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Learning Objectives Explain the concept of sporadic “BRCAness” in breast tumors.

Describe the current status, obstacles, and future direction for utility of sporadic “BRCAness” in

breast tumors.

/ABSTRACT

BRCA1 or BRCA2 mutations predispose to cancer develop-
ment, primarily through their loss of role in the repair of DNA
double-strand breaks. They play a key role in homologous re-
combination repair, which is a conservative, error-free DNA
repair mechanism. When mutated, other alternative, error-
prone mechanisms for DNA repair take over, leading to
genomic instability. Somatic mutations are rare in sporadic
breast tumors, but expression of BRCA1 and BRCA2 genes can
be downregulated in other mechanistic ways. These tumors
have similar features in terms of their phenotypic and geno-
typic profiles, which are normally regulated by these genes,
and mutations lead to defective DNA repair capacity, called
“BRCAness.” Attempts have been made to exploit this differ-

entially expressed feature between tumors and normal tis-
sues by treatment with DNA-damaging chemotherapy agents.
Cells with this functional BRCA deficiency should be selectively
susceptible to DNA-damaging drugs. Preclinical and early clinical
(primarily retrospective) evidence supports this approach. In
contrast, there is emerging evidence of relative resistance of tu-
mors containing BRCA1 or BRCA2 mutations (or BRCAness) to
taxanes. In this review, we summarize the data supporting differ-
ential chemotherapeuticsensitivity on the basis of defective DNA
repair. If confirmed with available, clinically applicable tech-
niques, this differential chemosensitivity could lead to treatment
choices in breast cancer that have a more individualized biologic
basis. The Oncologist 2013;18:909-916

Implications for Practice: Women with germline BRCA mutations are more prone to develop breast, ovarian, and other cancers
because of the inability to repair DNA damage effectively. These mutations cause a small minority of breast cancers, but studies
have shown that such tumors respond better when treated with DNA-damaging chemotherapy agents. Evidence shows that non-
mutated tumors also have defective DNA repair or “BRCAness” caused by other mechanisms and behave similarly to BRCA-
mutated tumors. Some clinical data support that tumors with BRCAness respond better to DNA-damaging chemotherapy.
Preliminary data suggest that tumors with intact BRCA1 respond better to treatment with antitubulin agents. In this review, we
discuss BRCAness and the clinical data supporting preferential responses to different chemotherapy agents. No standardized test
to detect BRCAness exists yet, and various techniques are being developed because this test could affect chemotherapy choice.

INTRODUCTION

Breast cancer is a heterogeneous disease with different
clinicopathological features, responses to treatment, and
prognoses. Progress in the development of targeted thera-
pies (HER-2/neu targeting with monoclonal antibodies and
small molecule inhibitors) has made a substantial differ-
encein both response and survival. Despite significant clin-
ical advances, there are still 40,000 women in the U.S. who
die of breast cancer each year [1]. Consequently, thereis a
continuing need to search for other potential therapeutic
strategies.

It is well known that women with germline mutations in
BRCA1 or BRCA2 are atincreased risk of developing breastand
ovariancancers [2]. Inaddition, thereis ahigherrisk of pancre-
atic, prostate, and male breast cancer [2]. This riskis thought to
be related to the roles of BRCAI and BRCA2 genes in DNA repair.
DNA damage activates cell-cycle check points and recruitment of
DNA repair machinery. In cells deficientin BRCA1 or BRCA2, there
is defective DNA repair of double-strand DNA breaks (DSB)
through homologous recombination (HR), which is a conserva-
tive DNA repair mechanism with a high degree of fidelity.

Correspondence: Pavani Chalasani, M.D., The University of Arizona Cancer Center, 3838 N. Campbell Ave., Tucson, AZ 85724, USA. Tele-
phone: 520-626-0191; E-mail: pchalasani@uacc.arizona.edu Received February 4, 2013; accepted for publication April 24, 2013; first
published online in The Oncologist Express on July 23, 2013. ©AlphaMed Press 1083-7159/2013/5$20.00/0 http://dx.doi.org/10.1634/
theoncologist.2013-0039

The Oncologist2013;18:909-916 www.TheOncologist.com ©AlphaMed Press 2013



910

Chemotherapeutic Sensitivity for “BRCAness”

Alternative error-prone, potentially mutagenic DNA repair
mechanisms like non-homologous end joining and single-
stranded annealing compensate but lead to genomic instability
[3]. The relative roles of BRCA1 and BRCAZ2 in repair of DNA DSB
have been explored and better defined over the past two de-
cades. BRCA1 is a critical organizing molecule that has been
linked to a range of cellular processes beyond DNA repair, like
transcriptional regulation and chromatin remodeling. BRCA2
function in HR is primarily via regulation of RAD51 activity [4].
BRCAZ2 regulates RAD51 recombinase, which is a critical step in
strand invasion and homology-directed repair [4].

