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F
amilial breastcancerhasbeenknownsincethe19thcentury,1

though the gene was only discovered in 1990.BRCA1
2,3

In 1994, both and genes were cloned.BRCA1 BRCA2
4 Re-

markably, thishappenedwhenalmostnothingwasknownaboutthe

human genome, at the very dawning of genomics technologies.

The discovery of BRCA1 BRCA2and opened several lines of

research to unveil how to prevent and treat -associatedBRCA

tumors. For more than 20 years, however, the identification of a

germline pathogenic variant (hereafter,BRCA1/2 (gBRCA1/2) gBRCA

variant) has affected mostly screening and surgical procedures to

managetherisk ofsubsequent tumors,while systemic therapies for

alreadydiagnosed -associated tumorswere notdifferent fromBRCA

those for sporadic tumors.

Agents targeting poly(adenosine diphosphate–ribose)

polymerase (PARP) were first investigated in combination with

chemotherapy and radiation therapy following preclinical data that

showed synergistic activity, but these agents were soon abandoned

due tounfavorable toxic effects.5 In 2014, olaparib, aPARP inhibitor,

was approved for patients with advanced ovarian cancer, becoming

thefirstdrugavailablespecificallyforahereditaryformofcancer.Since

then, 3 additional PARP inhibitors (ie, talazoparib, rucaparib, and

niraparib) have been approved across different cancer types, and

olaparib has recently entered the adjuvant space for patients with

gBRCA1/2–associated high-risk breast cancer. However, the popula-

tionofpatientswithbreastcancerwhoderiveasubstantialbenefitfrom

PARP inhibitors isstill limited.Todate, severallinesof researchareon-

goingtounderstandhowtoexpandtheefficacyofPARP inhibitorsbe-

yond tumors harboring variants, how to develop effectivegBRCA1/2

combination strategies, and howto reduce toxic effects ( ).Figure 1

Discussion

Mechanism of Action of PARP Inhibitors

TheRole of PARP in Tumors

withGermline and VariantsBRCA1 BRCA2

DNAdamage repair (DDR)mechanismsare essential pathways to fix

DNA breaks. As multiple exogenous and endogenous factors con-

IMPORTANCE Poly(adenosine diphosphate–ribose) polymerase (PARP) inhibitors have

revolutionized the treatment of patients with germline -associated breast cancer,BRCA1/2

representing the first targeted therapy capable of improving outcomes in patientswith

hereditary tumors. However, resistance to PARP inhibitors occurs in almost all patients.

OBSERVATIONS This narrative review summarizes the biological rationale behind the use of

PARP inhibitors in breast cancer, as well as the available evidence, recent progress, and

potential future applications of these agents. Recent studies have shown that the benefit of

PARP inhibitors extends beyondpatients with germline -associated metastatic breastBRCA1/2

cancer to patientswith somatic variants and to those with germlineBRCA1/2 PALB2

alterations.Moreover, these agents proved to be effective both in the metastatic and

adjuvant settings. However, patients with metastatic breast cancer usually do not achieve the

long-termbenefit from PARP inhibitors observed in other tumor types. Mechanisms of

resistance have been identified, but how to effectively target them is largely unknown.

Ongoing research is investigating both novel therapeutics and new combination strategies to

overcome resistance. PARP1-selective inhibitors, by sparing the hematological toxic effects

induced by the PARP2 blockade, are promising agents to be combined with chemotherapy,

antibody-drug conjugates, and other targeted therapies.

CONCLUSIONSAND RELEVANCE Although the efficacy of PARP inhibitors is well established,

many questions persist. Future research should focus on identifying predictive biomarkers

and therapeutic strategies to overcome resistance. Integratingwell-designed translational

efforts into all clinical studies is thereby crucial to laying the groundwork for future insights

from ongoing research.
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stantly inducetensofthousandsofDNAbreakseveryday,thesecom-

plexmachineries are key checkpoints to guarantee cell integrity and

preventtheinitiationofmalignantneoplasm.ManyDDRpathwayshave

been characterized, and they are involved in different types of DNA

damage, such as single-strand or double-strand breaks, base dam-

age, bulky adducts, crosslinks, or replication lesions.6

BRCA1 BRCA2and are tumor suppressor genes encoding 2

key proteins involved in the homologous recombination repair

(HRR) pathway that rely on the undamaged chromosome as the

template for error-free damage reversal and have a crucial role in

repairing double-strand breaks. A single copy of the orBRCA1

BRCA2 gene is sufficient to repair DNA breaks, and a second loss

or double hit is needed to impair this pathway. When this hap-

pens, the repair of double-strand breaks shifts toward the more

error-prone nonhomologous end-joining repair pathway that,

unlike HRR, links the break ends without the need for a homolo-

gous template.7

PARP proteins are a family of nuclear enzymes involved in

multiple DDR processes. PARP1 and PARP2 are the most abun-

dant in human cells, and PARP1 is the most involved in DNA repair.

