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IMPORTANCE Poly(adenosine diphosphate–ribose) polymerase inhibitor and

anti–programmed death receptor-1 inhibitor monotherapy have shown limited clinical

activity in patients with advanced triple-negative breast cancer (TNBC).

OBJECTIVE To evaluate the clinical activity (primary) and safety (secondary) of combination

treatment with niraparib and pembrolizumab in patients with advanced or metastatic TNBC.

DESIGN, SETTING, AND PARTICIPANTS This open-label, single-arm, phase 2 study enrolled 55

eligible patients with advanced or metastatic TNBC irrespective of BRCAmutation status or

programmed death-ligand 1 (PD-L1) expression at 34 US sites. Data were collected from

January 3, 2017, through October 29, 2018, and analyzed fromOctober 29, 2018, through

February 27, 2019.

INTERVENTIONS Patients were administered 200mg of oral niraparib once daily in

combination with 200mg of intravenous pembrolizumab on day 1 of each 21-day cycle.

MAIN OUTCOMES ANDMEASURES The primary end point was objective response rate (ORR)

per the Response Evaluation Criteria in Solid Tumors, version 1.1. Secondary end points were

safety, disease control rate (DCR; complete response plus partial response plus stable

disease), duration of response (DOR), progression-free survival (PFS), and overall survival.

RESULTS Within the full study population of 55 women (median age, 54 years [range, 32-90

years]), 5 patients had confirmed complete responses, 5 had confirmed partial responses,

13 had stable disease, and 24 had progressive disease. In the efficacy-evaluable population

(n = 47), ORR included 10 patients (21%; 90%CI, 12%-33%) and DCR included 23 (49%;

90%CI, 36%-62%). Median DORwas not reached at the time of the data cutoff, with 7

patients still receiving treatment at the time of analysis. In 15 evaluable patients with tumor

BRCAmutations, ORR included 7 patients(47%; 90%CI, 24%-70%), DCR included 12 (80%;

90%CI, 56%-94%), andmedian PFS was 8.3 months (95% CI, 2.1 months to not estimable).

In 27 evaluable patients with BRCAwild-type tumors, ORR included 3 patients (11%; 90%CI,

3%-26%), DCR included 9 (33%; 90%CI, 19%-51%), andmedian PFS was 2.1 months

(95% CI, 1.4-2.5 months). Themost common treatment-related adverse events of grade 3

or higher were anemia (10 [18%]), thrombocytopenia (8 [15%]), and fatigue (4 [7%]).

Immune-related adverse events were reported in 8 patients (15%) and were grade 3

in 2 patients (4%); no new safety signals were detected.

CONCLUSIONS AND RELEVANCE Combination niraparib plus pembrolizumab provides

promising antitumor activity in patients with advanced or metastatic TNBC, with numerically

higher response rates in those with tumor BRCAmutations. The combination therapy was

safe with a tolerable safety profile, warranting further investigation.
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T
riple-negativebreastcancer(TNBC)isanaggressivebreast

