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IMPORTANCE The GeparSixto trial provided evidence that the addition of neoadjuvant
carboplatin to a regimen consisting of anthracycline, taxane, and bevacizumab increases
pathological complete response (pCR) rates in patients with triple-negative breast cancer
(TNBC). Whether BRCA1 and BRCA2 germline mutation status affects treatment outcome
remains elusive.

OBJECTIVE To determine whether BRCA1 and BRCA2 germline mutation status affects
therapy response in patients with TNBC.

DESIGN, SETTING, AND PARTICIPANTS This secondary analysis of a randomized clinical trial
used archived DNA samples and cancer family history of 315 patients with TNBC enrolled
between August 1, 2011, and December 31, 2012, in the GeparSixto trial. In all, 291 participants
(92.4%) were included in this multicenter prospective investigation. DNA samples were
analyzed for germline mutations in BRCA1, BRCA2, and 16 other cancer predisposition genes.
The pCR rates between the carboplatin and noncarboplatin arms were compared. Genetic
analyses were performed at the Center for Familial Breast and Ovarian Cancer in Cologne,
Germany; data analysis, November 1 through December 31, 2015.

MAIN OUTCOMES AND MEASURES Proportion of patients who achieved pCR and disease-free
survival after neoadjuvant treatment according to BRCA1 and BRCA2 germline mutation
status. For pCR rates, the ypT0/is ypN0 definition was used as a primary end point.

RESULTS Of the 291 patients with TNBC, all were women; the mean (SD) age was 48 (11) years.
The pCR rate in the carboplatin group was 56.8% (83 of 146) and 41.4% (60 of 145) in the
noncarboplatin group (odds ratio [OR], 1.87; 95% CI, 1.17-2.97; P = .009). Pathogenic BRCA1 and
BRCA2 germline mutations were present in 50 of the 291 patients (17.2%). In the
noncarboplatin arm, the pCR rate was 66.7% (16 of 24) for patients with BRCA1 and BRCA2
mutations and 36.4% (44 of 121) for patients without (OR, 3.50; 95% CI, 1.39-8.84; P = .008).
The high pCR rate observed in BRCA1 and BRCA2 mutation carriers (16 of 24 [66.7%]) was not
increased further by adding carboplatin (17 of 26 [65.4%]). In contrast, carboplatin increased
response rates in patients without BRCA1 and BRCA2 mutations: 66 of the 120 patients (55%)
without BRCA1 and BRCA2 mutations achieved pCR in the carboplatin arm vs 44 of the 121
patients (36.4%) in the noncarboplatin arm (OR, 2.14; 95% CI, 1.28-3.58; P = .004). Patients
without pathogenic BRCA1 and BRCA2 alterations showed elevated disease-free survival rates
when carboplatin was added (without carboplatin, 73.5%; 95% CI, 64.1%-80.8% vs with
carboplatin, 85.3%; 95% CI, 77.0%-90.8%; hazard ratio, 0.53; 95% CI, 0.29-0.96; P = .04).

CONCLUSIONS AND RELEVANCE Under the nonstandard GeparSixto polychemotherapy
regimen, patients without BRCA1 and BRCA2 germline mutations benefited from the addition
of carboplatin and those with BRCA1 and BRCA2 mutations showed superior response rates
without additive effects observed for carboplatin.
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T he GeparSixto randomized clinical trial1 assessed the ef-
ficacy of adding neoadjuvant carboplatin to a regimen
of paclitaxel, non–pegylated doxorubicin hydrochlo-

ride, and targeted therapy for triple-negative breast cancer
(TNBC) and ERBB2/HER2 (OMIM 164870)–positive breast can-
cer. Targeted therapy included lapatinib and trastuzumab for
ERBB2/HER2-positive breast cancer and bevacizumab for
TNBC. Of the patients with TNBC, 90 of 158 (57%) achieved a
pathological complete response (pCR) with carboplatin therapy
compared with 67 of 157 patients (42.7%) without carbopl-
atin therapy (P = .015; ypT0/is ypN0 definition).1 Of the pa-
tients with ERBB2/HER2-positive tumors, 72 of 137 (52.6%)
achieved a pCR with carboplatin compared with 67 of 136 pa-
tients (49.3%) without carboplatin (P = .58; ypT0/is ypN0
definition).1 Thus, the addition of neoadjuvant carboplatin to
the anthracycline and taxane–containing regimen substan-
tially increased pCR rates in patients with TNBC but not in pa-
tients with ERBB2/HER2-positive breast cancer. The Gepar-
Sixto trial used a nonstandard neoadjuvant chemotherapy
regimen that included low-dose doxorubicin and no cyclo-
phosphamide. In the Cancer and Leukemia Group B (CALGB
40603 Alliance) trial, standard neoadjuvant chemotherapy (pa-
clitaxel, dose-dense doxorubicin, and cyclophosphamide) of
patients with TNBC revealed elevated pCR rates when carbo-
platin was added,2 but an event-free survival benefit was not
observed.3

The triple-negative tumor phenotype accounts for up to
17% of all breast cancers4 and appears to be associated with a
hereditary disease cause. Approximately 70% of breast can-
cers arising in BRCA1 (OMIM 113705) mutation carriers and up
to 23% of breast cancers in BRCA2 (OMIM 600185) carriers are
triple negative.5 In line with these findings, mutational screen-
ing of TNBC cases for deleterious germline mutations in BRCA1
and BRCA2 revealed comparatively high mutation frequen-
cies. While germline BRCA1 and BRCA2 mutations were found
in 5.3% of all breast cancers according to The Cancer Genome
Atlas,6 a recent study showed that 11.2% of unselected TNBC
cases had deleterious mutations in the BRCA1 (8.5%) and
BRCA2 (2.7%) genes. Mutations in additional 15 non–BRCA1 and
BRCA2 cancer predisposition genes were detected in 3.7% of
the patients.7

BRCA1 and BRCA2 are critical genes in the homologous re-
combination repair of double-stranded DNA breaks. Many of
the other genes involved in homologous recombination re-
pair are now recognized to also contribute to hereditary breast
cancer risk and/or ovarian cancer risk, including ATM, BRIP1,
CHEK2, NBN, PALB2, RAD51C, and RAD51D; limited evidence
is available for BARD1, FANCM, MRE11A, and RAD50.8-12 Among
these genes, only BRCA1, BRCA2, and PALB2 so far have been
associated with the TNBC tumor phenotype.8 Heterozygous
germline inactivation of homologous recombination genes may
be accompanied by a somatic inactivation of the second al-
lele by mutation, loss of heterozygosity, or promoter meth-
ylation and result in a homologous recombination deficiency
and limited DNA repair capacities of the tumor cells.13 This
functional role in DNA repair could be exploited in the treat-
ment of homologous recombination–deficient cancers by tar-
geting the tumors with drugs that create DNA damage that is

highly reliant on these genes for repair.14 There is increasing
evidence that breast and ovarian cancers arising in BRCA1 and
BRCA2 germline mutation carriers are associated with a bet-
ter response to DNA-damaging treatment regimens.9,15-19 These
data prompted us to conduct this prospective-retrospective
secondary analysis of the germline mutation status using ar-
chived DNA samples and cancer family history of patients with
TNBC enrolled in the GeparSixto trial.