After detecting single-strand or double-strand breaks, PARP

binds to DNA breaks, recruits DDR components that cooperate to

stabilize the replication fork, and allows for DNA repair.8

In 2005, 2 back-to-back articles showed how this defect

may be exploited therapeutically through a mechanism called

synthetic lethality, which refers to tumor-specific cell death

induced by the simultaneous impairment of alternative DDR

pathways.9,10 In individuals with alterations, PARPgBRCA1/2

inhibition leads to the impairment of alternative DDR pathways

and thus to irreparable genomic damage and cell death.9,10 Two

major mechanisms of action have been described for PARP inhibi-

tors: catalytic inhibition, by competing with NAD+ binding, and

PARP trapping, by generating PARP-DNA complexes that block

the replication fork and cause its collapse.8

Figure 1. Limitations and Future Directions of PARP Inhibitors for Breast Cancer
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Theefficacy of PARP inhibitors in patients with breast cancer is limitedby the

development of mechanisms of resistance and by the frequent occurrence of

adverse effects. Manymechanisms of resistance have been characterized,

including restorationof homologous recombination activity through a variety of

potential processes, upregulation of alternative signaling pathways (eg, RAS or

PI3K/AKT/mTORpathway), mitigationof the replication stress via replication

fork stabilization, decreased PARP1 trapping, and upregulation of ABC

transporters. Novel strategies are under investigation to both overcome

resistance to PARP inhibitors and reduce toxic effects, such as new drug

combinations and innovative medications with better tolerability. Ongoing

research efforts are also uncoveringnovel biomarkers to identify additional

patients whomaybenefit from these agents. ctDNA indicates circulating tumor

DNA; dsDNA, double-strandDNA; HR, homologous recombination; HRD,

homologous recombination deficiency; mAB,monoclonal antibody; PROTAC,

proteolysis-targeting chimera; TKI, tyrosine kinase inhibitor; ssDNA,

single-strandDNA.
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PARP Inhibition Beyond gBRCA1/2Variants:

Homologous Recombination Deficiency

Homologous recombination is a multifactorial process involving

manydifferentproteinsbeyondBRCA1andBRCA2.Genomicaltera-

tions affecting genes encoding for these proteins may impair HRR

andbecomeatargetof synthetic lethality forPARP inhibitorsaswell

as other DDR-targeting agents.11 Analogously, epigenetic altera-

tions, such as gene promotermethylation,mayaffect theseBRCA1

genesand lead tosimilarHRRmisfunctioning.12,13Altogether, these

alterationsare responsible for a phenotypecalled or ho-BRCAness

mologous recombination deficiency (HRD), which identifies spo-

radic cancers with genomic, transcriptomic, or epigenetic altera-

tions that impair thehomologous recombinationpathwaysimilar to

tumors fromcarriersof variants.gBRCA1/2 14Asfor , adoubleBRCA1/2

hitor biallelic inactivation is required to impair this pathway.A pan-

cancer analysis of the Cancer GenomeAtlas identified this biallelic

inactivationinhomologous recombination–relatedgenes inapproxi-

mately5%ofall tumors,whichwas foundmoreoften inbreast(10%)

