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Abstract.
BACKGROUND: Poly (ADP-ribose) polymerase (PARP) inhibitors have activity in various cancers. Metastatic urothelial
carcinoma (MUC) is platinum sensitive and a subset harbour DNA repair gene alterations.
OBJECTIVE: To assess evidence for efficacy and safety of PARP inhibition for MUC.
METHODS: This systematic review included randomised clinical trials (RCTs) evaluating PARP inhibitors as monotherapy,
or in therapeutic combinations, compared to relevant comparators or best supportive care. The primary endpoint was pro-
gression free survival (PFS). We searched MEDLINE (Ovid), EMBASE, ClinicalTrials.gov and Cochrane Central Register
of Controlled Trials from March 2013 to March 2023. Each study was appraised using the Cochrane Risk of Bias 2 Tool.
Study results were synthesised descriptively. Registration: PROSPERO CRD42023403145.
RESULTS: From 247 identified reports, we included three phase 2 RCTs including 252 patients. Two RCTs assessed PARP
inhibition in unselected patient groups (one first line platinum ineligible, one post chemotherapy maintenance) and found no
evidence of efficacy. All three RCTs assessed subgroups defined by biomarker selection for somatic DNA repair defects. Two
of these identified PFS benefit with PARP inhibition compared to a relevant comparator (one first line in combination with
immunotherapy, one maintenance monotherapy). Safety outcomes were consistent with prior experience of PARP inhibitors.
The risk of bias across the outcomes was generally low.
CONCLUSIONS: PARP inhibitors lack efficacy for unselected MUC patients. Phase 2 RCTs support further investigation
of PARP inhibition within biomarker-selected patient subsets. The optimal biomarker is not yet determined. Limitations in
the current evidence relate to small sample sizes and low statistical power.
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INTRODUCTION

In 2020, 573,000 new cases of bladder cancer
were diagnosed globally, with 213,000 deaths [1].
The predominant histology is urothelial carcinoma,
which can occur throughout the urinary tract. Locally
advanced or metastatic urothelial carcinoma (MUC)
is an incurable disease with a poor prognosis. The
optimal management approach has been typically
with platinum based, combination, chemotherapy
and PD-1/PD-L1 checkpoint-directed immunother-
apy [2–6]. For patients fit enough to receive it, this
would typically be with a cisplatin based chemother-
apy combination, followed by maintenance avelumab
immunotherapy. Even within this favourable prog-
nosis group, median survival remains in the range of
approximately 2 years [3]. Criteria for ‘cisplatin eligi-
bility’, and more recent proposals to define ‘platinum
eligibility’, provide a framework for clinical decision
making for patients to receive chemotherapy safely
[7, 8]. These criteria are an acknowledgment that
some patients present, de novo, with a disease that
may not be suitable for our current best options for
treatment [3]. As such, there remains a substantial
unmet need for improved therapeutic approaches and
ideally predictive biomarker selection strategies to
facilitate treatment recommendations and sequencing
across the full spectrum of patient fitness.

Within this treatment setting, several molecularly
defined therapeutic targets are under evaluation. The
nectin-4 directed antibody drug conjugate enfor-
tumab vedotin is an established treatment option
for patients previously treated with both chemother-
apy and immunotherapy [9]. Recently presented data
have also demonstrated a survival advantage for a
first line enfortumab vedotin combination with pem-
brolizumab immunotherapy that is likely to replace
the current treatment pathway [10]. Other therapeu-
tic targets, at varying stages of clinical development,
include tumor-associated calcium signal transducer
2 (Trop-2), fibroblast growth factor receptors and
HER2 [3].

In addition, MUC exhibits DNA repair gene
alterations in a proportion of cases. Relevant
genes include, BRCA1, BRCA2, ATM, RB1, PALB2,
FANCC, FANCD2, and ERCC2. This raises the poten-
tial for a therapeutic vulnerability towards agents that
interfere with DNA damage repair, of which the fur-
thest developed are poly (ADP-ribose) polymerase
(PARP) inhibitors [11–13]. MUC pre-clinical mod-
els are sensitive to PARP inhibition, and there is
phenotypic overlap with gene alteration patterns that

are known to predict for responsiveness to platinum
based chemotherapy [14–20]. As such, clinical inves-
tigators have explored an over-arching hypothesis
that agents designed to target cancer cell vulnerability
to alterations in DNA repair, such as with PARP inhi-
bition, might provide a novel approach for therapeutic
development in this disease.

