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A B S T R A C T

Purpose
To define a gene expression profile of BRCAness that correlates with chemotherapy response and
outcome in epithelial ovarian cancer (EOC).

Methods
A publicly available microarray data set including 61 patients with EOC with either sporadic disease
or BRCA1/2 germline mutations was used for development of the BRCAness profile. Correlation
with platinum responsiveness was assessed in platinum-sensitive and platinum-resistant tumor
biopsy specimens from six patients with BRCA germline mutations. Association with poly-ADP
ribose polymerase (PARP) inhibitor responsiveness and with radiation-induced RAD51 foci
formation (a surrogate of homologous recombination) was assessed in Capan-1 cell line clones.
The BRCAness profile was validated in 70 patients enriched for sporadic disease to assess its
association with outcome.

Results
The BRCAness profile accurately predicted platinum responsiveness and mutation status in eight
of 10 patient-derived tumor specimens and between PARP-inhibitor sensitivity and resistance in
four of four Capan-1 clones. When applied to the 70 patients with sporadic disease, patients with
the BRCA-like (BL) profile had improved disease-free survival (34 months v 15 months; log-rank
P � .013) and overall survival (72 months v 41 months; log-rank P � .006) compared with patients
with a non–BRCA-like (NBL) profile, respectively. The BRCAness profile maintained independent
prognostic value in multivariate analysis, which controlled for other known clinical prognos-
tic factors.

Conclusion
The BRCAness profile correlates with responsiveness to platinum and PARP inhibitors and
identifies a subset of sporadic patients with improved outcome. Additional evaluation of this profile
as a predictive tool in patients with sporadic EOC is warranted.

J Clin Oncol 28:3555-3561. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Both BRCA1 and BRCA2 proteins are involved in
the process of homologous recombination (HR),
which mediates repair of double-stranded DNA
breaks.1 Patients with ovarian cancer with germline
mutations in either BRCA1 or BRCA2 genes exhibit
impaired ability to repair double-stranded DNA
breaks via HR, which may partly explain the height-
ened sensitivity to platinum and the more favorable
survival compared with wild-type counterparts.2-4

Furthermore, in the setting of defective HR, it has
been shown that inhibition of a second DNA repair
pathway, such as base excision repair (BER), is often

a lethal event.5-7 On the basis of this observation,
there has been great interest in developing inhib-
itors of the BER pathway for use as possible ther-
apeutic agents in patients with ovarian cancer
with germline BRCA1/2 mutations.8,9 Drugs that
target BER typically inhibit poly-ADP ribose
polymerase (PARP), an enzyme critical to BER,
and have already shown promising activity in pa-
tients with recurrent ovarian cancer who harbor
germline BRCA1/2 mutations.10,11

The promise of PARP inhibitors in the man-
agement of epithelial ovarian cancer (EOC) is tem-
pered by the presence of a germline mutation in
BRCA1 or BRCA2 in only approximately 10% of
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such patients.12-14 At first glance, this might imply that 90% of patients
with this highly lethal disease would not benefit from this novel class of
drugs. However, it has been hypothesized that a subset of sporadic
EOCs may harbor abnormalities in the HR pathway that could be
associated with improved response rate and survival after treatment
with platinum compounds in the absence of germline BRCA1/2 mu-
tation.4,15 This BRCAness phenotype may be due in part to defective
HR related to several mechanisms, including epigenetic hypermethyl-
ation of the BRCA1 promoter,16-19 somatic mutation of BRCA1/
2,18,20-22 or loss of function mutations in other HR pathway genes.23,24

At present, however, it has not been possible to reliably identify such
patients on the basis of molecular- or protein-based biomarkers, and
the concept of BRCAness for patients with the sporadic form of the
disease has remained elusive.

