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ab
stract

PURPOSE A DNA repair deficiency (DRD) phenotype exists within a subset of metastatic urothelial carcinomas

(mUC) predicting benefit from platinum-based chemotherapy. We tested switch maintenance therapy with the

poly ADP-ribose polymerase inhibitor rucaparib, following chemotherapy, for DRD biomarker–positive mUC.

METHODS DRD biomarker–positive mUC patients, within 10 weeks of chemotherapy, and without cancer

progression, were randomly assigned (1:1) tomaintenance rucaparib 600mg twice a day orally, or placebo, until

disease progression. The primary end point was progression-free survival (PFS). Statistical analysis targeted a

hazard ratio of 0.5 with a 20% one-sided a for this signal-seeking trial. PFS (RECIST 1.1) was compared between

trial arms, by intention to treat, within a Cox model.

RESULTS Out of 248 patients, 74 (29.8%) were DRD biomarker–positive and 40 were randomly assigned. A total

of 12 (60%) and 20 (100%) PFS events occurred in the rucaparib and placebo arms, respectively (median

follow-up was 94.6 weeks in those still alive). Median PFS was 35.3 weeks (80% CI, 11.7 to 35.6) with rucaparib

and 15.1 weeks (80% CI, 11.9 to 22.6) with placebo (hazard ratio, 0.53; 80% CI, 0.30 to 0.92; one-sided

P 5 .07). In the safety population (n 5 39) treatment-related adverse events were mostly low grade. Patients

received a median duration of 10 rucaparib or six placebo cycles on treatment. Treatment-related adverse

events (all grades) of fatigue (63.2% v 30.0%), nausea (36.8% v 5.0%), rash (21.1% v 0%), and raised alanine

aminotransferase (57.9% v 10%) were more common with rucaparib.

CONCLUSION Maintenance rucaparib, following platinum-based chemotherapy, extended PFS in DRD

biomarker-selected patients with mUC and was tolerable. Further investigation of poly ADP-ribose polymerase

inhibition in selected patients with mUC is warranted.

J Clin Oncol 41:54-64. © 2022 by American Society of Clinical Oncology

Licensed under the Creative Commons Attribution 4.0 License

BACKGROUND

Platinum-based chemotherapy is a central component

for palliative systemic therapy for metastatic urothelial

carcinomas (mUC).1,2 Although most patients obtain

initial clinical benefit, disease progression is inevitable

for almost all. Without other intervention, this occurs,

on average, within 2-5 months of completing

chemotherapy.2,3 Subsequent survival and quality-of-

life outcomes are typically poor despite second-line

intervention.4,5 Recent additions to subsequent treat-

ment options, of programmed cell death protein-1–

directed immunotherapy, and the nectin- directed

antibody drug conjugate enfortumab vedotin have im-

proved survival outcomes.4,6,7 However, maintaining

clinical benefit from first-line chemotherapy represents

an attractive strategy to improve outcomes.6,8 Avelumab

maintenance immunotherapy, following first-line che-

motherapy, improves survival and represents a new

standard of care.6 However, only a minority of patients

appear to benefit from immunotherapy. Therefore,

there remains a substantial unmet need for novel,

molecularly directed, treatment options for mUC.
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Rucaparib is a small molecule inhibitor of poly ADP-ribose

polymerase (PARP) 1, 2 and 3, with activity against BRCA1

and BRCA2 altered cancer cell lines. It is approved for re-

lapsed high-grade epithelial ovarian, fallopian tube, or pri-

mary peritoneal cancer, either as switch maintenance

treatment following platinum-based chemotherapy (re-

stricted to platinum sensitive disease in the European

Union), or as a later line of treatment with a BRCA1 or

BRCA2 alteration.9-11 It is also approved (in the United

States) for treatment of metastatic castration resistant

prostate cancer with a BRCA1 or BRCA2 alteration.12

PARP inhibitors, including rucaparib, have been exten-

sively investigated and exhibit clinical activity in various

platinum-sensitive cancers.11,13-17 These data support a

hypothesis that biomarker selection, either through

germline or somatic BRCA1 or BRCA2 alteration, or from a

wider BRCA-like patient group with a DNA repair deficiency

(DRD) phenotype, allows for exploitation of synthetic le-

thality, and a patient selection strategy.18,19 For example, in

platinum-responsive ovarian cancer, patients with BRCA1

or BRCA2 alteration, or with cancers exhibiting high

genome-wide loss of heterozygosity (LOH), experienced

improved progression-free survival (PFS) with rucaparib.11

PARP inhibition is active against multiple bladder cancer

cell lines and xenografts.20 Data also support that a mUC

subset exhibits a DRD phenotype resulting from defects in

various genes including BRCA1, BRCA2, ATM, RB1,

PALB2, FANCC, FANCD2, and ERCC2. A mUC DRD phe-

notype, for which a clear definition remains to be fully val-

idated, may predict benefit following cisplatin-based

chemotherapy in mUC. It also overlaps with potential pre-

dictive biomarkers for PARP inhibition.21-26

We hypothesized that PFS would be improved through switch

maintenance therapy with rucaparib, for patients who gain

clinical benefit following first-line chemotherapy, for mUC that

exhibited a DRD biomarker. We tested this in a randomized

phase II signal-seeking study within the ATLANTIS clinical trial

platform.8 The study was performed before the availability of

data that now support the use of maintenance avelumab,

thereby justifying a placebo control arm.6

METHODS

Study Design and Participants

This study was a randomized comparison within the

ATLANTIS trial, which has been described previously.8 In

brief, ATLANTIS is an adaptive, multicomparison, clinical trial

platform. It tests multiple, biomarker-selected switch main-

tenance therapies for patients withmUC, andwithout disease

progression after completing four to eight platinum-based

chemotherapy cycles, in a series of parallel, randomized,

double-blind, phase II comparisons. A prescreening phase,

from any point after diagnosis of mUC, allows for testing of

archival tumor samples for multiple biomarkers for allocation

to respective randomized comparisons. Patients found to

have a positive DRD biomarker were eligible for subsequent

screening to enter the rucaparib randomized comparison,

which is described here. Other ATLANTIS randomized

comparisons will be reported elsewhere.