cancersubtypethat lacksestrogenreceptor,progesterone

receptor, andhumanepidermalgrowth factor receptor2

(ERBB2/HER2 [formerlyHER2orHER2/neu];OMIM164870)ex-

pression.Triple-negativebreast cancercarriesapoorerprogno-

sis than other subtypes, with 10-year survival rates of less

than 50%.1 Targeted therapies are not currently available for

non–BRCA-mutatedTNBC,andchemotherapyremainsthestan-

dardofcaredespite its limitedbenefit.2 Inclinical trials,patients

with advanced TNBC treated with single-agent taxane- or

platinum-based chemotherapyhadamedianprogression-free

survival (PFS)of4 to6months3-7andamedianoverall survival

of 11 to17months.3,7Additionofanti–programmeddeath-ligand

1(PD-L1)antibodyatezolizumabtochemotherapywithalbumin-

bound paclitaxel in patients with untreated metastatic TNBC

improved PFS and numerically improved overall survival vs

albumin-bound paclitaxel alone.8

Programmed death receptor-1 (PD-1) limits autoimmunity

by inhibitingeffectorT lymphocytesand is activatedby the im-

munosuppressivePD-L1.9Tumorcell–expressedPD-L1/2 ligands

can bind PD-1 receptors to inactivate T cells, thus evading im-

mune system–mediated destruction.10-12 Expression of PD-L1

positivelycorrelateswiththepresenceoftumor-infiltrating lym-

phocytes,andexpressionofboth ishigher inTNBCtumors than

inotherbreast cancer subtypes.13-16Response rates toanti–PD-1

and anti–PD-L1 antibodies alone range from 5% to 23%, with

higher rates observedwhen these areusedas first-line therapy

andamongpatientswithPD-L1–positive tumors.17-20Although

theseclinical activitiesaremodestatbest, the fewpatientswho

respondhaveshownlongdurationsofresponseandsurvival.19,20

Poly(adenosinediphosphate–ribose)polymerase(PARP)en-

zymesacttodetectandrepairDNAdamage,andblockingthispro-

cesswith PARP inhibitors leads to cell death through synthetic

lethality,particularly incellsalreadydeficient inhomologousre-

combinationrepair (HRR).21Tumormutations inBRCA1 (OMIM

113705)andBRCA2 (OMIM600185) (tBRCAmut)causedefects in

HRR and are estimated to be present in 20% to 25%of patients

withbasal-likeTNBC.21,22 In theregistrationalphase3trialof the

PARPinhibitorolaparib,23,24 thesubgroupofpatientswithgerm-

lineBRCAmutTNBChadanobjectiveresponserate(ORR)of55%

andexperiencedabenefit inPFScomparedwithpatients receiv-

ingthephysician’schoiceof treatment(5.6vs2.9months). Inthe

registrationalphase3trialoftalazoparibtosylate,25,26patientswith

germlineBRCAmutationTNBChadanORRof62%andaPFSof

5.8months.Monotherapywith PARP inhibitors has not shown

activityoutsidepatientswithBRCAmutations. Inaphase2study

ofolaparib,27noresponsestoolapariboccurredamong21patients

with TNBC irrespective of BRCAmutation status, and PFS was

only54days.MonotherapywithPARPinhibitorshasnotbeenwell

studied in tumorswithDNA repair defects other thanBRCA.

Preclinical models have shown that PARP inhibitors and

anti–PD-1 antibodies show synergistic antitumor activity irre-

spectiveofBRCAmutationstatusandPD-L1expression.28-30The

TOPACIO/KEYNOTE-162 (Niraparib in CombinationWith Pem-

brolizumab in Patients With Triple-Negative Breast Cancer or

OvarianCancer) trialevaluatedthehypothesis thatcombination

treatmentofniraparibpluspembrolizumabwouldbeasafeand

effectivetherapyforpatientswithadvancedormetastaticTNBC.

Methods

Study Design and Participants

TOPACIOisamulticenter,open-label, single-arm,phase2study

with a phase 1 lead-in portion evaluating the safety and effi-

cacy of combination treatment with niraparib and pembroli-

zumab in patients with metastatic TNBC. Patients were en-

rolledat 34sites in theUnitedStates. Safetydata for all patients

participating in the phase 1 lead-in portion of the study have

beenpreviously reported.31 In thephase2TNBCportionof the

study, patients received the recommended phase 2 dose of

200 mg of oral niraparib once daily and 200 mg of intrave-

nouspembrolizumabonday 1of each21-daycycle.31Datawere

collected from January 3, 2017, through October 29, 2018.

Target enrollmentof48patientswasestimated toprovide82%

power to ruleout thenullhypothesis (ORR≤15%)whenthe true

ORRwas30%at the 1-sided5%type I error rate.Assuming that

the true ORR was 35%, enrollment of 48 patients was esti-

mated to provide 94% power.

Theprotocol (available in Supplement 1)was approvedby

the institutional review board or the independent ethics

committee at each study site (listed in eMethods in Supple-

ment 2). The study was conducted in accordance with the

International Conference on Harmonization Good Clinical

Practices Guideline, the principles of the Declaration of Hel-

sinki, and national and local regulatory requirements. Before

enrollment in the study, written informed consent was ob-

tained from each patient by the local investigator.

Eligible patients had advanced or metastatic breast can-

cer that was negative for estrogen receptor, progesterone

receptor, and ERBB2/HER2.32,33 Full inclusion and exclusion

criteria are provided in eMethods in Supplement 2.