Germline mutation in one BRCA1 or BRCA2 allele is suffi-
cientto predispose for cancer development [5]. There is a loss
of heterozygosity, with loss of the normal allele while retain-
ing the mutant allele, in the tumor tissue of susceptible indi-
viduals, suggesting that the genes play a normal role as tumor
suppressors [6, 7]. Somatic mutations in BRCA1 or BRCA2 do
notoccur frequently in sporadic (or nonfamilial) breast cancer
[8, 9], but potentially any (somatic) inactivation of the genes
could result in their phenotypic repression [10]. A phenome-
non called “BRCAness” (or, more properly, “BRCAlessness”)
has been reported in sporadic cancers that do not have the
germline mutationsin BRCA1 or BRCA2 but that display similar
inactivation of the BRCA-related genes and consequently
have defective HR [3].

Inactivation of the BRCA1 gene leads to breast tumor
histology that has a higher grade, that is more likely to be
estrogen receptor (ER) negative, that has v-MYC avian my-
elocytomatosis viral oncogene homalog (CC-MYC) overex-
pression, and that lacks ERBB2 (HER-2/neu) amplification [11,
12]. BRCA1 gene mutation-associated breast cancers typically
display a basal-like molecular subtype [13, 14] similar to that
composing the majority of triple-negative breast cancers
(TNBCs). This finding suggests that therapeutic approaches
targeted to BRCA1 mutation-associated breast cancers might
be applicable to sporadic TNBCs. Unlike the familial BRCA1
mutation-associated tumors, which have a characteristic phe-
notype, familial BRCA2 mutation-associated tumors do not
have a consistent, distinct molecular phenotype. With
currently available methods, itishard to delineate histopatho-
logical characteristics that differentiate familial BRCA2 muta-
tion-associated tumors from sporadic cancer, but BRCA2-
associated tumors tend to be ER positive and HER2 negative
[15].

The therapeutic implications of BRCA1 or BRCA2 muta-
tions or of a sporadic BRCAness phenomenon remains un-
proven, but initial clinical evidence (see below in clinical data
section) suggests that there could be higher activity of DNA
damaging agents like alkylators, platinators, and anthracy-
clines in these groups. In addition, preliminary data suggest
relative resistance of such tumors to agents that act by stabi-
lizing microtubule polymers (e.g., the taxane class of drugs).
This review addresses the possible relationship of the defec-
tive BRCA1 and/or BRCAZ2 function (in mutation carriers and
sporadic breast cancers) in relation to sensitivity to different
chemotherapeutic agents.

Etiology of Sporadic BRCAness

The BRCA1 gene is transcriptionally regulated by a CpG island
promoter that is unmethylated in all normal human cell types
[16]. The BRCA1 gene is inactivated by aberrant DNA methyl-
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ationinapproximately 15% of sporadic breast cancers overall,
with a higherincidence of epigeneticinactivationin TNBC[17—
19]. The frequency of epigenetic inactivation exceeds the fre-
qguency of genetic mutation of BRCA1 in breast cancer and is
likely to be a primary force behind BRCAness. Asecond feature
that can influence the BRCAness of a cell is gene dosage. The
BRCA1 generesides on chromosome 17 in a region frequently
lostin breast cancer. Consequently, homozygous deletions of
this region may lead to BRCA1 haploinsufficiency, reflecting a
lesser but potentially relevant degree of BRCAness [20].

In contrast to BRCA1, hypermethylation of the BRCA2
gene promoter is not reported as a cause of its inactivation
[21]. Instead, reports of chromosome 11 open reading frame
30 (C110orf30; also known as EMSY) gene amplification have
beenimplicated in BRCA2 inactivation [22]. EMSY, when over-
expressed, inhibits BRCAZ2 transcriptional activity by interact-
ing with exon 3 of BRCA2. EMSY amplification has been
reported in up to 13% of sporadic breast cancers with most of
them having ER-positive tumor biology [3].

Unlike the familial BRCA1 mutation-associated tu-
mors, which have a characteristic phenotype, familial
BRCA2 mutation-associated tumors do not have a
consistent, distinct molecular phenotype. With cur-
rently available methods, it is hard to delineate histo-
pathological characteristics that differentiate familial
BRCA2 mutation-associated tumors from sporadic
cancer, but BRCA2-associated tumors tend to be ER

positive and HER2 negative.