PARP inhibition is a standard of care approach in
a variety of cancers including breast cancer, ovarian
cancer and prostate cancer [11–13]. Across these dis-
eases, there exist a multitude of treatment strategies,
including monotherapy, combination or sequencing
with platinum based chemotherapy or combination
with other treatment modalities such as immunother-
apy. An important consideration for PARP inhibitors
is whether to treat ‘all comers’ or to select those with
favourable predictive biomarkers. Where biomark-
ers are utilised, there are again multiple variations
in practice including the use of germline and/or
somatic alterations in BRCA1 and BRCA2, testing
of broader DNA repair gene panels, the use of sur-
rogate markers for a DNA repair deficient state,
such as high genome-wide loss of heterozygos-
ity (LOH), or clinical enrichment approaches such
as through prior responsiveness to platinum-based
chemotherapy.

PARP inhibition remains an experimental thera-
peutic approach for MUC. However, reports of phase
I and II studies are emerging for this disease. We
therefore undertook a systematic review of currently
available clinical trial data for the use of PARP
inhibition in MUC. We focussed on randomised com-
parisons for advanced disease, but also list data for
non-randomised studies and other aspects of the treat-
ment pathway for this disease.

MATERIALS AND METHODS

This study followed standard methods for con-
ducting systematic reviews and meta-analyses and
conforms to the 2020 Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement [21].

Study objectives

Our objective was to determine the efficacy and
safety of PARP inhibition, either as a monotherapy
or in therapeutic combinations, compared to cur-
rent standard therapy options, for adults with locally
advanced or metastatic urothelial carcinoma.
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Our chosen primary endpoint was progression
free survival (PFS), defined as the time from ran-
domized assignment to cancer progression or death
from any cause. We also allowed for other defini-
tions of progression free survival to be included,
as necessary. Secondary endpoints included over-
all survival, response rates (which we anticipated
might be more applicable to induction therapy rather
than maintenance therapy), duration of response
and adverse events. Data were collected for studies
of both biomarker selected and unselected patient
populations. For the purpose of this systematic
review, biomarker positive status was treated as a
binary distinction (positive or negative), regardless
of the potential for variation in the methodology
and composition of biomarkers between included
studies.

Search strategy and selection criteria

We searched the following electronic biblio-
graphic databases: MEDLINE (Ovid), EMBASE,
ClinicalTrials.gov and Cochrane Central Register
of Controlled Trials (CENTRAL). From this, we
selected all randomised clinical trials published
from March 2013 to March 2023. The search
strategy included terms relating to, or describing,
PARP inhibitors and MUC for patients of any
age. Conference abstracts were included within our
search from March 2020 onwards. Search strings
included any PARP inhibitor used as a single
agent or within combination treatment modalities
and as either an induction or maintenance ther-
apy. Standard care, as defined within each study,
could include other systemic therapies such as
chemotherapy and/or immunotherapy or support-
ive care alone. Language was restricted to English.
Our search details are provided as supplementary
data.

Titles and abstracts were screened by a minimum
of two of the authors independently. Subsequent full
text articles were screened by one person and checked
by a minimum of one person. Any cases of dis-
agreement were resolved by discussion among the
reviewers and if necessary, referred to a third inde-
pendent reviewer. Our search results included a study
on which SJC was the principal investigator and lead
author; he was excluded from the study selection
decision making process and critical appraisal for that
study [22].

In addition, we have listed non-randomised studies
that have reported data for urothelial carcinoma.

Data extraction

Details of the study design, patient characteris-
tics and eligibility criteria were extracted for each
study, together with hazard ratios and associated con-
fidence intervals for PFS, and data for other efficacy
endpoints and adverse events extracted where avail-
able. Where multiple articles reported on a single
study, these were assessed together to ensure that all
available relevant data were considered. Data were
extracted by one reviewer and checked by a second
reviewer.