Procedures

Patients began treatment with 200mg of oral niraparib once

daily and 200 mg of intravenous pembrolizumab on day 1 of

every 21-day cycle based on findings from the phase 1 dose-

findingportionof this study.31Radiographic evaluations to as-

sess the extent of disease were conducted during treatment

every 9weeks for the first year and every 12weeks thereafter.

Key Points

Question Does combination therapy with niraparib plus

pembrolizumab provide any clinical change or safety benefit in

patients with advanced or metastatic triple-negative breast

cancer?

Findings Among 47 of 55 patients enrolled in this open-label,

single-arm, phase 2 study whowere eligible for efficacy

evaluation, combination niraparib plus pembrolizumab achieved

an objective response rate of 21% and a disease control rate of

49%, with a median duration of response not yet reached.

Meaning Combination niraparib plus pembrolizumab offers

promising antitumor activity in patients with advanced or

metastatic triple-negative breast cancer, warranting further

investigation.
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Per Response Evaluation Criteria in Solid Tumors, version 1.1

(RECIST 1.1), patients who achieved a complete response or a

partial response had the response confirmed. Details of bio-

marker testing are provided in eMethods in Supplement 2.

Outcomes

Theprimaryobjectiveof thephase2TNBCcohort studywas to

assess the clinical activity of combination treatment with ni-

raparibandpembrolizumabusingtheprimaryendpointofORR,

as assessed by the investigators per RECIST 1.1. Secondary end

points included thedurationof response (DOR)perRECIST 1.1;

diseasecontrol rate (DCR),definedas theproportionofpatients

achievingacomplete response, apartial response,or stabledis-

easeasperRECIST1.1;PFS;andoverall survival.Fulldefinitions

ofoutcomemeasures, includingexploratoryobjectivesandsafety

variables, are in eMethods in Supplement 2.

Statistical Analysis

Data were analyzed from October 29, 2018, to February 27,

2019. Demographics, baseline characteristics, and safety re-

sults were summarized descriptively. Efficacy was evaluated

bydeterminingconfirmedORRusingRECIST1.1.Responseend

points were evaluated using the full analysis set, defined as

all patientswho received any amount of the study treatment,

as well as the efficacy-evaluable analysis set, which included

all patients who received any amount of the study treatment

and who had at least 1 evaluable postbaseline tumor assess-

ment. Point estimates and 2-sided 90%CIswere provided for

the analysis of ORR and DCR. For time-to-event end points,

the median and corresponding 2-sided 95% CIs were ob-

tained using Kaplan-Meier methods. Safety was evaluated in

all patientswho received any amount of the study treatment.

Exploratory subgroup analyses were performed by bio-

marker status (BRCA,HRR, andPD-L1)usingdescriptivemeth-

ods; no inferential analyses were performed on any sub-

group.All statisticswereperformedusingSASsoftware,version

9.4 (SAS Institute Inc).

Results

Patients

FromJanuary3 throughOctober4, 2017, 55womenwithTNBC

wereenrolledinphase2andreceivedtheinitialdoseofthestudy

drugs (Figure 1). At the time of the October 29, 2018, data cut-

off, 7patientswerereceivingtreatment.Overall,48patientshad

discontinuedtreatment,37becauseofradiologicdiseaseprogres-

sion,2becauseof clinicaldiseaseprogression, and9becauseof

adverseevents.Themedianage intheTNBCcohortwas54years

(range,32-90years).Patientshadreceivedamedianof1prior line

of therapy (range, 0-3) in the metastatic setting, with 14 of 55

(25%)receiving2prior lines.Forty-threepatients (78%)received

previousadjuvantorneoadjuvant therapythatwasnotcounted

asaprior lineof therapy (eTable 1 inSupplement2).Among the

31patientswho receivedplatinum-basedchemotherapyat any

time, 16 patients had a platinum chemotherapy–free interval

(time fromlastplatinum-basedchemotherapydose toprogres-

sion) of nomore than8weeks, and 15 patients had aplatinum-

free interval longer than 8weeks. The biomarker status of en-

rolledpatients is listed ineTable2 inSupplement2.Themedian

durationof follow-upat the timeofdatacutoffwas 14.8months

(range, 0.7-25.0months).