Given the heterogeneous mechanisms by which an ovarian can-
cer cell might develop defective HR, we reasoned that a broad-based
approach that makes few assumptions about mechanism might have
the highest chance of identifying patients with a BRCAness phenotype.
Microarray gene expression profiling lends itself to this goal, because it
is not mechanism based and has already been demonstrated to have
prognostic as well as predictive potential in EOC.25-27 In this study, we
show that it is possible to define a gene expression profile of BRCAness,
associated with responsiveness to platinum and PARP inhibitors, and
we correlate this profile with important outcome measures in patients
with the sporadic form of EOC.

METHODS

Development of a Gene Expression Profile of BRCAness

For the purpose of profile development, we used a publicly available
microarray data set that included tumor expression data from 61 patients with
pathologically confirmed EOC, including 34 with BRCA1/2 germline muta-
tions (n� 18, BRCA1; n � 16, BRCA2), and 27 without either mutation (ie,
sporadic cancers).28 We used genome-wide hierarchical clustering to define
BRCA-like (BL) and non–BRCA-like (NBL) tumors (Appendix Fig A1, online
only; Data Supplement).

Patient Samples

Two patient cohorts were used in this study. The first included six
patients with EOC with BRCA1/2 germline mutations; both have been previ-
ously described.29,30 Four patients had paired samples, before and after the
development of platinum resistance, and two had samples obtained only at the
time of platinum-sensitive disease.

The second patient cohort included 70 patients who were treated at Beth
Israel Deaconess Medical Center, Memorial Sloan-Kettering Medical Center,
and Cedars-Sinai Medical Center and who underwent exploratory laparotomy
for diagnosis, staging, and debulking followed by first-line platinum-based
chemotherapy. Standard post-chemotherapy surveillance included serial
physical examination, serum CA-125 level, and computed tomography scan-
ning as clinically indicated.

The study protocol for collection of tissue and clinical information for all
patients was approved by the institutional review boards at all three institu-
tions, and patients provided written informed consent authorizing the collec-
tion and use of the tissue for study purposes. Additional details are provided in
the Data Supplement.

Cell Lines and RNA Isolation and Affymetrix

GeneChip Hybridization

Twelve cisplatin-resistant clones of the BRCA2-mutated pancreatic
cancer cell line Capan-1 have been previously described.29 Total RNA
isolation, microarray hybridization (U133 Plus 2.0 Array GeneChip; Af-

fymetrix, Santa Clara, CA), and data processing were performed as previ-
ously described.26,27,31

Statistical Analysis

The association between the BRCAness profile and various clinico-
pathologic factors was assessed by the Fisher’s exact test. Overall survival
(OS) and disease-free survival (DFS) curves were generated by the Kaplan-
Meier method, and differences between survival curves were assessed for
statistical significance with the log-rank test. Multivariate analyses to ad-
just for known prognostic factors were performed by using a Cox propor-
tional hazards regression model that included grade (1 to 2 v 3), age (� 65
years v � 65 years), stage (2 or v 3 or 4), histology (clear-cell, papillary
serous, endometrioid), debulking status (optimal [less than or equal to 1
cm] or suboptimal [greater than 1 cm] residual disease), and BRCAness
profile (BL v NBL).

RESULTS

Characteristics of the BRCAness Profile

The strategy for developing the BRCAness profile is described in
detail in Appendix Figure A1. The optimal classifier was a 60-gene,
diagonal linear discriminant predictor that distinguished BL from
NBL tumors with 94% accuracy, as assessed by leave-one-out cross-
validation and a 1,000 random permutations test (Fig 1; P � .001).
Other predictive algorithms performed similarly, such as compound
covariate predictor (92%), nearest centroid (92%), and support vector

Non–BRCA-Like BRCA-Like

Ubiquitin-specific
peptidase

PMS1 (postmeiotic
segregation increased 1)

High-mobility group
nucleosomal 2
Tumor necrosis factor

APEX nuclease 1

Microsomal glutathione
S-transferase 3

Histone deacetylase 1

RAD21 homolog

Fig 1. Expression plot of the 60 genes that comprise the BRCAness profile.
Columns represent set samples; rows, gene expression levels (normalized).
Complete information regarding gene identity is provided in Appendix Table A1.
Red indicates overexpressed genes; green, underexpressed genes. The gene
expression signature that correlates with BRCA-like tumors is defined as the BL
profile, and the signature that correlates with non–BRCA-like tumors is defined as
the NBL profile.
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machines (92%).32-35 For the analyses described in the Results section,
the gene expression signature that correlates with BL tumors is defined
as the BL profile, and the signature that correlates with NBL tumors is
defined as the NBL profile. The identities of all BRCAness profile genes
are provided in Appendix Table A1 (online only).