Methods
Study Design
The GeparSixto trial cohort, randomization process, clinical
procedures, and statistical analyses were described in the ini-
tial trial publication.1 Of the 315 patients with TNBC enrolled
between August 1, 2011, and December 31, 2012, in the
GeparSixto study, 24 (7.6%) were excluded from this second-
ary analysis because of unavailable or insufficient amounts of
DNA samples (Figure 1). Genomic DNA samples isolated from
venous blood samples were derived from the other 291 pa-
tients with TNBC (92.4%) and were successfully analyzed for
germline mutations. The treatment regimen for these 291 pa-
tients is shown in Figure 1. Data on cancer family history for
all 291 patients were available and were considered positive
when the inclusion criteria of the German Consortium for He-
reditary Breast and Ovarian Cancer for genetic germline test-
ing were fulfilled (eTable 1 in the Supplement). Data analysis
took place from November 1, 2015, to December 31, 2015. Ethi-
cal approval for this secondary analysis was granted by the eth-
ics committee of the University of Cologne, and written in-
formed consent was obtained from all patients.

Procedures
Genetic analyses were performed at the Center for Familial
Breast and Ovarian Cancer in Cologne, Germany, the coordi-
nating entity of the German Consortium for Hereditary Breast
and Ovarian Cancer involved in diagnostic BRCA1 and BRCA2
germline testing since 1996.20 The diagnostic pipeline is cer-
tified by the European Molecular Genetics Quality Network.
Genomic DNA samples were isolated from venous blood

Key Points
Question Does BRCA1 and BRCA2 germline mutation status
predict therapy response in patients with triple-negative breast
cancer enrolled in the GeparSixto trial?

Findings In this secondary analysis of a randomized clinical trial of
291 patients with triple-negative breast cancer, patients with
BRCA1 and BRCA2 mutations showed superior response rates,
without additive effects observed for carboplatin. Patients
without BRCA1 and BRCA2 germline mutations benefited from the
addition of carboplatin to a regimen of paclitaxel, low-dose
doxorubicin, and bevacizumab.

Meaning A less-intense treatment regimen might be considered
for BRCA1 and BRCA2 mutation carriers, but further prospective
studies are needed to identify the optimal regimen.
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samples using standard methods. All samples (n = 291) were
screened for gross genomic aberrations in the BRCA1 and
BRCA2 genes by multiplex ligation-dependent probe amplifi-
cation (MLPA) using probe mixes (SALSA MLPA probe mixes
P002 [BRCA1] and P045 [BRCA2]; MRC-Holland) according to
the manufacturer’s protocol. Data were analyzed using the
Coffalyzer.Net software, version 140429.1057 (MRC-Holland).
All BRCA1 and BRCA2 deletions or duplications were verified
using probe mixes (SALSA MLPA probe mixes P087 [BRCA1]
and P077 [BRCA2]; MRC-Holland). In parallel, all samples were
screened for the predominant pathogenic BRCA1 and BRCA2
mutations identified within the framework of the German Con-
sortium for Hereditary Breast and Ovarian Cancer. For these
analyses, a customized single-nucleotide polymorphism (SNP)
genotyping assay (SNP Type Assay; Fluidigm) covering 90 dis-
tinct BRCA1 and BRCA2 alterations was established (eTable 2
in the Supplement). Specific target amplification was per-
formed according to the assay manufacturer’s potocol using
25 ng of genomic DNA. Samples and SNP type assay mixes were
loaded on nanofluid chips (96.96 Dynamic Arrays; Fluidigm),
run on a thermocycler (FC1-Cycler; Fluidigm), and analyzed
using a fluorecence imager (EP1-System; Fluidigm). For vari-
ant calling, the SNP Genotyping Analysis Software, version 3.1.3
(Fluidigm) was used. All mutations identified by this ap-
proach were verified by Sanger sequencing.

All samples that tested negative for pathogenic BRCA1 and
BRCA2 mutations by MLPA/SNP type assay (n = 250) were sub-
sequently analyzed by next-generation sequencing covering
the entire coding regions and exon-flanking sequences (±25
nucleotides) of BRCA1, BRCA2, and 16 non–BRCA1 and BRCA2

cancer predisposition genes (ATM [OMIM 607585], BARD1
[OMIM 601593], BRIP1 [OMIM 605882], CDH1 [OMIM 192090],
CHEK2 [OMIM 604373], FANCM [OMIM 609644], MRE11A
[OMIM 600814], NBN [OMIM 602667], PALB2 [OMIM 610355],
PTEN [OMIM 601728], RAD50 [OMIM 604040], RAD51C
[OMIM 602774], RAD51D [OMIM 602954], STK11 [OMIM
602216], TP53 [OMIM 191170], and XRCC2 [OMIM 600375]).8

For next-generation sequencing, a customer-tailored gene
panel protocol optimized for 200 ng of genomic DNA was used
(SureSelectXT Target Enrichment for Illumina Paired-End Mul-
tiplexed Sequencing; Agilent Technologies). Sequencing was
performed using a sequencing platform (HiSeq 2000; Illumina).
Bioinformatic analyses were carried out using the VARBANK,
version 2.10 pipeline of the Cologne Center for Genomics. A
detailed description of the variant calling is given in eTable 3
in the Supplement. Variant classification was performed in ac-
cordance with the regulations of the international ENIGMA con-
sortium (https://enigmaconsortium.org).

Outcomes
The primary outcome of this biomarker study was the propor-
tion of patients who achieved a pCR and disease-free survival
(DFS) after neoadjuvant treatment according to BRCA1 and
BRCA2 germline mutation status and family history (eTable 1
in the Supplement). Regarding the pCR rates, the ypT0/is ypN0
definition was used as a primary end point and the more strin-
gent ypT0 ypN0 definition as a secondary end point.21 Disease-
free survival was defined according to the description by Hudis
and colleagues22 as time in months from randomization until
any invasive locoregional (ipsilateral breast, local/regional

Figure 1. CONSORT Flow Diagram

315 Patients with TNBC

157 Noncarboplatin
treatment regimen

3 Unsuccessful
DNA analysis
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DNA analysis

146 Successful
DNA analysis

145 Successful
DNA analysis

291 Patients included
in germline analysis
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DNA analysis

2 Unsuccessful
DNA analysis

148 DNA analysis 9 No DNA sample

78 DNA analysis 4 No DNA sample 70 DNA analysis 6 No DNA sample

82 AUC = 2.0 76 AUC = 1.5

158 Carboplatin
treatment regimen

All patients with triple-negative breast cancer (TNBC) were scheduled to
receive paclitaxel, 80 mg/m2, and non–pegylated liposomal doxorubicin,
20 mg/m2, both given once a week for 18 weeks, as well as bevacizumab,
15 mg/kg, intravenously every 3 weeks simultaneously with all cycles. Patients

who were randomly assigned to receive simultaneous carboplatin received the
drug at a dose of 2.0 area under curve (AUC), once every week for 18 weeks.
The carboplatin dose was reduced to 1.5 AUC after an interim safety analysis
when approximately half of the patients were randomized.
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lymph nodes) recurrence of disease, any invasive contralat-
eral breast cancer, any distant recurrence of disease, any sec-
ondary malignant neoplasm, or death from any cause, which-
ever occurs first. Disease progression under therapy was not
considered as an event for DFS. Patients without an event (236
of 291 [81%]) were censored at the date of their last contact with
the GeparSixto study.