For the rucaparib randomized comparison, the composite

DRD biomarker was positive with any of the following pres-

ent: $ 10% genome-wide LOH27 and/or alteration in a de-

fined DRD associated gene (ATM, BARD1, BRCA1, BRCA2,

BRIP1, CDK12, CHEK2, FANCA, NBN, PALB2, RAD51,

RAD51B, RAD51C, RAD51D, and RAD54L) within an ar-

chival tumor sample and/or prior confirmation of a germline

alteration in BRCA1 or BRCA2 (germline testing was not

performed for trial entry purposes). Biomarker testing used

the FoundationOne next-generation sequencing assay.28,29

Other eligibility requirements included stage IV (stage T4b

and/or N1-3 and/or M1), histologically confirmed urothelial

CONTEXT

Key Objective

A minority of patients with metastatic urothelial carcinoma harbor a DNA repair deficiency phenotype, which predicts for

benefit from platinum-based chemotherapy. This randomized phase II clinical trial tested whether the poly ADP-ribose

polymerase inhibitor rucaparib, as switch maintenance therapy following platinum-based chemotherapy, would improve

progression-free survival in patients with DNA repair deficiency biomarker–positive disease.

Knowledge Generated

Maintenance rucaparib extended the primary end point of progression-free survival compared with placebo. Treatment was

tolerable in this setting.

Relevance

Metastatic urothelial carcinoma has a poor prognosis. Development of molecularly targeted treatment options, with

predictive biomarkers to aid patient selection, is an important unmet need. To our knowledge, this is the first data to

demonstrate efficacy for poly ADP-ribose polymerase inhibition in urothelial carcinoma in the maintenance setting.

Broader, prospective validation studies are warranted.
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carcinoma unsuitable for curative treatment options. Pa-

tients were age 16 years or older, with Eastern Cooperative

Oncology Group performance status 0-2, and were re-

quired to commence study treatment within three to

10 weeks of completing four to eight cycles of first-line

platinum-containing chemotherapy given with palliative

intent. Prior neoadjuvant or adjuvant treatments were not

counted as first-line chemotherapy. Prior immunotherapy

was permitted. Adequate organ function required

neutrophils $ 1.5 3 109/L, platelets $ 100 3 109/L,

hemoglobin$ 9 g/dL, bilirubin# 1.5 times the institutional

upper limit of normal (ULN), AST and ALTs # 3 3 ULN

(# 5 3 ULN with liver metastases), serum albumin

$ 28 g/L, and creatinine clearance $ 30 mL/min. Patients

were excluded for cancer progression during, or at com-

pletion of, first-line chemotherapy, prior treatment with a

PARP inhibitor, pre-existing gastrointestinal disorders or

conditions that would affect oral administration, or absorption,

of rucaparib, previous myelodysplastic syndrome, symp-

tomatic or untreated central nervous system metastases, or

use of oral anticoagulants or platelet inhibitors. Complete

eligibility criteria are listed in the Protocol (online only).30

The study was undertaken in accordance with the Dec-

laration of Helsinki and Good Clinical Practice guidelines,

and approved by West of Scotland Research Ethics

Committee (16/WS/0197). All patients provided written

informed consent.

Random Assignment and Masking

Patients were randomly assigned (1:1), on a double-blind

basis, to treatment with rucaparib 600 mg twice a day

orally, or matched placebo, to commence within 10 weeks

of first-line chemotherapy. Random assignment was

stratified via minimization factors (cisplatin-based v non–

cisplatin-based first-line chemotherapy; Eastern Coopera-

tive Oncology Group performance status 0 v 1 v 2; complete

or partial response to first-line chemotherapy v stable

disease; presence of visceral metastases; presence of

measurable disease; and investigational site).

Procedures

Treatment continued until disease progression as assessed

by local investigators by RECIST version 1.1, need for new

anticancer systemic therapy, unacceptable toxicity, or

withdrawal of consent. Dose modifications and delays were

permitted for hematologic and nonhematologic toxicities as

detailed within the protocol.30 Disease evaluation was via

cross-sectional imaging of the chest, abdomen, and pelvis

at baseline, then every 12 weeks in year 1, every 16 weeks

in year 2, and then every 24 weeks until disease pro-

gression. Patients were reviewed every 4 weeks until dis-

ease progression and then for survival status only.

Outcomes

The primary end point was investigator-assessed PFS

measured as the time from random assignment until

progressive disease as defined by RECIST version 1.1 or

death from any cause. Secondary end points included

overall survival (time from random assignment until death

from any cause), confirmed response rates (RECIST ver-

sion 1.1), maximum percentage decrease in measurable

disease, safety, and tolerability (Common Terminology

Criteria for Adverse Events, version 4.03).

Statistical Analysis

The rucaparib comparison statistical design assumed a

median PFS in placebo-allocated patients of 5.4 months

(adjusted for prognostic impact of biomarker selection).3

We targeted a hazard ratio (HR) of 0.5 on the basis of effect

size seen with PARP inhibitors in a similar setting in ovarian

cancer using a similar DRD biomarker signature for patient

selection.11 This required$ 39 PFS events by recruiting 48

patients over 27 months with 8 months of subsequent

follow-up. This provided 90% power, at a 20% one-sided

level of statistical significance (or equivalently 80% power

at the 10% level of statistical significance).31 As a result of a

recruitment hiatus in UK centers from March 2020 be-

cause of the global pandemic, and emergent data to

support use of avelumab immunotherapy in the mainte-

nance setting,6 recruitment was discontinued after random

assignment of 40 patients. Our statistical parameters were

therefore prospectively revised for a single and final analysis

to occur after reaching $ 30 PFS events. This reduced the

power to 85.4%. All other parameters remained un-

changed. Analysis was conducted on an intention-to-treat

(ITT) basis for all efficacy end points with PFS compared

between the treatment allocation arms within a Cox model

incorporating baseline minimization factors. HRs are pre-

sented adjusted for minimization factors (except investi-

gational site as only one site contributed more than five

patients). Worst toxicity grades experienced during treat-

ment were compared using the Mann-Whitney U test. The

study had oversight from an independent data monitoring

committee. A nonbinding test for futility was reviewed by

the independent data monitoring committee after half of the

PFS events had occurred on the basis of a Lan-DeMets

monitoring boundary with an O’Brien-Fleming stopping rule.