Efficacy

In thefull analysispopulation(n = 55),5patientshadconfirmed

complete responses, 5had confirmedpartial responses, 13had

stabledisease,and24haddiseaseprogression.Of the8patients

whodidnothaveanevaluablepostbaselinescan, 1discontinued

owingtoclinicalprogressionthatwasnotconfirmedbyscan,and

theremaining7discontinuedstudytreatmentearlyowingtoan

adverseevent regardlessof causality.Threeof thepatientswith

stablediseasehadapartial response thatwasnot confirmedby

asubsequentscan. Intheefficacy-evaluablepopulation(n = 47),

theconfirmedORRincluded10patients (21%;90%CI, 12%-33%)

with a complete response in 5 patients (11%), and the DCR in-

cluded 23 (49%; 90%CI, 36%-62%) (Table 1).

In patientswith a confirmed complete or partial response,

themedian DOR had not been reached at the time of data cut-

off (eFigure inSupplement2).Durationof responserangedfrom

4.6 to 15.9months, with 7 responders still receiving treatment

at the time of the data cutoff (Figure 2A-B). Of the 10 respond-

ers, 3 patients (all with ongoing treatment) had a response du-

ration longer than1year;4patients (allwithongoing treatment)

Figure 1. FlowDiagram of Study Enrollment, Treatment, and Outcomes

55 Patients with TNBC enrolled and received ≥1
doses of niraparib in combination with
pembrolizumab

47 Included in efficacy analysis (≥1 evaluable
scans obtained during treatment)

8 Discontinued with no evaluable
postbaseline scan

1 Clinical progression

7 Adverse events

TNBC indicates triple-negative breast cancer.

Table 1. Best Overall Tumor Responses

in the Full-Analysis and Efficacy-Evaluable Populations

Best Overall Response

Study Population

Full Analysis
(N = 55)

Efficacy Evaluable
(n = 47)

Complete response, No. (%) 5 (9) 5 (11)

Partial response, No. (%) 5 (9) 5 (11)

Stable disease, No. (%) 13 (24) 13 (28)

Progressive disease, No. (%) 24 (44) 24 (51)

Not performed or not evaluable, No. (%) 8 (15) NA

ORR, No. (%) [90% CI]a 10 (18) [10-29] 10 (21) [12-33]

DCR, No. (%) [90% CI]b 23 (42) [31-54] 23 (49) [36-62]

Abbreviations: DCR, disease control rate; NA, not applicable; ORR, objective

response rate.

a Includes complete and partial responses.

b Includes complete and partial responses and stable disease.
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hada responsedurationof9 to 12months; and2additional pa-

tients (nonewith ongoing treatment) had a response duration

of6 to9months (Figure2B). Fourof 13patientswith stabledis-

easecontinuedwithoutprogression formore than6months. In

all treatedpatients, themedianPFSwas2.3months (95%CI,2.1-

3.9months),with6-and12-monthPFSestimatedtobe28%and

14%, respectively. Theoverall survival datawerenotmature at

the time of this analysis.

Exploratory univariate analyses were conducted in

biomarker-defined evaluable populations according to BRCA

or HRR mutation status or PD-L1 status (eTable 2 in Supple-

ment2).Fifteenof the47patients (32%) in theevaluablepopu-

lationhadtBRCAmut,27 (57%)hadtBRCAwildtype(tBRCAwt),

and the remaining 5 hadunknown tBRCA status. Of the 15 pa-

tientswith tBRCAmut, 8mutationswere germline, 2were so-

matic, and 5 had unknown germline/somatic status. Of the 5

Figure 2. Antitumor Activity of Niraparib in CombinationWith Pembrolizumab by Biomarker Status
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patients with unknown tBRCAmut status, 2 had germline

BRCAwt mutations and 3 had unknown germline BRCA sta-

tus. Overall, 28 patients (60%) had PD-L1–positive disease

(combinedproportion score, ≥1); 13 (28%), PD-L1–negativedis-

ease; and 6 (13%), unknown. Positivity for PD-L1 was higher

in the tBRCAmut (12 of 15 [80%]) population compared with

the tBRCAwt population (15 of 27 [56%]).

The response ratewasnumericallyhigher inpatientswith

tBRCAmut than in those without confirmed tBRCAmut. The

ORR included 7 of 15 patients with tBRCAmut (47%; 90% CI,

24%-70%), and the DCR, 12 of 15 (80%; 90% CI, 56%-94%),

with 2 confirmed complete responses, 5 confirmed partial re-

sponses, and 5 with stable disease (Figure 2A-B and Table 2).