Statistical Methods
The Pearson χ2 test was used to compare pCR rates between
groups. Univariate logistic regressions were performed to es-
timate odds ratios (ORs) and 95% CIs. Multivariate logistic re-
gressions adjusting for baseline variables (age, tumor stage,
nodal status, grading, Ki67 staining level, and BRCA risk ac-
cording to family history) were performed, including interac-
tion between mutation status and carboplatin treatment. The
Kaplan-Meier product-limit method was used to estimate DFS.
A Cox proportional hazards model was used to estimate haz-
ard ratios (HRs) and 95% CIs, with a 2-sided Wald P value.

Results
pCR Rates in the Study Cohort
Detailed data on cancer family history and blood-derived DNA
samples were available from 291 of 315 patients (92.4%) with
TNBC enrolled in the GeparSixto trial. Of the 291 patients with
TNBC, 100% were women, with a mean (SD) age of 48 (11) years.
Compatible with the data on the initially published entire co-
hort (n = 315), the pCR rate (ypT0/is ypN0 definition) in the car-
boplatin group was 56.8% (83 of 146 patients) and was 41.4%
(60 of 145) in the noncarboplatin group (OR, 1.87; 95% CI, 1.17-
2.97; P = .009; Table 1 and Table 2), with differences reaching

levels of significance in the multivariable analyses (OR, 2.08;
95% CI, 1.19-3.63; P = .01; eTable 4 in the Supplement).

Germline Mutation Spectrum in the Study Cohort
We screened for deleterious germline mutations in BRCA1,
BRCA2, and 16 non–BRCA1 and BRCA2 cancer predisposition
genes. Besides homologous recombination and other DNA re-
pair genes, cancer predisposition genes not belonging to the
DNA repair machinery (CDH1, PTEN, STK11, and TP53), all of
which were associated with rare cancer predisposition syn-
dromes, were included.8 Pathogenic BRCA1 mutations were
present in 43 of 291 cases (14.8%), BRCA2 mutations were found
in 7 of 291 cases (2.4%), and another 10 cases (3.4%) carried
deleterious non–BRCA1 and BRCA2 gene mutations (BARD1
[n = 1], FANCM [n = 2], MRE11A [n = 1], NBN [n = 2], RAD50
[n = 2], RAD51C [n = 1], and XRCC2 [n = 1]). Overall, 50 of 291
patients (17.2%) with TNBC carried germline BRCA1 and BRCA2
alterations, and 10 of 291 patients (3.4%) carried deleterious
alterations in other putative cancer predisposition genes
(eTable 3 in the Supplement). Because of the small number of
patients with deleterious mutations in non–BRCA1 and BRCA2
genes (n = 10) and the unclear association of these genes with
the TNBC tumor phenotype, we refrained from calculating pCR
rates for this small and heterogeneous subgroup and consid-
ered these patients as BRCA1 and BRCA2–negative.

pCR Rates According to BRCA1 and BRCA2 Mutation Status
For 23 of 50 patients (46%) with pathogenic BRCA1 and BRCA2
mutations, a disease onset before age 40 years was observed,
compared with only 42 of 241 patients (17.4%) without del-
eterious BRCA1 and BRCA2 alterations (eTable 5 in the Supple-
ment). An association with a positive BRCA1 and BRCA2 mu-
tation status was also observed for family history: 31 of 50

Table 1. pCR Rates According to BRCA1 and BRCA2 Germline Mutation Status and Treatment Arm

Type of Treatment

pCRa Mutant vs Wild-type BRCA pCRb Mutant vs Wild-type BRCA

Yes No OR (95% CI) P Value Yes No OR (95% CI) P Value
Noncarboplatin arm, No. (%)

Overall (n = 145) 60 (41.4) 85 (58.6)

3.50 (1.39-8.84) .008

52 (35.9) 93 (64.1)

2.03 (0.84-4.91) .12Mutant (n = 24) 16 (66.7) 8 (33.3) 12 (50.0) 12 (50.0)

Wild-type (n = 121) 44 (36.4) 77 (63.6) 40 (33.1) 81 (66.9)

Carboplatin arm, No. (%)

Overall (n = 146) 83 (56.8) 63 (43.2)

1.55 (0.64-3.74) .33

77 (52.7) 69 (47.3)

1.55 (0.65-3.68) .32Mutant (n = 26) 17 (65.4) 9 (34.6) 16 (61.5) 10 (38.5)

Wild-type (n = 120) 66 (55.0) 54 (45.0) 61 (50.8) 59 (49.2)

Abbreviations: OR, odds ratio; pCR, pathological complete response.
a Using ypT0/is ypN0 definition.
b Using ypT0 ypN0 definition.

Table 2. Comparison of pCR Rates by Treatment Arms and by BRCA1 and BRCA2 Germline Mutation Status

Type of Treatment in Cb
vs NonCb Arm

pCRa pCRb

OR (95% CI) P Value OR (95% CI) P Value
Cb vs nonCb, overall 1.87 (1.17-2.97) .009 2.00 (1.25-3.19) .004