ATLANTIS is registered with the ISRCTN registry

(ISRCTN25859465).

RESULTS

Prescreening for the rucaparib randomized comparison

occurred between November 24, 2017, and February 2,

2021. Data cutoff for this analysis occurred on November

17, 2021. A total of 248 patients underwent biomarker

prescreening, of whom 74 (29.8%) were DRD biomarker–

positive. Forty of these were randomly assigned within the

rucaparib comparison (Fig 1). Of patients randomly

assigned, the DRD biomarker was positive because of

$ 10% LOH in 22 (55%), a somatic gene alteration in 11

(27.5%), or both in seven (17.5%). Individual biomarker

56 © 2022 by American Society of Clinical Oncology Volume 41, Issue 1
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status for randomly assigned patients is shown in Figure 2

(no patients were known to have a germline BRCA1 or

BRCA2 alteration). At data cutoff, three patients (15%)

were continuing to receive rucaparib, with none remaining

on placebo. Median duration of follow-up for patients who

remained alive was 94.6 weeks (range, 11.4-148.9 weeks).

Within the ITT population, median age was 70.5 years (range,

53-86 years) with 35 (87.5%) having a primary bladder

cancer and 18 (45%) visceral metastases. Twenty-five pa-

tients (62.5%) had received cisplatin-based chemotherapy

and 36 (90%) had achieved an objective response to first-line

chemotherapy. Patient characteristics are presented in

Registered to ATLANTIS (N = 279)

Prescreened for the rucaparib comparison (n = 248)

DRD biomarker–positive (n = 74)

Randomly assigned (n = 40)

Enrollment

Allocation

Follow-up

Analysis

Recruited before the rucaparib 

comparison opening             (n = 31)

DRD biomarker–negative     (n = 174)

Cabozantinib comparison       (n = 1)

Enzalutamide comparison      (n = 2)

Ineligible                                 (n = 13)

Patient/PI choice                       (n = 9)

Other                                         (n = 9)

Allocated to rucaparib (n = 20)

   Received rucaparib   (n = 19)

   Did not receive rucaparib because

   of rapid cancer progression (n = 1)

Allocated to placebo (n = 20)

   Received placebo   (n = 20)

Lost to follow-up (n = 0)

Discontinued placebo (n = 20)

Analyzed (n = 20)

Lost to follow-up (n = 0)

Discontinued rucaparib (n = 17)

Analyzed (n = 20)

FIG 1. CONSORT diagram. DRD, DNA repair deficiency; PI, principal investigator.
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FIG 2. DRD biomarker status for individual patients (columns) for %LOH and designated somatic genes in patients allocated to (A) rucaparib or (B)

placebo. %LOH, percent genome-wide loss of heterozygosity; DRD, DNA repair deficiency.
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Table 1 and were reasonably balanced between allocated

treatment arms.

Twelve (60%) patients receiving rucaparib and 20 (100%)

receiving placebo have had PFS events. Median PFS was

35.3 weeks (80% CI, 11.7 to 35.6) with rucaparib and

15.1 weeks (80% CI, 11.9 to 22.6) with placebo with an

adjusted HR of 0.53 (80% CI, 0.30 to 0.92; one-sided

P 5 .07; unadjusted HR, 0.51 [0.31 to 0.83]; one-sided

P 5 .04; Fig 3A). A forest plot illustrating how treatment

effect varied with respect to factors in the minimization

algorithm is shown in Figure 4A.

Nine (45%) and 14 (70%) patients had died in the

rucaparib and placebo arms, respectively. Median

overall survival was not reached in the rucaparib treat-

ment arm and 72.3 weeks (80% CI [51.7 to 85.4] for

placebo with an adjusted HR of 1.22 [80% CI, 0.62 to

2.38]; P5 .35; unadjusted HR, 0.70 [80% CI, 0.4 to 1.2];

P 5 .21; Fig 3B).

A total of 36 (90%) patients in the ITT population had

already achieved an objective radiologic response to first-

line chemotherapy with 12 (60%) partial responses and six

(30%) complete responses in both treatment groups.

TABLE 1. Patient Characteristics

Characteristic Rucaparib (n 5 20) Placebo (n 5 20) Total (n 5 40)

Age, years, median (min-max) 69.5 (56-82) 71.5 (53-86) 70.5 (53-86)

Sex, No. (%)

Female 5 (25) 2 (10) 7 (17.5)

Male 15 (75) 18 (90) 33 (82.5)

ECOG PS, No. (%)

0 11 (55) 10 (50) 21 (52.5)

1 9 (45) 10 (50) 19 (47.5)

Smoking history, No. (%)

Current 3 (15) 1 (5) 4 (10.0)

Prior 10 (50) 12 (60) 22 (55.0)

Never 7 (35) 7 (35) 14 (35.0)

Histology, No. (%)

Pure TCC 19 (95) 20 (100) 39 (97.5)

Mixed TCC/SCC 1 (5) 0 (0) 1 (2.5)

Bladder primary, No. (%)

Yes 16 (80) 19 (95) 35 (87.5)

No 4 (20) 1 (5) 5 (12.5)

Visceral metastases, No. (%)

Yes 8 (40) 10 (50) 18 (45.0)

No 12 (60) 10 (50) 22 (55.0)

First-line chemotherapy, No. (%)

Cisplatin-based 13 (65) 12 (60) 25 (62.5)

Carboplatin-based 7 (35) 8 (40) 15 (37.5)

Measurable disease, No. (%)

Yes 9 (45) 12 (60) 21 (52.5)

No 11 (55) 8 (40) 19 (47.5)

Best response to first-line chemotherapy, No. (%)

SD 2 (10) 2 (10) 4 (10.0)