BRCAness Profile Distinguishes Between

Platinum-Sensitive and Platinum-Resistant Tumor

Biopsy Samples

We first investigated whether the BRCAness profile could corre-
late with platinum responsiveness in patients with known BRCA
germline mutation. For this purpose, we used 10 tumor biopsy speci-
mens from six patients with either BRCA1 or BRCA2 germline muta-
tion, four of whom were initially platinum sensitive but eventually
developed platinum resistance (with pre- and post-biopsy pairs).
These patients formed the basis of two previous reports, in which
reversion of the BRCA genotype occurred (with re-establishment of
BRCA function) on the development of platinum resistance.29,30 A
separate report that used the CAPAN-1 cell line demonstrated similar
findings.36 Thus, these samples afforded us with an opportunity to
determine how the BRCAness profile correlated with both platinum
responsiveness and BRCA functional status (eg, mutant v revertant
BRCA gene).

As shown in Figure 2, the BRCAness profile could accurately
distinguish between platinum sensitivity and platinum resistance in
eight of 10 tumor specimens, which in turn correlated with the pres-
ence of mutated versus revertant (ie, functional) BRCA gene status,
respectively. Specifically, five of six tumors with the BL signature were
platinum sensitive (and were BRCA1 or BRCA2 mutated), whereas
three of four tumors with the NBL signature were platinum resistant
(and had reverted to functional BRCA1 or BRCA2).29,30 Furthermore,
we observed two patients in whom the BRCAness profile dynamically
tracked the development of platinum resistance during the course of
therapy (ie, the profile changed from BL to NBL after the development
of platinum resistance, associated with reversion to functional BRCA1;
Fig 2B).

BRCAness Profile Correlates With PARP Inhibitor

Responsiveness and RAD51 Foci Formation

As another surrogate of BRCAness, we next evaluated whether
the profile could correlate with the ability to form RAD51 foci after
ionizing radiation, which is a surrogate of intact HR, as well as with
responsiveness to PARP inhibitors. For this purpose, we used 12
clones of the BRCA2-mutated pancreatic cancer cell line Capan-1,
previously characterized (by T.T.).29 These clones were generated by
exposing the parent Capan-1 cell line to platinum-selection pressure,
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NBL Profile BL Profile