andovarian (25%) cancers.15 Somatic and genetic al-BRCA1 BRCA2

terations are estimated in approximately2.5%of sporadic tumors,

whereas promoter methylation is reported in 11% to 14%ofBRCA1

sporadic tumors.12,13

However, it is knownthat HRDtumorsmayacquiregenomical-

terations that lead to the restoration of homologous recombina-

tion function, such as secondary or mutations (re-BRCA1 BRCA2

versemutations)16ordemethylationof the promoter.BRCA1
17 In this

dynamic situation, the roleof HRDmaybe questionedby the static

nature ofmodern assays used tomeasure it, asmost of themmea-

sure the consequencesof HRD, in terms ofgenomic scars.18Assays

capturing the functional status of HRR may thus better predict re-

sponse to PARP inhibitors. For instance, a novel assay measuring

RAD51 foci via immunofluorescencehasproved to identify homolo-

gous recombination–proficient tumorsmisclassifiedasHRDbymu-

tation signatures and to better correlate with PARP-inhibitor

sensitivity.19

PARP Inhibition andBreast Cancer: Clinical Evidence

Deleteriousgermlinealterations in genesaredetected in ap-BRCA1/2

proximately5%ofunselectedpatientswithbreastcancer.20,21Higher

frequencyhasbeenreportedinpatientswithtriple-negativebreastcan-

cer(TNBC), familyhistoryofbreastorovariancancer,youngerage,and

Ashkenazi Jewish ancestry.22 Patientscarrying variantshavegBRCA1

ahigher incidence of TNBC,while carriers of variants tend togBRCA2

developestrogenreceptor–positive(ER-positive)breastcancer.23 Sev-

eralPARPinhibitorshavebeendevelopedand investigatedinpatients

with breast cancer. Results from major trials are summarized in

Table1,24-31whereas themost frequent toxiceffects caused bythese

agentsare outlined in Figure2.

AdvancedSetting

In the phase 3 OlympiAD trial, olaparib improved progression-free

survival(PFS) (hazardratio[HR],0.58[95%CI,0.43-0.80]; < .001),P

doubled the objective response rate (ORR) (59.9% vs 28.8%) and

had a more favorable safety profile compared with the treatment

of physician’s choice in patients with variantspretreatedgBRCA1/2

with up to 2 lines of chemotherapy for metastatic breast cancer.25

Although there was no survival difference between the 2 treat-

ment arms (HR, 0.90 [95% CI, 0.66-1.23]; = .51),P
24 an explor-

atory analysis showed a benefit favoring olaparib when adminis-

teredas first-linetherapy.42 Inthephase3EMBRACAtrial, talazoparib

improved PFS (HR, 0.54 [95% CI, 0.41-0.71]; < .001) and ORRP

(62.6%vs27.2%)comparedwith thetreatmentofphysician’schoice

in carriers of variants pretreated with up to 3 chemo-gBRCA1/2

therapy regimens.26 Also, talazoparib did not improve overall

survival (HR,0.85 [95%CI,0.67-1.07]; = .17).P
27 Inboth trials, a sig-

nificant improvement in health-relatedquality of life and a delay in

time to deterioration was observed for patients receiving PARP

inhibitors.43,44

Thecombinationof PARPinhibitors andchemotherapyhassyn-

ergistic activity in preclinical models.45Although thiswas also veri-

fied in clinical studies, most of them closed early because of intol-

erable toxiceffects, particularlyhematological.5Theonlyexception

among first-generationPARP inhibitors was veliparib, which, likely

due to the lower trapping power and better tolerability, proved

to be safe and active when combined with carboplatin and pacli-

taxel in the phase 2 BROCADE study.46 In the confirmatory phase

3 BROCADE3 trial, the same triplet improved PFS compared with

chemotherapy (HR, 0.71 [95%CI, 0.57-0.88]; = .002).P
28Mature

survivaldataareawaited,although preliminary results showedanu-

merical advantage for the veliparib arm.28 Continuation of single-

agent veliparib/placebo in patients who discontinued chemo-

therapywithoutprogressionwasallowed,andveliparibmaintenance

was superior to placebo in a post hoc exploratory analysis.47

As the activity of PARP inhibitors relies on synthetic lethality

in the context of an impaired HRR pathway, these agents have

been also investigated in HRD or BRCAness tumors without

gBRCA1/2 alterations. The evidence accumulated so far failed to

show a benefit, suggesting a biological difference between

tumors driven by alterations and most other HRRgBRCA1/2

alterations, with the exception of germline PALB2 gPALB2)( and

possibly somatic alterations. In the TBCRCBRCA1/2 (sBRCA1/2)

048 study, olaparib led to a high ORR in patients with gPALB2

(82%) or sBRCA1/2 (50%) alterations, but no responses among

patients with -associated or -associated tumors.ATM CHEK2
27

Similarly, no activity was observed with single-agent talazoparib

beyond except for carriers of in a phase 2gBRCA1/2 gPALB2

study.30 In the RUBY trial,48 only 5 of 40 patients (13.5%) with

sBRCA1/2 HRDalterations or -positive metastatic breast cancer

derived a clinical benefit from rucaparib. Further investigation is

needed to identify predictive biomarkers among patients who

may benefit from PARP inhibitors beyond andgBRCA1/2 gPALB2

status.