Detecting BRCAness

Several efforts toidentify this signature have been reported using
different methodologies. These efforts include array compara-
tive genomic hybridization (aCGH), quantitative real-time poly-
merase chain reaction (qPCR), multiplex ligation-dependent
probe amplification (MPLA), and immunohistochemistry (IHC).
Techniques may be based on DNA, RNA, or proteins and have
been reported using frozen or formalin-fixed tumor tissue. Each
technique has its unique advantages and disadvantages, and
those details are beyond the scope of this review. Currently no
standard way of defining or detecting BRCAness has found its
way to clinical application, but this is an area of intense investiga-
tion.

The recognized steps to incorporation of a predictive
biomarker into clinical care involve analytic validation,
then clinical validation, and finally assessment of clinical
utility [23]. Itisimportanttorecognize atthe outsetthatan-
alyticvalidation of a standardized technique that can be ap-
plied to clinical pathological material has not yet been
accomplished, as reflected by the multiplicity of methods
currentlyinuse; clinical validationand ultimate assessment
of clinical utility could then be formally addressed. Other
predictive markers with proven utility, including HER2 and
the ER, went through a lengthy process on the way to
achieving these goals for adoption into clinical practice,
and we hope the same may ultimately prove to be true of a
test for HR deficiency (HRD).
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Preferential Effect of Chemotherapy in Relation to
BRCA1 or BRCA2 Expression

The key roles that the BRCA1 and BRCA2 genes play in DNA re-
pair is through HR, and their dysfunction affects this least er-
ror-prone repair mechanism. Consequently, these cells could
be more sensitive to chemotherapy agents that produce DNA
damage by causing strand breaks through failure to reseal
cleavable complexesinstrand passage or by intercalation with
base pairs (e.g., anthracyclines) or through DNA adduct for-
mation (e.g., alkylators and platinating agents) with subse-
quent intra- or interstrand DNA crosslinks and resultant DSB
[24].

Preclinical data suggest that low levels of BRCA1 in cell
lines correlate with resistance to taxanes and vinca alkaloids
[24, 25]. This response may be dependent on tumor type, with
breast cancer cell lines preferentially showing this effect [25].
These breast cancer cell line data have been replicated in vivo
in mice, where docetaxel resistance was noted in spontane-
ous breast tumors that have deletion of BRCA1 [26]. The dom-
inant mechanism by which BRCA1 is involved in taxane
response is unknown, but several have been proposed. One is
adifferential apoptotic response, whichis mediated by BRCA1
induction of Growth Arrest and DNA-Damage Inducible
(GADDA45A; also known as GADD45) transcription [27]. An-
other mechanistic hypothesis is a BRCAl-induced increase in
c-Jun N-terminal kinase (JNK)/stress-activated protein kinase
phosphorylation, with subsequent apoptosis in BRCA1-ex-
pressing cells treated with paclitaxel [28 —30]. Taxanes disrupt
mitotic spindle assembly by stabilizing microtubules and
thereby triggering expression of a spindle check point. BRCA1
isimportantfortranscriptional upregulation of spindle assem-
bly checkpoint proteins, and loss of its function inhibits their
critical disruption by taxanes [30]. Despite published clinical
reports suggesting an analogous direct relationship between
loss of BRCA2 expression and taxane resistance [31], a direct
pathophysiological link between the BRCA2 gene and sensitiv-
ity to the taxane class of drugs has yet to be demonstrated.

Clinical Studies of BRCA1 or BRCA2 Mutation Carriers
The majority of the published clinical reports are retrospective
(Table 1). Regimens usedinthose studies were reported asan-
thracycline-based or cyclophosphamide, methotrexate, and
5-flourouracil (CMF)-like regimens. Higher response rates
were reported overall among patients with BRCA1 or BRCA2
mutations when treated with DNA-damaging regimens. The
largest series reported responses in 121 BRCA1 or BRCA2 mu-
tation carriers with metastatic breast cancer compared with
matched sporadic breast cancer patients [32]. All patients in
both groups received anthracycline-based or CMF or CMF-like
regimens as treatment. Patients with BRCA2 mutations had a
higher overall response rate (ORR), higher progression-free
survival (PFS), and higher overall survival (OS) after the start of
such chemotherapy in first-line treatment compared with
their matched controls. In the same series, a nonsignificant
trendforincreased ORRand PFS was noted in BRCAI mutation
carriers. In this study, the cohorts were matched by age, year
of primary cancer diagnosis, and year of metastatic breast
cancer diagnosis but not for other predictive factors of known
importance, suchas ERand HER2, which could confoundinter-
pretation of the results.