Patient
No. BRCA Status Platinum Profile

1

 BRCA-1 mutation Sensitive BL

 BRCA-1 revertant Resistant NBL

2

 BRCA-1 mutation Sensitive BL

 BRCA-1 revertant Resistant NBL

3

 BRCA-2 mutation Sensitive BL

 BRCA-2 revertant Resistant BL

4

 BRCA-2 mutation Sensitive NBL

 BRCA-2 revertant Resistant NBL

5 BRCA-1 mutation Sensitive BL

6 BRCA-1 mutation Sensitive BL

Fig 2. BRCAness profile distinguishes between platinum-sensitive and platinum-resistant tumor biopsy specimens in patients with known BRCA germline mutation
status. (A) Hierarchical clustering that is based on the expression pattern of the 60 genes of the BRCAness profile distinguished between platinum-resistant and
platinum-sensitive tumor biopsy samples. Platinum sensitivity was defined as a complete response to treatment maintained without progression for at least 6 months
after platinum therapy. Platinum resistance was defined as progressive disease on platinum therapy, or less than a complete response to platinum therapy, or
progression within 6 months of completing platinum therapy. (B) Correlation of BRCAness profile with platinum sensitivity and BRCA germline mutation status. The
BRCAness profile accurately distinguished between platinum sensitivity and platinum resistance in eight of 10 tumor specimens, which in turn correlated with the
presence of mutated versus functional BRCA gene status, respectively. NBL, non–BRCA-like; BL, BRCA-like.
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eventually isolating 12 platinum-resistant clones. Seven of these clones
formed intact RAD51 foci after ionizing radiation (six of these had
reverted to functional BRCA2 because of secondary BRCA2 muta-
tions, which canceled the effect of the inherited BRCA2 mutation),
and the remaining five exhibited deficient RAD51 foci formation (all
of which contained the inherited, nonfunctional BRCA2 mutation).
PARP inhibitor sensitivity had been determined for four of these
clones; two were PARP inhibitor sensitive, and two were PARP inhib-
itor resistant.29 When applied to these cell lines, the BRCAness
profile correlated with RAD51 foci formation in nine of 12
Capan-1 clones and between presence of mutated versus revertant
BRCA2 gene status in 10 of 12 Capan-1 clones (Table 1). Impor-
tantly, the BRCAness profile accurately distinguished between two
PARP inhibitor–resistant clones (NBL signature) and two PARP
inhibitor–sensitive clones (BL signature).

Relationship Between BRCAness Profile and Clinical

Outcome in Patients With Sporadic EOC

These data suggest that the BRCAness profile may correlate with
platinum and PARP-inhibitor responsiveness in the context of a
known BRCA germline mutation, but they do not address whether the
profile correlates with outcome in patients with sporadic disease. To
test this, we applied the profile to tumor samples from 35 patients with
invasive EOC who underwent sequencing for germline mutation (by
using DNA obtained from peripheral-blood leukocytes) and did not
harbor germline BRCA1 or BRCA2 mutations. We also studied an
additional 35 patients who did not undergo genetic testing but who
were enriched for sporadic disease on the basis of the following char-
acteristics: no family history of ovarian cancer, no family history of
breast cancer younger than 50 years of age, no family history of more
than one breast cancer at any age, and not of Ashkenazi Jewish ethnic-
ity.37,38 The clinical and pathologic characteristics of all 70 patients are

listed in Table 2. Overall, 20 (29%) of the 70-patient cohort demon-
strated the BL profile (eight of 35 in the sequenced group, and 12 of 35
in the nonsequenced group; P � .43). Compared with the nonse-
quenced cohort, the sequenced cohort was enriched for patients with
optimally debulked disease, although this did not reach statistical
significance (two-sided Fisher’s exact P � .19). As listed in Table 3,
there were no differences in age, stage, grade, histology, or debulking
status between the BL and the NBL signature groups. The ability to
achieve a clinical remission for the BL and NBL groups was 90%
compared with 74%, although this did not reach statistical signifi-
cance (two-sided Fisher’s exact P � .2).

For the entire 70-patient cohort, the BRCAness profile was capa-
ble of discriminating between long and short median DFS; the patients
with BL and NBL profiles had median DFS times of 34 months and 15
months, respectively (log-rank P � .013; Fig 3A). In addition, the
percentages of patients who were disease free at 4 months for the BL
and NBL groups were 90% and 64% (P � .04), respectively; at 6
months, percentages were 85% and 60%, respectively (P � .053); and
at 18 months, percentages were 65% and 29%, respectively (P � .007).
Finally, the BRCAness profile distinguished between long and short
median OS, as the patients in the BL and NBL groups had median OS
times of 72 and 41 months, respectively (log-rank P � .006; Fig 3B).
Similar findings were observed when applying the profile sepa-
rately to the group of 35 sequenced patients who had undergone
germline mutation testing and who were found to have wild-type
BRCA1 and BRCA2 genes or to the group of the 35 nonsequenced

Table 1. Association of BRCAness Profile With BRCA2 Mutation Status,
RAD51 Foci Formation After Radiation and PARP Inhibitor Responsiveness