PR 12 (60) 12 (60) 24 (60.0)

CR 6 (30) 6 (30) 12 (30.0)

Median time from chemotherapy to random assignment,

weeks (min-max)

8.1 (4.1-12.0) 7.2 (3.4-10.0)

Abbreviations: CR, complete response; ECOG PS, Eastern Cooperative Oncology Group performance status; PR, partial response; SCC,

squamous cell carcinoma; SD, stable disease; TCC, transitional cell carcinoma.
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A single further confirmed partial response occurred in one

patient (5%) treated with rucaparib. No other objective

radiologic responses to treatment occurred on study, in

either treatment group. A swimmer’s plot depicting time on

treatment, response outcomes, and time to death is shown

in Figure 5. Maximal percentage reduction in measurable

disease was similar between treatment arms with medians

of 25.8% (interquartile range [IQR], 221.2-36.3) and

24.9% (IQR, 217.9-37.7) for rucaparib and placebo

groups, respectively.

As an exploratory post hoc analysis, we assessed PFS

within subgroups defined by the components of the DRD

biomarker. Subgroup sizes limit definitive conclusions, but

a trend is seen toward benefit with use of rucaparib in those

patients with a DRD gene alteration (irrespective of LOH

status) but not with high percentage LOH alone (Fig 4B,

Appendix Table A1, online only).

The safety population comprised 39 patients (one patient

allocated to rucaparib suffered cancer progression before

commencing treatment). Patients received a median du-

ration of 10 cycles (28 days) of treatment with rucaparib

versus six with placebo. The median percentage of maxi-

mum intended dose (reflecting dose reduction and omis-

sion v 600 mg twice a day for all prescribed cycles) was

87.3% (IQR, 75.0-98.2) for rucaparib and 91.3% (IQR,

82.0-97.9) for placebo. Three patients in the rucaparib arm

continue study treatment and none in the placebo group.

Five (26.3%) on rucaparib and one (5%) on placebo have

discontinued treatment because of treatment-related tox-

icity or patient choice. At least one dose reduction was

required in seven (36.8%) patients receiving rucaparib and

four (20%) receiving placebo.

Treatment-related adverse events were mostly low grade

(Table 2). Considering all grades, fatigue (63.2% v 30.0%,

P 5 .03), nausea (36.9% v 5.0%, P 5 .03), rash (21.1% v

0%, P5 .04), and raised alanine aminotransferase (57.9%

v 10%, P5 .003) were more common with rucaparib than

with placebo. There were no treatment-related deaths.

Second-line treatment for cancer progression, following

trial participation, for patients in the rucaparib group was

with programmed cell death protein-1–directed checkpoint

inhibitor immunotherapy in three (25%) patients and

paclitaxel in one (8%) of the 12 who had experienced a PFS

event. For the placebo group, 11 of 20 (55%) patients

received immunotherapy (with one of these also receiving

erdafitinib and an experimental agent).

DISCUSSION

In this efficacy signal-seeking phase II trial, we found that

switch maintenance treatment with rucaparib resulted in

clinically meaningful improvement in the primary end point

of PFS, despite small numbers. The added benefit with

PARP inhibition appears to have been primarily through

maintenance of established clinical benefit from prior

chemotherapy, rather than through further reductions in

cancer volume and objective radiologic response. This

mirrors experience with maintenance immunotherapy for

mUC, where objective response rates were also low, and is

relevant to clinical trial design in the maintenance setting.6

This pattern of anticancer effect was to be anticipated

within a population selected not only through clinical

benefit from chemotherapy, but also for a biomarker for a

DRD phenotype. Indeed, we saw a 90% objective response

rate to prior chemotherapy, for example, compared with

Time Since Random Assignment (weeks) 

O
S

 (
p

ro
b

a
b

ili
ty

)

0 15 30 45 60 75 90 105 120 135 150

0.25

0.50

0.75

1.00

No. at risk:

20 18 15 13 11 10 0Rucaparib

20 20 18 14 10

6 3 1 1

8 6 4 2 0 0Placebo

Rucaparib

Placebo

Median (80% CI), weeks

Rucaparib NR

Placebo 72.30 (51.70 to 85.40)

HR (80% CI) 1.22 (0.62 to 2.38)

P .35

B

Time Since Random Assignment (weeks) 

P
FS

 (
p

ro
b

a
b

ili
ty

)

0 10 20 30 40 50 60 70 80 90

0.25

0.50

0.75

1.00

No. at risk:

Rucaparib 20 12 8 7 3 3 3 2 1 0

20 19 9 3 2 2 2 1 0 0Placebo

Median (80% CI), weeks

Rucaparib 35.30 (11.70 to 35.60)

Placebo 15.10 (11.90 to 22.60)

HR (80% CI) 0.53 (0.30 to 0.92)

P .07

Rucaparib

Placebo

A

FIG 3. Kaplan-Meier curves of (A) progression-free survival and (B) overall survival. HR, hazard ratio; NR, not reached.

Journal of Clinical Oncology 59

Maintenance Rucaparib in Biomarker-Selected Urothelial Carcinoma



A

Favors Rucaparib Favors Placebo

    Overall (n = 40)

    No (n = 19)

    Yes (n = 21)

Presence of measurable disease (P = .329)

    No (n = 22)

    Yes (n = 18)

Best response to first-line chemotherapy (P = .230)

    Complete or partial response (n = 36)

    Stable disease (n = 4)

Presence of visceral metastases (P = .957)

    1 (n = 19)

    0 (n = 21)

Cisplatin- v non−cisplatin-based chemotherapy (P = .218)

    Cisplatin (n = 25)

    Noncisplatin (n = 15)
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Both (n = 7)
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FIG 4. Forest plot to show variation in progression-free survival treatment effect with respect to (A) minimization factors and (B) whether patients

were found to be DRD biomarker–positive on the basis of an alteration in a prespecified list of DNA repair genes, or because of $ 10% LOH, or

both. %LOH, percentage genome-wide loss of heterozygosity; DRD, DNA repair deficiency; ECOG PS, Eastern Cooperative Oncology Group

performance status; HR, hazard ratio.
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72% in the JAVELIN Bladder 100 maintenance avelumab

trial (where biomarker selection was not employed).6 Im-

pact of biomarker selection was also reflected in our control

arm median PFS of 15.1 weeks versus 2.1 months in

JAVELIN Bladder 100. The additional toxicity associated

with treatment was consistent with prior experience for

PARP inhibition, and rucaparib specifically. Rucaparib

appears to have an acceptable safety and tolerability profile

for administration in this clinical setting.