Early Setting

In thephase2NEOTALAtrial, 24-weekneoadjuvant talazoparib led

to a pathologic complete response (pCR) rate of 53% in carriers of

gBRCA1/2variantswithTNBC.35This is similar towhatwasachieved

withanthracycline-taxane–basedneoadjuvant regimens,prior to the

use of immune checkpoint inhibitors. Similarly, neoadjuvant ni-

raparib led to a 40% pCR rate in a small pilot study including both

ER-positive and TNBC.49 Additional phase 2 studies testing single-

agent neoadjuvant PARP inhibitors are ongoing (NCT0549815550

andNCT0558249951).

Following reassuring safety data seen in the advanced setting,

thecombinationofveliparibpluschemotherapyhasbeentestedalso

in the early-stage setting. However, a similar pCR rate and event-
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free survival were observed for neoadjuvant veliparib-paclitaxel-

carboplatin and paclitaxel-carboplatin in patientswith stage II to III

TNBC inthephase 3BrighTNesstrial.36,37 In the subgroupof 70car-

riers of variants, the pCR rateswere 57%and 50% in thegBRCA1/2

veliparib/carboplatin/paclitaxelandcarboplatin/paclitaxelarms, re-

spectively, questioning the additional role of PARP inhibitors. Neo-

adjuvant low-doseolaparib (100mg twicedaily)–paclitaxeland car-

boplatin-paclitaxel,bothfollowedbyepirubicin/cyclophosphamide,

had similar pCR rates (55.1% and 48.6%, respectively) and long-

term outcomes (4-year invasive disease-free survival: 76% and

88.5%,respectively) inthe phase2,noncomparativeGeparOLA trial,

which enrolled patients with ER-positive or TNBC and a high HRD

score.38,39Olaparib-paclitaxelwassignificantlybetter toleratedand

led to a remarkable pCR rate of 52.6% (10 of 19 patients) in the

ER-positive subgroup.38 In the ongoing phase 2/3 PARTNER trial, a

novel schedule of olaparib (150 mg twice daily, days 3 to 14)