Risk of bias assessment

We used the Cochrane Risk of Bias Tool for ran-
domised clinical trials (RCTs; version 2) to critically
appraise included studies [23]. Risk of Bias 2 is an
updated version of The Cochrane Collaboration’s tool
for assessing risk of bias in RCTs, and has been
widely used in both Cochrane and non-Cochrane
systematic reviews. The tool includes five domains
of bias (i.e. internal validity), focussing on different
aspects of trial design, conduct, and reporting. A sep-
arate judgement (low risk/high risk/some concerns)
is made for each study result included in this review,
rather than for each study as a whole, to reflect risks
of bias inherently specific to each result in each study.
All studies were critically appraised by one reviewer
and checked by a second. Any disagreement was
resolved through discussion and if necessary, referred
to a third reviewer to reach a decision. Risk of bias
judgements were based on all available trial reports
as well as study protocols/statistical analysis plans
where these could be accessed. A summary of the
bias judgments is presented in the Results section
(Table 1). SJC was excluded from the risk of bias
assessment for the study that he authored.

Strategy for data synthesis

According to the study protocol we aimed to quan-
titatively combine the studies in a meta-analysis for
each outcome, subject to the studies being suffi-
ciently homogeneous, i.e. having similar designs,
settings and participant characteristics. We assessed
the homogeneity of the studies by tabulating their
study characteristics and populations and compar-
ing these visually across the studies. If studies were
deemed adequately homogeneous for meta-analysis
we would synthesise their results for each outcome
quantitatively following the analytical approach spec-



368 S.J. Crabb et al. / PARP Inhibitors for MUC: A Systematic Review

Table 1
Summary of risk of bias assessment

Study Randomization
process

Deviations from
intended
interventions

Missing
outcome data

Measurement of
the outcome

Selection of the
reported results

Overall
judgement

Outcome: Progression-Free Survival (primary outcome for all studies)
ATLANTIS [22] Low Low Low Low Low Low
BAYOU [24] Low Low Low Low Low Low
Meet-URO12 [25] Low Low Low Low Low Low

Outcome: Overall Survival
ATLANTIS Low Low Low Low Low Low
BAYOU Low Low Low Low Low Low

Outcome: Response
ATLANTIS Low Low Low Low Low Low
BAYOU Low Low Low Low Low Low

Outcome: Adverse Events
ATLANTIS Low Low Low Low Low Low
BAYOU Low Low Low Low Low Low
MEET-URO 12 Low Low Low Low Low Low

ified in the protocol. If substantial heterogeneity of
trial populations or methods was detected we would
compare the study results for each outcome in a
descriptive data synthesis. As specified in the proto-
col, any risks of bias identified in the studies for each
outcome would be considered when interpreting the
data synthesis.

Study registration

We prospectively registered this systematic
review on PROSPERO, an international prospective
register of systematic reviews (CRD42023403145;
https://www.crd.york.ac.uk/prospero/display record.
php?ID=CRD42023403145).

RESULTS

Evidence synthesis

The search strategy identified 247 individual
records (titles and abstracts) for screening, once
duplicate records were removed. Of these, 41 poten-
tially relevant records were selected for full text
retrieval and further screening (Fig. 1). A total of
27 full text reports, representing 13 distinct studies
(one a single patient case report), were subsequently
excluded for not fully meeting the inclusion criteria.
These included ongoing studies yet to report results,
studies with non-randomised designs or studies in the
neoadjuvant treatment setting. Three studies (with 14
reports) were identified which met the criteria for
inclusion in this review, with a combined total of 252
patients [22, 24, 25].

Risk of bias assessment

Table 1 provides a summary of the risk of bias
judgements given to each study result included in this
review. Generally, the risk of bias across the respec-
tive studies was considered low. A completed risk
of bias template for each included study, containing
the reviewers’ justification for their judgements, is
available as supplementary material.

Data synthesis

The three RCTs included differed in several
important respects. We therefore considered it inap-
propriate to combine the studies in a meta-analysis.
Instead, we compare the studies’ results for each end-
point in a descriptive analysis below.