www.TheOncologist.com

Amongvarious classes of DNA-damaging chemotherapeu-
ticagents, cisplatin has been consistently reported to produce
a higher ORR among BRCA1 mutation carriers. Two prospec-
tive clinical trials further assessed this hypothesis by admi-
nistering cisplatin to patients with BRCAI1 mutations. In a neo-
adjuvanttrial of 25 BRCA1 mutation patients, there was a clin-
ical complete response (cCR) and associated pathological
complete response (pCR) (defined as no evidence of invasive
cancer in breast and lymph nodes) in 18 patients after treat-
ment with four cycles of cisplatin at 75 mg/m2 [33, 34]. In the
metastatic BRCAI-associated breast cancer group, 20 pa-
tients were treated with cisplatin at similar doses for six cycles
[35]. Response was observed in 16 patients, with 9 achieving
complete response (CR) and 7 obtaining partial response (PR).
These prospective clinical trials support the concept of ex-
ploiting defective HR in patients with BRCA1 (and BRCA2) mu-
tations by treatment with platinum chemotherapy agents;
however, this observation needs to be confirmed in larger,
prospective clinical trials. Another caveat to any generaliza-
tion about “platinators” is that experience in other cancer
types indicates that drugs in the same family are not always
equivalent (e.g., cisplatin is superior to carboplatin in the cu-
rative intent setting in testicular cancer), and this possibility
exists in breast cancer as well, especially when carboplatin is
given at an area under the curve of 2 rather than 6.

Efficacy of taxanes in patients with BRCA1 or BRCA2 muta-
tions has been evaluated in two retrospective studies. One
study reported a lower response rate (RR) in patients with
BRCA1 mutations who received a neoadjuvant docetaxel-
based combination regimen [36]. This study reported that 6 of
15 patients with BRCA1 mutations responded compared with
29 of 29 matched control patients (without the mutation). The
cases were matched for age and treatment center. In addition
to different tumor biology in the two cohorts (BRCA1 carriers
were more likely to be triple negative), the regimen compared
was a combination of docetaxel and doxorubicin and may con-
found the conclusions. Another study reported that taxanes
were less effective (in terms of RR and PFS) in hormone recep-
tor-negative BRCA1 mutation-associated metastatic breast
cancers when matched to their sporadic breast cancer con-
trols [31]. Again, appropriate control for other predictive
markers for response was not done between the cohorts, and
that significantly confounds the results. This is noted in the
same study where 11 patients with hormone receptor-posi-
tive BRCA1 mutation-associated tumors have similar PFS as
their sporadic counterparts. In addition, 10 patients with hor-
mone receptor-positive BRCA2 mutation-associated breast
cancer had a higher RR and similar PFS compared with spo-
radic breast cancer patients when treated with taxanes [31].

Studies Correlating BRCAness in Sporadic Tumors and

Clinical Response

Table 2 lists the studies that report clinical correlation of a
BRCA1- or BRCA2-like signature with administration of differ-
ent chemotherapeutic agents. BRCA1- or BRCA2-like signa-
ture was determined with a variety of nonstandardized
techniques (aCGH, MPLA, gPCR, or IHC). There is a higher inci-
dence of BRCA1-like signature in tumors with triple-negative
histology compared with BRCA2-like signature, which is re-
ported to be higher in hormone receptor-positive breast tu-
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Table 1. Studiesreporting chemotherapy efficacy in patients with BRCA1 or BRCA2 mutations

