 Il ORR
monoclonal antibody-MMAE conjugate
AVETAX-NCTO03575013 Avelumab + taxane Ib DLT/ORR
NCT03915405 KHK2455 (IDO inhibitor) 4 avelumab I TRAE
NCT03606174 Sitravatinib +immunotherapy Il ORR
NCT02717156 sEphB4-HAS + pembrolizumab Il TRAE/ORR
NCT03375307 NCT03375307 Il ORR
NCT04045613 Derazantinib + atezolizumab Ib/Il ORR/recommended
phase Il dose
NCT04349280 Bintrafusp Alfa 1B ORR
NCT04492293 ICP-192 (FGFR inhibitor) Il ORR
NCT03473743 Erdafinitib + cetrelimab 1/11 DLT/ORR/TRAE
NCT03606174 Sitravatinib + PD-(L)1 inhibitor Il ORR

DLT, dose limiting toxicity; OTR, objective tumor response; ORR, objective response rate; TRAE, treatment related adverse

event.

has been rapidly changing, based on the positive
results of many recent trials on immunotherapy,
targeted agents, and antibody-drug conjugate,
resulting in significant OS improvement. At the
same time, we also continue to learn from well
conducted negative trials. A number of studies
evaluating promising therapeutic strategies are
still ongoing and will hopefully provide

information for some important unanswered
questions and further guide treatment sequenc-
ing in advanced urothelial carcinoma (Tables 4
and 5).
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