combined with carboplatin-paclitaxel is under investigation

(NCT03150576).52

In the adjuvant setting, the phase 3 OlympiA trial evaluated

1 year of olaparib vs placebo in patients with high-risk ERBB2-

negative breast cancer harboring variants aftergBRCA1/2

chemotherapy.40Olaparibreduced therisk ofrecurrence (4-year in-

vasive disease-free survival, 83%vs 75%;HR, 0.63 [95%CI, 0.50-

0.78]; < .001) anddemonstrated a32% reduction inrisk of deathP

(4-year overall survival, 90% vs 86%; HR, 0.68 [95% CI, 0.47-

0.97]; P = .01).41 Ongoing key clinical trials investigating PARP in-

hibitors in this setting are outlined in Table 2.50,51,53-59

Future Therapeutic Strategies

Despite the benefit of PARP inhibitors for patients with -gBRCA1/2

associated breast cancer, resistance often occurs, and the long-

termresponses observed in othertumortypes, suchas ovariancan-

cer, are rarely seen. Several mechanisms of resistance have been

described, including restorationofHRR activity, impairment ofPARP

trapping,stabilization of the replication fork, increased drug efflux,

or hyperactivation ofalternative pathways, buteffectivestrategies

to overcome resistance are lacking.60 Preclinical data showed that

novel regimens and drugsmay be effective in tumors that develop

resistance to single-agent PARP inhibitors, and clinical studies are

ongoing (Table 3).61-85

Novel Combination Regimens

UnrepairedDNAdamage due to PARP inhibitionmodulates the tu-

mor immunemicroenvironment bydiversemechanisms, including

the formation of neoantigens and the induction of interferon-

related genes (eg, programmedcell death ligand-1).86 In preclinical

models,PARPinhibitorscombinedwith immunotherapyhave been

shown to enhance immune response and to synergistically inhibit

tumor growth.87 In the TOPACIO trial, niraparib plus pembroli-

zumab yielded an ORR of 21% in unselected patients with meta-

staticTNBC,withnumerically higherresponse rates in patientswith

sBRCA1/2 variants (ORR, 47%) and in those with programmed cell

death ligand-1–positive tumors (ORR, 32%).31 In the phase I/II

MEDIOLA trial, olaparib plus durvalumab led to a 28-week disease

control rate of 50% in patients with variants andmeta-gBRCA1/2

static breast cancerwith favorable tolerability.32However, the first

randomizedstudyadding immunotherapy(atezolizumab) toaPARP

inhibitor (olaparib) among carriers of 1/2 variants with ad-gBRCA

vanced breast cancer did not show a significant PFS benefit for the

combination.88

In the maintenance setting, the phase 2 DORA trial evaluated

olaparibwith orwithout durvalumabinpatientswithadvancedTNBC

and prior benefit fromplatinum chemotherapy.34Median PFS was

4.0months in the olaparib and 6.1months in the olaparib plus dur-

valumabarms, respectively. Patientswithout -altered tu-gBRCA1/2

mors had durable disease control with olaparib maintenance with

orwithout durvalumab,suggestingthe potentialvalueof priorplati-

num response as a biomarker to select patients for maintenance

PARP inhibition.

Thecombinationof chemotherapyandPARPinhibition hasbeen

historicallyhindered bythe overlapping toxic effects.However, the

improved therapeutic index of antibody-drug conjugates (ADCs)

makestheman appealingcombination partner forPARPinhibitors.

Combining PARP inhibitors and ADCs carrying a topoisomerase 1

(TOP1) inhibitor payload, such as sacituzumab govitecan or

trastuzumab deruxtecan, is particularly intriguing given the syner-

gism between TOP1 inhibitors and PARP inhibitors and the poten-

tial synthetic lethality89:TOP1 inhibitors inducethe trappingof TOP1

onDNAand theformationofsingle-strandbreaks,whichneed afunc-

tional PARP1 to be repaired. Trials combining TOP1-ADCs and PARP

inhibitors are ongoing.

Figure 2. MostFrequent AdverseEffects FromSingle-Agent PARP Inhibitors Observed in the Phase 3 OlympiAD,

EMBRACA, and OlympiA Registration Trials
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Preclinicaldata inTNBCmodelsshowedsynergisticantitumoref-

fects from the coinhibition of PARP andDDR regulators, such as the

ataxiatelangiectasiaandRad3-related(ATR)andWEE1kinases.90WEE1

regulates cell cycle progression, whereas ATR intervenes in theDNA

damageresponse.In2phase1 studies, thecombinationof theATRin-

hibitor camonsertib and low-dose PARP inhibitors (talazoparib, ni-

raparib,or olaparib) showed anORRof 13%in heavily pretreated pa-

tientswith DDR-aberrant solid tumors, although only 1 of 17 patients

with breast cancer achieved an objective response.91 The phase 2

VIOLETTEtrialinvestigatedolaparibalone,incombinationwiththeATR

inhibitor ceralasertib or the WEE1 inhibitor adavosertib as second-

line or third-line treatment for patients with unselected metastatic

TNBC. SimilarORR and PFSwere observed betweenthe 3 treatment

arms, irrespective of the presence of genetic alterations in homolo-

gous recombination pathway genes.33

In wild-type preclinical models, coinhibition of bromo-BRCA1/2

domain and extraterminal (BET) proteins and PARP led to enhanced

antitumor activity.92 BET proteins are key regulators of transcrip-

tional outputs that regulate HRR gene expression. When combined

witholaparibinanovariancancermodel,BET inhibitorsshowedasyn-

ergistic increase in DNA damage and checkpoint defects, which ulti-

mately led to cell death by mitotic catastrophe. In a phase 1/2 study,

theBET inhibitorZEN-3694plustalazoparibshowedpromisingactiv-

ityinpretreatedpatientswithTNBCandwithout variants.gBRCA1/2
93

Thesafetyprofileof thecombinationwasmanageablewiththrombo-

cytopenia as the most common adverse event. Key clinical trials in-

vestigatingnovel combinations are reported in Table 3.