Mutations
First author assessed Type of study No. of patients Chemotherapy regimen Results
Delalogue [53] BRCA1 and BRCA2 Retrospective 15 BRCA1, 5 BRCA2, Neoadjuvant anthracycline-based A pCR was noted in 53%
and 57 matched regimen of BRCA1,0% of BRCA2,
controls and 14% of controls
Chappuis[54] BRCA1 and BRCA2 Retrospective 7 BRCA1,4 BRCA2, Neoadjuvant anthracycline-based BRCA1 and BRCA2
and 27 noncarriers regimen carriers had higher cCR
(93% vs. 30%) and pCR
(36% vs. 4%) compared
with noncarriers
Byrski[36] BRCA1 Retrospective 44 BRCA1and 41 Various neoadjuvant regimens: 80% of BRCA1 carriers
matched controls CMF, CMFP, AC, FAC, AT had PR or CR compared
with 95% of noncarriers;
BRCA1 carriers
responded poorly to AT
(40%) compared with
controls (100%)
Gronwald [33], Byrski[34] BRCA1 Prospective 25 BRCA1 Neoadjuvant treatment with 72% of BRCA1 carriers
cisplatin had cCR and pCR
Kriege[32] BRCA1 and BRCA2 Retrospective 93 BRCA1, 28 Anthracycline-based or CMF/ Compared with sporadic
BRCA2,121 CMF-like regimen in metastatic patients, BRCA2 carriers
matched controls breast cancer have significantly higher
ORR and improved PFS
and OS; for BRCA1, a
nonsignificant trend for
increased ORR and PFS
was noted
Byrski[55] BRCA1 Retrospective 102 BRCA1 Various neoadjuvant regimens: A pCR was noted in 23%,
CMF, AT, FAC, AC, cisplatin highest with cisplatin
(83%), intermediate
with AC (22%) and FAC
(21%), lowest with AT
(7%) and CMF (8%)
Byrski[35] BRCA1 Prospective phase Il 20 BRCA1 Metastatic breast cancer treated ORR 80% (45% cCR, 35%
with cisplatin PR); median TTP: 12 mo
Kriege[31] BRCA1 and BRCA2 Retrospective 35BRCA1,13 Taxanes (docetaxel or paclitaxel) Compared with their
BRCA2, 95 matched in metastatic breast cancer matched controls, HR-
controls patients negative BRCA1 carriers
had alower ORR (42%
vs. 20%), but HR-
positive BRCA2 carriers
responded better to
taxanes (89% vs. 38%)
Isakoff [56] BRCA1 and BRCA2 Prospective 86 TNBC patients: Platinum chemotherapy for ORR in patients positive

9BRCA1,2 BRCA2

metastatic TNBC fpr BRCA1 or BRCA2 was

54.6% (5 PR, 1CR)

Abbreviations: AC, doxorubicin, cyclophosphamide; AT, doxorubicin, docetaxel; cCR, clinical complete response; CMF, cyclophosphamide
methotrexate, 5-flourouracil; CMFP, cyclophosphamide methotrexate, 5-flourouracil, prednisone; CR, complete response; FAC, flourouracil,
doxorubicin, cyclophosphamide; HR, hormone receptor; ORR, overall response rate; OS, overall survival; pCR, pathological complete response; PFS,
progression-free survival; PR, partial response; TNBC, triple-negative breast cancer; TTP, time to progression.

mors [18]. In addition to the different methodologies to
identify BRCAness, information regarding other predictive
markers for treatment outcome is not uniformly reported in
all studies, a serious known shortcoming. Currently, there are
no standardized ways to compare these techniques, making
cross-study comparisons difficult.

Tumors with BRCA1-like signature determined by aCGH
are reported to be more sensitive to anthracycline-based or
high-dose-platinum-based chemotherapy in two large retro-
spective studies [18, 37]. One of the studies reported that a
BRCA2-like signature was surprisingly common among ER-
positive patients, and such patients had a much higher rate of
pathological response to neoadjuvant treatment with an an-
thracycline-based regimen [18]. The second large series found
that 18% of all breast tumors had a BRCA1-like aCGH. A
strength of this study was that specimens were assessed ret-
rospectively from a randomized clinical trial comparing con-
ventional chemotherapy with high-dose chemotherapy in
stagell/lll breast cancer patients. Amongthose patientswitha
BRCA1-like profile, significantly better recurrence-free sur-
vival (RFS) and OS was noted after treatment with the high-
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dose regimen, which contained platinator and alkylators at
doses requiring autologous stem cell support for hematologi-
cal recovery, versus the control arm [37].

Smaller studies have shown less consistent results. One
study reported significantly higher BRCA1 messenger RNA
(mRNA) levels in patients responding to treatment with cyclo-
phosphamide and epirubicin [38]. The authors hypothesized
that BRCA1 is needed for apoptosis, and an intact BRCA1 pro-
tein pushes the cell into apoptosis when DNA damage occurs.
Preclinicaland other clinical data reviewed suggest otherwise,
and afurthertechnical issue mayinvolve intracellularlocaliza-
tion of the RNA message being measured. Similarly, another
report assessed BRCA1 promoter methylation in sporadic pa-
tients with TNBC and found decreased RFS at 5 years in pa-
tients whose tumors had BRCA1 promoter methylation,
implying impaired, rather than augmented, effectiveness of
an anthracycline-based approach in the setting of defective
HR [39]. One possible difficulty with this observation is that it
makes an assumption that BRCA1 promoter methylation ac-
counts entirely for a BRCAness profile, whereas other causes
(e.g., gene dosage) are known to exist. Moreover, the regi-
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Table 2. Studies reporting chemotherapy efficacy in sporadic BRCAness