Of the 2 patients with somatic tBRCAmut, 1 had a complete

response and 1 had a partial response. One patient with

tBRCAmutand stabledisease that continuedwithoutprogres-

sion for longer than 6months and 6 patients with a complete

or apartial response continued to receive treatment at thedata

cutoff date. The median PFS in patients with tBRCAmut was

8.3months (95%CI, 2.1months to not estimable) (Figure 2C).

Among the 27 patients with tBRCAwt status, the ORR in-

cluded3 (11%; 90%CI, 3%-26%) and theDCR included9 (33%;

90%CI, 19%-51%),with3complete responsesand6withstable

disease. Two patients with tBRCAwt status and stable dis-

ease continuedwithoutprogression for longer than6months;

1 patient continued to receive treatment at the timeof thedata

cutoff (Figure 2B). Median PFS in patients with tBRCAwtwas

2.1 months (95% CI, 1.4-2.5 months). Mutations in the HRR

pathway genes other than BRCAwere observed in 5 patients,

forwhomtheORR included 1 (20%;95%CI, 1%-66%) andDCR

included 4 (80%; 95%CI, 34%-99%). For the 20 patientswith

BRCA1/2 or other HRR mutations (15 tBRCAmut and 5 other

HRRmutations), the ORR included 8 patients (40%; 90% CI,

22%-61%), and the DCR included 16 (80%; 90% CI, 60%-

93%) (Table 2). eTable 3 in Supplement 2 has additional infor-

mation about specific HRR gene mutations and responses.

The response ratewas also numerically higher in patients

withPD-L1–positivedisease than in thosewithPD-L1–negative

disease.Among28patientswithPD-L1–positive tumors,9were

included in theORRof32%(90%CI, 18%-49%)comparedwith

1 of 13 patients in the ORR of 8% (90% CI, 0.4%-32%) with

PD-L1–negative tumors. Best treatment responses for indi-

vidual evaluablepatients are shown inFigure2A.TheORRwas

numerically greater in patients receiving no more than 1 line

of previous treatment vs 2 ormore lines and in patients with-

out prior platinum-based chemotherapyuse; in patientswith

prior platinum-based chemotherapy, the ORR was numeri-

cally greater in thosepatientswith aplatinumchemotherapy–

free interval (days from the last platinum-based dose to dis-

ease progression) greater than 56 days. However, the number

of patients was small and the CIs overlapped for these sub-

group analyses (eTable 4 in Supplement 2). Response rates by

prior platinum-based chemotherapy use and biomarker sta-

tus (tBRCAandHRRmutationandPD-L1expression)areshown

in eTable 5 in Supplement 2.

Safety

All patients with TNBC who received the study treatment

(N = 55)wereevaluable for safetyoutcomes.Treatment-related

adverseeventsof anygradewere reported in51patients (93%),

themost commonofwhichwerenausea (30 [55%]), fatigue (24

[44%]), anemia (19 [35%]), thrombocytopenia (14 [25%]), and

constipation (13 [24%]) (Table 3). In general, nausea was con-

trolledusingstandardantiemetics.Themostcommontreatment-

related adverse events of grade 3 or greater were anemia (10

[18%]), thrombocytopenia (8 [15%]), andfatigue (4 [7%]). Seven

patients receivedplatelet transfusion(s) for thrombocytopenia,

and 15 received red blood cell transfusion(s) for anemia. In ad-

dition, adverseeventsofgrade3orgreater thatweremost com-

monin laboratory findings includeddecreasedplatelet count (6

[11%]),decreasedneutrophil count (4 [7%]),anddecreased lym-

phocytecount(4[7%]).Treatment-relatedseriousadverseevents

were reported in 11 patients (20%); only thrombocytopenia (3

patients) and pyrexia (2 patients)were reported inmore than 1

patient.Themostcommonadverseevents leading to treatment

discontinuationwere increased levelsof alkalinephosphatase,

bilirubin, alanineaminotransferase, andaspartateaminotrans-

feraseandfatigue.Onedeathresultedfromacuterespiratorydis-

tresssyndrome,deemedbytheinvestigatortobepossiblyrelated

to treatment.