New-Generation PARP Inhibitors

Thedevelopmentofresistanceandthenonnegligiblerateofoff-target

toxiceffectshavehindered theuseof PARP inhibitors incombination

therapyand inabroaderpopulationofpatientswithcancer,butnovel

agentsaretryingtoovercometheselimitations(Table3).Studieshave

demonstratedthat the hematological toxiceffectsof PARP inhibitors

aremainlyduetothe inhibitionofPARP2,94while thesyntheticlethal-

itywithBRCAdeficiencyisdrivenbytheinteractionwithPARP1.95There-

fore,selectiveinhibitionofPARP1hasbecomeanappealingtherapeu-

tic strategy, and PARP1-selective inhibitors are under development.

Amongthem,AZD5305hasdemonstratedremarkablepharmacokinet-

ics,pharmacodynamics, andsafetypharmacologyprofiles in preclini-

calmodels.96ThisagenthashigherselectivityforPARP1comparedwith

PARP2, leading tohighly stablePARP1trapping,and astrong antipro-

liferativeeffect limitedtoHRDcells.97Similarresultswereobtainedon

invivomodelsofHRDTNBCandovariancancer.98Followingtheseen-

couragingpreclinicalresults, thephase1/2PETRAtrial (NCT04644068)

is evaluating AZD5305 in patients with metastatic tumors carrying

pathogenic alterations of HRR genes.71 In a preliminary analysis of

40patientsharboringgermline/somaticalterationsofBRCA1/2,PALB2,

or , AZD5305proved to be safeand active, with anORR ofRAD51C/D

25%andadiseasecontrol rateof53%.Overall,4of 10responseswere

seenamongpatientswhoprogressedonpriorPARPinhibitors.99 Inthe

expansionphase,AZD5305is investigatedasmonotherapyor incom-

binationwith chemotherapy,ADCs, or endocrinetherapy.

Inaddition to PARP1-selective inhibitors,novel agentsacting as

dual inhibitors of PARP1 and intracellular molecules (eg, histone

deacetylases,DNAtopoisomerases,PI3Kpathwayeffectors),PARP1

degraders based on proteolysis targeting chimera technology and

PARP1-targeting prodrugs are under development.T
a
b
le
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Integrating PARP Inhibitors in the Treatment Landscape

for PatientsWith Breast Cancer

As the therapeutic landscape of breast cancer broadens, novel

questions arise about the optimal use of PARP inhibitors. First,

genetic testing is not universally offered to patients with

breast cancer despite its potential therapeutic implications.100 The

practice-changingresultsofOlympiA stresstheurgentneed torecon-

sidereligibilitycriteria forgenomic testingandsupport test-gBRCA1/2

ing for all patients withhigh-riskERBB2-negativeearlybreast cancer,

consistentwithmultipleguidelines.101Second,howolaparibshouldbe

integratedwith available (neo)adjuvant therapies, such as pembroli-

zumab forTNBCand abemaciclib forER-positive disease, is debated.

IntheKEYNOTE-522trial, inwhichpembrolizumabwasaddedtoneo-

adjuvantchemotherapyandadministeredadjuvantly,event-freesur-

vival was prolonged, precluding adjuvant olaparib.102 No patients in

OlympiAreceivedpembrolizumab.Whetherpatientswithresidualdis-

ease after neoadjuvant pembrolizumab-chemotherapy should re-

ceive olaparib, pembrolizumab, or both is unknown.103 Adjuvant ca-

pecitabine also proved to prolong survival in patients with high-risk

TNBC,complicatingfurther thetreatmentchoice.104Aspatientswith

gBRCA1/2variantsareexcludedfrommostoftheongoingtrials inthis

setting, it isunlikelythatrandomizeddatawill soonclarifywhich isthe

best approach for these patients.

In the monarchE trial, abemaciclib plus endocrine therapy

reduced the risk of recurrence in patients with ER-positive, ERBB2-

negative, high-risk early-stage breast cancer.105 Inclusion criteria of

monarchE partially overlap with those of OlympiA, but information

aboutthe statusofpatientsenrolledinmonarchEisnotavail-gBRCA1/2

able.Similar results havebeenreportedwith adjuvantribociclib inthe

NATALEEtrial,106 alsowithoutsubgroupanalysesby status.gBRCA1/2

Acknowledgingthelackofhead-to-headcomparisons,thesurvivalben-

efitsprovenwitholaparibandnotyetwithadjuvantcyclin-dependent

kinase4and6(CDK4/6)inhibitorsmayfavortheformercomparedwith

the latter.