No. of
First author Genes assessed Type of study patients Chemotherapy regimen Results
Egawa[43] BRCA1 and BRCA2; mRNA Retrospective 25 Docetaxel in patients with locally 40% RR in tumors with high BRCA2 mRNA
levels by qPCR advanced/recurrent tumors levels compared with 100% in tumors
with low BRCA2 levels; a nonsignificant
trend toward lower BRCA1 mRNA
expression among responders was noted
Egawa [38] BRCA1 and BRCA2; mRNA Retrospective 51 Cyclophosphamide, epirubicin in 65% RR in patients with tumors with high
levels by qPCR patients with locally advanced/ BRCA1 mRNA levels compared with 32%
recurrent tumors in tumors with low BRCA1 levels; no
difference in response was noted in
relation to BRCA2 levels
Kurebayashi[41] BRCA1 expression by IHC Retrospective 50 Taxane-based (n = 19) or No BRCA1 expression in 58%; in the
anthracycline-based (n = 25) taxane subgroup, absent BRCA1
regimens in patients with expression was associated with shorter
metastatic breast cancer TTP (6.5 mo vs. 14.7 mo); no difference
noted in RR or TTP with BRCA1
expression when treated with
anthracycline-based regimen
Silver[57] BRCA1 mutations, BRCA1 Prospective 28 Cisplatin given neoadjuvantly 22% had pCR; low BRCA1 mRNA
mRNA levels, BRCA1-PM, expression and BRCA1 PM associated
with good response to cisplatin
Rodriguez [42] BRCA1-like signature (69-gene Retrospective 105 FEC (n = 50), AC (n = 16), and Tumors with defective DNA repair gene
LDA by qPCR) TET (n = 39) were given to TNBC expression are more sensitive to
patients neoadjuvantly anthracyclines and are resistant to
taxane-based chemotherapy
Lips[18] BRCA1 and BRCA2; aCGH, Retrospective 163 Dose-dense AC given BRCA1-like aCGH found to be higherin

BRCA1-PM, BRCA1 mRNA
levels, EMSY amplifications

Vollebergh[37] BRCA1aCGH Retrospective 230°

Sharma[39] BRCA1-PM Retrospective 39

Oonk[58] BRCA1-like status by MLPA Retrospective 101

Sharma [40] BRCA1 mutation, BRCA1-PM, Retrospective 30
BRCA1 expression

Telli[50] HRD assay by genomewide SNP Prospective 77

analysis by Affymetric MIP
arrays or DNA sequencing

neoadjuvantly

HD-PB vs. FEC X6

Anthracycline-based regimen
administered neoadjuvantly or
adjuvantly to TNBC

Adjuvant cyclophosphamide
based, AC, FEC, TAC, CMF
administered to TNBC

Neoadjuvant caroboplatin,
docetaxel, and erlotinib to TNBC

Neoadjuvant carboplatin,
gemcitabine, and iniparib to
TNBC

TNBC (57% vs. 6% in ER positive); BRCA2-
like aCGH associated with higher pCR and
near-pCR

18% had BRCA1-like aCGH, and it was
associated with better outcomes after
HD-PB chemotherapy (RFS and OS)

30% had BRCA1 PM; 5-yr RFS was 27% in
those with PM, compared with 61%
without

65% have BRCA1-like profiles; no
difference in prognosis when treated
with conventional chemotherapy

20% had BRCA1 mutations, 30% had
BRCA1 PM, 15% had low BRCA1
expression; patients with BRCA1
insufficiency had a better RFS (81% vs.
54%) and OS (83% vs. 46%) compared
with those without BRCA1 insufficiency

Germline mutations in BRCA1 and BRCA2
were detected in 16% and 5%,
respectively; somatic mutations of
BRCA1 and BRCA2 were detected in 1%;
responders had a significantly higher HRD
score (in all patients and BRCA1 and
BRCA2 mutation carriers)

?Initial analysis started on 320 patients, but results are reported for 230 patients.
Abbreviations: AC, doxorubicin, cyclophosphamide; aCGH, array comparative genomic hybridization; CMF, cyclophosphamide methotrexate,
S5-flourouracil; ER, estrogen receptor; FEC, fluorouracil, epirubicin, cyclophosphamide; HD-PB, high dose platinum-based; HRD, homologous
recombination deficiency; IHC, immunohistochemistry; LDA, low-density array; MIP, molecular inversion probes; MLPA, multiplex ligation-dependent
probe amplification; OS, overall survival; pCR, partial complete response; PM, promoter methylation; qPCR, quantitative real-time polymerase chain
reaction; RFS, recurrence-free survival; RR, response rate; SNP, single nucleotide polymorphism; TAC, docetaxel, doxorubicin, cyclophosphamide; TET,
docetaxel, epirubicin plus docetaxel; TNBC, triple-negative breast cancer; TTP, time to progression.