Capan-1
Clone BRCA2 Status

RAD51 Foci
Formation�

PARP Inhibitor
Responsiveness† Profile

C2-1 Revertant‡ Yes ND NBL
C2-2 Revertant Yes ND NBL
C2-4 Revertant Yes ND NBL
C2-14 Revertant Yes Resistant NBL
C2-12 Revertant Yes Resistant NBL
C2-5 Revertant Yes ND BL
C2-16 Mutated§ Yes ND BL
C2-10 Mutated No Sensitive BL
C2-13 Mutated No Sensitive BL
C2-15 Mutated No ND BL
C2-18 Mutated No ND BL
C2-8 Mutated No ND NBL

Abbreviations: PARP, poly-ADP ribose polymerase; ND, not determined;
NBL, non–BRCA-like; BL, BRCA-like.

�Ability to form RAD51 formation after ionizing radiation, as previ-
ously described.29

†PARP inhibitor responsiveness in vitro, as previously described.29

‡Revertant refers to clones harboring secondary BRCA2 mutations that
cancel the effect of the inherited 6174delT BRCA2 mutation and lead to
functional BRCA2 isoforms.

§Mutated refers to clones harboring only the original 6174delT BRCA2 mutation
without acquiring a secondary mutation that restored BRCA2 function.

Table 2. Clinical and Pathologic Characteristics

Characteristic

Sequenced
Cohort

(n � 35)�

Nonsequenced
Cohort

(n � 35)†

Combined
Cohort

(n � 70)‡

No. % No. % No. %

Age, years§
Median 62.3 58.7 60.5
Range 44-89 39-80 39-89

Grade
1-2 4 11.4 6 17.1 10 14.3
3 31 88.6 29 82.9 60 85.7

Histology
Serous 34 97.1 31 88.6 65 92.9
Clear cell 0 0 2 5.7 2 2.9
Endometrioid 1 2.9 2 5.7 3 4.3

Stage
2 2 5.7 1 2.9 3 4.3
3 28 80 29 82.9 57 81.4
4 5 14.3 5 14.3 10 14.3

Debulking status�

Optimal 27 79.4 22 62.9 49 71
Suboptimal 7 20.6 13 37.1 20 29

�All 35 patients underwent germline DNA sequencing and had wild-type
BRCA1 and BRCA2.

†Not sequenced but enriched for sporadic disease on the basis of the
following: no family history of ovarian cancer, no family history of breast
cancer younger than 50 years of age, no family history of more than one breast
cancer at any age, and not of Ashkenazi Jewish ethnicity.

‡All patients received first-line platinum-based chemotherapy.
§There was no statistically significant difference in age, grade, histology,

stage, or debulking status between sequenced and nonsequenced cohorts.
�Debulking status was unknown for one patient. Optimal was defined as less

than or equal to 1 cm; suboptimal, greater than 1 cm diameter residual disease.
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patients enriched for sporadic disease on the basis of clinical char-
acteristics, as previously described (Appendix Figs A2 and A3,
respectively, online only).

In univariate analysis, the hazard ratio for recurrence (NBL v BL
group) was 2.47 (P � .018; 95% CI, 1.17 to 5.2), and the hazard ratio
for death (NBL v BL group) was 3.29 (P � .009; 95% CI, 1.34 to 8.09;
Table 4). Multivariate analysis, which included the BRCAness profile,
age, stage, grade, histology, and debulking status, demonstrated that
the profile maintained an independent association with DFS and OS.
The hazard ratio for recurrence (NBL v BL group) was 2.65 (P � .016;
95% CI, 1.2 to 5.86), and the hazard ratio for death (NBL v BL group)
was 3.39 (P � .009; 95% CI, 1.35 to 8.5; Table 4). The lack of correla-
tion of characteristics such as stage, grade, and histology with outcome
in either univariate or multivariate analysis is likely because the vast
majority of patients in this analysis had stage III disease (81%), grade 3
tumors (86%), and serous histology (93%).