Patient and study characteristics

The characteristics of included studies are shown
in Table 2. All three were prospective, randomised,
phase 2 trials of adult patients with stage 4 urothe-
lial carcinoma, with treatment given until disease
progression, if tolerated. Two of these studies
(ATLANTIS, Meet-URO12) tested PARP inhibitor
monotherapy, with rucaparib and niraparib respec-
tively, as a maintenance treatment, for patients who
had gained stabilisation of their disease following
first line, platinum-based, chemotherapy [22, 25].
Both had their recruitment halted, in 2020 and 2021
respectively, before reaching their planned sample
size, following emergent data to support the use of
maintenance avelumab immunotherapy in this treat-
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Fig. 1. PRISMA flow chart for study identification and selection.

ment setting [5]. The global COVID-19 pandemic
was also cited as a reason for recruitment discontin-
uation for ATLANTIS. Both study reports describe a
process of prospective re-profiling of their statistical
design for the subsequently reported study analysis
based on the patients recruited to that point.

The third study (BAYOU) was undertaken in a
treatment naive setting, for patients with platinum
ineligible disease [24]. To our knowledge, this is the
first prospective interventional clinical trial reported
for this group of patients. Platinum ineligibility crite-
ria were defined as the presence of at least one from a
list of a creatinine clearance < 60 mL/min, grade ≥ 2
audiometric hearing loss, grade ≥ 2 peripheral neu-
ropathy, New York Heart Association Class III heart
failure or an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 2. BAYOU tested
the PARP inhibitor olaparib in combination with dur-
valumab immunotherapy compared to durvalumab
monotherapy. ATLANTIS and BAYOU were placebo
controlled and double blinded whereas Meet-URO12
was an open label study.

Patient characteristics for each study are shown
in Table 3 and reflect a typical MUC population
in each case. Differences in characteristics seen
between trials are consistent with the similar eligi-
bility criteria for the ATLANTIS and Meet-URO12
post-chemotherapy maintenance studies, versus the
first line, platinum ineligible, setting for BAYOU.
In most regards, each were reasonably well bal-
anced with respect to reported baseline characteristics
and in the context of the modest respective sample
sizes. Meet-URO12 had some imbalance between
arms with respect to the proportion of those who had
received prior cisplatin-based chemotherapy (62%
intervention arm, 32% comparator).

Biomarker characteristics

Each study assessed biomarker status for a DNA
repair defective phenotype, based on next genera-
tion sequencing analysis of archival, formalin fixed,
paraffin embedded, tumour samples. The ATLANTIS
rucaparib randomisation recruited solely from this
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Table 2
Main characteristics of included studies

ATLANTIS [22] Meet-URO12 [25] BAYOU [24]

Study registration ISRCTN25859465 NCT03945084 NCT03459846
Study design Prospective, randomised phase

2
Prospective, randomised phase
2

Prospective, randomised phase
2

Clinical Setting Maintenance therapy following
platinum containing
chemotherapy

Maintenance therapy following
platinum containing
chemotherapy

First line Platinum ineligible

Population Stage IV urothelial carcinoma Stage IV urothelial carcinoma Stage IV urothelial carcinoma
Age restriction ≥16 years ≥18 years ≥18 years
Intervention Rucaparib Niraparib Durvalumab+olaparib
Comparator Placebo Best supportive care Durvalumab+placebo
Biomarker selected Yes (ITT population) No (Reported as an exploratory

subgroup analysis)
No (A planned secondary
endpoint subgroup analysis)

Primary end point Investigator assessed PFS Investigator assessed PFS Investigator assessed PFS
Number of patients in
the ITT population

40 58 154

Randomisation ratio 1 : 1 2 : 1 1 : 1
Duration of follow up 94.6 weeks (range, 11.4–148.9) 8.5 months (interquartile range:

4.6–11.6)
9.8 months (intervention arm;
range, 0.0–29.0) 10.7 months
(comparator arm; range,
1.0–29.0)

Stratification Cisplatin vs non cisplatin based
chemotherapy ECOG PS First
line chemotherapy response
Presence of visceral disease
Presence of measurable disease
Investigational site‘

First line chemotherapy
response ECOG PS

HRR mutant vs wild type
Lymph node metastases vs
other organ metastases ECOG
performance status

Location UK; multi centre Italy; multi centre Canada, South Korea, Russia,
Spain, Taiwan, United States,
Vietnam; multi centre