mens used were reported as “anthracycline-based” adjuvant
therapy, but frequently the standard approach involves ad-
ministeringananthracycline and taxane, which may confound
the drawn conclusion, especially if taxanes are less effective in
tumors with defective repair. The same group recently re-
ported clinical correlation of BRCA1 insufficiency (defined by
either BRCA1 mutation or BRCA1 promoter methylation or de-
creased BRCA1 mRNA levels) with outcome in 30 TNBC pa-
tients who were treated with neoadjuvant combination of
carboplatin, docetaxel, and erlotinib [40]. Patients with
BRCA1 insufficiency had better RFS and OS when compared
with those without BRCA1 insufficiency, but data for the mu-
tation patients versus those with BRCAness were not pro-
vided.

www.TheOncologist.com

Data are relatively scant with regard to taxanes and spo-

radic BRCAness. In a study of 50 patients with metastatic
breast cancer, timeto progression was shorterin patients with
absent BRCA1 expression (as determined by IHC) when
treated with taxanes [41]. This result is in concordance with
preclinical data suggesting that intact BRCA1 is required for
optimal taxane activity. In addition, it is supported by another
small study of TNBC tumor patients in which a BRCA1-like sig-
nature was associated with relative resistance to taxane-
based therapy [42]. In contrast, a study in 25 patients with
locally advanced/recurrent breast tumors reported that a sig-
nificantly lower BRCA2 mRNA level was noted among do-
cetaxel responders compared with nonresponders [43].
Interpretation of this observation is complicated by the lack of
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Less well known are data that intact BRCA1 function
may be important for an optimal response to taxane-
based therapy. Particularly among the patient sub-
group with triple-negative disease, in which 30% to
50% may have BRCAness with loss of BRCA1 function,
the presence of this feature may predict a better ther-
apeuticindex for DNA-damaging therapy (platinator,
alkylator, anthracycline); it may predict for less bene-
fit from antitubulin treatment with taxanes.

aknown mechanistic basis for specific effects of BRCA2 loss on
taxane effectiveness. Inthe same study, there was a nonsignif-
icant trend toward low BRCA1 mRNA levels in responders,
whereas the preclinical data reviewed would support a rela-
tionship between intact BRCA1 function and taxane efficacy
but in the opposite direction. All of these studies are retro-
spective, and the numbers of patients evaluated are small,
precluding any definitive conclusions.

DiscussioN
BRCA1 and BRCA2 genes play a critical role in HR repair of
DNA damage. Mutations in those genes or sporadic inacti-
vation leading to BRCAness have been shown to have ther-
apeutic implications, likely with an increased sensitivity to
DNA-damaging agents. Less well known are data that intact
BRCA1 function may be important for an optimal response
to taxane-based therapy. Particularly among the patient
subgroup with triple-negative disease, in which 30% to 50%
may have BRCAness with loss of BRCA1 function [18], the
presence of this feature may predict a better therapeutic
index for DNA-damaging therapy (platinator, alkylator, an-
thracycline); it may predict for less benefit from antitubulin
treatment with taxanes. Conversely, for the majority with
intact BRCA1 function, taxane therapy may have the better
therapeutic index. Because current standard of care che-
motherapy for the triple-negative subset typically involves
the combination of anthracycline/alkylator and taxane, itis
important to determine the validity of these hypotheses;
findings could result in superior outcomes based on more
individualized choices. Currently, there are various
techniques and methodologies to determine BRCAness,
each with its own limitations. To mount appropriate pro-
spective trials, there is a pressing need to develop repro-
ducible, standardized techniques for the determination of
BRCAness on formalin-fixed pathologic specimens.
Although BRCA?2 is known to play an important role in
HR repair, correlation of “BRCA2ness” with outcome to
DNA damaging therapy is less well investigated, as is the
frequency of this phenomenon. If the correlation is similar
to that for BRCA1 downregulation and chemotherapy class
response [18], and if the frequency is not rare, ER-positive
patients may also benefit differentially from a choice of
agent based on mechanism of action in the context of de-
fective DNA repair. Again, the developmental of clinically
applicable techniques to detect BRCAZness will be critical
to testing this hypothesis.
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Currently, a randomized phase II/1ll trial is ongoing in
Europe comparing responses of TNBC patients with defec-
tive HR, treated in the neoadjuvant setting with intensified
alkylating chemotherapy (doxorubicin, cyclophosphamide
followed by carboplatin, thiotepa, and cyclophosphamide)
versus standard chemotherapy with dose-dense doxorubi-
cin/cyclophosphamide or docetaxel/capecitabine (Clinical-
Trials.gov identifier NCT01057069). In addition, another
randomized phase Il trial (ClinicalTrials.gov identifier
NCT00861705) is evaluating the addition of carboplatin
with and without bevacizumab to neoadjuvant weekly pac-
litaxel followed by dose-dense adiramycin-cyclophosph-
amide in TNBC. Blood and fresh frozen and fixed tumor
tissue are being collected in this study for future biomarker
analysis.