Cb vs nonCb, mutant 0.94 (0.29-3.05) .92 1.29 (0.46-3.56) .63

Cb vs nonCb, wild-type 2.14 (1.28-3.58) .004 2.23 (1.31-3.80) .003

Abbreviations: Cb, carboplatin;
OR, odds ratio; pCR, pathological
complete response.
a Using ypT0/is ypN0 definition.
b Using ypT0 ypN0 definition.
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patients (62%) carrying pathogenic BRCA1 and BRCA2 muta-
tions reported a positive family history, compared with 79 of
241 patients (32.8%) without (eTable 5 in the Supplement). No
significant associations were observed between BRCA1 and
BRCA2 mutation status and tumor stage at baseline, nodal sta-
tus at baseline, grading, or Ki67 staining level (eTable 5 in the
Supplement). In the noncarboplatin arm, 16 of 24 patients
(66.7%) with BRCA1 and BRCA2 mutation showed a pCR, com-
pared with only 44 of 121 patients (36.4%) without BRCA1 and
BRCA2 mutations (OR, 3.50; 95% CI, 1.39-8.84; P = .008;
Table 1). Adding carboplatin did not enhance overall pCR rates
in the subgroup of germline BRCA1 and BRCA2 mutation car-
riers: 17 of 26 patients (65.4%) carrying the BRCA1 and BRCA2
mutations achieved a pCR with adjuvant carboplatin therapy
compared with 16 of 24 patients (66.7%) without carboplatin
therapy (Table 1). In an interaction test, the interaction be-
tween the mutation and carboplatin revealed nonsignificant
results (OR, 0.68; 95% CI, 0.17-2.68; P = .58; eTable 4 in the
Supplement). The overall increased pCR rate with carbopl-
atin therapy appeared to be driven by elevated response rates
in patients with TNBC not carrying germline BRCA1 and BRCA2
mutations: patients with TNBC without pathogenic BRCA1 and
BRCA2 alterations showed a 36.4% response rate (44 of 121 pa-
tients), which increased to 55% (66 of 120) when carboplatin
was added to the regimen (OR, 2.14; 95% CI, 1.28-3.58; P = .004;
Tables 1 and 2).

pCR Rates According to Cancer Family History
Patients with TNBC without a family history of cancer (181 of
the 291 patients), a subgroup not enriched for BRCA1 and
BRCA2 mutation carriers (19 of 181 patients [10.5%]; eTable 5
in the Supplement), showed significantly elevated pCR rates
in the carboplatin arm, which increased from 37% (34 of 92 pa-
tients) without carboplatin to 53.9% (48 of 89) with carbopl-
atin (OR, 2.0; 95% CI, 1.10-3.62; P = .02; eTable 6 in the Supple-

ment). Thus, the absence of a positive cancer family history
is associated with carboplatin response in this trial. In all, 110
of 291 patients (37.8%) with TNBC reported a positive cancer
family history (eTable 6 in the Supplement). Patients with a
positive cancer family history, a subgroup enriched for BRCA1
and BRCA2 germline mutation carriers (31 of 110 [28.2%];
eTable 5 in the Supplement), showed comparatively high re-
sponse rates in the noncarboplatin arm (26 of 53 [49.1%]),
which moderately increased to 61.4% (35 of 57) when carbo-
platin was added (OR, 1.65; 95% CI, 0.77-3.53; P = .19; eTable
6 in the Supplement). Of note, 9 of 10 patients carrying non–
BRCA1 and BRCA2 germline mutations did not show a cancer
family history, and 4 of 10 patients achieved a pCR (eTable 7
in the Supplement).

DFS Rates According to Treatment and BRCA1
and BRCA2 Mutation Status
With a median follow-up of 35 months, superior DFS rates were
observed in the carboplatin group vs the noncarboplatin group
(HR, 0.55; 95% CI, 0.32-0.95; P = .03; Figure 2A). These data
were compatible with the early DFS rates described for the en-
tire TNBC cohort (n = 315).23 Patients with TNBC without patho-
genic BRCA1 and BRCA2 alterations showed elevated DFS rates
when carboplatin was added to the treatment regimen: with-
out carboplatin, 73.5%; 95% CI, 64.1%-80.8%; with carbopl-
atin, 85.3%; 95% CI 77.0%-90.8% (HR, 0.53; 95% CI, 0.29-
0.96; P = .04; Figure 2B). Regardless of the treatment regimen,
the DFS rate was generally high in BRCA1 and BRCA2 muta-
tion carriers, with differences separated by study arm that did
not reach levels of significance: without carboplatin, 82.5%;
95% CI, 59.6%-93.1%; with carboplatin, 86.3%; 95% CI,
63.1%-95.4% (Figure 2B). We observed a significant correla-
tion of pCR rates with DFS rates (log-rank P < .001) irrespec-
tive of the BRCA1 and BRCA2 mutation status (eFigure in the
Supplement).

Figure 2. Kaplan-Meier Analysis of Disease-Free Survival
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Discussion

In the noncarboplatin arm, this investigation suggests supe-
rior pCR rates in patients with germline BRCA1 and BRCA2 mu-
tations compared with patients without BRCA1 and BRCA2 mu-
tations, with differences translating into clinical benefit when
considering the respective DFS rates. This finding may be the
result of better treatment response of BRCA1 and BRCA2 mu-
tation carriers to either of the chemotherapeutic agents used
in the noncarboplatin arm. The primary mechanism of action
of doxorubicin is thought to be via DNA intercalation and sta-
bilization of the topoisomerase IIa/DNA complex, ultimately
promoting the formation of single-stranded and double-
stranded DNA breaks.24,25 Thus, it appears plausible that BRCA1
and BRCA2 mutation carriers achieve higher response rates un-
der therapy with antracyclines because of limited DNA repair
capacities of the tumors. On the basis of initial data pre-
sented by the randomized Triple Negative Trial,26 BRCA1 and
BRCA2 mutation status is unlikely to be correlated with therapy
response to docetaxel. The Triple Negative Trial included pa-
tients with metastatic disease, and pretreatment may have
changed their responsiveness to chemotherapeutic agents.
However, the trial did not suggest that the differences ob-
served between BRCA1 and BRCA2 mutation carriers and non-
carriers in the noncarboplatin arm were driven by treatment
with taxane. Bevacizumab, a vascular endothelial growth fac-
tor inhibitor, has been shown to elevate pCR rates in patients
with TNBC (OR, 1.36; 95% CI, 1.11-1.66).27 Vascular endothe-
lial growth factor expression in tumors of BRCA1 and BRCA2
mutation carriers is demonstrably higher than in sporadic
tumors.28 Concordantly, an investigation of the GeparQuinto
trial recently revealed higher pCR rates in response to beva-
cizumab therapy for BRCA1 and BRCA2 mutation carriers than
for noncarriers. However, a superior outcome of survival prob-
ability could not be demonstrated.29

Because the TNBC tumor phenotype is closely associated
with hereditary breast cancer,5 the use of platinum agents has
received a new impetus. The cytotoxic actions of platinum
drugs are mediated by covalent binding of platinum to DNA,
interfering with DNA replication and transcription and ulti-
mately inducing cell death.30 It seems likely that partially pro-
cessed cross-links cause replication fork stalling when encoun-
tered by the DNA replication machinery during S phase, which
may degenerate into double-stranded DNA breaks.31 Thus, tu-
mor cells with limited DNA repair capacities are hypersensi-
tive against platinum, as demonstrated in preclinical studies.32

In a recent neoadjuvant trial, platinum-based chemotherapy
was shown to be highly effective in BRCA1 germline mutation
carriers: a total of 50 of 82 patients (61%) with TNBC experi-
enced a pCR following cisplatin single-agent therapy.15 The high
sensitivity of BRCA1 and BRCA2 mutation carriers to platin-
based chemotherapy is in line with data in the metastatic or re-
current locally advanced setting in which carboplatin mono-
therapy revealed significantly higher response rates in BRCA1
and BRCA2 mutation carriers than in patients without BRCA1
and BRCA2 mutations.26 In summary, carboplatin therapy has
been proven effective in BRCA1 and BRCA2 mutation carriers.