ITT, intention to treat; PFS, progression free survival; ECOG PS, Eastern Cooperative Oncology Group performance status; HRR, Homol-
ogous recombination repair.

biomarker-selected group of patients (from within
the wider ATLANTIS platform study, which incor-
porated discrete parallel, biomarker selected, phase 2
randomisations, as previously described) [26]. Meet-
URO12 and BAYOU recruited unselected patient
populations for their stated primary endpoint anal-
ysis, but also undertook biomarker assessment of
patient tumour samples. BAYOU incorporated this
as a prospectively planned secondary endpoint anal-
ysis for PFS, and other stated secondary endpoints,
within its biomarker positive subgroup. Whereas this
subgroup analysis was described as exploratory for
the Meet-URO12 study.

The characteristics of the biomarkers used were
prospectively defined in each study. They were sub-
stantially overlapping between studies, but minor
differences existed, in terms of the gene lists utilised
within each trial. ATLANTIS also designated patients
as biomarker positive where their cancers exhibited
high percentage, genome wide, LOH as a surrogate
marker for DNA repair deficiency. The protocol also

allowed for inclusion where a prior known germ line
alteration in BRCA1 or BRCA2 existed (although no
patients were actually included on this basis). Details
of the biomarker composition within each trial are
presented in Supplementary Table 1.

Primary endpoint: PFS

All three studies designated progression free sur-
vival as their primary endpoint.

Of note, ATLANTIS presented the data for its pri-
mary endpoint with 80% confidence intervals applied
to the point estimates for median PFS, instead of con-
fidence intervals at the conventional level of 95%.
This prospectively determined approach was justified
by the authors based on the relatively rare clinical set-
ting (biomarker positive MUC patients) and within
a ‘signal seeking’ study intended to inform a deci-
sion on progression to phase 3 investigation (rather
than to directly change clinical practice). We have
presented the data related to this outcome with the
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Table 3
Baseline patient characteristics

ATLANTIS [22] Meet-URO12 [25] BAYOU [24]

Treatment arm Rucaparib (N = 20) Placebo
(N = 20)

Niraparib
(N = 39)

BSC
(N = 19)

Durvalumab
+Olaparib
(N = 78)

Durvalumab
+Placebo
(N = 76)

Median age,
years

69.5 71.5 71.0 68.4 79 72

Gender Female 5 (25%) 2 (10%) 0 0 22 (28%) 21 (28%)
Male 15 (75%) 18 (90%) 29 (74%) 14(74%) 56 (72%) 55 (72%)

ECOG PS 0 11 (55%) 10 (50%) 26 (67%) 12 (63%) 12 (15%) 14 (18%)
1 9 (45%) 10 (50%) 13 (33%) 7 (37%) 30 (38%) 34 (45%)
2 0 0 – – 34 (44%) 28 (37%)
Missing – – – – 2 (3%) 0

Smoking Current 3 (15%) 1 (5%) NR NR 33 (42%) 32 (42%)
Non – – NR NR 42 (54%) 43 (57%)
Prior 10 (50%) 12 (60%) NR NR – –
Never 7 (35%) 7 (35%) NR NR – –
Missing 0 0 NR NR 3(4%) 1(1%)

Histology Pure TCC 19 (95%) 20 (100%) NR NR 72 (92%) 68 (89%)
Mixed 1 (5%) 0 NR NR 6 (8%) 8 (11%)

Disease extent Node only 12 (60%) 10 (50%) 7 (18%) 6 (32%) 26 (33%) 28 (37%)
Visceral 8 (40%) 10 (50%) 19 (49%) 11 (58%) 52 (67%) 48 (63%)

Prior platinum Cisplatin 13 (65%) 12 (60%) 24 (62%) 6 (32%) NA NA
Carboplatin 7 (35%) 8 (40%) 15 (38%) 13 (68%) NA NA

Chemotherapy Stable disease 2 (10%) 2 (10%) 17 (44%) 9 (47%) NA NA
response Partial 12 (60%) 12 (60%) 19 (49%) 10 (53%) NA NA

Complete 6 (30%) 6 (30%) 3 (8%) 0 NA NA

BSC, best supportive care; ECOG PS, Eastern Cooperative Oncology Group performance status; NR, not reported; TCC, transitional cell
carcinoma; NA, not applicable.

originally reported 80% confidence interval (in part,
because the data were not available to recalculate to
a conventional 95% interval) [22].