DISCUSSION

PARP inhibitors have been evaluated in patients with germline
BRCA1/2 mutations with impressive results as single agents.10,11 In
addition to patients with germline BRCA1/2 mutations, however, it
has been suggested that PARP inhibition might be a useful therapeutic
strategy for the treatment of patients with sporadic cancers that have a
BRCAness phenotype, characterized by defective HR.15 In this regard,
a number of mechanisms have been identified in sporadic ovarian
cancer that might implicate the HR pathway in pathogenesis and in
chemotherapy responsiveness. Such mechanisms include somatic
BRCA1/2 mutations in up to 20% of high-grade ovarian cancers20 as
well as mutations or epigenetic silencing in Fanconi anemia genes,

intrinsic HR genes, or other DNA damage-response genes.5,15,17,19,23

Amplification of genes that encode for proteins that inactivate BRCA2
function, such as EMSY, has also been described.24 BRCA1 promoter
methylation, FANCF promoter methylation, and EMSY amplification
have been identified in 5% to 31%, 21%, and 17% of sporadic EOCs
respectively,15,17,19,23,24 which supports the notion that at least some
patients with sporadic disease might harbor defects in HR, indepen-
dent of the presence of a germline BRCA1/2 mutation.

Although it is possible to identify individual molecular mecha-
nisms by which the HR pathway might be disrupted in some patients
with sporadic EOC, only a few studies have explored the relationship
between HR and response to platinum or PARP inhibitors in this
setting. D’Andrea et al23 showed that inhibition of the FANCF gene in
ovarian cancer cell lines through promoter methylation is associated
with enhanced sensitivity to DNA damaging agents such as platinum,
whereas demethylation of the FANCF promoter results in platinum
resistance. Mccabe et al5 showed that cells deficient in the expression
of genes involved in HR (eg, RAD51, ATR, ATM, CHK2) are sensitive

Table 3. Association of BRCAness Profile With Clinical Characteristics and
Remission Status After First-Line Therapy

Characteristic

NBL Profile
(n � 50)

BL Profile
(n � 20)

PNo. % No. %

Age, years
Median 61 59.25
Range 39-89 44-80 .55

Grade
1-2 9 18 1 5 .477
3 41 82 19 95

Histology
Serous 46 92 19 95 .412
Clear cell 1 2 1 5
Endometrioid 3 6 0 0

Stage
2 3 6 0 0 .479
3 41 82 16 80
4 6 12 4 20

Debulking status�

Optimal 33 67.3 16 80 .386
Suboptimal 16 32.7 4 20

Achievement of CR after
first-line therapy 37 74 18 90 .2

Abbreviations: NBL, non–BRCA-like; BL, BRCA-like; CR, complete response.
�Debulking status was unknown for one patient. Optimal was defined as less

than or equal to 1 cm; suboptimal, greater than 1 cm.
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Fig 3. Association of BRCAness profile with disease-free survival (DFS) and
overall survival (OS) in the combined patient cohort (N � 70). (A) DFS in the
combined patient cohort. The median DFS times for patients with either the
BRCA-like (BL) or non–BRCA-like (NBL) profile were 34 months and 15 months,
respectively (log-rank P � .013). (B) OS in the combined patient cohort. The
median OS times for patients with either the BL or NBL profile were 72 months
and 41 months, respectively (log-rank P � .006).
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to PARP inhibitors. Teodoridis et al16 used methylation-specific poly-
merase chain reaction and showed that BRCA1 promoter hypermeth-
ylation is associated with improved response to platinum-based
chemotherapy. In addition, Quinn et al39 used siRNA knock-down to
decrease the expression of the BRCA1 gene in two separate ovarian
cancer cell lines, which showed that lower levels of BRCA1 mRNA
correlated with enhanced in vitro sensitivity to cisplatin.