The GeparSixto treatment regimen for TNBC cases in-
cluded 2 DNA-damaging compounds, doxorubicin and carbo-
platin, both of which challenge the DNA repair machinery. This
finding could explain why, in germline mutation carriers, the
addition of carboplatin to the treatment regimen does not fur-
ther increase pCR or DFS rates above those observed for the
combination of paclitaxel, doxorubicin, and bevacizumab.
Given that the more intense regimen significantly increases he-
matological and nonhematological adverse effects in the Gepar-
Sixto trial,1 our findings may have implications for personal-
ized therapy regimens that consider BRCA1 and BRCA2
germline mutation status. Because of the lack of additive ef-
fects observed in this study and the finding that elevated pCR
rates translate into a clinical benefit,21 a less intense therapy
regimen might be considered for BRCA1 and BRCA2 germline
mutation carriers.

Limitations
This study has several limitations. First, the GeparSixto trial
was not powered for long-term end points such as DFS and
overall survival. Second, there was a small number of pa-
tients carrying BRCA1 and BRCA2 (n = 50), especially non–
BRCA1 and BRCA2 gene mutations (n = 10). Thus, additional
trials are necessary to assess the clinical benefit of a combi-
nation use of DNA-damaging compounds, especially in BRCA1
and BRCA2 mutation carriers.

Conclusions
In contrast to the GeparSixto trial, the CALGB 40603 trial re-
vealed that the addition of carboplatin to a standard neoad-
juvant chemotherapy (paclitaxel, dose-dense doxorubicin, and
cyclophosphamide) did not result in an event-free survival
benefit.2,3 The GeparSixto trial used a nonstandard neoadju-
vant chemotherapy regimen, including low-dose doxorubi-
cin and no cyclophosphamide. Thus, the differences in re-
sponse rates between the GeparSixto and CALGB 40603 trials
might be caused by the different doxorubicin (low dose vs dose
dense) and/or cyclophosphamide exposures. It would be in-
teresting to stratify the CALGB 40603 response rates by BRCA1
and BRCA2 mutation status. It appears likely that BRCA1 and
BRCA2 mutation carriers show superior response rates follow-
ing standard neoadjuvant chemotherapy, while patients with-
out BRCA1 and BRCA2 mutations may benefit from the addi-
tion of carboplatin. Byrski and colleagues15,33 suggested that
a chemotherapy regimen with doxorubicin and cyclophos-
phamide or platinum may result in the highest benefit for
BRCA1 germline mutation carriers. This suggestion is based on
a limited number of patients, but future trials may evaluate this
hypothesis. Under the nonstandard GeparSixto polychemo-
therapy regimen, however, patients without BRCA1 and BRCA2
germline mutations benefit from the addition of carboplatin
while those with BRCA1 and BRCA2 mutations show superior
response rates without additive effects observed for carbopl-
atin. Additional prospective studies stratified by BRCA1 and
BRCA2 mutation status are needed to elucidate the effect of
carboplatin in polychemotherapy regimens.
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eTable 1. Definition of “Positive Family History” as Defined by the Inclusion Criteria of the German 


Consortium for Hereditary Breast and Ovarian Cancer (GC‐HBOC) for BRCA1 and BRCA2 Germline 


Testing  


 ≥ 3 women with breast cancer 


 ≥ 2 women with breast cancer, 1 with onset below 51 years of age 


 ≥ 1 woman with breast cancer and 1 woman with ovarian cancer 


 ≥ 2 women with ovarian cancer 


 ≥ 1 woman with breast‐  and ovarian cancer 


 ≥1 woman with breast cancer below 36 years of age 


 ≥ 1 woman with bilateral breast cancer with onset below 51 years 


 ≥ 1 male with breast cancer and 1 woman with breast‐ or ovarian cancer 
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eTable 2. BRCA1/2 Mutations Genotyped by SNP Type Assay  


gene  HGVS (nucleotide)  consequence  HGVS (protein)  HGMD 


BRCA1  c.68_69del  frameshift  p.Glu23Valfs*17  CD951600 


BRCA1  c.181T>G  missense  p.Cys61Gly  CM940172 


BRCA1  c.191G>A  missense  p.Cys64Tyr  CM960164 


BRCA1  c.676del  frameshift  p.Cys226Valfs*8  CD972044 


BRCA1  c.843_846del  frameshift  p.Ser282Tyrfs*15  CD982484 


BRCA1  c.1504_1508del  frameshift  p.Leu502Alafs*2  CD972048 


BRCA1  c.1621C>T  nonsense  p.Gln541*  CM980219 


BRCA1  c.1687C>T  nonsense  p.Gln563*  CM950144 


BRCA1  c.1874_1877dup  frameshift  p.Val627Serfs*4  CI024230 


BRCA1  c.1953_1956del  frameshift  p.Lys653Serfs*47  CD021780 


BRCA1  c.2197_2201del  frameshift  p.Glu733Thrfs*5  CD951613 


BRCA1  c.2309C>A  nonsense  p.Ser770*  CM980221 


BRCA1  c.2338C>T  nonsense  p.Gln780*  CM950146 


BRCA1  c.2411_2412del  frameshift  p.Gln804Leufs*5  CD021781 


BRCA1  c.2475del  frameshift  p.Asp825Glufs*21  CD951614 


BRCA1  c.2515del  frameshift  p.His839Thrfs*7  CD014638 


BRCA1  c.2685_2686del  frameshift  p.Pro897Lysfs*5  CD961836 


BRCA1  c.2722G>T  nonsense  p.Glu908*  CM960175 


BRCA1  c.2923C>T  nonsense  p.Gln975*  CM024207 


BRCA1  c.2989_2990dup  frameshift  p.Asn997Lysfs*4  CI972553 


BRCA1  c.3018_3021del  frameshift  p.His1006Glnfs*17  CD982491 


BRCA1  c.3108dup  nonsense  p.Lys1037*  CI021885 


BRCA1  c.3328_3331del  frameshift  p.Gln1111Asnfs*5  CD961838 


BRCA1  c.3331_3334del  frameshift  p.Gln1111Asnfs*5  CD961838 


BRCA1  c.3485delA  frameshift  p.Asp1162Valfs*48  CD972058 


BRCA1  c.3607C>T  nonsense  p.Arg1203*  CM940176 


BRCA1  c.3700_3704del  frameshift  p.Val1234Glnfs*8  CD951619 


BRCA1  c.3756_3759del  frameshift  p.Ser1253Argfs*10  CD941618 


BRCA1  c.4035del  frameshift  p.Glu1346Lysfs*20  CD961844 


BRCA1  c.4065_4068del  frameshift  p.Asn1355Lysfs*10  CD941619 


BRCA1  c.4161_4162del  frameshift  p.Gln1388Glufs*2  CD020845 


BRCA1  c.4183C>T  nonsense  p.Gln1395*  CM960182 


BRCA1  c.4327C>T  nonsense  p.Arg1443*  CM940180 


BRCA1  c.4675+1G>A  splicing  p.Ser1496Glyfs*14  CS031769 
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BRCA1  c.4689C>G  nonsense  p.Tyr1563*  CM960185 