For unselected patient cohorts, no difference in
PFS was demonstrated with the use of PARP inhi-
bition in either the Meet-URO12 or BAYOU studies
(Table 4, Fig. 2A). However, improvement in PFS
was seen within biomarker selected patient cohorts,
through the addition of PARP inhibition to stan-
dard care, in both ATLANTIS (primary endpoint)
and BAYOU (planned secondary endpoint; Table 5,
Fig. 2B). Analysis of PFS in biomarker selected
patients was not pre-specified as an endpoint in the
Meet-URO12 study, and only 47 (81%) of the inten-
tion to treat (ITT) population had samples available
for biomarker analysis. However, point estimates for
median PFS were reported, as an exploratory analy-
sis, for subsets with alteration in pre-specified DNA
repair genes for this study. The authors undertook
this analysis for biomarker definitions with either
‘known’ pathogenic gene alterations (although this
included only 6 randomised patients) and also a wider
subset with ‘any’ gene alteration (including vari-
ants of unknown significance). No difference existed
between treatment arms for median PFS for either of
these biomarker definitions.

Secondary endpoints

Secondary endpoints relating to efficacy, as they
were defined within the respective study protocols,
are listed in Supplementary Table 2. No difference in
overall survival was demonstrated between treatment
arms in any of the three identified studies. Objective
response rates were higher with the addition of ola-
parib to durvalumab in the first line BAYOU study
(28.2% versus 18.4%) but not within the ATLANTIS
study (response rates are not yet reported for Meet-
URO12). Of note, 90% of patients in the ATLANTIS
ITT population had already achieved an objective
radiologic response to their prior first line chemother-
apy indicating that, perhaps, further tumour response
is not an informative secondary endpoint for a post
chemotherapy maintenance treatment study. Median
duration of response was actually shorter in the dur-
valumab plus olaparib treatment arm in BAYOU,
compared to durvalumab plus placebo, with 32% ver-
sus 64% of patients in ongoing response at 12 months
respectively. Other secondary endpoints within each
study are either similar between treatment arms or
not yet reported (Supplementary Tables 2 and 3).

Each study reported adverse events according
to the Common Terminology Criteria for Adverse
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Table 4
PFS outcomes in unselected patient populations

Meet-URO12 [25] BAYOU [24]

Treatment arm Niraparib Best supportive
care

Durvalumab + olaparib Durvalumab + placebo

n 39 19 78 76
Median PFS 2.1 months

(95% CI, 0.9–3.2)
2.4 months
(95% CI, 1.6–3.2)

4.2 months
(95% CI, 3.6–5.6)

3.5 months
(95% CI, 1.9–5.1)

Hazard Ratio 0.87
(95% CI,
0.46–1.67, p = 0.7;
adjusted for
stratification
factors)

0.94
(95% CI, 0.64–1.39,
p = 0.789; stratified by
HRR status)

PFS, progression free survival; CI, confidence interval; HRR, Homologous recombination repair.

Fig. 2. Forest plot for hazard ratios and confidence intervals for selected studies for (A) unselected patients and (B) patients selected for the
presence of a DNA repair gene defective phenotype. Note: the indicated confidence intervals are as reported for the respective trials. For
Meet-URO12 and BAYOU this was set at 95%. For ATLANTIS this was set at 80%.

Events version 4.03 within a defined safety popula-
tion of patients that had received at least one dose of
study medication (for study arms containing either
an active treatment or a placebo). Rates of adverse
events are shown in Supplementary Table 4. Broadly,
these indicate anaemia, fatigue, nausea and anorexia
as the most common treatment emergent adverse
events that differed between treatment arms of the
respective studies. Furthermore, these were predom-
inantly of low grade and remained consistent with
the established adverse event profiles for PARP inhi-
bition in other clinical settings. No new safety signals
emerged for the use of PARP inhibition through these
studies.