Immune-related adverse events were those known to be

associated with anti–PD-1 inhibitors.34 The immune-related

Table 2. Response Rates in Biomarker-Defined, Efficacy-Evaluable Population

Biomarker Status No. ORR, No. (%) [90% CI] DCR, No. (%) [90% CI]

BRCA

tBRCAmut 15 7 (47) [24-70] 12 (80) [56-94]

tBRCAwt 27 3 (11) [3-26] 9 (33) [19-51]

tBRCA unknown 5 0 (0) [0-45] 2 (40) [8-81]

HRRa

HRRmut 20 8 (40) [22-61] 16 (80) [60-93]

HRRwt 22 2 (9) [2-26] 6 (27) [13-47]

HRR unknown 5 0 (0) [0-45] 1 (20) [1-66]

PD-L1

Positive 28 9 (32) [18-49] 14 (50) [33-67]

Negative 13 1 (8) [0.4-32] 6 (46) [22-71]

Unknown 6 0 (0) [0-39] 3 (50) [15-85]

Abbreviations: DCR, disease control

rate; HRR, homologous

recombination repair; mut, mutation;

ORR, objective response rate;

PD-L1, programmed death-ligand 1;

tBRCA, tumor BRCA; wt, wild type.

aMeasured in BRCA1/2 and 16 other

DNA repair genes.
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adverse eventsdeemed tobeassociatedwith treatmentby the

investigators occurred in8patients (15%); theonly suchevent

reported in more than 1 patient was hypothyroidism (4 [7%])

(Table 3). Two patients (4%) had grade 3 immune-related ad-

verse events associated with the study treatment. One pa-

tient had grade 3 adrenal insufficiency, which resolved after

treatment with corticosteroids and interruption of pembroli-

zumab therapy, and 1 patient had polymyalgia rheumatica,

which resolvedafter treatmentwith corticosteroids, interrup-

tion of niraparib therapy, and discontinuation of pembroli-

zumab therapy.No treatment-associatedgrade4or5 immune-

related adverse events occurred, and no niraparib treatment

discontinuationsoccurredbecauseof immune-relatedadverse

events.

Discussion

TOPACIO is the first study, to our knowledge, to report the

safetyandefficacyof combiningPARP inhibitors and immuno-

oncologycheckpoint therapy inpatientswithmetastaticor ad-

vanced TNBC with or without BRCA mutation. Among en-

rolledpatients,78%hadreceivedprioradjuvantorneoadjuvant

chemotherapy; two-thirds of the patients had received che-

motherapy in the metastatic setting, of whom half had re-

ceivedplatinum-basedchemotherapy.Although theprespeci-

fied statistical criterion for the primary objectivewas notmet

(null ≤15%), combination treatment with niraparib and an

anti–PD-1 antibody provided promising, durable clinical ben-

efit. Disease control was achieved in half of the evaluable pa-

tients, and nearly one-quarter of evaluable patients experi-

enced an objective response, with the median DOR not yet

reached. Niraparib plus pembrolizumab provided responses

ofmeaningful durability; of the 10patientswith treatment re-

sponses, 7were still receiving treatment at the timeof thedata

cutoff, and remarkably, 8 patients continued to receive treat-

ment for 1 year or longer. These findings suggest that PARP in-

hibitors plus PD-1 blockade may provide clinically relevant

improvements in DOR.

Ofparticular importance is that thecombination treatment

demonstratedclinicalactivityinpatientsirrespectiveofBRCAmu-

tationorPD-L1 status, althoughtheclinical activity ismorepro-

nouncedinpatientswithtBRCAmutorthosewithPD-L1–positive

tumors. The 21% ORR in all evaluable patients is numerically

higherthanthesingle-digitORRsreportedforanti–PD-1andanti–

PD-L1agents insimilarpatientpopulations.17-19This increase in

response ratedoesnotappear tobecompletelydrivenbystron-

ger activity in the population with tBRCAmut because we ob-

served3completeresponsesinpatientswithtBRCAwtstatus,and

2 of the 3 hadnomutation in otherHRRpathway genes.