BRCA1  c.4936del  frameshift  p.Val1646Serfs*12  CD021409 


BRCA1  c.4986+3G>C  splicing  p.Met1663Valfs*14  CS031770 


BRCA1  c.4986+6T>G  splicing  p.Met1663Valfs*14  CS011028 


BRCA1  c.5080G>T  nonsense  p.Glu1694*  CM980231 


BRCA1  c.5095C>T  missense  p.Arg1699Trp  CM041706 


BRCA1  c.5096G>A  missense  p.Arg1699Gln  CM034007 


BRCA1  c.5137del  nonsense  p.Val1713*  CD951622 


BRCA1  c.5152+1G>C  splicing  p.Asp1692_Trp1718delinsGly  CS982091 


BRCA1  c.5153‐2del  splicing  p.Trp1718Serfs*2  CD003507 


BRCA1  c.5177_5180del  frameshift  p.Arg1726Lysfs*3  CD972067 


BRCA1  c.5193+1del  splicing  p.Glu1731Aspfs*33  CD123578 


BRCA1  c.5251C>T  nonsense  p.Arg1751*  CM970175 


BRCA1  c.5266dup  frameshift  p.Gln1756Profs*74  CI941841 


BRCA1  c.5345G>A  nonsense  p.Trp1782*  CM032199 


BRCA1  c.5503C>T  nonsense  p.Arg1835*  CM960190 


BRCA2  c.3G>A  start lost  p.Met1?  CM087365 


BRCA2  c.462_463del  nonsense  p.Asp156*  CD021787 


BRCA2  c.634_635del  frameshift  p.Arg212Lysfs*2  CD021788 


BRCA2  c.643G>T  nonsense  p.Glu215*  / 


BRCA2  c.658_659del  frameshift  p.Val220Ilefs*4  CD984134 


BRCA2  c.1310_1313del  frameshift  p.Lys437Ilefs*22  CD972071 


BRCA2  c.1773_1776del  frameshift  p.Ile591Metfs*22  CD032734 


BRCA2  c.2808_2811del  frameshift  p.Ala938Profs*21  CD951625 


BRCA2  c.3199del  frameshift  p.Thr1067Leufs*10  CD044116 


BRCA2  c.3296C>A  nonsense  p.Ser1099*  / 


BRCA2  c.3847_3848del  frameshift  p.Val1283Lysfs*2  CD961852 


BRCA2  c.3865_3868del  frameshift  p.Cys1290Alafs*3  / 


BRCA2  c.4449del  frameshift  p.Asp1484Thrfs*2  CD021793 


BRCA2  c.4478_4481del  frameshift  p.Glu1493Valfs*10  CD961854 


BRCA2  c.4554del  frameshift  p.Glu1518Aspfs*25  CD021794 


BRCA2  c.5213_5216del  frameshift  p.Thr1738Ilefs*2  CD022535 


BRCA2  c.5238dup  nonsense  p.Asn1747*  CI021893 


BRCA2  c.5350_5351del  frameshift  p.Asn1784Hisfs*2  CD972078 


BRCA2  c.5621_5624del  frameshift  p.Ile1874Argfs*34  CD972080 


BRCA2  c.5645C>A  nonsense  p.Ser1882*  CM980241 


BRCA2  c.5682C>G  nonsense  p.Tyr1894*  CM010781 
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BRCA2  c.5722_5723del  frameshift  p.Leu1908Argfs*2  CD951626 


BRCA2  c.5857G>T  nonsense  p.Glu1953*  CM970181 


BRCA2  c.5864C>A  nonsense  p.Ser1955*  CM021511 


BRCA2  c.5946del  frameshift  p.Ser1982Argfs*22  CD961857 


BRCA2  c.6275_6276del  frameshift  p.Leu2092Profs*7  CD951627 


BRCA2  c.6405_6409del  frameshift  p.Asn2135Lysfs*3  CD972084 


BRCA2  c.6591_6592del  frameshift  p.Glu2198Asnfs*4  CD951628 


BRCA2  c.6998dup  frameshift  p.Pro2334Thrfs*6  / 


BRCA2  c.7558C>T  nonsense  p.Arg2520*  CM970183 


BRCA2  c.7913_7917del  nonsense  p.Phe2638*  CD972091 


BRCA2  c.8165C>G  missense  p.Thr2722Arg  CM021956 


BRCA2  c.8167G>C  missense  p.Asp2723His  CM042310 


BRCA2  c.8243G>A  missense  p.Gly2748Asp  CM074074 


BRCA2  c.8434_8435insC  frameshift  p.Gly2812Alafs*8  / 


BRCA2  c.8961_8964del  frameshift  p.Ser2988Phefs*12  CD032103 


BRCA2  c.9317G>A  nonsense  p.Trp3106*  CM119498 


BRCA2  c.9501+3A>T  splicing  p.Gly3086GlufsX2  CS083876 


BRCA2  c.9672dup  frameshift  p.Tyr3225Ilefs*30  CI022172 


BRCA2  c.9699_9702del  frameshift  p.Cys3233Trpfs*15  CD063469 


 


Legend to etable 2: By SNP genotyping, all 291 DNA samples were pre‐screened for recurrent BRCA1 and BRCA2 


mutations  identified  in the German population. For each variant, the consequences on nucleotide and protein 


level according to the HGVS nomenclature and the HGMD accession number are given. 
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eTable 3. Deleterious Heterozygous Germline Mutations in BRCA1, BRCA2, and Other BC Predisposing 


Genes Identified in 291 TNBC Cases 


gene  HGVS (nucleotide)
a
  HGVS (protein)


b
  HGMD


c
  detection method


d
  references


e
  Nr. of patients; patient IDs


f
 


BRCA1  (Del Ex1+2)  /  CG136869  MLPA  [1, 2]  2; 121C10, 121H11 


BRCA1  (Del Ex13‐15)  /  CG015438  MLPA  [3‐5]  2; 121C05, 122A06 


BRCA1  (Dup Ex13)  /  CN035372  MLPA  [6, 7]  1; 121F05 


BRCA1  c.181T>G  p.Cys61Gly  CM940172  SNP‐genotyping  [8‐10] 
4; 120C12, 121H01, 122A01, 
122D06 


BRCA1  c.1621C>T  p.Gln541*  CM980219  SNP‐genotyping  [11]  1; 122B01 


BRCA1  c.1961del  p.Lys654Serfs*47  CD951610  SNP‐genotyping  [12, 13]  1; 121A07 