Identified studies not meeting criteria for
systematic review inclusion

Other PARP inhibitor trials have been under-
taken in MUC, or are in progress, but did not meet
our prospectively defined criteria for this systematic
review, primarily due to lack of randomised treatment
assignment, and in some cases also their treatment
setting. Those that have reported data, comprising
172 patients in total, are listed in Table 6.

DISCUSSION

Outcomes for MUC remain inadequate and
improvements to therapeutic options are required.
The current use of chemotherapy, immunother-
apy, and nectin-4 directed therapy with enfortumab
vedotin, is based on data in unselected patient
populations. However, it is likely that future therapeu-
tic advance will require patient selection strategies
through the development of predictive biomarkers
for treatment benefit. Recent phase 3 data, demon-
strating superior overall survival with the FGFR
inhibitor erdafitinib compared to chemotherapy, in
a pre-treated MUC subset with alteration in either
FGFR2 or FGFR3, provides an example of this prin-
ciple now entering routine practice. This example is
based on a biomarker that is said to be present in
approximately 20% of cases in the advanced disease
setting [27].

MUC is a platinum chemotherapy responsive dis-
ease that also harbours DNA repair gene alterations
in a subset of patients. As such, clinical evaluation of
PARP inhibition has biological plausibility and it is
also reasonable to hypothesise that phenotypic over-
lap between platinum sensitivity and PARP inhibitor
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Table 5
PFS outcomes in biomarker selected patient populations

Outcomes ATLANTIS [22] Meet-URO12 [25] BAYOU [24]

Rucaparib Placebo Niraparib Best supportive
care

Durvalumab
+olaparib

Durvalumab
+placebo

n 20 20 11 10 17 14
Median PFS 35.3 weeks

(80% CI,
11.7–35.6)

15.1 weeks
(80% CI, 11.9–22.6)

2.0 months
(CI, NR)

2.0 months
(CI, NR)

5.6 months
(95% CI,
1.9–8.1)

1.8 months
(95% CI,
1.7–2.2)

Hazard Ratio 0.53 (80% CI,
0.30 to 0.92;
adjusted for
minimisation
factors)

NR 0.18 (95% CI,
0.06 to 0.47;
stratified by
HRR status)

PFS, progression free survival; CI, confidence interval; NR, not reported; HRR, Homologous recombination repair.

Table 6
Non-randomised studies of PARP inhibitors that include urothelial carcinoma patients

Study PARP inhibitor Number of
patients*

Setting Design Comments

ATLAS [28] Rucaparib 97 Second or third
line, MUC

Single arm, phase 2 No significant clinical
activity in unselected
patients

BISCAY [29] Olaparib
(+durvalumab)

29 Second or
subsequent line,
MUC

Non randomised,
biomarker selected, phase
1b

Outcomes did not appear
qualitatively different
compared with
durvalumab monotherapy
(not randomised)

Case report [30] Olaparib 1 Post-
immunotherapy
and chemotherapy,
MUC

Single patient case report Clinical and radiologic
response in a patient with
a BRCA homozygous
deletion

ARIANES [31] Rucaparib
(+atezolizumab)

16 ‘Platinum
sensitive’ MUC

Multi-cancer ‘basket
study’, phase 2

2 of 16 patients achieved
an objective response

NEODURVARIB [32] Olaparib
(+durvalumab)

29 Neoadjuvant,
MIBC

Single arm, phase 2 Pathological complete
response rate 50%
(secondary endpoint)

∗Representing the ITT population for MUC patients allocated to receive a PARP inhibitor (some studies had non-PARP inhibitor or non-MUC
components). MUC, metastatic urothelial carcinoma; MIBC, muscle invasive bladder cancer.

sensitivity would exist. We investigated the current
state of evidence for efficacy and safety for PARP
inhibition in MUC through systematic review. The
randomised data that exist are limited to phase 2 clin-
ical trials and the number of patients incorporated into
these is modest in total. As such, we view the current
data as signal seeking in nature and routine clini-
cal use of PARP inhibition would not be supported
currently.

In unselected patient groups, there is no current evi-
dence for clinical effectiveness for PARP inhibitors,
at least in the treatment settings that the stud-
ies identified here have evaluated. As such, further
development of PARP inhibition without biomarker
selection is not now supported by the randomised
data available. However, two trials, ATLANTIS and
BAYOU have found evidence to support potential
clinical effectiveness in biomarker selected patients.