The47%ORRobserved inpatientswith tBRCAmut treated

with the niraparib plus pembrolizumab combination is similar

to theORR reported for olaparibmonotherapy inpatientswith

germline BRCAmut TNBC. However, the median PFS of 8.3

monthsinthesepatientsinthepresentstudywasnearly3months

longer than that observed for olaparib (5.6 months)23 or tal-

azoparib (5.8 months)25 in patients with germline BRCAmut

TNBC.TheobservationthatPD-L1wasmorefrequentlyexpressed

in patientswith tBRCAmut comparedwith tBRCAwt is consis-

tentwithpreviouspublications inothercancer types.35,36Breast

cancers inpatientswithBRCAmutations lackeffectiveDNAre-

pair andaregenomicallyunstablewithahighmutational load,

andtreatmentmayrelyonimmunecheckpoint inhibitionviathe

PD-1/PD-L1 pathway to avoid immune destruction.37 The ben-

efit fromimmunotherapy,givenasmonotherapyorcombination

therapy, can alsomanifest itself via long responsedurations or

prolongedperiodsofstabledisease.MedianDORwasnotreached

at the timeof data cutoff (range, 4.6-15.9months),whereas for

talazoparib, the median DORwas 4.3 months in patients with

TNBC.25Ofthe10responders,2patients(bothwithongoingtreat-

ment)hada responseduration longer than1year;4patients (all

with ongoing treatment) had a response duration of 9 to 12

months;and3additionalpatients (1withongoingtreatment)had

a response duration of 6 to 9months. Furthermore, 8 patients

continued to receive treatment for longer than 1 year. Two pa-

tientswithtBRCAwtdisease,1withtBRCAmutdisease,and1with

tBRCA statusunknownandstabledisease continued to receive

treatmentwithout progression for longer than 6months.

Although patients without prior platinum-based chemo-

therapyhadnumericallyhigher response rates than thosewith

priorplatinum-basedchemotherapy, theCIsoverlap.This find-

ing is consistentwith a previous trial of talazoparib in patients

withbreast cancer,38which suggestedhigher response rates in

patientswithout prior platinum-based chemotherapy.

Nonewsafetysignalswere identifiedwith thecombination

ofniraparibpluspembrolizumabcomparedwithmonotherapy.

The frequency of nausea is consistentwith previous studies of

niraparib.39,40 Indeed, nausea is oneof themost frequently re-

portedadverseeventsassociatedwithPARPinhibitors inpatients

with breast cancers.41 Most events of grade 3 or greater were

hematologic and consistent with the class effects of PARP

Table 3. Treatment-Related Adverse Events

Adverse Event

No. (%) of Patients
by Adverse Event

Any Grade
(N = 55)

Grade ≥3
(N = 55)

Any treatment-related 51 (93) 32 (58)

Treatment-related occurring in >10% of patients

Nausea 30 (55) 0

Fatigue 24 (44) 4 (7)

Anemia 19 (35) 10 (18)

Thrombocytopenia 14 (25) 8 (15)

Constipation 13 (24) 0

Diarrhea 10 (18) 0

Decreased appetite 9 (16) 0

Vomiting 8 (15) 0

Prespecified treatment-related and immune-related

Any 8 (15) 2 (4)

Adrenal insufficiency 1 (2) 1 (2)

Hyperglycemia 1 (2) 0

Hyperthyroidism 1 (2) 0

Hypothyroidism 4 (7) 0

Pneumonitis 1 (2) 0

Polymyalgia rheumatica 1 (2) 1 (2)
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inhibitors41,42; thesewere treatedwith transfusionas clinically

indicated. We found no increase in the incidence of immune-

related adverse events compared with that observed with ni-

raparib treatment in theregistrational trial,39 indicating that the

additionof thecheckpoint inhibitorpembrolizumabwasnotas-

sociatedwith immune-related tolerability of niraparib.

Limitations

This phase 2 study had a single-arm, open-label design and

as such lacked a comparator arm. Therefore, the findings

presented herein will need to be validated in a larger clinical

trial. Inaddition, although the findings regardingpatientswith

tBRCAwtdisease and thosewithHRRmutations arenotewor-

thy, owing to lack of randomization and small patient num-

bers, we cannot draw strong conclusions on the role of syn-

ergybetweenniraparib andpembrolizumabvs either agent as

monotherapy.

Conclusions

These data suggest that the combination of a PARP inhibitor

and an anti–PD-1 antibody has a tolerable safety profile in pa-

tients with advanced or metastatic TNBC and promising an-

titumor activity, irrespective of BRCA mutation status. To

confirm the findings of this trial, further clinical develop-

mentofniraparib incombinationwithPD-1 inhibition in larger-

scale studies is under consideration.
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