BRCA1  c.2197_2201del  p.Glu733Thrfs*5  CD951613  SNP‐genotyping  [14]  1; 121D12 


BRCA1  c.2338C>T  p.Gln780*  CM950146  SNP‐genotyping  [14, 15]  2; 122C10, 123A05 


BRCA1  c.2411_2412del  p.Gln804Leufs*5  CD021781  SNP‐genotyping  [16]  1; 120H12 


BRCA1  c.2515del  p.His839Thrfs*7  CD014638  NGS  [17]  1; 121D04 


BRCA1  c.3485del  p.Asp1162Valfs*48  CD972058  SNP‐genotyping  [18]  2; 120C04, 122D01 


BRCA1  c.3700_3704del  p.Val1234Glnfs*8  CD951619  SNP‐genotyping  [19, 20]  2; 122E04, 122F02 


BRCA1  c.3915del  p.Leu1306*  /  NGS  /  1; 122C07 


BRCA1  c.4183C>T  p.Gln1395*  CM960182  SNP‐genotyping  [15, 21, 22]  1; 122D02 


BRCA1  c.4251_4252del  p.Leu1418Argfs*9  CD972063  NGS  [23]  1; 121G06 


BRCA1  c.4675+1G>A  p.Glu1556Glyfs*14  CS031769  SNP‐genotyping  [9, 24, 25]  1; 120B03 


BRCA1  c.4689C>G  p.Tyr1563*  CM960185  SNP‐genotyping  [26, 27]  2; 120A11, 121C04 


BRCA1  c.4986+3G>C  p.Met1663Valfs*14  CS031770  SNP‐genotyping  [28, 29]  1; 121G05 


BRCA1  c.5096G>A  p.Arg1699Gln  CM034007  SNP‐genotyping  [9, 30‐33]  1; 120G02 


BRCA1  c.5109T>G  p.Tyr1703*  CM107813  NGS  [34]  1; 122C03 


BRCA1  c.5177_5180del  p.Arg1726Lysfs*3  CD972067  SNP‐genotyping  [22, 35]  1; 122G09 


BRCA1  c.5179A>T  p.Lys1727*  CM950156  NGS  [12]  1; 122E08 


BRCA1  c.5266dup  p.Gln1756Profs*74  CI941841  SNP‐genotyping 
[15, 20, 22, 36, 
37] 


11; 120E06, 120G04, 121B11, 
121C06, 123A10, 122A12, 
122E01, 122H07, 121G01, 
122A04, 122D12 


BRCA1  c.5309G>T  p.Gly1770Val  CM133533  NGS  [31, 38]  1; 122E11 


BRCA2  c.1608_1609del  p.Glu537Lysfs*22  /  NGS  /  1; 120G03 


BRCA2  c.1796_1800del  p.Ser599*  CD972072  SNP‐genotyping  [39, 40]  1; 122A10 


BRCA2  c.4449del  p.Asp1484Thrfs*2  CD021793  SNP‐genotyping  [41]  1; 122C08 


BRCA2  c.5645C>A  p.Ser1882*  CM980241  SNP‐genotyping  [20]  1; 122D08 


BRCA2  c.5857G>T  p.Glu1953*  CM970181  SNP‐genotyping  [42]  1; 120B02 


BRCA2  c.6937+2T>G  p.?  /  NGS  /  1; 120F11 


BRCA2  c.9371A>T  p.Asn3124Ile  CM993726  NGS  [9, 43‐45]  1; 120H03 


BARD1  c.2002‐2A>G  p.?  /  NGS  /  1; 122F03 
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FANCM  c.3898G>T  p.Glu1300*  /  NGS    1; 122D05 


FANCM  c.5101C>T  p.Gln1701*  CM147953  NGS  [46]  1; 121F07 


MRE11A  c.350A>G  p.Asn117Ser  CM993183  NGS  [47]  1; 120G09 


NBN  c.643C>T  p.Arg215Trp  CM044022  NGS  [48, 49]  1; 122H08 


NBN  c.657_661del  p.Lys219Asnfs*16  CD982819  NGS  [50‐52]  1; 121G07 


RAD50  c.1253_1254del  p.Phe418Cysfs*13  /  NGS  /  1; 120A09 


RAD50  c.2165dup  p.Glu723Glyfs*5  /  NGS  /  1; 122G06 


RAD51C  c.409C>T  p.Gln137*  /  NGS  /  1; 120A08 


XRCC2  c.96_99del  p.Phe32Leufs*29  /  NGS  /  1; 121E09 


 


Legend  to etable 3: All 291 DNA  samples have been pre‐screened  for deleterious BRCA1 and BRCA2 mutations by 


MLPA  and  SNP  genotyping. MLPA  revealed  large  heterozygous  rearrangements  in  BRCA1  in  a  total  of  5  patients, 


another 32 BRCA1 and 4 BRCA2 mutation carriers were  identified by SNP genotyping. The  remaining  samples were 


subjected to next generation sequencing (NGS). NGS identified another 6 BRCA1 and 3 BRCA2 mutation carriers, while 


a  total of 10 patients carry deleterious alterations  in BARD1, FANCM, MRE11A, NBN, RAD50, RAD51C or XRCC2. For 


each variant, the consequences on nucleotide and protein level according to the HGVS nomenclature (a, b), the HGMD 


accession number (c), detection method (d) and number of mutation carriers and patient IDs are given (f). The relevant 


literature is indicated (e). No patient had deleterious mutations on more than one gene. For the bioinformatic analysis 


of NGS data, the VARBANK pipeline version 2.1 and interface were used. Primary data were filtered according to signal 


purity using the  Illumina Realtime Analysis  (RTA) software version 1.8. Subsequently, the reads were mapped to the 


human genome reference build GRCh37 using the BWA‐aln version alignment algorithm[53]. GATK version 1.6 [54] was 


used to mark duplicated reads, perform local realignment around short insertions and deletions, recalibrate the base 


quality  scores;  and  call  SNPs  and  short  Indels  together with  SAMtools  version  0.1.7  [53].  Scripts developed  at  the 


Cologne Center  for Genomics were applied  to detect protein changes, affected donor and acceptor splice sites, and 


overlaps with  known  variants. Acceptor  and  donor  splice  site mutations were  analyzed  using  a Maximum  Entropy 


model [55]. The filter parameters to select relevant variants used in this study were 1) variant fraction 25%; 2) minor 


allele frequency (MAF) <1%; 3) minimal read depth of 10x; and 4) variants  in the exons and flanking  intronic regions 