A third trial (Meet-URO12) did not show efficacy
within patients with biomarker positive cancers.
However, the number of patients with a pathogenic
gene alteration in this study was very low (only 6
randomised patients). Taken together, the available
data suggest that further development of PARP inhi-
bition in this disease should be through clinical trials
that incorporate a prospectively planned approach to
biomarker selection.

The optimal predictive biomarker strategy for
selecting patients with MUC to receive a PARP
inhibitor remains to be determined. The studies
included here made pragmatic prospective decisions
for the composite biomarker rules to be included
within each study. This resulted in gene lists that,
whilst similar, were not identical. This parallels cir-
cumstances in other cancers where optimal biomarker
composition remains to be fully defined, such as in
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prostate cancer [11]. One consequence, that seems
likely to be replicated in MUC, is that the individ-
ual relevance for each incorporated gene, at least
beyond BRCA1 and BRCA2, may be challenging, if
not impossible to determine. It is likely to be impos-
sible to adequately power a prospective trial to test
individual genes within a composite biomarker. Real-
istically, this probably requires some pragmatism
in gene list choices for future studies. In addi-
tion, ATLANTIS also incorporated high genome
wide LOH as a surrogate for a DNA repair defi-
cient phenotype. This was based on prior data from
ovarian cancer, however exploratory analysis from
ATLANTIS suggested that presence of somatic gene
alterations, rather than inclusion solely on the basis
of LOH status, may have driven the clinical benefit
seen in this trial [22].

The biomarker positive rate across these three trials
was in the range of 13 to 30%. This reduced to an
upper limit of 20% if only somatic gene alterations
are considered [22, 24, 25]. This has implications for
the design and feasibility of future studies of PARP
inhibitors in MUC where biomarker selection is to be
implemented. It is likely that phase 3 assessment of
PARP inhibition in a MUC biomarker defined subset
might require a population of thousands to be pre-
screened for biomarker status in a similar manner
to the recent experience with FGFR inhibition [27].
Getting this aspect of design correct will likely be
important for future success or failure. Unlike, for
example, in prostate cancer, we probably do not have
the luxury of undertaking multiple definitive studies
of PARP inhibition and so the design of a phase 3
study needs to be carefully considered in terms of its
biomarker strategy.

Another consideration for biomarker development
and operating characteristics is the recently pre-
sented data for enfortumab vedotin in combination
with pembrolizumab that has redefined the optimal
initial treatment for MUC patients [10]. This may
have implications for both biomarker selection and
practical questions relating to positioning of PARP
inhibition within the disease pathway. The logical
approach of linkage of PARP inhibition to patients
with platinum sensitive disease, that underpinned the
ATLANTIS and Meet-URO12 studies, might poten-
tially be impacted if platinum based chemotherapy
becomes a second line (or later) treatment option for
some patients. An alternative, of combining PARP
inhibition with enfortumab and pembrolizumab, has
not been evaluated in any form to date.

There are some limitations of this systematic
review, and its findings, which should be noted. Per-
haps most significant is the limitation in statistical
power, across each trial and in combination, based
on the sample sizes included. This is of particular
relevance in respect to ATLANTIS, which opted for
a 90% power and 20% one-sided level of statistical
significance for its prospective sample size calcula-
tion. As a result, it reported 80% confidence intervals
for its primary endpoint which reduces the level of
confidence in its reported outcome. The biomarker
subset analyses for the BAYOU and Meet-URO12
studies are also limited by small sample size and were
not primary endpoints of the respective studies. Other
limitations include our inability to proceed to meta-
analysis because of heterogeneity in trial design and
our search restriction to English language articles.

CONCLUSION

PARP inhibitors should not yet enter routine clin-
ical practice for MUC based on currently available
data. They lack efficacy in unselected patients. How-
ever, despite limitations in statistical power, phase 2
studies do provide support for further clinical investi-
gation of PARP inhibition within biomarker-selected
patient subsets. The optimal components of a pre-
dictive biomarker for patient selection is not yet
determined.
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