Whenpatientswith -associatedmetastatic breast can-gBRCA1/2

cer should receive PARP inhibitors is also debated. For patients with

ER-positivedisease, it is unknownwhetherCDK4/6inhibitorsplusen-

docrine therapy should be preferred to PARP inhibitors as first-line

therapy.Retrospectiveanalyses showedthatoutcomeswithCDK4/6

inhibitorsmaybepoorer incarriersof variantscomparedwithgBRCA1/2

wild-type patients.107 In cases of variants, this might be duegBRCA2

to the co-occurrenceof lossof heterozygosity and loss ofBRCA2 RB1,

agenelocatedinproximityto onchromosome13, inwhich lossBRCA2

isawell-knownmechanismofresistancetoCDK4/6inhibitors.108Fur-

thermore, -associatedtumorsaremoreoftennonluminalcom-gBRCA

pared with sporadic ER-positive tumors.109 These data may collec-

tivelysuggestthatsometumorsfromcarriersof variantsmaygBRCA1/2

be intrinsically resistant to CDK4/6 inhibitors. A trial comparing first-

line inhibitorsplus endocrinetherapyvsPARPinhibitors iswarranted.

For patientswith TNBCand , toour knowledge,no ex-gBRCA1/2

isting evidence suggests how PARP inhibitors should beprioritized

to newer options of chemoimmunotherapy or ADCs (eg,

sacituzumabgovitecan and trastuzumabderuxtecan). Informative

subgroupanalyses by alterations fromphase3 trialshavegBRCA1/2

not beenpublished. As in OlympiAD, olaparib had the highest ben-

efit when administered as first-line treatment but did not improve

survival comparedwith chemotherapy. Itmaybereasonable to pri-

oritize first-line immunotherapy-basedregimens and favorsecond-

line olaparib while acknowledging the lack of data to support any

sequential strategy in this setting.

Furthermore,whetherandtowhatextent the activities ofPARP

inhibitors and platinum chemotherapy overlap is debated. Their

mechanism of action is similar, as are their sensitivity and resis-

tancespectra.However,head-to-head comparisons betweenplati-

num chemotherapy and PARP inhibitors are lacking, and little is

knownabout the activity of PARP inhibitors after platinum chemo-

therapy,andviceversa.Results fromBROCADEsuggestedthatPARP

inhibitorsmay improveoutcomeswhenadded tocarboplatin,28but

opposite evidence emerged from BrighTNess.37 Data from Gepa-

rOLA, thoughnot comparative in its design, suggestedthat olaparib

and carboplatin may be equivalent in the early-stage setting.38 Fu-

ture studies combining platinum salts with less toxic PARP1-

selective inhibitors may help to clarify whether these agents have

synergic or redundant activity. If shown to be equivalent, PARP in-

hibitorsmaybeprivileged toplatinumchemotherapygiventhebet-

ter safety profile; however, the different cost-effectiveness pro-

files should also be considered.

Finally, the role of maintenance PARP inhibitors after chemo-

therapy should be clarified. The aforementioned data from the

BROCADE328 andDORA trial34support this strategy,and further ef-

forts are ongoing (KEYLYNK-009 trial, NCT04191135).110

Conclusions

PARP inhibitors are the first agents approved selectively for pa-

tients with hereditary tumors, and the first drugs exploiting the

mechanism of synthetic lethality. However, many questions re-

main to be answered. Theclinical benefit varies significantly across

distinct tumor types, but the reason that long-term benefits seen

in patients with ovarian cancer are rarely achieved in patients with

breast cancer is unknown. Future research should (1) identify pre-

dictive biomarkers of response to PARP inhibitors beyond BRCA/

PALB2 status, (2) clarify how to best integrate these agents in the

treatment landscapeofearly-stageandmetastaticbreastcancer,and

(3) develop novel treatment strategies to overcome the different

mechanismsofresistance. Inthiscontext, translationaleffortsshould

be integrated intoanyclinical trial tobothcharacterizetheomicspro-

file of these tumors and to potentially generate preclinical models

for therapeutic investigations. In parallel, the developmentof novel

drugswithbettersafetyprofileswillallowinvestigationsofnewcom-

binations to be pursued.
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