Rucaparib monotherapy has been tested in mUC previ-

ously in the single-arm, phase II, ATLAS trial, which en-

rolled patients in the second- or third-line palliative setting.

Patients were not selected by biomarker status or prior

clinical benefit from platinum chemotherapy. The trial did

not meet its primary end points, with no confirmed objective

responses in the unselected ITT population, or within a

subset exhibiting $ 10% genome-wide LOH (from tumor

samples taken at trial entry).27 This LOH cut point was

selected for ATLAS, and was subsequently included within

our composite biomarker, on the basis of data that it op-

timally differentiated survival benefit for urothelial carci-

noma following platinum-based chemotherapy.27 In

addition, in the BISCAY phase Ib platform study, for second

or subsequent line treatment of mUC, one of six biomarker

selected treatment arms included nonrandomized cohorts

receiving the PARP inhibitor olaparib combined with
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durvalumab immunotherapy. Outcomes did not appear

qualitatively different, either compared with durvalumab

alone, or with respect to presence or absence of a 15-gene

panel biomarker for DNA homologous recombination repair

deficiency, although response rates appeared higher in the

DRD population (35% v 9%).32 The discordance of results

between these studies and ours may potentially relate to our

use of a first-line switch maintenance treatment strategy.

This results in a cohort with established, and current,

chemotherapy benefit rather than the need for salvage at

the point of cancer progression in a mixed population of

patients, which includes innate or acquired platinum

resistance.

Since ATLANTIS was launched, therapeutic options in this

setting have evolved with an established survival advantage

for maintenance avelumab immunotherapy in unselected

patients.6 Further development of PARP inhibition may

therefore need to be within the context of immunotherapy

combinations. This practical reality may have implications

for both the functionality, and potentially even the need, for

patient selection biomarkers. It may also affect aspects of

tolerability, for a patient population with relative frailty, who

have recently completed chemotherapy.

Our study has some limitations. Our planned sample size

was affected through the global pandemic and emergent

new data for avelumab immunotherapy for this clinical

setting. Our statistical analysis was adjusted prospectively

to allow for meaningful data to be presented. Nevertheless,

the sample size was small, and the possibility of type 1 error

is therefore relatively high, and we had some imbalances in

prior cisplatin exposure, performance status, and presence

of visceral and measurable disease. At the point that we

designed this study, there was no standard, and no prior

clinical data, to guide the design for a biomarker selection

approach. As such, the gene panel and utilization of a LOH

cut point were based on the known genomics of mUC and

extrapolation from data in other cancers. Future develop-

ment of PARP inhibition for mUC should ideally look to

validate, and evolve, our understanding of the optimal

approach and need for a predictive biomarker for patient

benefit. Exploratory subgroup analysis, which should be

interpreted with caution, suggests that the benefit derived

from rucaparib may have been limited to within those with a

defined gene alteration. We suggest that a gene panel

approach alone, without incorporating LOH, may be opti-

mal for patient selection. Future prospective trials will be

required for this to be validated as a predictive biomarker.

This trial also lacked central radiology review, although this

was partially mitigated by the double-blind design.

In conclusion, PARP inhibition with rucaparib extended

PFS as a switch maintenance approach in biomarker se-

lected patients with mUC, despite small numbers in the

trial. Further development of PARP inhibition inmUC is now

warranted. This may require combination strategies and will

require further scrutiny of patient genomic phenotypes to

optimally integrate into the increasingly complex treatment

pathway for this disease.

TABLE 2. Treatment-Related Adverse Events Occurring in At Least 10% of Patients Within Either Treatment Arm

Adverse Event

Rucaparib (n 5 19),

No. (%)

Placebo (n 5 20),

No. (%)

PAll Grade Grade ‡ 3 All Grade Grade ‡ 3

Lymphopenia 15 (78.9) — 17 (85) — .610

Anemia 15 (78.9) 1 (5.3) 15 (75) — .340

Fatigue 12 (63.2) 1 (5.3) 6 (30) — .030

Low phosphate 11 (57.9) — 9 (45) — .250

Raised ALT 11 (57.9) — 2 (10) — .003

Nausea 7 (36.8) — 1 (5) — .030

Raised ALP 6 (31.6) — 3 (15) 1 (5) .350

Rash 4 (21.1) — — — .040

Anorexia 3 (15.8) — — — .080

Hypertension 2 (10.5) 1 (5.3) 3 (15) — .760

Pruritus 2 (10.5) — — — .160

Abdominal pain 1 (5.3) — 2 (10) — .610

Diarrhea 1 (5.3) — 2 (10) — .610

Hyperkalemia 1 (5.3) — 2 (10) — .610

Abbreviation: ALP, alkaline phosphatase.