In this article, we have broadened the concept of BRCAness by
identifying a gene expression profile that is associated with platinum
and PARP-inhibitor responsiveness, as well as RAD51 foci formation.
The relatively small number of BRCA1/2-mutated tumors and
Capan-1 clones used in this study precludes formal statistical analysis.
Nonetheless, it is noteworthy that the BRCAness profile was capable of
tracking platinum response in eight of 10 tumor specimens and
PARP-inhibitor response in four of four Capan-1 clones. Moreover,
when applied to a population of patients enriched for sporadic
disease, the profile correlated with clinical outcome, independent
of standard prognostic factors such as age, grade, histology, stage,
and debulking status. It is impossible to determine from our data
whether the correlation between the BL signature and improved
survival is indicative of enhanced platinum responsiveness or,
conversely, might identify patients with a more indolent natural
history. In this regard, it is intriguing that the proportion of pa-
tients rendered into a complete clinical remission at the end of
first-line chemotherapy was higher in patients with a BL signature
(90%) than in those with the NBL signature (74%), although this
was not statistically significant (P � .2).

It is noteworthy that BRCAness profile contained genes, such as
APEX1, MGST3, and PMS1, that have been previously associated with
platinum resistance or DNA repair (Fig 1).40-45 Neither BRCA1 nor
BRCA2 was part of our gene expression profile, which perhaps indi-
rectly supported the notion that, at least for some patients, genes other
than BRCA1 or BRCA2 may sometimes be responsible for BRCAness
in sporadic disease. However, it is possible that our profile is identify-
ing a subset of patients with sporadic mutation in BRCA1 or BRCA2,
epigenetic silencing of the promoter for BRCA1, or as yet unknown
defects in the HR (or related) pathway. Our future studies will be
directed at better understanding the mechanisms underlying

the association between the BRCAness profile, chemotherapy
response, and survival.

Although the BRCAness profile was developed in ovarian tu-
mors, it was also capable of predicting PARP-inhibitor sensitivity and
RAD51 foci formation in the pancreatic cancer cell line Capan-1
(Table 1), which suggests that the profile may be detecting a pattern of
gene expression that more globally reflects the status of HR, indepen-
dent of cell lineage. Furthermore, we are currently investigating the
predictive value of this profile in triple-negative breast cancer, which is
thought to be enriched for BRCAness and to have a high response to
platinum-containing chemotherapy.46 Ultimately, we intend to apply
this profile in the context of a clinical trial involving patients with
sporadic ovarian cancer treated with a PARP inhibitor to gain addi-
tional insight into the predictive value of this approach. Studies are
currently being performed to explore the potential value of PARP
inhibitors in patients with ovarian cancer independent of BRCA mu-
tation status. In the future, it may be possible to use gene expression
profiling as an eligibility criterion in such studies, to enrich for spo-
radic patients who may benefit the most from this novel class of agents.
Although additional study is clearly needed, the identification of a
gene expression profile that seems to correlate with BRCAness may
make it possible to eventually offer PARP inhibitors to a much larger
number of patients with epithelial ovarian cancer, regardless of their
BRCA1 or BRCA2 mutation status.
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Table 4. Predictive Value of BRCAness Profile Adjusted for Standard
Clinical Prognostic Factors

Factor

Univariate P Multivariate P

DFS OS DFS OS

Age, years 0.44 0.35 0.96 0.8
Grade 0.9 0.34 0.87 0.32
Histology 0.97 0.61 0.9 0.96
Stage 0.43 0.54 0.4 0.61
Debulking status 0.39 0.05�† 0.53 0.67

HR‡ 1.84†
NBL/BL profile 0.018† 0.009† 0.016† 0.009†

HR‡ 2.47† 3.29† 2.65† 3.39†

Abbreviations: DFS, disease-free survival; OS, overall survival; HR, hazard
ratio; NBL, non–BRCA-like; BL, BRCA-like.

�Debulking status was unknown for one patient.
†Statistically significant at P � .05.
‡HR for death represented as comparison of NBL v BL groups for statistically

significant associations.
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