(+/‐25bp).  The  remaining  variants were  classified  in  accordance with  the  regulations  of  the  international  ENIGMA 


consortium  (Evidence‐based  Network  for  the  Interpretation  of  Germline  Mutant  Alleles; 


https://enigmaconsortium.org). Deleterious or likely deleterious variants were validated by Sanger sequencing. 
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eTable 4. Multivariable Analysis on Prediction of pCR According to Different Definitions  


pCR (ypT0/is ypN0)     OR  95% CI  p‐value 


Mutation  wildtype  1.00     


  mutant  2.56  0.93‐7.07  0.070 


Carboplatin  no  1.00     


  yes  2.08  1.19‐3.63  0.010 


Age   <40  1.00     


  >=40  1.01  0.49‐2.05  0.986 


Tumor stage  cT1  1.00     


  cT2‐4  0.59  0.34‐1.04  0.069 


Nodal status  cN0  1.00     


  cN+  0.36  0.21‐0.61  <0.001 


Grading  G1/2  1.00     


  G3  2.37  1.27‐4.41  0.007 


Ki67  <60%  1.00     


  ≥60%  1.38  0.80‐2.41  0.251 


BRCA risk according to family history  no  1.00     


  yes  1.24  0.68‐2.25  0.482 


Interaction test   mutation:carbo  0.68  0.17‐2.68  0.579 


         


pCR (ypT0 ypN0)     OR  95% CI  p‐value 


Mutation  wildtype  1.00     


  mutant  1.44  0.54‐3.82  0.462 


Carboplatin  no  1.00     


  yes  1.97  1.13‐3.43  0.016 


Age   <40  1.00     


  >=40  0.89  0.44‐1.79  0.744 


Tumor stage  cT1  1.00     


  cT2‐4  0.79  0.46‐1.38  0.415 


Nodal status  cN0  1.00     


  cN+  0.36  0.21‐0.63  <0.001 


Grading  G1/2  1.00     


  G3  1.96  1.06‐3.64  0.033 


Ki67  <60%  1.00     


  ≥60%  1.19  0.69‐2.04  0.542 


BRCA risk according to family history  no  1.00     


  yes  1.04  0.58‐1.87  0.905 


Interaction test  mutation:carbo  1.15  0.31‐4.34  0.833 
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eTable 5. Baseline Patient and Tumor Characteristics Associated With Germline Mutations in BRCA1 


and BRCA2 


    Overall   mutant  wildtype  p‐value* 


      N  %  N  %  N  %    


Overall  291  100.0  50  17.2  241  82.8   


Carboplatin treated              0.776 


  no  145  49.8  24  16.6  121  83.4   


  yes  146  50.2  26  17.8  120  82.2   


Age               <0.001 


  <40years  65  22.3  23  35.4  42  64.6   


  ≥40years  226  77.7  27  11.9  199  88.1   


Family history              <0.001 


    no  181  62.2  19  10.5  162  89.5   


    yes  110  37.8  31  28.2  79  71.8   


Tumor stage at baseline              0.721 


  cT1  87  29.9  16  18.4  71  81.6   


  cT2‐4  204  70.1  34  16.7  170  83.3   


Nodal status at baseline              0.267 


  cN0  182  64.5  35  19.2  147  80.8   


  cN+  100  35.5  14  14.0  86  86.0   


Grading              0.894 


  G1/2  72  24.7  12  16.7  60  83.3   


  G3  219  75.3  38  17.4  181  82.6   


Ki67              0.966 


  <60%  104  35.7  18  17.3  86  82.7   


  ≥60%  187  64.3  32  17.1  155  82.9   


*Pearson Chi2 test 
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eTable 6. Prediction of Response According to Family History: Correlation of Carboplatin Treatment 


With pCR Endpoints 


      Overall 
(N=181) 


no 
Carboplatin 


(N=92) 


 Carboplatin 
(N=89) 


   Logistic regression 
(univariate) 


no BRCA risk 
according to 
family history  


  N  %  N  %  N  %  p‐value*  OR (95% CI)        
risk vs no risk 


p‐
value 


Primary endpoint                   


pCR (ypT0/is ypN0)              0.022     


  yes  82  45.3    34  37.0  48  53.9    2.0 (1.10‐3.62)  0.022 


  no   99   54.7    58  63.0  41  46.1       


Secondary  endpoint                   


pCR (ypT0 ypN0)                0.022     


  yes  76  42.0  31  33.7  45  50.6    2.0 (1.11‐3.67)  0.022 


  no  105  58.0  61  66.3  44  49.4       


                     


    Overall 
(N=110) 


 no 
Carboplatin 


(N=53) 


Carboplatin 
(N=57) 


   Logistic regression 
(univariate) 


BRCA risk 
according to 
family history  


   N  %  N  %  N  %  p‐value*  OR (95% CI)        
risk vs no risk 


p‐
value 


Primary endpoint                   


pCR (ypT0/is ypN0)              0.193     


  yes  61   55.5    26  49.1  35  61.4    1.65 (0.77‐3.53)  0.194 


  no   49   44.5    27  50.9  22  38.6       


Secondary  endpoint                   


pCR (ypT0 ypN0)                0.083     


  yes  53  48.2  21  39.6  32  56.1    1.95 (0.91‐4.17)  0.085 


  no  57  51.8  32  60.4  25  43.9       


*Pearson Chi2 test 
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eTable 7. Response Rates  (DFS)  and Cancer  Family History  in Patients Carrying Non–BRCA1/2 Gene 


Mutations 


 
 
gene  patient 


ID 
HGVS (nucleotide)  Age at onset Cancer family history pCR (ypT0/is ypN0)


 
pCR (ypT0 ypN0) 


BARD1  122F03  c.2002‐2A>G  34  yes  yes  yes 


FANCM  122D05  c.3898G>T  54  no  yes  yes 


FANCM  121F07  c.5101C>T  42  no  yes  yes 


MRE11A  120G09  c.350A>G  61  no  no  no 


NBN  122H08  c.643C>T  62  no  no  no 


NBN  121G07  c.657_661del  63  no  no  no 


RAD50  120A09  c.1253_1254del  47  no  no  no 


RAD50  122G06  c.2165dup  61  no  no  no 


RAD51C  120A08  c.409C>T  46  no  yes  yes 


XRCC2  121E09  c.96_99del  42  no  no  no 
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eFigure. Kaplan‐Meier Analysis of DFS According to BRCA1/2 Mutation Status  
(A) DFS, by BRCA1/2 mutation status and pCR (ypT0/is, ypN0 definition). More than 95% of patients who achieved pCR 


remained disease‐free after a three years cut‐off, irrespective of the BRCA1/2 mutation status (w/o BRCA1/2 mutations: 


96.1%, 95%CI:89.9‐98.5%; with BRCA1/2 mutations: 95.5%, 95%CI:71.9‐99.3%). In contrast, approximately 63‐69% of the 


patients without pCR remained disease‐free after 3 years, again with no differences observed between mutation carriers 


and non‐carriers (BRCA1/2: w/o mutations 65.4%, 95%CI:55.9‐73.3%; with mutations 62.7%, 95%CI:34.8‐81.4%; figure 1 A). 


A significant correlation of pCR with DFS rates was also observed for the ypT0 ypN0 definition (B).  
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