62 © 2022 by American Society of Clinical Oncology Volume 41, Issue 1

Crabb et al



AFFILIATIONS
1Southampton Experimental Cancer Medicine Centre, University of

Southampton, Southampton, United Kingdom
2University of Sheffield and Sheffield Teaching Hospitals, Sheffield,

United Kingdom
3CRUK Glasgow Clinical Trials Unit, University of Glasgow, Glasgow,

United Kingdom
4The Christie NHS Foundation Trust, Manchester, United Kingdom
5Velindre Cancer Centre, Cardiff, United Kingdom
6Northern Centre for Cancer Care, Newcastle upon Tyne, United Kingdom
7Portsmouth Hospitals NHS Trust, Portsmouth, United Kingdom
8Leicester Royal Infirmary NHS Trust, Leicester, United Kingdom
9Dorset Cancer Centre, University Hospitals Dorset NHS Foundation

Trust, Poole, United Kingdom
10University College Hospital, University College London Hospitals NHS

Foundation Trust, London, United Kingdom
11Royal Blackburn Teaching Hospital, East Lancashire Hospitals NHS

Trust, Blackburn, United Kingdom
12Guy’s and St Thomas’ NHS Foundation Trust, London, United Kingdom
13Nottingham University Hospitals NHS Trust, Nottingham,

United Kingdom
14Musgrove Park Hospital, Taunton, United Kingdom
15Maidstone and Tunbridge Wells NHS Trust, Maidstone,

United Kingdom
16Rosemere Cancer Centre, Lancashire Teaching Hospitals NHS

Foundation Trust, Preston, United Kingdom
17St Bartholomew’s Hospital, London, United Kingdom

CORRESPONDING AUTHOR
Simon J. Crabb, PhD, MBBS, Southampton Experimental Cancer

Medicine Centre, University of Southampton, Southampton General

Hospital, Southampton SO16 6YD, United Kingdom; e-mail: S.J.Crabb@

southampton.ac.uk.

DISCLAIMER
The funders had no other role in study design, data collection, data

analysis, data interpretation, or writing of the report.

PRIOR PRESENTATION
Presented in part at the ASCO Genitourinary Cancers Symposium

(ASCO-GU), San Francisco, CA, February 17-19, 2022.

SUPPORT
ATLANTIS is funded by Cancer Research UK (A18386). The rucaparib

randomised comparison received funding, and provision of rucaparib and

placebo, from Clovis Oncology. Clovis Oncology also provided advice in

defining the components of the DRD biomarker and funding to

Foundation Medicine to undertake biomarker analysis.

CLINICAL TRIAL INFORMATION
ISRCTN25859465 (ATLANTIS)

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF

INTEREST
Disclosures provided by the authors are available with this article at DOI

https://doi.org/10.1200/JCO.22.00405.

DATA SHARING STATEMENT
The ATLANTIS investigators are committed to sharing data with others in

the field, who wish use it for high-quality peer-reviewed research. We are

happy to consider proposals from researchers and will share deidentified

individual-patient data to the maximum extent, subject to individual

study constraints relating to (1) ethical approval and informed consent;

(2) contractual and legal obligations, including a data sharing agreement;

and (3) publication timelines (data will not normally be shared before

publication of the primary results). All proposals will be reviewed for their

scientific merit by the trial management group. Only data relevant to the

objectives of a particular proposal will be provided. To make a proposal,

please contact CRUK Glasgow CTU via e-mail at mvls-ctu-enquiries@

glasgow.ac.uk.

AUTHOR CONTRIBUTIONS
Conception and design: Simon J. Crabb, Jim Barber, Thomas Powles,

Robert J. Jones

Financial support: Simon J. Crabb

Administrative support: Simon J. Crabb, Eileen Soulis, Avril Trevethan

Provision of study materials or patients: Simon J. Crabb, Syed Hussain,

John Frew, Joanna Gale, Susannah Brock, Ursula McGovern, Deborah

Enting, Kathryn Lees, Robert J. Jones

Collection and assembly of data: Simon J. Crabb, Syed Hussain, Eileen

Soulis, Avril Trevethan, YeePei Song, John Frew, Joanna Gale, Guy Faust,

Susannah Brock, Ursula McGovern, Omi Parikh, Deborah Enting,

Santhanam Sundar, Gihan Ratnayake, Kathryn Lees, Alison J. Birtle,

Robert J. Jones

Data analysis and interpretation: Simon J. Crabb, Syed Hussain, Samantha

Hinsley, Laura Dempsey, Deborah Enting, Santhanam Sundar, Alison

J. Birtle, Thomas Powles, Robert J. Jones

Manuscript writing: All authors

Final approval of manuscript: All authors

Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT
The authors wish to thank the participants, the coinvestigators, and the

site personnel who participated in this study. The authors thank Melanie

Costin, our patient research partner. The authors thank the independent

data monitoring committee: Dr Lisa Pickering (Chair), Angela Casbard,

and Dr Ros Glasspool.

REFERENCES

1. von der Maase H, Hansen SW, Roberts JT, et al: Gemcitabine and cisplatin versus methotrexate, vinblastine, doxorubicin, and cisplatin in advanced or

metastatic bladder cancer: Results of a large, randomized, multinational, multicenter, phase III study. J Clin Oncol 18:3068-3077, 2000

2. De Santis M, Bellmunt J, Mead G, et al: Randomized phase II/III trial assessing gemcitabine/carboplatin and methotrexate/carboplatin/vinblastine in patients

with advanced urothelial cancer who are unfit for cisplatin-based chemotherapy: EORTC study 30986. J Clin Oncol 30:191-199, 2012

3. Powles T, Huddart RA, Elliott T, et al: Phase III, double-blind, randomized trial that compared maintenance lapatinib versus placebo after first-line che-

motherapy in patients with human epidermal growth factor receptor 1/2-positive metastatic bladder cancer. J Clin Oncol 35:48-55, 2017

4. Bellmunt J, de Wit R, Vaughn DJ, et al: Pembrolizumab as second-line therapy for advanced urothelial carcinoma. N Engl J Med 376:1015-1026, 2017

5. Powles T, Durán I, van der Heijden MS, et al: Atezolizumab versus chemotherapy in patients with platinum-treated locally advanced or metastatic urothelial

carcinoma (IMvigor211): A multicentre, open-label, phase 3 randomised controlled trial. Lancet 391:748-757, 2018

6. Powles T, Park SH, Voog E, et al: Avelumab maintenance therapy for advanced or metastatic urothelial carcinoma. N Engl J Med 383:1218-1230, 2020

7. Powles T, Rosenberg JE, Sonpavde GP, et al: Enfortumab vedotin in previously treated advanced urothelial carcinoma. N Engl J Med 384:1125-1135, 2021