To date, published clinical data regarding differential
chemosensitivity based on BRCA1 and BRCA2 mutation sta-
tus seem strongest supporting platinum agents. The level
of evidence is still preliminary, given the number of trials
and patients evaluated. Data regarding taxanes in more
preliminary and current evidence would not support with-
holding treatment with these agents in mutation carriers
outside of a clinical trial. The concept of BRCAness in some
sporadic tumors is provocative and, in our view, warrants
further investigation. Studies have shown that sporadic
BRCAness occursinareasonable proportion of patients, es-
pecially among those with TNBC. What needs to be devel-
oped is a standardized methodology to identify the
signature, and larger trials are needed to evaluate chemo-
sensitivity of such tumors to DNA-damaging agents. Only
then can the assessment of BRCAness become part of clini-
cal decision making outside of a clinical trial.

PARP1 and the Concept of “Synthetic Lethality”

Although related, it is important to distinguish between
BRCAness in the context of DNA-damaging therapy and
“synthetic lethality” in the context of concurrentinhibition
of the PARP1 molecule. Synthetic lethality involved target-
ing of PARP1 in the setting of defective HR repair, which re-
sults in reciprocal increased dependence on upregulated
PARP1asacomponentofalternative repair pathways, such
as base excision repair. When there was combined inhibi-
tion of both pathways in such a setting, it resulted in syn-
theticlethality and cell deathin preclinical systems [44, 45].
Thevalue of thisapproach hasbeendemonstratedin breast
and ovarian cancer patients with BRCA1 and BRCA2 muta-
tions [46] but has not been demonstrated conclusively in
the setting of sporadic BRCAness. Results of aninitial prom-
ising phase Il trial of the putative PARP inhibitor iniparib
among sporadic metastatic breast cancer patients with
TNBC have not beenreplicated in alarger phase lll trial [47,
48]. Another phase Il trial has failed to demonstrate any ob-
jective responses to the single-agent PARP inhibitor olapa-
rib in TNBC patients [49]. In this study, however, no
objective responses were noted, evenamong breast cancer
patients with BRCA1 or BRCA2 mutations, which have been
reported in other trials. A recent study of TNBC and BRCA1
and BRCA2 mutation-associated breast cancer reported
that a higher HRD score predicts for pathological response
after neoadjuvant platinum-based therapy in combination
withiniparib [50]. Conflicting clinical data may be the result
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of the small sample size, of tumors from the patient popu-
lations under study that were variably enriched for BRCAn-
ess (not tested in the trials), and of the PARP inhibitor
(iniparib) studied in some trials that has little actual activity
against this target [51]. Several ongoing clinical trials of
PARP inhibitors alone or in combination with chemother-
apy (primarily platinum agents) [52] could provide more in-
sight into the concept of synthetic lethality in sporadic
breast tumors.

CONCLUSION

BRCA1 and BRCA2 germline mutations have an important
role in DSB repair of DNA. Germline mutations or sporadic
“BRCAness” cause defective BRCA1 or BRCA2 functions and
subsequently impair DNA repair capacity. This feature
makes these cells differentially more sensitive to DNA-
damaging chemotherapeutic agents. There is emerging
preclinical and some clinical evidence that such cells might
be resistant to taxanes. Clinical studies (primarily retro-
spective and few prospective) have shown that this feature
can be exploited for selecting chemotherapy agents, how-
ever, thereis no standardized method to detect “BRCAness.” The

concept of “BRCAness” is provocative and may bear fruit as a
guidein future treatmentselection. However, the test of its value
awaits the validation of a simple, reproducible laboratory assay
which can be applied to clinical material. Until then, we recom-
mend further pursuit of this concept only in the context of clinical
trials.
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