Journal of Clinical Oncology 63

Maintenance Rucaparib in Biomarker-Selected Urothelial Carcinoma



8. Fulton B, Jones R, Powles T, et al: ATLANTIS: A randomised multi-arm phase II biomarker-directed umbrella screening trial of maintenance targeted therapy

after chemotherapy in patients with advanced or metastatic urothelial cancer. Trials 21:344, 2020

9. Kristeleit R, Shapiro GI, Burris HA, et al: A phase I-II study of the oral PARP inhibitor rucaparib in patients with germline BRCA1/2-mutated ovarian carcinoma or

other solid tumors. Clin Cancer Res 23:4095-4106, 2017

10. Coleman RL, Oza AM, Lorusso D, et al: Rucaparib maintenance treatment for recurrent ovarian carcinoma after response to platinum therapy (ARIEL3): A

randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 390:1949-1961, 2017

11. Swisher EM, Lin KK, Oza AM, et al: Rucaparib in relapsed, platinum-sensitive high-grade ovarian carcinoma (ARIEL2 Part 1): An international, multicentre,

open-label, phase 2 trial. Lancet Oncol 18:75-87, 2017

12. Abida W, Patnaik A, Campbell D, et al: Rucaparib in men with metastatic castration-resistant prostate cancer harboring a BRCA1 or BRCA2 gene alteration.

J Clin Oncol 38:3763-3772, 2020

13. Audeh MW, Carmichael J, Penson RT, et al: Oral poly(ADP-ribose) polymerase inhibitor olaparib in patients with BRCA1 or BRCA2 mutations and recurrent

ovarian cancer: A proof-of-concept trial. Lancet 376:245-251, 2010

14. Poveda A, Floquet A, Ledermann JA, et al: Olaparib tablets as maintenance therapy in patients with platinum-sensitive relapsed ovarian cancer and a BRCA1/2

mutation (SOLO2/ENGOT-Ov21): A final analysis of a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet Oncol 22:620-631, 2021

15. Reiss KA, Mick R, O’Hara MH, et al: Phase II study of maintenance rucaparib in patients with platinum-sensitive advanced pancreatic cancer and a pathogenic

germline or somatic variant in BRCA1, BRCA2, or PALB2. J Clin Oncol 39:2497-2505, 2021

16. Wu XH, Zhu JQ, Yin RT, et al: Niraparib maintenance therapy in patients with platinum-sensitive recurrent ovarian cancer using an individualized starting dose

(NORA): A randomized, double-blind, placebo-controlled phase III trial. Ann Oncol 32:512-521, 2021

17. Tutt A, Robson M, Garber JE, et al: Oral poly(ADP-ribose) polymerase inhibitor olaparib in patients with BRCA1 or BRCA2 mutations and advanced breast

cancer: A proof-of-concept trial. Lancet 376:235-244, 2010

18. Bryant HE, Schultz N, Thomas HD, et al: Specific killing of BRCA2-deficient tumours with inhibitors of poly(ADP-ribose) polymerase. Nature 434:913-917,

2005

19. Lord CJ, Tutt AN, Ashworth A: Synthetic lethality and cancer therapy: Lessons learned from the development of PARP inhibitors. Annu Rev Med 66:455-470,

2015

20. Jian W, Xu HG, Chen J, et al: Activity of CEP-9722, a poly (ADP-ribose) polymerase inhibitor, in urothelial carcinoma correlates inversely with homologous

recombination repair response to DNA damage. Anticancer Drugs 25:878-886, 2014

21. Nickerson ML, Dancik GM, Im KM, et al: Concurrent alterations in TERT, KDM6A, and the BRCA pathway in bladder cancer. Clin Cancer Res 20:4935-4948,

2014

22. Mullane SA, Werner L, Guancial EA, et al: Expression levels of DNA damage repair proteins are associated with overall survival in platinum-treated advanced

urothelial carcinoma. Clin Genitourin Cancer 14:352-359, 2016

23. Plimack ER, Dunbrack RL, Brennan TA, et al: Defects in DNA repair genes predict response to neoadjuvant cisplatin-based chemotherapy in muscle-invasive

bladder cancer. Eur Urol 68:959-967, 2015

24. Yin M, Grivas P, Emamekhoo H, et al: ATM/RB1 mutations predict shorter overall survival in urothelial cancer. Oncotarget 9:16891-16898, 2018

25. Miron B, Hoffman-Censits JH, Anari F, et al: Defects in DNA repair genes confer improved long-term survival after cisplatin-based neoadjuvant chemotherapy

for muscle-invasive bladder cancer. Eur Urol Oncol 3:544-547, 2020

26. Yap KL, Kiyotani K, Tamura K, et al: Whole-exome sequencing of muscle-invasive bladder cancer identifies recurrent mutations of UNC5C and prognostic

importance of DNA repair gene mutations on survival. Clin Cancer Res 20:6605-6617, 2014

27. Grivas P, Loriot Y, Morales-Barrera R, et al: Efficacy and safety of rucaparib in previously treated, locally advanced or metastatic urothelial carcinoma from a

phase 2, open-label trial (ATLAS). BMC Cancer 21:593, 2021

28. Frampton GM, Fichtenholtz A, Otto GA, et al: Development and validation of a clinical cancer genomic profiling test based on massively parallel DNA se-

quencing. Nat Biotechnol 31:1023-1031, 2013

29. Foundation Medicine Inc: FoundationOneCDx next generation sequencing test. https://www.foundationmedicine.com/test/foundationone-cdx

30. Protocols.io: ATLANTIS: An adaptive multi-arm phase II trial of maintenance targeted therapy after chemotherapy in advanced/metastatic urothelial cancer -

Rucaparib arm. https://www.protocols.io/view/atlantis-an-adaptive-multi-arm-phase-ii-trial-of-m-b4e9qth6/abstract

31. Hong S, Wang Y: A three-outcome design for randomized comparative phase II clinical trials. Stat Med 26:3525-3534, 2007

32. Powles T, Carroll D, Chowdhury S, et al: An adaptive, biomarker-directed platform study of durvalumab in combination with targeted therapies in advanced

urothelial cancer. Nat Med 27:793-801, 2021

n n n

64 © 2022 by American Society of Clinical Oncology Volume 41, Issue 1

Crabb et al



AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

A Randomized, Double-Blind, Biomarker-Selected, Phase II Clinical Trial of Maintenance Poly ADP-Ribose Polymerase Inhibition With Rucaparib Following

Chemotherapy for Metastatic Urothelial Carcinoma

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless otherwise noted.

Relationships are self-held unless noted. I5 Immediate Family Member, Inst5My Institution. Relationships may not relate to the subject matter of this manuscript.

For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open Payments).

Simon J. Crabb

Honoraria: Roche, MSD, Bayer, Astellas Pharma, AstraZeneca, Janssen

Consulting or Advisory Role: Roche, AstraZeneca, BeiGene, Pfizer, MSD,

Astellas Pharma, Novartis, EMD Serono

Research Funding: AstraZeneca, Astex Pharmaceuticals, Clovis Oncology,

Roche

Expert Testimony: MSD, Merck/Pfizer

Travel, Accommodations, Expenses: Bayer, Janssen, Bristol Myers Squibb

Syed Hussain

Consulting or Advisory Role: Pierre Fabre, Bayer, Janssen Oncology, Roche,

Merck, Bristol Myers Squibb, AstraZeneca, Pfizer, GlaxoSmithKline

Research Funding: Boehringer Ingelheim, Janssen-Cilag, Pierre Fabre

Travel, Accommodations, Expenses: Janssen-Cilag, Bayer, Boehringer

Ingelheim, Pierre Fabre, Pfizer, Roche, MSD Oncology

YeePei Song

Honoraria: Bayer

Consulting or Advisory Role: Bayer, Merck

John Frew

Consulting or Advisory Role: Novartis

Guy Faust

Consulting or Advisory Role: Bristol Myers Squibb, Janssen, Novartis, Pfizer

Speakers’ Bureau: Roche, Bristol Myers Squibb, Novartis, Eisai, Pierre Fabre,

Merck Serono, Merck/Pfizer, Janssen Oncology, MSD Oncology, Sanofi

Travel, Accommodations, Expenses: Novartis, Janssen, Bayer

Ursula McGovern

Travel, Accommodations, Expenses: Janssen Oncology

Omi Parikh

Honoraria: Bayer, Janssen

Deborah Enting

Honoraria: Astellas Pharma

Consulting or Advisory Role: Bayer

Speakers’ Bureau: Janssen Oncology

Santhanam Sundar

Honoraria: Bayer UK, Clovis Oncology

Consulting or Advisory Role: Bayer

Speakers’ Bureau: Pfizer

Travel, Accommodations, Expenses: Roche, Bayer, Bristol Myers Squibb

Gihan Ratnayake

Honoraria: Ipsen, Pfizer, Servier, Novartis, Bristol Myers Squibb

Speakers’ Bureau: Ipsen, Servier, Bristol Myers Squibb

Travel, Accommodations, Expenses: Bristol Myers Squibb, Novartis, Ipsen

Alison J. Birtle

Honoraria: Janssen-Cilag

Consulting or Advisory Role: Roche, Astellas Medivation, Janssen Oncology,

AstraZeneca, Sanofi, Bayer Schering Pharma, Bristol-Myers-Squib, Merck

Serono, Pfizer

Speakers’ Bureau: Bayer, Janssen Oncology, Pfizer

Research Funding: Genzyme

Thomas Powles

Consulting or Advisory Role: Bristol Myers Squibb, AstraZeneca, Ipsen, Pfizer,

Novartis, Incyte, Seattle Genetics, Roche, Exelixis, MSD, Merck Serono, Astellas

Pharma, Johnson & Johnson, Eisai, Mashup Ltd

Research Funding: AstraZeneca, Roche, Bristol Myers Squibb, Exelixis, Ipsen,

MSD, Novartis, Pfizer, Seattle Genetics, Merck Serono, Astellas Pharma,

Johnson & Johnson, Eisai

Travel, Accommodations, Expenses: Pfizer, MSD, AstraZeneca, Roche, Ipsen

Robert J. Jones

Honoraria: Astellas Pharma, Janssen, AstraZeneca, MSD Oncology, Bristol

Myers Squibb, Pfizer, Novartis, Ipsen, Sanofi, Bayer, Roche/Genentech, Merck

Serono, Eisai, WebMD, Advanced Accelerator Applications/Novartis, QED

Therapeutics, Elsevier

Consulting or Advisory Role: Myovant Sciences

Speakers’ Bureau: Merck Serono, Pfizer, Janssen, Astellas Pharma, MSD

Oncology, AstraZeneca, Ipsen, Bristol Myers Squibb/Celgene, Bayer

Research Funding: Roche (Inst), Astellas Pharma (Inst), AstraZeneca (Inst),

Exelixis (Inst), Clovis Oncology (Inst), Bayer (Inst)

Travel, Accommodations, Expenses: Ipsen, Bayer, Janssen, Astellas Pharma,

MSD

No other potential conflicts of interest were reported.

Journal of Clinical Oncology

Maintenance Rucaparib in Biomarker-Selected Urothelial Carcinoma



APPENDIX

TABLE A1. Outcomes for Progression-Free Survival With Respect to Subcomponents of the DNA Repair Deficiency Biomarker

Treatment Arm High %LOH Only Gene Alteration Only Both Overall

Rucaparib treatment arm 17.9 weeks (80%

CI, 10.3 to 62.3)

35.6 weeks (80%

CI, 11.4 to 36.4)

35.4 weeks (80%

CI, 35.3 to NR)

Placebo treatment arm 17.6 weeks (80%

CI, 11.0 to 26.6)

22.6 weeks (80%

CI, 11.3 to 22.0)

12.1 weeks (80%

CI, 10.0 to NR)

HR 1.1 (80% CI, 0.41 to 3.04) 0.33 (80% CI, 0.13 to 0.88) 0.29 (80% CI, 0.07

to 1.24)

0.45 (80% CI,

0.20 to 0.98)

P (interaction) .47

Abbreviations: %LOH, genome-wide loss of heterozygosity; HR, hazard ratio; NR, not reached.
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